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EFFECT OF HARVESTING STAGE AND ALTITUDE
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Abstract
Inadequate quantity and quality of feeds is the major constraints to livestock production in majority of smallholder
farms in Ethiopia. A study was conducted to evaluate the effect of altitude and harvesting stages on productivity and
quality of 6 (six) Brachiaria grasses (1 hybrid, 2 cultivars and 3 ecotypes) in northwestern Ethiopia. A factorial
arrangement of treatments was employed with a combination of three altitudes and three harvesting stages. The data
collected consisted of plant height (PH), number of tillers, number and length of leaves and fresh yield. Moreover, the
forage was analyzed for dry matter content and yield, ash, crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin. All data were subjected to analysis of variance procedures, with
significance test at P<0.05. Results indicated that the highest plant height (PH) was recorded in all sites (low, mid- and
high altitudes) by La Libertad cultivar (cv.) followed by Mulato II (low and high altitudes) and Eth. 13726 ecotype (mid
altitude). The highest number of tiller per plant (NTPP) was recorded in all sites by Mulato II followed by La Libertad.
The highest DM yield was recorded by Mulato II at all altitudes, which was followed by Marandu at low and mid
altitudes and in high altitude by La Libertad. There was significant difference (P>0.05) in dry matter yield (DMY) with
increasing harvesting dates for all six grasses except La Libertad at high altitude. CP content declined with increased
harvesting date in all studied Brachiaria grasses in all study sites. Although all six grasses had potential as an
alternative ruminant feed in all altitude areas in Ethiopia, highest DMY and CP and lowest NDF and ADF
concentrations were recorded by Mulato II. Thus, among the tested Brachiaria grasses Mulato II showed outstanding
potential as a forage plant especially at low altitude area of northwestern Ethiopia which could be used as potential
feed for ruminant livestock. However, further study on feed value of Mulato II using suitable experimental animals is
recommended.
Key words: cultivar, ecotype, hybrid, Mulato II.

INTRODUCTION

(31.6%), hay (6.81%) and agricultural by
products (1.53%) (CSA, 2017); such feed
resources are inadequate in nutrient content
especially during the dry seasons (Njarui et al.,
2016) and crop residues are of low nutritive
quality. To combat the livestock feed shortage,
the use of improved forage plants as a feed
source is recommended (Shapiro et al., 2015,
FAO, 2016). One of the candidate forages that
can help to alleviate ruminant feed shortage
and thereby enable the country to exploit
livestock resource potential is Brachiaria grass.
Brachiaria grass is the most extensively grown
tropical forage in Latin America (Cezário et al.,
2015) and East Asia (FAO, 2015), South

Ethiopia owns the largest livestock population
among African countries (CSA, 2017) and has
high potential in livestock genetic resources
(Teweldemedhn, 2018). Livestock production
is an important component of the farming
systems in all parts of Ethiopia and plays a vital
role in the livelihood of many people (Tekliye
et al., 2018). However, the productivity of
livestock is below the African average due to
inadequate supply of feed and poor feeding
practice (Shapiro et al., 2015; Gelayenew et al.,
2016). The major feed resources in the country
are green fodder (54.59%), crop residue
9



Pacific, and Australia with an estimated
acreage of 99 million hectares in Brazil alone
(Jank et al., 2014). Recently, there has been
considerable interest in Brachiaria grass in
Africa and tropical regions of the world and
several initiatives are ongoing to promote
Brachiaria to support the emerging livestock
industry in the region, especially in the dry
season (Maass et al., 2015). This is due to the
fact that the grass has a number of desirable
traits over other species of grasses. Among the
characteristics known are: adaptation to
drought and low fertility soils, ability to
sequester carbon; increase nitrogen use
efficiency through biological nitrification
inhibition (BNI) and reduce greenhouse gas
emissions (Njarui et al., 2016). Recently,
Brachiaria hybrid cv. Mulato II (MII) grass is
being used in dual purpose both ‘push-pull’
technology (Khan et al., 2014) and its potential
as livestock feed in Ethiopia reported by
Adnew et al. (2018). The geographical
distribution of B. brizantha is high in Africa
encompasses Ethiopia (CIAT, 1992) and needs
more research to generate valuable information
that in turn help exploit maximum potential of
the grass in the region where large number of
livestock reside. Recent experiments elucidate
that adoption of B. brizantha cultivars has the
potential to increase milk yield from 3 to 5 liter
per cow per day at farmers’ condition in Kenya
by 15-40% (Schiek, 2018). Similar result was
obtained from a research in Rwanda that
showed an increment of milk yield and meat
output by 30% and 20%, respectively (CSB,
2016). Though there are diverse species of
Brachiaria grass in Eastern and Central Africa,
relatively little information is available on their
agro-morphological characteristics, yield and
chemical composition. The performance and
yield of the different grass species could be
markedly different and is also influenced by
area of origin, including temperature, light
intensity, total rainfall, soil type, fertilization
level, and stage of maturity at harvest
(Huhtanen et al., 2006; Jančík et al., 2009). In
East Africa, a research report by Bogdan
(1955) indicated that B. brizantha is very
variable and several varieties show striking
differences in habit, morphology and seed
setting potential. It is presumed that different
varieties would perform distinctly in different

ecological zones, but information of this kind is
not abundant in Ethiopia. The B. brizantha
grass available in Ethiopia is the wild one and
ecologically different (an ecotype) from that in
other countries, which is not developed/
enriched like that of other countries such as
Brazil. Therefore, the study was aimed to
evaluate the performance of B. brizantha
cultivars (Marandu, La Libertad), hybrid
(Mulato II) and ecotypes /wild (Eth. 13726,
Eth. 13809 and Eth. 13777) in three distinct
agro-ecologies of northwestern Ethiopia to
select the best herbage yielding and quality so
as to exploit properly the better performing
grasses for wider distribution among
subsistence
and
commercial
livestock
producers in the country.
MATERIALS AND METHODS
Description of the study areas
The study was conducted in south Gondar,
(Amhara Regional State, Ethiopia) at three
agro-ecologies (i.e. low, mid and high
altitudes) using a rain fed system. The low
altitude area was represented by a location
called Futan at Tach Gayint district located at
11°22′N and 28°19′E at an altitude of 1230 m
above sea level. Mean minimum and maximum
annual temperature of the district ranges from
13 to 27°C and the mean minimum and
maximum annual rainfall ranges from 900 to
1000 mm per annum. The mid altitude location
was represented by a place called Woreta at
Fogera district which is situated at 11°58′N and
37°41′E at an altitude range of 1774 masl and
is predominantly classified as mid-altitude
agro-ecology. The mean annual rainfall is
1216.3 mm and ranges from 1103 to 1336 mm.
According to the district Office of Agriculture,
the dominant soil type is black clay (ferric
vertisols) (personal communication). The
highland area was represented by Farta district,
Tsegure Eyesus Kebele at a site called Melo
located near Debre Tabor Town, at 11°11′N
and 38°E and at an altitude of 2650 m above
sea level. The soils of Melo site are
characterized by clay and sand mixture with
chemical composition of 2.26% organic matter,
0.11% total nitrogen and pH of 5.47. The mean
annual rainfall is about 1570 mm and the mean
maximum and minimum annual temperatures
10



were reported to be 21.5°C and 9.6°C,
respectively.
Land
preparation,
planting
and
experimental design
A total land area of 682 m2 was prepared from
each location. The experimental land was
properly plowed in May and harrowed in June
2017. The land was divided into three blocks
each of which comprised three plots (3 × 3 m
each).
Planting materials Brachiaria brizantha
cultivars (Marandu, La Libertad), hybrid
(Mulato II) and ecotypes/wild (Eth. 13726, Eth.
13809 and Eth. 13777) were collect from
International Livestock Research Institute
(ILRI), Forage Gene Bank Addis Ababa,
Ethiopia. The grasses were planted using
vegetative root splits in rows.
The experiment was laid out in a factorial
arrangement of three altitudes (low, mid and
high) and three harvesting stages (60 days, 90
days and 120 days) in a randomized complete
block design with three replications. The
spacing between rows and plants was 50 cm
and 30 cm, respectively. Land preparation,
planting, weeding, harvesting and related
management practices were applied according
to standard practice for the grass (Nguku et al.,
2016).
Artificial fertilizers (di-ammonium phosphate
and urea) were applied at rate of 100 kg/ha and
urea at 25 kg/ha during planting and after
establishment based on the recommendations
for the grass. Weed management and
observation of plant growth characteristics
were done from the inception of experiment up
to data collection time.
Data collection
Morphological parameters such as plant height
and leaf length were measured from 10 plants
that were randomly selected from middle rows
of each plot at 60 days, 90 days and 120 days
after planting. Plant height was measured on
the primary shoot from the soil surface to the
base of the top-most leaf using a meter rule as
described by (Rayburn and Lozier, 2007).
The number of tillers and leaves was computed
as mean counts of ten plants from each row in
each replication.
To determine biomass yield, the forage
harvesting was done by hand using a sickle
leaving a stubble height of 8 cm according to

recommended practice. The fresh herbage yield
was measured immediately after each harvest
using a portable balance with a sensitivity of
0.01 g. Representative samples were taken
from each plot at each site and were dried in a
draft oven at 65°C for 72 h before chemical
analysis. The dried sample was kept in cool dry
place until it was analyzed for chemical
constituents.
Chemical analyses
The grass samples were dried at 65°C for 72 h
and ground to pass through a 1 mm sieve.
Ash/organic matter (OM), dry mater (DM),
crude protein and total ash were determined
according to AOAC (1990). The neutral
detergent fibers (NDF), acid detergent fiber
(ADF), acid detergent lignin (ADL) were
determined according to Van Soest and
Robertson (1985). The CP was calculated as
percentage of nitrogen in the sample multiplied
by a factor of 6.25.
Data analysis
The collected data were analyzed using general
linear model of statistical analysis system
(SAS) procedures of 2002 version 9.0. Tukey
honest significant test was employed for
variables whose F values declared a significant
difference (P<0.05).
The statistical model for data analysis was:
Yijk = µ+ Ai + Hj +Ck+ Ai*Hj +A*C+H*C+
εijk
Where: Yijk is the response (plant
morphological
parameters,
chemical
composition, and yield of B. brizantha cv and
hybrid and ecotypes grass) at each altitude and
harvesting days;
µ = overall mean;
Ai = altitude (i = low, mid and high);
Hj = effect of harvesting days (j = 60, 90, and
120 days;
Ck = Brachiaria brizantha ecotypes (Marandu,
La libertad, Mulato II, Eth. 13726, Eth. 13809
and Eth. 1377);
Ai*Hj = the interaction of ith altitude and jth
harvesting date;
A*C = interaction of altitude and cultivars;
H*C = interaction of harvesting date and
cultivars;
εijk = the residual error.
11



RESULTS AND DISCUSSIONS

plant result in greater number of tillers as the
plant matures.
Effect of harvesting dates on chemical
composition and yield of Brachiaria (hybrid,
cultivars and ecotypes) grass
The results of the effect of harvesting stages on
chemical composition and forage biomass yield
of Brachiaria hybrid (cv Mulato), cultivars
(Marandu and La Libertad) and ecotypes (Eth
13726, Eth.13809 and Eth.13777) grasses in
three altitudes are presented in Table 2.
According to the current study, except dry
matter (DM) content of Mulato II grass at low
altitude, there were significance difference
(P<0.05) in the studied Brachiaria grasses by
harvesting stages in all altitudes. Similarly,
with the exception of dry matter yield (DMY)
of La Libertad at high altitude, there were
significance difference (P<0.05) in the studied
Brachiaria grasses by harvesting stages at all
altitudes of DM yield. All studied grasses of
CPY and Ash in all altitudes were significantly
affected (P<0.05) by harvesting stages, except
CPY and ash of Marandu and La Libertad in all
and high altitudes respectively and also at mid
of ecotype Eth. 13777 of CPY and ecotype
(Eth. 13726 and Eth.13809) at low and all
altitudes, respectively.
Moreover; with the exception of acid detergent
fiber (ADF) at mid for Mulato II, NDF at low
altitude of Eth.13809, acid detergent lignin
(ADL) in the mid altitude of La Libertad and at
high altitude of Eth. 13777 other chemical
compositions (NDF, ADF and ADL) of all
studied grass at all altitudes were significantly
affected (P<0.05) by harvesting stages.
However, CP of all studied grasses were
significantly affected (P<0.05) by harvesting
stages at all altitudes.
The highest total DM yield observed at the last
harvest stage (120 d) was in agreement with
Asmare et al. (2017) in desho grass and Feyissa
et al. (2014) for natural pasture, in Ethiopia.
This high DM yield might be due to high
number of tillers and leaf formation (Nguku et
al., 2016), leaf elongation and stem
development (Asmare et al., 2017); due to the
rapid increase in the tissues of the plant
(Minson, 1990). The declined trend of CP
might be due to maturity of the grasses as
stated by Vega et al. (2006).

Effects of harvesting stages on morphological characteristics (PH, NTPP, NLPP
and LLPP) of six Brachiaria grasses in three
altitudes
Results of the effect of harvesting stages on
plant morphological characteristics (PH, NTPP,
NLPP and LLPP) of six Brachiaria grasses in
three altitudes are presented in Table 1. The
finding indicated that with the exception of
number of leaf per plant (NLPP) of Eth. 13726
and Eth.13809 at low, Mulato II and Eth.
13777 at mid and leaf length per plant (LLPP)
of La Libertad in all the three altitudes, the
morphological characteristics (PH, NTPP,
NLPP and LLPP) of all the studied six
Brachiaria grasses were significantly affected
(P<0.05) by harvesting stages in all altitudes.
The overall results of the grass in all altitude
show that greatest PH, NTPP, NLPP and leaf
lengths were recorded for later harvesting
stages (120 d) than for the shorter harvesting
periods (60 d and 90 d). Leaf length in grasses
plays an essential role in shaping the physical
structure of the grass canopy and consequently
on competition for light within the sward.
Mean plant heights for the grasses generally
increased and were significantly different
(P<0.05) throughout the growth period. The
increment in PH at latter stage with
advancement in harvesting dates in all altitudes
might be due to full development of stem and
leaf. This result is in agreement with Asmare et
al. (2017) and Taye et al. (2007) who reported
the same characteristics for Desho and Napier
grass, respectively.
Although height may not be an important
estimate on the expected biomass yield, as it
has been clearly demonstrated that the shorter
Mulato II than La Libertad had the best primary
DM yield, all six Brachiaria grasses had higher
PH than Brachiaria grass cultivars (Llanero,
MG4, Marandu, Piata, Mulato II, Basilisk and
Xaraes) in Kenya dry lands as reported by
Nguku et al. (2016).
The number of tillers per plant in studied
grasses were significantly (P<0.05) increased in
all altitude in relation to the advance in
harvesting date of plants as the result of the
development of new shoots bearing on each
12


Table 1. Effects of harvesting dates and altitudes on plant morphological characteristics (PH, NTPP, NLPP and LLPP)
of six Brachiaria grasses
Parameters

Attitudes
Low

PH

Mid

High

Low

NTPP

Mid

High

Low

NLPP

Mid

High

Low

LLPP

Mid

High

HD
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE

Mulato II
51.90c
72.93b
89.73a
5.47
32.73c
57.57b
81.47a
7.04
37.37c
45.83b
63.90a
3.94
63.17c
73.70b
89.30a
3.84
41.83c
65.77b
86.87a
6.51
34.37c
53.63b
73.07a
5.60
7.43b
8.83a
8.70ab
0.45
6.77
8.23
8.33
0.33
4.13b
6.50a
6.43a
0.42
23.03b
24.03b
25.80a
0.44
21.60b
30.00a
34.30a
1.93
14.63c
17.03b
19.53a
0.75

Marandu
49.90c
65.87b
80.40a
4.43
30.77c
59.47b
85.93a
7.97
23.10c
41.60b
63.77a
5.92
32.73c
54.90b
75.47a
6.18
25.50c
49.43b
60.50a
5.17
10.70c
21.50b
47.53a
5.47
7.63b
9.50ab
11.13a
0.57
5.03b
7.37b
12.37a
1.12
5.10b
6.07ab
7.53a
0.43
14.17c
19.97b
29.17a
2.21
13.93c
21.80b
28.40a
2.11
10.30c
14.60b
18.90a
1.26

La Libertad
71.47b
87.70a
88.93a
3.09
46.43c
72.07b
96.37a
7.24
54.70b
69.90a
73.27a
2.92
42.53c
54.00b
68.83a
3.86
42.53c
55.20b
70.03a
4.04
27.80c
40.10b
55.90a
4.07
16.13b
19.31ab
20.57a
0.76
15.77b
18.53a
19.17a
0.57
4.13b
4.97ab
6.50a
0.42
20.07
20.77
24.37
0.84
16.60
21.80
22.73
1.21
11.70
13.00
14.40
0.56

Eth. 13726
32.30c
66.17b
79.70a
0.50
29.00c
64.73b
77.17a
7.24
18.77c
39.60b
52.20a
4.9
18.33c
24.73b
31.07a
1.00
22.70c
29.77b
48.53a
3.86
12.63c
20.70b
28.67a
2.32
4.03
4.33
5.57
0.79
4.47b
5.33ab
6.73a
0.37
3.40b
4.07ab
4.77a
0.22
16.63c
18.43b
20.77a
0.46
15.70b
20.93a
21.50a
1.01
10.53b
12.33b
18.80a
1.32

Eth.13809
36.57c
52.97b
79.67a
6.30
33.83c
59.80b
65.33a
4.86
29.03c
46.27b
59.80a
4.49
27.60b
30.07b
49.63a
3.40
26.30c
32.07b
46.83a
3.08
21.50c
27.43b
40.23a
2.79
4.30
4.70
5.30
0.24
3.63b
4.47ab
5.47a
0.32
2.93b
3.70ab
4.70a
0.29
17.02c
19.61b
23.89a
1.03
21.13
24.91
25.65
1.00
14.41b
15.02b
19.37a
0.83

Eth.13777
55.74c
66.52b
74.90a
2.78
50.41c
60.04b
78.30a
4.12
37.52c
49.71b
55.48a
2.65
16.33c
21.74b
37.19a
3.16
20.19c
28.22b
48.00a
4.16
19.11c
29.11b
44.56a
3.72
3.45c
5.37b
7.63a
0.64
4.33
5.00
5.89
0.31
3.63b
4.15ab
5.66a
0.36
15.09b
18.56a
20.37a
0.85
13.63b
18.41a
20.13a
1.04
10.20b
13.19ab
16.37a
0.98

Treatments means with different letters in a rows are significantly different (***P<0.00); **P<0.01, *P<0.05) for harvesting dates.
SE=Standard error; HD= harvesting dates; PH=plant height; NTPP= number of tillers per plant; NLPP= number leafs per plant;
LLPP=leaf length per plant.
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Table 2. Effect of harvesting dates and altitudes on chemical composition and yield of Brachiaria
(hybrid, cultivars and ecotypes) grass
Cultivar

altitudes
Low

Mulato II

Mid
High

Low

Marandu

Mid
High

Low

La Libertad

Mid

High

Low

Eth. 13726

Mid

High

Low

Eth.13809

Mid

High

Low

Eth.13777

Mid

High

Harvesting
Dates
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE
60
90
120
SE

DM
(%)
36.47b
37.24b
39.77a
0.53
35.63
36.77
38.40
0.58
34.39
35.52
37.44
0.61
34.13
36.67
38.61
0.94
34.46
35.21
36.46
0.55
29.62
30.69
32.74
0.73
35.24
37.83
40.08
0.88
35.53
36.58
38.70
1.53
31.74
33.09
35.62
2.89
36.08
37.73
38.99
0.63
34.78
36.48
38.40
0.81
34.22
35.72
38.02
0.75
37.54
38.80
39.96
0.57
37.06b
37.83ab
39.49a
0.43
35.15
36.48
37.43
0.70
36.20
36.86
37.81
0.44
34.41
34.96
36.06
0.58
33.95
34.88
36.28
1.00

DMY
(t/ha)
10.09c
11.69b
13.36a
0.47
8.43b
10.37ab
12.34a
0.62
6.08b
7.08ab
9.11a
0.54
8.51b
10.78a
11.87a
0.52
6.67b
9.37a
10.21a
0.59
2.58b
4.21ab
5.78a
0.51
7.94b
10.10ab
11.97a
0.69
6.28c
8.63b
10.92a
0.06
4.61
6.15
7.84
1.15
2.38b
2.29b
8.06a
0.97
1.61c
5.12b
7.16a
0.82
1.08c
3.48b
5.27a
0.62
3.90c
8.05b
9.83a
0.90
2.78c
6.49b
8.68a
0.88
2.17b
4.98ab
6.34a
0.70
3.61b
7.27a
7.97a
0.72
2.29b
5.34a
6.40a
0.66
2.04c
4.56b
6.29a
0.64

Ash (%)
14.43a
10.87b
14.29a
0.58
13.68a
13.40a
11.58b
0.38
12.77a
8.70b
11.46a
0.68
15.31a
12.24b
10.42b
0.75
14.58a
11.34b
12.50ab
0.53
12.50
13.04
11.83
0.44
13.83a
10.31b
9.47b
0.74
13.83a
10.31ab
8.42b
0.58
11.58
10.20
9.37
0.40
10.42
8.25
8.25
0.48
11.46a
8.16b
9.37b
0.51
16.13a
16.13a
9.68b
1.13
14.13
15.93
16.13
0.43
9.37
8.70
9.37
0.26
13.54
10.87
13.04
0.51
12.63b
9.68c
14.58a
0.72
11.58b
8.70c
14.13a
0.81
10.53a
10.87a
8.70b
0.39

CP (%)
18.76a
14.14b
9.20c
1.38
18.93a
11.15b
8.91c
1.54
12.74a
12.54ab
9.98b
0.54
19.70a
13.37b
6.65c
1.91
15.56a
10.11a
8.85b
1.04
14.84a
8.04b
4.08c
1.59
17.92a
12.15b
6.33c
1.75
18.93a
13.25ab
8.01b
1.15
16.79a
9.92b
6.74b
0.58
17.14a
7.81b
4.47c
1.91
18.28a
11.38b
7.42c
1.59
13.58a
12.70a
8.26b
0.87
17.50a
13.70b
13.58b
0.67
13.77a
9.92b
7.94b
0.91
10.34a
8.17ab
7.19b
0.55
18.08a
12.77b
8.26c
1.44
15.36a
9.50b
8.65b
1.12
10.95a
8.17b
6.68b
0.65

CPY
(t/ha)
1.80a
1.42b
0.85c
0.14
1.60a
1.37a
0.99b
0.09
1.02a
0.70b
0.61b
0.07
1.68a
1.04b
0.79b
0.14
1.04
0.94
0.90
0.04
0.38
0.34
0.24
0.03
1.49
1.43
1.10
0.13
1.19
0.96
0.97
0.06
0.59
0.77
0.78
0.12
0.41a
0.23b
0.36ab
0.03
0.30b
0.58a
0.53a
0.05
0.15b
0.44a
0.43a
0.05
0.68b
1.10ab
1.33a
0.11
0.38b
0.64a
0.69a
0.05
0.22b
0.41ab
0.46a
0.04
0.65b
0.93a
0.66b
0.05
0.35
0.51
0.55
0.04
0.22b
0.37ab
0.42a
0.04

NDF (%)
55.67b
61.22a
63.04a
1.13
54.74b
63.16a
68.04a
2.06
56.52b
61.70a
64.58a
1.32
51.02c
60.42b
79.59a
4.24
56.25c
68.75b
78.35a
3.23
56.25b
65.22a
66.67a
1.69
53.19c
69.47b
74.23a
3.21
53.19b
74.23a
75.79a
0.58
58.95b
62.50ab
65.31a
1.15
64.58b
70.10b
80.41a
2.44
62.50b
69.39a
70.83a
1.35
64.52b
66.67b
77.08a
2.18
64.52
64.58
66.67
1.01
63.04b
64.58b
72.92a
1.62
52.17c
62.50b
78.26a
3.84
58.95c
66.67b
77.08a
2.74
63.04
63.16
65.22
1.03
61.05b
76.09a
78.26a
2.79

ADF (%)
37.11b
38.78a
43.48a
0.98
33.68
40.00
41.24
1.46
31.91b
32.61b
50.00a
2.98
30.61c
37.50b
48.98a
2.58
31.25b
47.92a
49.48a
2.95
31.25b
53.76a
54.35a
3.89
38.30b
44.21ab
49.48a
1.76
38.30b
46.32a
49.48a
0.58
31.58c
42.86b
50.00a
1.15
39.58b
55.67a
57.73a
2.90
41.67c
53.06b
58.33a
2.48
45.16b
49.46ab
56.25a
1.80
38.71b
41.67ab
45.16a
1.14
41.67b
43.21b
50.00a
1.39
36.96b
41.67b
52.17a
2.45
40.00c
49.46b
56.25a
2.39
37.89b
43.48a
47.83a
1.56
44.21b
50.00ab
52.17a
1.44

ADL (%)
8.25b
10.20a
10.87a
0.45
8.42b
10.53a
12.37a
0.61
6.38b
8.70b
16.67a
1.58
6.12c
8.33b
16.33a
1.57
6.25b
14.43a
16.67a
1.64
8.33b
17.39a
19.35a
1.76
10.64b
12.63ab
14.43b
0.66
10.64
12.63
14.43
1.15
8.42b
12.24ab
16.67a
0.35
8.33b
16.49a
18.56a
1.62
14.29b
14.58b
20.83a
1.11
12.90b
15.05ab
16.67a
0.65
8.60b
10.42a
12.90a
0.67
10.42b
12.50ab
13.04a
0.49
8.33b
8.70b
15.22a
1.19
8.42b
15.05a
16.67a
1.32
10.53b
13.04b
15.22a
0.73
10.87
14.74
15.22
0.99

Treatments means with different letters in a column are significantly different (***P<0.001; **P<0.01, *P<0.05) for harvesting dates; ns=non
significant; HDs=harvesting dates; DM= dry matter; DMY=dry matter yield; CP=crude protein; CPY=crude protein yield; NDF=neutral detergent
fiber; ADF=Acid detergent fiber; ADL=Acid detergent lignin.

14



At all altitudes the levels of CP in the harvested
forage exceeded the minimum of 7.5%
suggested as necessary for optimum rumen
function by Van Soest (1994) during all
harvesting stages of Mulato II and day 60 and
90 harvesting stages of all other studied
grasses. In addition, at the third harvest some
grasses achieved lower CP content than
optimum rumen function (at low and high
altitudes of Marandu and La Libertad, high
altitude of Eth. 13809 and Eth. 13777 and low
altitude of Eth. 13726).
Fiber fractions are important as they describe
those forage components that have low
solubility in a specific solvent system and are
relatively less digestible than starch
(Tavirimirwa et al., 2012). With the except of
Marandu and La Libertad (high), Eth.13809
(low), Eth.13777 (mid) and in all altitudes of
Mulato II at all harvesting stages, the studied
grasses had low dry matter intake at late (third)
stage of harvesting as NDF percentages
increase, dry-matter intake generally decreased
(Schroeder, 2012) and a high NDF above 72%
will cause low intake of forage (Lima et al.,
2002). For all grasses used in the study, the
value of NDF was high during the third cut and
varied between 63.04-80.41%. Except that of
Mulato II at mid altitude, the trend of ADF
content in all studied areas, the studied grasses
significantly increased (P<0.05) with advance
in maturity confirming the results of similar
studies by Tilahun et al. (2017). ADF is the
value that refers to the cell wall portions of the
forage that are made up of cellulose and lignin.
These values are important because they relate
to the ability of an animal to digest the forage.
The digestibility of foods is related to the fiber
because the indigestible portion has a
proportion of ADF, and the higher the value of
ADF the lower the food digestibility (Costa et
al., 2005; Albayrak et al., 2011). The studied
grasses attain more than 40% ADF after first
harvest. The ecotypes at most location
maintained higher values for ADF during all
the harvest intervals, which will have low
intake and digestibility as reported by Nussio et
al. (1998) that forage with ADF content around
40%, or more, shows low intake and
digestibility. Acid detergent Lignin (ADL)
content for cultivars increased with age and
their mean values showed significant (P<0.05)

differences by harvesting stages except La
Libertad at mid and high altitude of Eth. 13777.
Effects of altitude, harvesting stages and
their
interactions
on
morphological
characteristics of six Brachiaria grasses in
three altitudes
The results of the effect of altitude, harvesting
days and their interactions on plant
morphological characteristics of six tested
Brachiaria grasses in three altitudes are
presented in Table 3. The results obtained
indicate that with the exception of LLPP at low
and PH at mid altitude, other morphological
characteristics of the six Brachiaria grasses
studied were significantly (P<0.05) different in
all altitude.
La Libertad recorded the highest average mean
plant heights (82.70, 71.62 and 65.96 cm at
low, mid and high altitude, respectively)
followed by Mulato II at low (71.52 cm) and
high altitude (49.03 cm) and Eth. 13777 at mid
altitude (62.91). Mean plant height of all
studied grasses were significantly (P<0.05)
different at low and high altitude. The
numerical result indicated that the highest mean
plant height at grasses harvesting was recorded
at low followed by mid altitude. Mean tiller
number increased progressively for all studied
six grasses and there were significant
differences between harvesting in each grass
(P<0.05) as shown in Table 1.
The large numbers of tillers produced by some
grass species allows them to attain maximum
growth at an earlier age and recover faster after
defoliation (Laidlaw, 2005). Tillers density is
an important attribute of grasses as it increases
the chances of survival and amount of available
forage (Laidlaw, 2005; Skerman and Riveros,
1990). Moreover, it is an indicator of resource
use efficiency by the different grass species.
The large numbers of tillers produced by some
grass species allows them to attain maximum
growth at an earlier age and recover faster after
defoliation (Laidlaw, 2005). Mean tiller
number increased progressively for all studied
grass, and there were significant (P<0.05)
differences among the six Brachiaria grass in
all altitude which is Mulato II recorded the
highest. Thus, highest DM yield of Mulato II
might be due to high number of tillers (Table
4). The results in this study are similar to the
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findings by Mganga (Mutimura et al., 2017)
and Machogu (Machogu, 2013), where the

tiller density differed among the local range
grasses in Kenya.

Table 3. Mean value (%) of plant morphological characteristics (PH, NTPP, NLPP AND LLPP) values of six
Brachiaria grasses
Altitude
Variety
Low
Mid
High
PH
NTPP
NLPP LLPP
PH
NTPP NLPP
LLPP
PH
NTPP NLPP LLPP
Mulato II
71.52ab 75.39a
8.32b
24.29 57.26 64.82a 7.78bc 28.63a 49.03b 53.69a
5.69a
17.07a
ab
b
b
bc
b
bc
b
c
a
Marandu
65.39
54.37
9.42
21.10 58.72 45.14
8.26
21.38
42.82
26.58
6.23
14.60ab
a
b
a
ab
a
bc
a
ab
ab
La Libertad 82.70
55.12
18.67
21.73 71.62 55.92
17.82
20.38
65.96
41.27
5.20
13.03b
b
c
c
c
bc
bc
b
c
bc
Eth. 13726 59.39
24.71
4.64
18.61 57.00 33.67 5.51
19.38
36.86
20.67
4.08
13.89ab
b
c
ab
b
bc
c
c
c
c
Eth.13809
56.40
4.52
23.89
45.03
29.72
3.78
16.27ab
35.77
4.77
20.17 52.99 35.07
ab
c
c
c
bc
c
b
bc
bc
Eth.13777
65.72
25.09
5.48
18.01 62.91 32.14 5.07
17.39
47.57
30.93
4.48
13.25b
PH
NTPP
NLPP
LLPP
Al
***
***
***
***
Hd
***
***
***
***
cul*al
ns
*
P-value
***
***
cul*hd
*
**
*
*
al*hd
*
Ns
Ns
Ns
cul*al *ha
***
***
***
***
Treatments means with different letters in a column are significantly different (***P < 0.001; **P < 0.01, *P < 0.05) for altitudes. SE=Standard
error; PH=plant height; NTPP= number of tillers per plant; NLPP= number leafs per plant; LLPP=leaf length per plan

Effects of altitude, harvesting stages and
their interactions on chemical compositions
and yields six Brachiaria grasses in three
altitudes
The results obtained indicate that DM, DMY
and CPY were show significant (P<0.05)
difference in the six Brachiaria grasses. In
addition, ash at low and ADF both at low and
mid altitudes showed significant difference
(P<0.05) in the six Brachiaria grasses.
On the basis of DMY production, the most
promising from the studied six Brachiaria
grasses were hybrid Mulato II and cultivars
(Marandu and La Libertad) compared to the
three ecotypes (Eth. 13726, Eth. 13809 and
Eth. 13777). Among studied grasses the highest
DMY were recorded by Mulato II in all of the
three altitudes and it was in agreement with the
results of studies in Thailand by Hare et al.
(2009) and in Rwanda by Mutimura and
Everson, (2012) showed that Brachiaria
cultivars, Mulato and Mulato II attained the
highest primary forage productions.
The DM yields of cv. Mulato II obtained at low
(11.71 t/ha) and mid (10.38 t/ha) altitudes
higher than reported by Mutimura and Everson
(2012) 8.3 t/ha in Rwanda.
This superior dry matter production confirms
why Brachiaria grass is now the most
commonly (extensively) grown as livestock
forage in south America (Cezário et al., 2015)
and East Asia (FAO, 2015), and are believed to

occupy over 99 million hectares in Brazil alone
(Jank et al., 2014) and supporting a highly
vibrant beef industry.
Variations in DM production across the grasses
can be attributed to differences in growth rate
and growth habit, which are mediated through
the genotypic and phenotypic differences. This
is a common phenomenon in grasses (Mganga,
2009). Generally, the larger number of tillers
and leaves recorded at low altitude and that
enable them to attain highest DM yield for all
the studied Brachiaria grasses at low altitude
and the lowest at high altitude, may be due to
the better environmental conditions for the
Brachiaria grasses at low and mid altitude than
at high altitude. However, the current study
revealed that Brachiaria grasses performed
well at high altitudes in Ethiopia than other
studied countries elsewhere and the natural
pasture in Ethiopia. Forage in nutrients and
yields vary according to many factors such as
forage species and climate (Baron and
Belanger, 2007).
The CP content was generally higher in all the
Brachiaria grasses of three altitudes (8.5714.93%) compared with mean of 7-10%
reported by Nguku et al. (2015) in the semiarid region of eastern Kenya and Ondiko et al.
(2016) (5.3-7.7%) in coastal lowlands of Kenya
but lower than reported by Kifuko-Koech et al.
(2016) (12.9-16.2%) at western Kenya.
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Table 4. Mean value (%) of chemical composition and yield (DM, DMY, ASH, CP, CPY, NDF, ADF and ADL)
values of six Brachiaria grasses
Altitude

Low

Mid

High

P-value

Parameters

DM (%)
DMY (t/ha)
ASH (%)
CP (%)
CPY (t/ha)
NDF (%)
ADF (%)
ADL (%)
DM (%)
DMY (t/ha)
ASH (%)
CP (%)
CPY (t/ha)
NDF (%)
ADF (%)
ADL
DM (%)
DMY (t/ha)
ASH (%)
CP (%)
CPY (t/ha)
NDF (%)
ADF (%)
ADL (%)
al
hd
cul*al
cul*hd
al*hd
cul*al *ha

Mulato II
37.83ab
11.71a
13.20ab
14.03
1.36a
59.98
39.79b
9.77
36.93b
10.38a
12.89
13.00
1.32a
61.98
38.31b
10.44b
35.78ab
7.42a
10.98
11.75
0.78a
60.93
38.17
10.58
DM
DMY
***
***
***
***
***
***
*
*
ns
ns
***
***

Marandu
36.47b
10.39a
12.65ab
13.24
1.17ab
63.68
39.03b
10.26
35.38c
8.75b
12.81
11.51
0.96abc
67.78
42.88ab
12.45ab
31.02d
4.19cd
12.46
8.99
0.32b
62.71
46.45
15.02
ASH
ns
*
*
ns
ns
*

Variety
La Libertad
Eth. 13726
Eth.13809
37.72ab
37.60ab
38.77a
ab
c
10.00
4.24
7.26bc
11.20ab
8.97b
15.40a
12.13
9.81
14.93
1.34a
0.33b
1.04ab
65.63
71.70
65.26
44.00ab
50.99a
41.85ab
12.57
14.46
10.64
36.94b
36.55b
38.13a
8.61b
4.63c
5.98c
10.85
9.66
9.15
13.40
12.36
10.54
1.04ab
0.47c
0.57bc
67.74
67.57
66.85
44.70ab
51.02a
44.96ab
12.57ab
16.57a
11.99ab
c
ab
33.48
35.99
36.35a
b
d
6.20
3.28
4.50c
10.38
13.98
12.48
11.15
11.51
8.57
0.71ab
0.34b
0.36ab
62.25
69.42
64.31
41.48
50.29
43.60
12.44
14.87
10.75
CP
CPY
NDF
ADF
***
***
ns
ns
***
Ns
***
***
**
**
ns
ns
Ns
**
ns
ns
*
Ns
ns
ns
***
***
**
***

Eth.13777
36.96ab
6.28c
12.30ab
13.04
0.75ab
67.57
48.57ab
13.38
35.14c
4.68c
11.47
11.17
0.47c
63.81
43.07ab
12.93ab
35.04b
4.30cd
10.03
8.60
0.34b
71.80
48.79
13.61
ADL
ns
***
ns
ns
ns
**

Treatments means with different letters in a rows are significantly different (***P < 0.001; **P < 0.01, *P < 0.05) for altitudes; ns=non significant;
HDs=harvesting dates; DM= dry matter; DMY=dry matter yield; CP=crude protein; CPY=crude protein yield; NDF=neutral detergent fiber;
ADF=Acid detergent fiber; ADL=Acid detergent lignin.

From the studied grasses the highest DMY and
CP and lowest NDF and ADF concentrations
were recorded by Mulato II. Similarly, the
highest CP and lowest NDF concentrations
were recorded in Mulato II at western Kenya
by Kifuko-Koech et al. (2016). From all
studied grasses Mulato II had low proportion
and best digestibility as the chemical
characteristics
of
forage
with
high
concentrations of lignin in the cell wall impair
the digestibility of dry mass and thus limit
consumption by ruminants (Clipes et al., 2010).
Although there were no significant (P<0.05)
difference in ADL by altitude, numerically
indicate that most of the studied grasses had
poorer digestibility in mid and high than low
altitude because of greater proportion of
lignified tissues (Wijiphans et al., 2009).
Nsinamwa et al. (2005) agree on the fact that
the fiber content in forage increases with age
and that the higher the fiber fractions, the lower
the digestibility. In the present study, the

observed differences in terms of the quality and
yields of grass hybrid, cultivars and ecotypes
across sites could be both the effects of climatic
and physical factors that are responsible for the
variation in the quality of forage species across
altitudes (Moore and Jung, 2001; Mutanga et
al., 2004).
The mean ash contain obtained from which
was much higher than those reported by
Kungwan et al. (2010), of 6%. Majority of the
studied grasses in different location had high
mineral at early harvesting. Similar study
reported by Tergas and Blue (1971) that the
reduction in the proportion of stem with the
increase of age, influences the decrease in
mineral content.
CONCLUSIONS
The results of this study indicated that
Brachiaria grasses have potential of increasing
quality feeds for livestock production in the
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northwestern Ethiopia. Based on the results, the
harvesting stage can affect the forage DM yield
and nutritive values of Brachiaria grasses.
Harvesting at day 60 could be the optimal level
for harvesting all the studied Brachiaria
grasses since the quality forage is high and
yield are not compromised. Although all six
studied Brachiaria grasses had potential as an
alternative ruminant feed in all altitude areas in
Ethiopia, highest DMY and CP and lowest
NDF and ADF concentrations were recorded
by Mulato II. Its capability to grow at low
rainfall maintaining high yields is an additional
advantage over the others. Thus, among the
tested Brachiaria grasses Mulato II showed
outstanding potential as a forage plant
especially at low altitude area of northwestern
Ethiopia. This indicates that Bracharia forages
production in the lowlands of the country
would benefit from the cultivar Mulato II for
sustainable ruminant livestock production in
the future. To fully utilize the potential of
Mulato II grass, further studies on agronomic
and nutritional evaluation involving live-animal
experiments are recommended.
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Abstract
Following an ever-increasing tendency to underline the detrimental effects of alcoholic beverages on human health,
wine consumption has also recorded a steady decrease. This is despite multiple beneficial effects on health
demonstrated by research. This review presents the latest information regarding the effects of wine on human health.
While the potential detrimental effect of alcohol is not disregarded, but acknowledged where science clearly
demonstrated a negative impact, potential beneficial effects are also presented and discussed. Aside from alcohol, wine
contains other compounds which have been shown to serve as antioxidants and anti-blood clotting agents or metabolic
signaling molecules, with anti-proliferative, chemoprotective, immunomodulating actions. Accordingly, light to
moderate but not heavy wine consumption can complement other dietary effects on human health. Recent research
suggests that wine-derived compounds belonging to the phenolic compound classes are important to human health and
some of their putative actions are presented in this review.
Key words: wine, human health, alcohol, phenolic compounds, polyphenols.

INTRODUCTION

diet and lifestyle (Gell and Meier, 2011). For
this reason, among health-conscious individuals, wine has remained a popular alcoholic
beverage, and especially red wine. Accordingly, a study regarding food buying habits in
Denmark concluded that wine consumers are
more likely to purchase and consume healthier
foods, such as fruits and vegetables, olives,
poultry, low fat products, while beer consumers
favour precooked/take away food, sugars, cold
cuts, chips, pork, sausages, lamb, butter or margarine and soft drinks (Johansen et al., 2006).

Wine is an important component of the
Mediteranian diet, which means it plays an
important role in the protective effect of this
diet for human health (Ndlovu et al., 2019).
Observational studies, randomized clinical
trials and meta-analysis of clinical studies have
often demonstrated that wine can lower the risk
of developing chronic illnesses and, if not to
increase longevity, at least to ensure a longer
period of healthy life. Nevertheless, since
personal factors – genetic and/or environmental
– can also play their part, these effects can vary
greatly on personal level and are difficult to be
proven and validated for the entire population.
Therefore, it is not surprising that, after a long
period of favourable advertising for the
implications of red wine for human health, in
recent years, due to the sustained anti-alcohol
campaigns, the perception regarding wine has
started to be affected as well.
Still, unlike beer and spirits, wine is one of the
generally recognized components of a healthy

J-shaped curve and the “French Paradox”
The rise in awareness about the potential
beneficial health effects of wine started with a
study which suggested that the rate of mortality
from coronary heart disease in France was
lower than that of many other countries; this
was despite the French traditionally having a
high saturated fat diet. This phenomenon was
duly called the “French Paradox” (Renaud and
De Lorgeril, 1992), where most benefit was
seen with alcohol consumption of 20-30 g/day.
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With clinical and experimental evidence
growing, it also became accepted that the risk
of mortality from all causes (all-cause
mortality) was substantially increased for heavy
drinkers, while decreased for light to moderate
drinkers compared to both heavy drinkers and
abstainers. This relationship is pictorially
expressed as a J-shaped curve. It is particularly
seen for middle-aged and older adults,
associated with both better survival rates and
lower risks for certain chronic diseases.
Another well-known study related to the effects
of alcohol on human health is the US “Leisure
World Cohort Study”. The study included
8,877 women and 5,101 men (median age 74
years) who completed a postal health survey in
the early 1980s and were thereafter followed
for 23 years (1981 to 2004). The initial
questionnaire and the follow-ups in 1992 and
1998 included details of their alcohol
consumption. When the study was completed in
2007 (Paganini-Hill et al., 2007), 6,930 women
and 4,456 men had died at a median age of 87
years. This study, however, showed that both
men and women who drank alcohol had a
decreased mortality rate compared with
abstainers. By using adjustments for age and
multivariate risks of death and by calculating
95% confidence intervals, it was concluded that
individuals consuming two or more alcoholic
drinks per day had a risk of death lower by 14
to 16%. The study tried to take into account the
type of alcoholic beverage, and thus consumption of alcoholic beverages was quantified
separately for wine, beer and spirits. The
observed reduced risk was not correlated,
however, to one specific type of alcohol
beverage, but with overall alcohol consumption. Consistent drinkers, who consumed
alcohol at the beginning of the study as well as
in follow-up years, had a significantly
decreased risk of death compared with stable
abstainers. Moreover, those who did not report
drinking in the beginning of the study, but
reported drinking later in the study also had a
significantly decreased risk of death. Quitters,
especially women, who reported drinking in the
beginning of the study, but were not drinking at
follow-ups, showed an increased risk of death.
The 15% reduced risk of death observed in this
study was similar to the 20% lower risk
observed in the European project HALE, which

followed for 10 years women and men aged 70
to 90 years (Knoops et al., 2004). Similar
results were provided by other studies showing
that overall death rates were lowest in those
who consumed one alcoholic drink daily (Thun
et al., 1997).
Some study data, however, suggests that the
reduction in mortality risk associated with
alcohol is more evident from wine
consumption, than from beer or spirits. A study
performed in California on 128,934 adults
monitored between 1978-1985 (Klatsky et al.,
2003) confirmed that the J-shaped relationship
was valid and remained stable for at least 20
years. The study suggested that lower risk
associated with light drinking was primarily
associated with wine consumption, as well as
independent of the type of wine. The study also
showed that wine consumption was independently associated with lower mortality risk,
mostly due to beneficial effects on coronary
atery disease risk.
Subsequently, the French Paradox has been
variously attributed to the effect of certain
phenolic compounds abundant in wine acting in
conjunction with the alcohol component of
wine (Siemann et al., 1992; Ferrieres, 2004; Fei
et al., 2018).
Moderation
In many although not all countries, “moderate
wine consumption” is defined as 2 unit drinks a
day for women and 2 to 3 unit drinks a day for
men, and never more than 4 unit drinks at a
time. A standard drink unit contains an average
of 10 g of pure alcohol, irrespective of the type
of drink. This would be around 100 ml (96 ml)
of wine at 13% vol, 100 ml (104 ml) of
sparkling wine at 12% vol, 60 ml (62.5 ml) of
fortified wine at 20% vol or 85 ml (83.5 ml) of
aromatised wine at 15% vol (Wine in
Moderation, 2019; Mongan and Long, 2015).
Recommendations
Continuously confronted with the adverse
societal, health and economic effects of alcohol
abuse, the World Health Organization (WHO)
has increased its campaigns against alcohol
consumption, although predominantly heavier
alcohol consumption. In addition, the
robustness of the J-shaped alcohol mortality
curve has been questioned. Recent findings
from the Global Burden of Diseases, Injuries
22

and Risk Factors Study (2016) led the
invetigators to conclude that there is no safe
level where alcohol does not cause adverse
effects on human health (***GBD, 2016;
Alcohol Collaborators, 2018). The study
reported the cases of deaths and disabilities
attributable to alcohol from 1990 to 2016 for
195 locations, for both sexes and for 5-year age
groups between 15 and 95 years old. Among
the population aged 15-49 years, alcohol use
was found to lead in 2016, 3.8% (95% CI 3.24.3) of female deaths and 12.2% (CI 10.8-13.6)
of male deaths and 2.3% (CI 2.0–2.6) female
and 8.9% (CI 7.8-9.9) male disabilities,
including here road and self-harm injuries. For
populations aged 50 years and older, the
leading cause of alcohol-attributable deaths in
2016 was cancer: 27.1% (95% CI 21.2-33.3)
for female deaths and 18.9% (CI 15.3-22.6) for
male deaths. While these facts cannot be
disregarded, the conclusion of the report, that
“the level of alcohol consumption that
minimised harm across health outcomes was
zero (95% CI 0.0-0.8) standard drinks per
week”, was not sufficiently supported by the
presented data and did not take into account the
types of beverages consumed.
Regarding alcohol consumption and cancer,
study conclusions and recommendations are
even more conservative. Among their 12
recommendations to reduce the risk of cancer,
the European Code Against Cancer, which is
supported by the WHO, suggests avoidance of
any consumption of any type of alcoholic
beverage (European Code Against Cancer,
2016). As the effect of the alcohol component
of wine cannot be separated from the effects of
other wine components that may also be
beneficial for health, more studies are
necessary to determine the effects of the
combined and individual wine-derived
compounds compared with the alcohol
component. Most likely, the effects of the
alcohol and other wine components are
synergistic on health.
Even so it has been suggested that for older
individuals, the calculations made in
comparison with abstainers could be biased, as
those already affected by diseases have usually
ceased consuming alcoholic beverages,
including wine (Fillmore et al., 2007). A US
survey subsequently showed that wine

consumers with better health were more likely
to indicate that they consume wine to benefit
their health than those with worse health
(Higgins and Llanos, 2015).
This review provides an update of published
information regarding the effects of wine
consumption on human health, principally allcause morality, cardiovascular disease and
cancers, which are the two main causes of
death in the developed world and their
incidence is increasing in developing countries.
MATERIALS AND METHODS
A search for relevant research papers and
reviews was performed on several scientific
literature databases, such as PubMed
(http://www.ncbi.nlm.nih.gov/pubmed/),
Science Direct, Google Scholar and Scopus.
The search focused on wine and alcohol
exposure, chronic diseases, and wine-derived
several phenolic compounds. The search terms
used for the relevant paper selection were the
following: “alcohol”, “wine”, “mortality”,
“chronic diseases”, “diabetes”, “cardiovascular
disease”, “cancer”, “inflammation”, “cognitive
function”, “microbiota”, “biological markers”,
“polyphenols”, “resveratrol”, “flavonoids”,
“quercetin”, “flavan-3-ols”, “anthocyanidins”,
“antocyanins”, “proanthocyanidins”.
The selected papers were basic studies, clinical
studies, experimental models, observational
reports, relevant reviews, preferably with
clearly calculated hazard ratios and their
corresponding confidence intervals. Priority
was given to more recent original articles and
systematic reviews, mostly published in the
past ten years. The number of publications has
increased greatly from one year to another, due
to the importance given to wine related
phenolic compounds, as well as wine
consumption in general.
RESULTS AND DISCUSSIONS
1.
Relationship
between
consumption and human health

alcohol

A comprehensive review of the effects of
alcoholic beverage consumption on human
health (Poli et al., 2013) restated the J-shaped
relationship between risk of cardiovascular
diseases and alcohol consumption, but also
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found beneficial health effects for other chronic
conditions associated with low to moderate
alcohol consumption (Figure 1). Adverse health
effects were observed, however, following
binge drinking (Figure 2) and heavier alcohol
consumption (Figure 3).

599,912 current drinkers. Data were adjusted
for age, sex, smoking and diabetes and they
showed that the level of alcohol consumption
was indeed associated with the all-cause
mortality. The minimum mortality risk was
approximately or below 100 g per week, a level
that is lower than the doses recommended in
most guidelines. Except for a slight protection
conferred by the dose of 100 g/week for
myocardial infarction (HR 0.94, 95% CI 0.910.97), for other types of cardiovascular diseases
the risk was slightly higher: heart failure 1.09
(95% CI 1.03-1.15); aortic aneurysm 1.15 (CI
1.03-1.28); risk of stroke 1.14 (CI 1.10-1.17);
fatal hypertensive disease 1.24 (CI 1.15-1.33)
(Wood et al., 2018).
As for cardiovascular disease per se, the
beneficial effects of moderate alcohol
consumption in reducing risk of, and dying
from, have been demonstrated in innumerable
studies over the past three decades. Compared
with abstainers, moderate alcohol consumers
have decreased risk of cardiovascular disease in
all age groups, in both men and women,
irrespective of ethnicity, but the most benefit is
seen for middle-aged and older adults, when
risk factors for cardiovascular disease increase.
A study of 192,067 women and 74,919 men
from Europe and North America, all healthy at
the baseline, showed that hazard ratios among
moderately drinking men (5.0 to 29.9 g/day)
aged 39-50, 50-59, and 60+ years were 0.58
(95% CI 0.36-0.93), 0.72 (CI 0.60-0.86), and
0.85 (CI 0.75-0.97) compared with abstainers.
However, the analyses indicated a smaller
incidence rate difference (IRD) between
abstainers and moderate consumers in younger
adults (IRD = 45 per 100,000; 90% C.I. 8 to
84), than in middle-aged (IRD = 64 per
100,000; 90% CI 24-102) and older adults
(IRD = 89 per 100,000; 90% CI 44-140).
Similar results were observed in women. The
incidence rates of cardiovascular diseases
among female abstainers in the three age
groups were 11 (95% CI 1-109), 41 (CI 1-400),
103 (CI 9-1018) per 100,000, respectively. In
male abstainers, the incidence rates were 114
(95% CI 77-171), 262 (CI 201-343) and 454
(CI 354-553) per 100,000 for the three age
groups, respectively. In all age groups, and in
both men and women, the incidence rate was
lower among participants consuming low to

Figure 1. Health conditions and biomarkers associated
with low to moderate alcohol consumption

Figure 2. Health conditions associated with binge
drinking

Figure 3. Health conditions and biomarkers associated
with heavier alcohol consumption

1.1. Cardiovacular diseases and all-cause
mortality
A 2018 study, which combined large-scale data
sources of 83 prospective studies in 19 high
income countries, determined dose-response
associations and calculated hazard ratios (HRs)
for consumption levels of 100 g per week, 100
to 200 g/week and 200 to 350 g/week alcohol.
The study focused on the effect of alcohol
consumption on all-cause mortality and several
types of cardiovascular disease for a number of
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moderate alcohol compared with abstainers. In
women, the incidence rate differences between
drinking 0 g/day and 5.0-29.9 g/day were 3
(90% CI 1-25), 16 (CI 0-111) and 35 (CI 0250). For men, corresponding incidence rate
differences were 45 (90% CI 8-84), 64 (CI 24102) and 89 (CI 44-140) per 100,000
(Hvidtfeldt et al., 2010).

drinks daily and HR 1.25 in case of more than 6
drinks daily (Watters et al., 2010).
In 2016, after reviewing 89 international
studies and a total of 17.5 million individuals,
of which approximately 77,000 were stomach
cancer patients, the American Cancer Society
warned (ACS, 2016) that consuming 3 or more
alcoholic drinks a day may increase the risk of
cancer of the lower stomach.
To give another example, a study conducted
between 1993 and 2013 calculated, by applying
a Multivariate Cox regression model, that the
relative risk to develop a colon cancer is
increased to 1.16 for men consuming 15 g of
alcohol/day and 1.28 for men consuming 30 g
of alcohol/day, and is slightly less for women,
the hazard rate being 1.06 for women 15 g
alcohol/day and 1.15 for women consuming 30
g alcohol/day. This predisposition is higher in
the case of individuals with a BMI under 25,
especially when dietary folate and fibre intake
are low. Surprisingly, this relative risk increase
was higher in the case of beer and wine
consumption than for stronger alcoholic
beverages. Interesting as well was the fact that
the association was higher for left colon and
rectum tumors, as compared to the right colon
ones (Park et al., 2018). A Japanese study also
(Mizoue et al., 2008) showed that consumption
of more than 23 g/day of alcohol may increase
the risk for men of developing both colon and
the rectum cancers (HR of 1.42, 1.95, 2.15,
2.96 respectively for groups of consumers
drinking 23-45.9 g/day, 46-68.9 g/day, 69-91.9
g/day and >= 92 g/day).
Conversely, for some other types of cancer,
such as lung, pancreatic and colorectal cancers,
no overall association has been observed with
moderate alcohol consumption. Some cancers,
such as kidney cancer and non-Hodgkin
lymphoma, were actually found to be inversely
associated to low or moderate alcohol
consumption, in other words the risk was
higher for abstainers, suggesting a protective
effect conferred by alcohol. Laryngeal cancer
was also associated only with heavy drinking
(Poli et al., 2013).
In addition, for head and neck cancers, wine
has been shown to not increase risk compared
with other types of alcoholic beverages (Purdue
et al., 2009). In a meta-analysis of 15 controlled
studies, independently assessing the association

1.2. Cancer
Less clear cut is the relationship between
alcohol consumption and cancer, although there
have been a significant number of studies
published. Some of these have shown an
increase in the incidence of some but not all
types of cancers among alcohol consumers.
Associations with alcohol consumption, and
even low and moderate amounts, are found for
liver cancer, oral and pharyngeal cancer,
oesophageal squamous cell carcinoma and
breast cancer (Poli et al., 2013).
A 1997, US study suggested (Thun et al., 1997)
that mortality from breast cancer was 30%
higher (1.3 relative risk; 95% CI 1.1-1.6)
among women reporting at least one drink daily
than among abstainers. However, taking into
account the specific tumor characteristics,
another study performed between 1993-2001
showed that alcohol consumption was not
associated with all breast cancer subtypes (Falk
et al., 2014). Significant hazard ratios (HR)
were observed especially for hormone receptorpositive tumors, such as estrogen receptor–
positive (ER+) and progesteron receptor–
positive (PR+) cancers. Hazard ratios for
women consuming one or more drinks per day
versus non-drinkers were: 1.48 (95% CI 1.191.83) for ER+ cancer; 1.64 (CI 1.31-2.06) for
PR+ cancer; 1.63 (CI 1.30-2.05) for ER+/PR+
cancer; and 2.51 (CI 1.20-5.24) for mixed
ductal/lobular cancer. Similar results were
presented in 2009 in a study of 184,418
postmenopausal women aged 50–71 years in
the National Institute of Health-AARP Diet and
Health Study conducted between 1995-2003
(Lew et al., 2009).
For men, consuming more than 3 drinks daily
showed a small increase in the risk of nonadvanced prostate cancer, risk which increases
with the alcohol consumption: HR 1.06 for men
consuming up to 3 drinks daily, compared with
abstainers, HT 1.19 for men consuming 3-6
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of beer, wine and liquor consumption with
these cancers, only for moderate wine drinkers
was no increase in risk observed. The data also
showed that the relative risks of head and neck
cancer for beer and liquor are comparable (HR
1.6-5.4 for beer, 1.6-3.6 for liquor), with direct
correlation with the quantity consumed.
Relative risks also increased for heavier wine
consumption, however, comparable to that of
the other types of alcoholic beverages.
A recent study (Chen et al., 2018) attempted to
elucidate the effect of wine and its components
on cancer cells, in vitro and in vivo. The study
showed that alcohol can promote cell
proliferation, as well as tumor formation by
increasing the transcription of a specific gene,
RNA Pol III. The effect is higher at a low
alcohol concentration (12.5 to 25 mM), which
enhanced cell proliferation of breast and
esophageal cancer lines. Surprisingly, a higher
alcohol concentration (100 mM to 200 mM)
slightly decreased the proliferation rates.
Moreover, red wines significantly repressed
cell proliferation of different human cancer
lines, in a dose-dependent manner, by reducing
the RNA Pol III gene transcription. Red wine
also inhibited colony formation of human
breast cancer and esophageal carcinoma cells.
Even more interesting is the reported stronger
inhibitory effect of aged wines compared with
younger wines. Thus, the study suggests that
phenolic compounds may be inhibitory, in
contrast to the alcohol component of wine.
Moderation is key. A USA study (White et al.,
2017), performed on women who had a sister
with breast cancer, showed that even in lowlevel drinkers (< 60 drinks/year), hazard ratios
increased for every binge drinking (HR = 1.29,
95% CI 1.15-1.45) or blacking out (HR = 1.39,
CI 1.17-1.64). Compared with low-level
drinkers who never binged, moderate drinkers
(60-229 drinks/year) who binged had a higher
risk (HR = 1.25, CI 1.08-1.44). Increased breast
cancer risk was observed for higher lifetime
alcohol drinkers, with more than 230
drinks/year (HR = 1.35, CI 1.15-1.58).
An individual’s response to alcohol, however,
depends on their genetic profile. By exposure
to predisposing factors (external or internal) the
genetic material, DNA, can be damaged. In
normal, young persons, efficient mechanisms
are in place to repare some of the damage.

However, with age and in case of some of
genetic deficiencies, damaged DNA tends to
accumulate in the cells, increasing the risks of
leukemia or other cancers. From the alcoholic
beverages, the main aggressor is not alcohol
itself, but one of its metabolites, the
acetaldehyde, a known and recognized
carcinogen. Produced during the transformation
of ethanol to acetic acid, when the ethanol
quantity is higher than the capacity of the
organism to completely metabolize it,
acetaldehyde accumulates in the cells and, due
to its higher reactivity, cross-links the DNA,
damaging it.
In case of persons deficient in one of the
enzymes involved in the transformation of
acetaldehyde in acetic acid (the enzyme ALDH,
acetaldehyde-dehydrogenase),
acetaldehyde
accumulates in even higher quantities
(Shrotriya et al., 2015). The toxicity of the
acetaldehyde is thus dependent on its rate of
accumulation and also on each person’s
capacity to repair DNA.
It is also known that genetic polymorphisms of
alcohol dehydrogenase and of the other genes
implicated in free radicals generation and/or
scavenging determine the susceptibility to
alcoholic liver disease (Ratziu et al., 2010).
In wine, the presence of phenolic compounds
may block or counteract the carcinogenic effect
of acetaldehyde and alcohol. It was
demonstrated that resveratrol induces the death
(apoptosis) of the cells in which damaged DNA
accumulates and is beyond repair (Shrotriya et
al., 2015).
2. Phenolic compounds may be key to many
of the beneficial health effect of wines
As opposed to strong distilled alcoholic
beverages, wine is a more complex matrix, with
a more balanced chemical composition, which,
aside of ethanol, includes acids, polyphenols,
glucides, proteins and several classes of aroma
compounds, in various concentrations.
2.1. Wine-derived phenolic compounds
The phenolic content of white wine ranges
from 50 to 400 mg/l and that of red wines from
900 up to 3000 mg/l for highly tannic wines
(Waterhouse, 2002), the variation being
determined by grape variety, growth region
conditions, winemaking techniques and the age
of the wine. Grape seeds contain much higher
26

quantities of total polyphenols in comparison
with the skin. About 60-70% of the grape
polyphenols, containing especially phenolic
acids, flavonols, flavan-3-ols such as catechins
and their isomers, proanthocyanidins and the
stilbene resveratrol are found in seeds, thus also
in grape seed extracts (Nowshehri et al., 2015).
The phenolic content of wine significantly
varies with the grape variety and winemaking
technology, thus the values reported in several
journal also vary, although they do convey a
general idea about the degree of magnitude. For
example, a study of 2015 reported that in red
wines the average concentrations of caffeic
acid, gallic acid, resveratrol, and rutin were
2.15, 30.17, 0.59 and 2.47 mg/L, respectively,
while in the white wine samples the
concentrations were below limit of the HPLC
method (Agatonovic-Kustrin et al., 2015).
Gallic acid is the most abundant simple phenol
in wines and it is transferred easily in wines
from grapes. For example, in Negroamaro and
Primitivo wines its level was of about 28-29
mg/kg (Ragusa et al., 2019). The concentration
of the catechin isomers in red wine was
reported in a study to be in the range of 20-200
μM for (-)-epicatechin and 200-500 μM (+)catechin (Burns et al., 2000).
The concentration of resveratrol, the most
reserched wine-related phenol, varies considerably with the grape variety, region, weather,
disease pressure, winemaking technique etc.
The range is from non-detectable to 14.9 mg/l
(Stervbo et al., 2007), but those upper limits are
rather the exception, not the norm. Usually, the
normal level does not exceed 2 mg/l. For
example, in Serbian wines, trans-resveratrol
concentration ranged from 0.11 to 1.69 mg/l
and cis-resveratrol from 0.12 to 1.49 mg/l
(Dekic et al., 2008). In Greek red wines transresveratrol ranged from 0.35 to 1.99 mg/l and
from 0.005-0.57 mg/l in white varieties
(Gerogiannaki-Christopoulou et al., 2006).
Some studies reported that wines from grapes
of the Pinot Noir and St. Laurent showed the
highest level of trans-resveratrol (Stervbo et
al., 2007), other that Cabernet and Shiraz
(Agatonovic-Kustrin et al., 2015). Oligomers of
stilbens, such as pallidol (resveratrol dimers)
(He et al., 2009) viniferins (resveratrol dimers,
trimers or tetramers) and vitisins (tertramers)
are also found in grapes and wines. In French

wines viniferin was found only in red and
botrytized sweet white wines, ranging from 0.1
and 1.63 mg/l. Levels of pallidol from 0.38 to
2.22 mg/l were found only in wines obtained by
maceration in the presence of stems (Landrault
et al., 2002). Other phenolic compounds, such
as tyrosol and hydroxytyrosol, present in wine
and virgin olive oil, may play a role in
prevention of certain pathologies including
cancer (Rodriguez-Morato et al., 2016).
Although wine-derived phenolic compounds
belong to several chemical classes and their
structure is strictly related to their biochemical
and physiological effect, the scientific
community generally agrees that the higher the
concentration of total phenolic compounds, the
greater the potential beneficial effect on human
health.
Many researchers have concentrated their
efforts toward showing that the presence of
phenolic compounds in wines can counterbalance the possible negative impact of the
alcohol component. Although wine consumption has been shown to exert a J-shaped
effect on the relative risk of cardiovascular
disease (Arranz et al., 2012; Costanzo et al.,
2011), the degree to which this putative
protection is conferred by the alcohol
component, wine-derived phenolic compounds
or both remains to be clarified. Considering
hypertension specifically, a double blind
interventional study in 2015 (Draijer et al.,
2015) showed that alcohol-free red wine extract
intake
lowered
significantly
24-hour
ambulatory systolic/diastolic BPs (135.9 ±
1.3/84.7 ± 0.8 mmHg) in mildly hypertensive
people compared to placebo (138.9 ± 1.3/86.6
± 1.2 mmHg), although grape-extract did not
have a similar effect, possibly because the
polyphenolic composition differed in grapeextract and in wine-extract due to the
maceration process of the grape seeds in the
latter.
2.2. Specific phenolic compounds
The phenolic components of grapes and wine
are numerous, some belonging to nonflavonoid classes of compounds (i.e.
hydroxycinnamates, hydroxybenzoates and
stilbenes), but most of them belong to
flavonoid classes, with a C6-C3-C6 skeleton,
consisting of two phenyl rings and a
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heterocyclic ring (Del Rio et al., 2013).
Flavonoids of grapes and wines are represented
by flavonols, flavones, flavanones, flavan-3-ols
and anthocyanins. Proanthocyanidins are oligomers of catechine, epicatechine (flavan-3-ols)
esterified with gallic acid. Proanthocyanidins
with larger molecules (polymers of these
flavan-3-ols) are commonly named tannins.
The proanthocyanidins adsorption in the gut is
variable, in direct connection to their molecular
size/polymerization degree (Ou and Gu, 2014).
As compared to (-)-epicatechin, the absorption
rate of proanthocyanidin dimers is only 5-10%;
trimers and tetramers have even lower
absorption rates, while proanthocyanidin with
higher polymerization rates are not absorbable
anymore. Moreover, these proanthocyanidins
do not depolymerize in the gastrointestinal
tract, to have a direct effect on human health.
However, athough proanthocyanidins are not
absorbed in the intestine, they are metabolized
by the gut microbiota. The proanthocyanidins
are known to reduce glucose metabolism and
lower the caloric impact of foods (Amoako and
Awika, 2016), while their capacity to bind with
proteins can lower the content of absorbed
gluten, with a benefit for those with gluten
sensitivity (Dias et al., 2015).
Anthocyanins too are relatively stable, with
only a small portion being hydrolyzed.
Although they can also be absorbed in the
stomach, the intestinal epithelium is the main
site for their absorption, either as such or as
degraded products, the later having also their
share of beneficial effects on health. (Han et al.,
2019). Although studies on anthocyanins alone
are fewer than for total or other individual
flavonoids, they have started to attract more
and more attention (Cassidy, 2018). Jennings
team showed in 2014 (Jennings et al., 2014)
that high habitual anthocyanin intakes (35 mg)
resulted in a 0.7 mIU/l reduction in insulin
levels in women, effect which is similar to that
of a low-fat diet (Shikany et al., 2011) or
walking one hour a day (Fung et al., 2000).

Dietary intake of individual flavonoid classes
was assessed and all showed an average
decrease of relative risk, with confidence
intervals rarely over 1.0. Thus, the calculated
relative risks for overall mortality cases were,
for total flavonoids, flavonols, flavones, flavanones, anthocyanidins, falvan-3-ols, proanthocianydines, as follows: 0.74 (CI 0.55-0.99),
0.88 (CI 0.69-1.11), 0.86 (CI 0.80-0.93), 0.75
(CI 0.57-0.97), 0.89 (CI 0.85-0.94), 0.88 (CI
0.72-1.09), 0.85 (CI 0.70-1.03), respectively.
2.4. Phenolic compounds and cardiovascular
disease
As already presented, the effects of wine and
wine components on cardiovascular disease
have been extensively researched so far, thus
there is abundant scientific literature on this
topic. Most of the studies and reviews clearly
demonstrated the protection conferred in
ischemic heart disease and atherosclerosis by
the major compounds present in grapes and
wines (Bertelli and Das, 2009). The positive
effects of wines are not limited, however, to
cardiovascular protection, as wine can also
reduce the risk and intensity of other chronic
diseases, such as cancers, diabetes, liver
function and cognitive function.
2.5. Phenolic compounds and cancers
Regarding cancer, although there are studies
suggesting a possible protection conferred by
flavonoids, due to the vast number of cancer
types and mechanisms involved, direct
evidence for humans has not been reliably
provided yet.
An example is the case of prostate cancer. A
study on a Netherlands cohort including 58,279
men followed between 1986 to 2003 the
association of the flavonoids intake (from black
tea) and the risk of developing prostate cancer.
Intake of total catechin, epicatechin,
kaempferol and myricetin were associated with
a decreased risk of advanced prostate cancer.
Risk ratios of stage III/IV and stage IV prostate
cancer for the highest versus the lowest
flavonoid consumption as tea (more than 5
cups/day versus less or equal 1 cup/day) were
0.75 (95% CI 0.59-0.97) and 0.67 (CI 0.500.91), respectively. However, for non-advanced
prostate cancer no protection effect was
observed (Geybels et al., 2013).

2.3. Phenolic compounds and all-causemortality risk
Regarding the effect of dietary flavonoids, a
recent meta-analysis (Grosso et al., 2017) indicated that they are indeed associated with
decreased risk of all-cause mortality, as well as
decreased risk of cardiovascular disease.
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For prostate cancer, higher flavonoids and
proanthocyanidins intake was associated with
lower risk. The diet of the surveyed men who
consumed higher amounts of flavonoids and
proanthocyanidins was richer in wine, tea,
fruits and vegetables. The study on a cohort of
43,268 men with a mean age of 70 years
showed a positive association with overall
prostate cancer risk, but only in the case of fifth
quintile vs. first quintile of total flavonoids
intake. The authors concluded that this possible
influence of total flavonoids and proanthocyanidins in the evolution of prostate cancer
deserves further study (Wang et al., 2014).
For non-Hodgkin’s lymphoma an investigation
on 960 selected cases of 32-60 year old men
already diagnosed vs. 1717 men recruited
randomly showed that consumption of wine,
but not of beer or spirits, is associated with a
reduced risk for this type of cancer (Briggs et
al., 2002). Compared with non-drinkers, hazard
ratios for men who consumed less than one
glass of wine per day were 0.8 (95% CI 0.51.3), while for those who consumed one or
more glasses of wine they were 0.4 (CI 0.20.9). This effect was not confirmed for beer or
spirits, pointing out to a possible polyphenol
effect.

lation involved in metabolic syndrome in mice.
Long maceration improved total phenols, but
the concentration of the main phenols related to
health, such as quercetin, routin and resveratrol,
did not increase significantly as compared to
regular maceration, the concentration of
resveratrol actually decreasing with the
maceration time. However, regular-maceration
wine did not appear to have the same beneficial
effect on glucose tolerance and hepatic lipid
accumulation, which means other phenols
(catechin, epicatechin, gallic acid) are also
important. Pomace as well improved glucose
tolerance, insulin sensitivity and reduced
hepatic triglycerides (Rosenzweig et al., 2017).
Based on clinical trials selected in accordance
to very restrictive criteria, however, not enough
evidence was found to firmly demonstrate that
grape polyphenols can positively influence
glycemia, blood pressure or lipid levels,
although an improvement of insulin sensitivity
was confirmed (Woerdeman et al., 2017).
An Australian study assessing influences on the
level of inflammation in diabetes showed that
neither wine nor alcohol per se have a
significant effect on inflammation resolution.
For example, red wine did not differently affect
any of the measured pro-resolving mediators of
inflammation, when compared with equivalent
volumes of dealcoholized red wine or water
(Bardena et al., 2018).

2.6. Phenolic compounds and diabetes and
diabetes-related co-morbidities
Moderate consumption of white and fortified
wine is associated with a reduced incidence of
diabetic retinopathy (DR), either visionthreatening (VT) or not. In one study, of the
395 participants (65.9 ± 10.4 years old; 253
males), 188 (47.6%) consumed alcohol and 235
(59.5%) had some form of diabetic retinopathy.
Compared to no alcohol consumption, an
overall moderate one was significantly
associated with reduced odds of any diabetic
retinopathy (OR = 0.47, 95% CI 0.26-0.85).
Moderate consumption of white wine/
champagne or fortified wine was also
associated with reduced odds of any diabetic
retinopathy (OR = 0.48, 95% CI 0.25-0.91, and
OR = 0.15, CI 0.04-0.62, respectively), either
non-VTDR or VTDR (Fenwick et al., 2015).
Glucose metabolism has been proven to be
positively affected by polyphenols, which
reduce the incidence of diabetes (Luz et al.,
2018). Long-maceration wine improved
glucose tolerance and hepatic lipid accumu-

2.7. Effects of phenolic compounds on liver
function
As a study performed in USA between 20052010 showed, polyphenols can also protect the
liver. Nonalcoholic fatty liver disease was
correlated with lower intake of flavonoids in
the diet, 111.3 ± 3.6 vs. 201.3 ± 2.3 mg/day
(Mazidi et al., 2019).
2.8. Effects of phenolic compounds on cognitive
function
Flavonoids are known to protect against
cognitive dysfunction or decline. A study
started in 1988 in Bordeaux, France on persons
of 65 years or older, with follow-up of 13
years, showed that the decline in cognitive
function was lowest in the case of those with
the higher intake of flavonoids (Letenneur et
al., 2007). In this study, the quartiles of
flavonoid intake were 0-10.39, 10.40-13.59,
13.60-17.69 and 17.70-36.94 mg/day. Subjects
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in the two highest quartiles had a significantly
better evolution than did subjects in the first
quartile. The evaluation was based on the
evolution of the square root of the number of
errors to the Mini-Mental State Examination
(MMSE) over a 10 years period. Subjects with
the lowest flavonoid intake lost in 10 years an
average of 2.1 points on the MMSE, whereas
subjects with the highest quartile lost only 1.2
points.
Wine, one of the foods richest in flavonoids,
has also demonstrated protection. A 34 years
study performed from 1968 in Sweden only on
women (Mehlig et al., 2008) showed that wine
consumtion was protective for dementia (HR
0.6, 95% CI 0.4-0.8) and the association was
even stronger for women who only consumed
wine (HR 0.3, CI 0.1-0.8). In contrast,
consumption of spirits was associated with
increased risk of dementia (HR 1.5, CI 1.0-2.2).
Several flavonoids, among which quercitine,
was reported to be protective in demyelinating
disease by preventing the oxidative damage of
oligodendrocytes (van Meeteren et al., 2004).
Also, gallic acid, a hydroxybenzoic acid
abundant in wine, inhibited the formation of
amyloid fibrils by α-synuclein, having a
potential neuroprotective effect (Liu et al.,
2013).

related with more pro-inflammatory and prooxidant status, being associated with increased
Lactobacillus and reduced Clostridia and Bacterioides group. Presence of phenylpropionic
acids is correlated with proanthocyanidins
ingestion (Gutiérrez-Díaz et al., 2018).
Wine-derived phenolic compounds also have
desirable antimicrobial effects. Plant products
including resveratrol inhibited Helicobacter
pylori colonization of gastrointestinal tract,
inhibited mutagenesis and repressed precancerous changes by inhibiting NF-κB DNA
binding (Lee et al., 2008). The rate of infection
with H. pylori was found to be only 0.31 (95%
CI 0.12–0.81) for people consuming an
equivalent of 75 g of alcohol per week as
compared to non-consumers, the effect being
stronger for consumption of wine rather than
beer (Brenner et al., 1999).
Similarly, drinkers of more than 14 glasses of
wine per week showed a relative risk for
catching common cold of only 0.6 (95% CI
0.4-0.8), the association being stronger for red
wine. Beer, spirits and total alcohol intakes did
not affect the risk of common cold, the effect
being rather due to the wine polyphenols than
to alcohol. After adjusting for alcohol
consumption, the conclusion that wine, and
especially red wine, is protective against the
common cold may still be valid (Takkouche et
al., 2002). Several effects are also exerted by
wine and wine extracts on oral microbiota,
either by direct inhibitory effects or indirect
actions against inflammation caused by
pathogens involved in periodontal disease
(Esteban-Fernández et al., 2017). Bacteria
responsible for tooth cavities and periodontis
can form on teeth self-protective biofilms and
generate detrimental acidity and plaque. Winederived phenolic compounds reduce the growth
of these bacteria in spite of the formed biofilms
(Munoz-Gonzalez et al., 2014).
In spite of the vast majority of studies pointing
out the beneficial effect of phenolic
compounds, excessive intake may also promote
unwanted biochemical mechanisms. An
analysis of a US cohort of 43,268 men, with a
mean age of 70 years questioned between
1999-2000 and followed up for an average of
7.8 years, showed that in some cases of prostate
cancer the relative risk is slightly increased by
higher doses of flavonoids (Wang et al., 2014).

2.9. Effects of phenolic compounds on
microbiota and other microbial-related
diseases
Microbiota too plays a main role in the gut as
regards the absorption of dietary polyphenols.
Also, the consumption of dietary polyphenols
modifies the gut microbiota (Nash et al., 2018).
After intake of red wine or de-alcoholized red
wine, modulation of gut bacteria was observed.
Consumption of 272 ml/day of red wine
significantly increased the gut bacterial
concentrations of four phyla: Proteobacteria,
Fusobacteria, Firmicutes and Bacteroidetes, as
well as in Prevotella, Bacteroides, Bacteroides
uniformis, Bifobacterium and Eggerthella lenta
while intake of 272 ml of de-alcoholized red
wine per day increased the concentration of
Fusobacteria only (Queipo-Ortuno et al.,
2012).
A recent study suggested that the main phenolic
compound metabolites found in feces, phenylacetic and phenylpropionic acids, may be used
as markers of gut health. Phenylacetic acid was
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Within the first 2 years of follow-up, men in
the top quintile of dietary total flavonoids
(about 500 mg/day on average) had a higher
risk of high-grade prostate cancer compared
with men in the bottom quintile (about 100
mg/day). The calculated relative risks were for
this top quintile 2.68 (95% CI 1.50-4.79) for
total flavonoids, 2.04 (CI 1.14-3.65) for flavan3-ols and 2.72, (CI 1.53-4.85) for
proanthocyanidins.
However, the observed associations were
inverse after excluding the first 2 years of
follow-up. Although inconclusive, this study
suggests that with polyphenols too, moderation
is important.
Also it cannot be excluded that many beneficial
effects correlated with flavonoid intake from
wine, grape or other sources may also be a
marker of overall healthy dietary habits.

reactions to different types of wine using
functional magnetic imaging of the brain
regions associated with flavor processing and
food reward. Pairs of high- and low- alcohol
content red wines, otherwise similar in attributes, were given to the participants. Contrary
to expectation, significantly greater activation
was recorded in brain regions sensitive to taste
intensity for low-alcohol rather than for highalcohol wines. Although there are limited
choices on offer of low-alcohol wine and
consumer acceptance and demand also remains
limited, this wine category has the potential for
increased market shares in the future (Bucher et
al., 2018).
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Abstract
This paper highlights the issues of small-scale farming in Ukraine. The relevance of this scientific problem is that
support of small-scale farming in Ukraine is very important for the social and economic development of the country. To
develop optimal marketing and management policies for rural farmers, it is necessary to determine the challenges arise
in Ukrainian small-scale farming towards its path to economic development. In order to determine important factors for
small Ukrainian farmers, 120 small-scale farmers from Dnipropetrovs’k region involved in dairy, honey and vegetable
production were surveyed. Among the respondents there were men and women aged 23-64, having a farm, family farm
or a personal peasant household. Farmers were asked to name 3 challenges that matter, and indicate the strength of
their influence (weak, average or strong). In addition, 10 personal interviews with farmers were conducted in order to
find out more details about the responses in the questionnaires. The study identified two major groups of challenges for
small-scale Ukrainian farmers. They are challenges in production process and marketing. The study showed that in
order to manage these challenges and support the development of small-scale farming in Ukraine, the following
recommendations can be made: farmers need to participate actively in the development of their own community and
local production; cooperation has proved successful for dairy, vegetable, berries and cereals producers; it is necessary
to keep on supporting the decentralization policy in small communities; it is necessary to ensure the protection of the
small-scale farmers’ rights after abolition of the moratorium on the land sale, and at the same time, to control the use
of these lands; it is important to choose agricultural systems safer for land and water, than the traditional system of
agriculture in Ukraine; it is important for farmers to pay attention to their managerial qualities and upgrade them
through constant education and training; local community leaders need to strengthen support for rural youth in order
to reduce their migration to major cities. The results of the research can be useful for small-scale farmers, rural
community leaders and agricultural cooperatives’ members.
Key words: cooperation, Dnipro region, farming, marketing, small-scale production.

INTRODUCTION

(Prokopenko, 2018). In addition, rural communities of small-scale farmers are centres of
small rural entrepreneurship, its support also
being relevant and important for the sustainable
development of the agrarian sector of the
Ukrainian economy (agropolit.com, 2018).
For the last three years, small-scale farms in
Ukraine have begun to undergo a transformation process in connection with changing
conditions of activity of this kind of farms, in
particular: changes in EU foreign policy on
trade rules, changes in domestic policy
concerning farms and households, significant
cost rising of resources, weakening of the
marketing positions etc.
Consequently, the study of the characteristics
and challenges of small-scale farms in Ukraine,
in particular, in the process of their current
transformation, is very relevant.

Currently, Ukraine is facing many challenges
as a result of external and internal economic
and political changes. Consequently, it is
necessary to look for solutions for the
economic development in the new conditions,
in particular for the agro-industrial sector. The
experience of such successful countries as the
USA, India and China shows the importance of
developing the agrarian sector in parallel with
constant changes in the conditions of
functioning of the economy.
In 2017, the agro-industrial sector of the
Ukrainian economy brought 17% of the
country's GDP. Small-scale agricultural personal households are an important element for the
agrarian economy of Ukraine. In particular,
they provide 75% of milk production and over
90% of Ukrainian vegetable production
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author proposed a model for composing an
optimal assortment of organic vegetables for a
small farm.
The actual trend for small-scale farms in
Ukraine is cooperation. Studies devoted to this
phenomenon were carried out by Bezus R. and
Bilotkach I. (Bezus and Bilotkach, 2017). The
researchers studied the features of the new
Ukrainian dairy producers' cooperatives and
investigated their successful practices.
However, the current status of small-scale
farming in Ukraine, its marketing and
management activities and the challenges in
new conditions remain studied insufficiently.

The topics of small-scale farming, its management and marketing, and rural development
were of interest to many economists, both
practitioners and theorists. Thus, Binswanger's
empirical studies have proven that there is a
close relationship between the size of a farm
and the efficiency of using its resources
(Binswanger et al., 1993). The author demonstrated such a pattern - the larger the farm, the
less efficient the use of its resources, due to the
fact that farmers of small and family farms are
more sensible of responsibility and put greater
efforts into their work.
However, Carter's (Carter, 1994) study manifests that imbalances in the financial market
can lead to low competitiveness of small-scale
farms.
The works by Delgado also practically prove
that private farms and family farms can be
more effective than large agribusinesses by
investing more time and efforts in order to
achieve a high result. Even with the use of
hired labour, managerial decisions and
commitment to the work of the owners of the
family farm additionally motivate the hired
workers (Delgado, 1996, 1998).
Zbarskyi's V. scientific works are devoted to
the issues of marketing, an efficiency of farms
functioning and to the mechanism of state
support for farms. He noted that if an economic
mechanism of a farm is properly organized,
then it can reach a fairly high level of
development, in particular good economic
relations between the farms themselves and
with external structures (Zbarskyi, 2016).
L. Hnatyshyn investigated the potential of the
competitiveness of small-scale farms in
Ukraine and linked the notion of potential with
the production factors. It was noted that the
production potential of small-scale farms is the
accumulation of production factors that
characterize the potential opportunities for
small-scale farms, as well as the availability of
essential types of resources needed for
production (Hnatyshyn, 2011).
According to Yu. Amelina (Amelina, 2016),
the promising direction for transforming the
small-scale farms in Ukraine, is obtaining an
organic certificate for cultivated products. It
can help to generate additional profits. The

AIM OF THE STUDY
The aim of the study is to investigate the
current status of small-scale farms in Ukraine
and the challenges in the process of their
development.
MATERIALS AND METHODS
To achieve the aim of the study authors used
the survey and personal interviews, as well as
statistical methods. In order to determine
important factors for small Ukrainian farmers
while making managerial decisions in the
process of achieving of economic development,
120 small-scale farmers from Dnipropetrovs’k
region involved in dairy, honey and vegetable
production were surveyed. Among the respondents there were men and women aged 23-64,
having a farm, family farm or a personal
peasant household. Farmers were asked to
name 3 challenges that matter while making
managerial decisions, and indicate the strength
of their influence (weak, average or strong). In
addition, 10 personal interviews with farmers
were conducted in order to find out more
details about the responses in the questionnaires. The monographic method was used for
the study of the features of the current
development of small forms of management in
rural communities.
RESULTS AND DISCUSSIONS
The farm type of husbandry in Ukraine is
represented by various groups of agricultural
producers: family farms, private peasant farms,
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owners of private plots and gardens, members
of cooperatives. Each of the listed groups is
heterogeneous in terms of land size, level of
merchantability, signs of sustainability, and
demographic characteristics (Marenich, 2015).
As of the beginning of 2018, small-scale
farming in Ukraine is represented by the
following forms (Table 1).

About 90% of all farms own land plots, 31% of
them own the plot sizing 20-50 hectares, and
10% of farms own land plots measuring 10-20
hectares. In 2018, the most profitable crops to
grow in the farms of Ukraine were grapes (with
profitability 51.3%), sunflowers (41.2%), and
various fruits and berries (36.1%).
The main landmarks of small-scale farmers in
the context of sustainable development can be
called:
- supporting food security of a community and
country;
- provision of jobs and profitability in rural
areas;
- environmental protection.
In order to determine which factors are important when making managerial decisions for
small Ukrainian farmers in the process of
achieving the objectives above, 120 small-scale
farmers from Dnipropetrovs’k region producing milk, honey, and vegetables were
surveyed. Among the respondents were men
and women aged 23-64, having a farm, family
farm or personal household. Farmers were
asked to name three challenges that matter to
them when making decisions, and indicate the
strength of their influence (weak, average,
strong). In addition, 10 personal interviews
with farmers were conducted in order to find
out more detail about the content of the
responses to the questionnaire. To present the
results of the survey, the farmers' responses
were grouped into eight groups and distributed
according to the strength of their influence
assessing by the majority of respondents.
At the given time in the process of achieving
the above-mentioned goals, small Ukrainian
farmers experience the influence of diverse
factors (Figure 1). Figure 1 presents the
challenges of small-scale farmers in Ukraine in
the order of increasing their influence - the
stronger the impact, the smaller the diameter of
the circle, which depicts the factor of influence.
In addition, the picture is divided into two
parts, depending on the type of factor of
influence - production or marketing. Such a
division allows us to clearly present the current
position of small-scale farms in Ukraine.

Table 1. Forms of small-scale farming in Ukraine
Type

Farm

Family farm

Form of
registration

Enterprise or
individual
entrepreneur
Profit
generation

Individualentrepreneur

Purpose of
activity

Profit
generation
and/or revenue
increase
100 ha/farm

Personal
household
No state
registration

Self-support
and revenue
increasing

Max. land area
100 hа/farm
2 hа/household
in hа
member
Sources: compiled by author’s using (The Supreme Council of
Ukraine, 2003) and (Mishenin et al., 2017)

In order to assess of small-scale farming in
Ukraine, it is necessary to determine the
quantity of enterprises engaged in agricultural
activity in Ukraine (Table 2).
Table 2. Number and share of enterprises engaged in
agricultural activity in Ukraine in 2014-2017
Indicator

2015

46199

45379 47697 45558

98.6

7750

7721

6967

89.9

Number of farms

33084

32303 33682 34137

103.2

Share of business
(partnerships)
enterprises

16.8

17.0

18.2

15.3

-1.5 p.p.

Share of farms

71.6

71.2

70.6

74.9

3.3 p.p.

Total number of
agricultural
enterprises
Number of
business
(partnerships)
enterprises

2016

8700

2017

2017 to
2014 in %

2014

Sources: compiled by authors using (Prokopenko, 2018)

As of the beginning of 2018, there were 45,558
agricultural enterprises of all types in Ukraine.
Of these, only 6,967 enterprises had a form of
association, and 34,137 were farms or 74.9% of
all agrarian enterprises in Ukraine. During the
2014-2017 period, the number of farms
increased by 3.2%, while the number of agricultural companies decreased by 10.1%.
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Access to credit

Aging population in
rural areas

Environmental and
weather issues

Access to materials

Production

Small-scale
farmer

Marketing

Finding the market
Government policies

Lack of professional
info

Legal issues

Figure 1. The challenges of small-scale farmers in Ukraine
Sources: compiled by authors

The first type of constraint experienced by
small Ukrainian farmers is the restriction of the
production nature:
- access to materials (seeds, fertilizers, plant
protection products) and equipment;
- access to credit resources;
- aging of rural population (lack of youth);
- ecological conditions of environment and
weather conditions.
100% of questioned farmers indicated that
access to materials for agricultural production,
such as seeds, seedlings, fertilizers, and plant
protection products, is very important. It was
connected with a significant production
restriction. Moreover, in an interview with
farmers, they indicated that the quality of
Ukrainian fertilizers and plant protection
products was satisfactory; although they would
prefer to choose seeds and seedlings from
western countries if prices for them were more
affordable for them.
Data from the State Statistics Service of
Ukraine confirm that the share of expenditure
on seeds, fertilizers, and fuel in the farm
structure are high (Figure 2).

Figure 2. The structure of costs
in small-scale farmers in Ukraine
Source: Prokopenko, 2018

All farmers indicated that the business
development loans are inaccessible to them due
to high interest rates and negative previous
experience with loan repayment. 80% of
farmers in their interviews indicated that this
factor is very important for them and in case of
necessity, they borrow money from larger
farmers in their community.
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Today, the 5 largest banks in Ukraine offer
specialized loans for agrarian small businesses.
In addition, in 2018, there were state programs
in Ukraine in which small-scale farmers could
receive financial support. In particular, there is
a program of financial support that reduces the
loan cost for activities in the agro-industrial
complex. The idea of this program is that agrarians receive funds for partial compensation of
the interest rate on loans borrowed in the
national currency.
Another program that can be used by smallscale farmers is a support program for developing a farm, which provides funds to farmers
both on a turning and irrevocable basis. In
2018, the right to receive irrecoverable aid was
granted to newly-established farms in the
period of establishment, farms with separated
farmsteads, as well as farms located and
carrying out their economic activities in
Polissya territories and in mountain settlements. Providing funds on a turning basis can
be for both farmers and farms in the amount
not exceeding 500 thousand UAH (approx.
16,000 euros) (minagro.gov.ua, 2018).
With in-depth interview on this issue and
reminding farmers about the aforementioned
programs, it was found that 40% of farmers
really thought about using loans or help but did
not trust the state sufficiently or did not have
sufficient information about support to make a
decision on its use.
An important factor in the development of a
small-scale farmer is the possibility of
providing his farm with the necessary labour
force. The reduction and aging of the rural
population is a significant limiting factor in the
transformation of small-scale farmers into a
lucrative family business. This was indicated
by 30.8% of Ukrainian farmers in the survey.
In their personal interviews, farmers explained
that such a trend towards the reduction and
aging of the rural population is a consequence
of state policy on villages and rural population
in the past. Due to the imbalance of such
policies in most of the rural areas of Ukraine,
there is a high level of informal employment,
the lowest wages among the economic sectors,
insufficient number of rural educational
institutions, low level of infrastructure etc.
The ecological condition of the environment
and weather conditions have also recently
started to worry small-scale farmers in Ukraine.

So, if a farmer is thinking about expanding his
own agricultural production, he can come to the
conclusion that domestic and industrial
pollution can prevent from doing it effectively.
Thus, according to statistical data from the
State Statistics Service, every year agrarians
increase the application of mineral fertilizers to
the soil. In 2010, Ukraine imported 58 kg/ha of
mineral fertilizers, and in 2017 it was already
110 kg/ha. Such a load cannot positively affect
the quality of agricultural land. And the areas
where pesticides were used increased by one
third from 2010 (Prokopenko, 2018).
The second type of factors that influence the
process of transformation of small-scale farms
in Ukraine are marketing factors. They are
expressed in the following:
- search for sales markets;
- legal issues;
- lack of specialized information, in particular,
for making an optimal managerial decision;
- understanding the intricacies of domestic
policy regarding small-scale farmers.
Farmers called the need for a market search for
their products the most powerful influencing
factor and the most important marketing factor
of influence. All 100% of the surveyed farmers
noted this factor as very important and strongly
influencing the changes in the farming activity.
And in personal interviews, the respondents
identified two main events that forced them to
make some kind of changes in their marketing
strategies: signing an agreement on free trade
with the EU and military conflict in eastern
Ukraine.
The military conflict in eastern Ukraine has led
to the fact that many small-scale farmers in two
major regions of the country lost their
established trade links. As a result, they have
begun to enter new markets for themselves, in
particular in the Dnipropetrovs'k region, increasing the competition there.
When exporting, a limiting factor is the volume
of export quotas for Ukrainian farmers and
agricultural enterprises under the agreement
with the EU. Thus, the total volume of quotas
for honey according to the relevant appendix to
the Agreement was 5 thousand tons, and grain only 6.3 thousand tons. Also, small quotas were
exhausted almost entirely for exports of malt,
garlic, and oats at the beginning of their
operation.
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Another problem for Ukrainian farmers when
exporting to the EU is competition with small
European producers. An example is the use of
quotas for barley which is one of the most
promising on the EU market - less than 10%.
The high yield of barley in France has changed
the plans of Ukrainian exporters since local
products were cheaper than Ukrainian ones. As
a result, Ukrainian barley was successfully
exported to third country markets, but supplies
to the EU were small.
In recent years, Ukrainian honey has become
very popular in the European market.
According to the World Exports portal,
Ukraine ranks fifth in the world in terms of
exports of honey, yielding to China, Argentina,
New Zealand and Germany (Workman, 2018).
The potential prospect for developing the
small-scale farmers today is entering the EU
markets with products that have significantly
higher value added. If earlier Ukrainian
entrepreneurs supplied honey to the EU in 200liter barrels as raw materials, they are now
ready to sell it in their own packaging of 15 g
to 1.5 kg with Ukrainian branding.
Another promising direction of development is
the receipt of organic products certificates. The
transition to organic production standards, for
example, the return to wooden beehives, does
not require additional costs but increases the
cost of production by 10-15% (Litvin, 2016).
In addition to the production agricultural
activities, such activity as agritourism is
gaining popularity.
Despite the problems, over the past few years
the export of Ukrainian products to the EU,
including that from small-scale farmers, has
made a huge quantitative jerk.
Legal issues were identified by 87.5% of
surveyed farmers.
First, most of them have determined that at the
moment they are concerned about possible
changes in the economy in connection with the
emergence of such a form of management as a
family farm. According to the Law of Ukraine
“On Amendments to the Law of Ukraine On
Farmership” concerning the promotion of the
establishment and operation of family farms, a
farm, registered as a legal entity, has the status
of a family farm, provided that in its business
activity the work of members of such a
household is used, and they are exclusively
members of one family.

In connection with the mentioned update of the
legislation, the following difficulties are
encountered by farmers:
- due to the need to register such an entity;
- if necessary, enter into an agreement between
family members in such a household;
- when choosing the first or second scenario for
one’s own farm.
The information of the local registrar is not
always exhaustive for understanding the
situation in general; Internet resources do not
give a complete understanding of the situation,
either. 40% of farmers in the interview
indicated that obtaining professional legal
advice for them is problematic because of the
lack or inaccessibility of the price or distance of
professional legal services of the proper
quality.
Secondly, 20% of farmers in the interview
indicated that they were not in a position to
register their household in any way due to the
lack of documents for the house, animals or
land. In addition, it was noted that about 40%
of small-scale farmers in their communities
have the same problems. However, such
farmers feel the need for change, as a result of
which they consider two possible options: half
of them sees a positive scenario - to register all
property and work openly, paying taxes and
contributions, while the other half - stick to
negative one – to stay in the shadows as long as
possible, selling their products through
intermediaries.
Thirdly, all interviewed farmers indicated
among the legal issues the expected problems
associated with lifting the moratorium on land
sales in Ukraine. The lack of clear policies and
clarifications on this process leads to
expectations of negative events and fears of
losing their own land plots and farms.
In this case, the situation can be improved by
increasing the legal content of information in
rural communities.
68.5% of small-scale farmers indicated that the
lack of specialized information, in particular for
adopting an optimal managerial solution, is an
important factor in reducing the possibilities for
farmers to run their own business.
In their personal interviews, the farmers
indicated a transformation actual for all of them
- the transfer of a personal household to a
profitable business.
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This large-scale change requires the development of a large array of information on the
basics of doing business, technologies for
producing dairy, grain, vegetable and berry
products, marketing, logistics, etc. Execution of
ordinary household work and family affairs
does not always allow for the search and
learning of such information; in addition, the
level of training acquired in rural areas does not
allow assessing optimally their own needs in
education and training.
For small-scale Ukrainian farmers, the
transformation of their own households into a
profitable business is associated with the
following challenges:
- searching for information about real
successful practices of other Ukrainian smallscale farmers like them;
- selecting the best practices for one’s own
farm;
- determining the degree of urgency of certain
changes in technology or areas of implementation and training.
45% of farmers noted that the restriction to
their development was the understanding by the
person responsible for making decisions, the
intricacies of domestic policy regarding smallscale farmers in Ukraine. In particular, due to
the decentralization policy, different communities have different support packages for
small-scale farmers, which make it difficult for
each member of these communities to provide
information. It was also noted that there is a
need to strengthen the information provision of
communities with small-scale farmers regarding changes in taxation and material support.
Consequently, for small-scale Ukrainian
farmers, the transformation of their own
economy is a very relevant and important issue
that requires effort and the use of new
knowledge and instruments.

to credit resources; aging of rural population
(lack of youth); ecological condition of the
environment and weather conditions; search for
markets; legal issues; lack of specialized
information, particularly for making optimal
managerial decisions; the intricacies of
domestic policy regarding small-scale farmers.
In order to level these challenges and support
the development of small-scale farming in
Ukraine in the concept of sustainable
development, the following recommendations
can be made:
- farmers need to participate more actively in
the development of their own community and
local production; cooperation has proved
successful for milk producers, vegetables,
berries, and cereals. Cooperative farmers
increase their own revenues by reducing the
share of intermediaries and lowering costs
through discounts on wholesale purchases of
fertilizers and seed products;
- it is necessary to keep on supporting the
decentralization policy, in particular in small
communities, so that farmers could more
influence the formation of the budget and
decision-making on the directions of
development of the territories where their farms
are located;
- it is necessary to ensure the protection of the
rights of small-scale farmers in the abolition of
the moratorium on the land sale, and at the
same time, to control the correct use of these
lands, protecting their ecological condition;
- it is important to choose such agricultural
systems that are not harmful to land and water,
as is the traditional system of agriculture in
Ukrainian villages. Such systems can be
organic or biological agriculture because of the
impossibility of using harmful pesticides or
other toxic substances;
- it is important for farmers to pay attention to
their managerial qualities and upgrade them
through constant education and training;
- local community leaders need to strengthen
support for rural youth in order to reduce their
migration to major cities.
The next 5-6 years, cereals, honey, vegetables,
grapes, and berries will be promising areas for
agribusiness and export by small-scale farms of
Ukraine. In addition to the production of
agricultural products, such activity as agrotourism is gaining popularity.

CONCLUSIONS
Given the theoretical and practical part of the
study, the following conclusions can be drawn.
Small-scale farms are an equal form of
entrepreneurial activity in the field of
agribusiness. The most urgent challenges for
developing the small-scale farms in Ukraine are
the following: problems with access to
materials and technology; problems with access
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Targeting these recommendations can help the
small-scale farms in Ukraine to meet the challenges on their way of further development.
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Abstract
Endophytes are plant associated microorganisms that colonize the inner parts of the plants without causing disease
symptoms. The associations between endophyte microbiota and their host plants are diverse and complex. The load and
spectrum of endophytes varies with the host plant, host tissue and plant part, plant age and environmental conditions in
which host plants are growing. It is believed that only a small percent of endophytes can be cultivated, therefore
isolation and growth procedures are essential in endophyte harvesting. The plant surface disinfection procedures are
also important, as they eliminate the competition of rhizosphere and epiphyte microorganisms, while preserving the
viability of the endophyte community. The interest in improving endophyte harvest is mostly due to their beneficial
traits. Solid evidence revealed that endophytes are involved in plant growth promotion and protection against biotic
and abiotic stress. Beside the agricultural benefits, there are also aspects that involve environmental protection, where
endophyte microorganisms improve the phytoremediation process. The isolation of new endophytic strains could also
lead to new antibiotics detection. Therefore, endophytes are hunted for various biotechnological fields and processes.
Key words: endophytes.

INTRODUCTION

seeds. The endophytic microorganisms can
promote plant growth and/or resistance to
diseases and environmental stresses by various
mechanisms, such as: atmospheric nitrogen
fixation,
production
of
antimicrobial
compounds, phytohormones (synthesis or
regulation of plant hormones like IAA and
GA3), phosphate solubilization and other
providers (Figure 1).

Endophytic
microorganisms
are
plant
colonizers, living inside plants tissues, without
causing apparent disease symptoms. It was
shown that endophytes can be found in
different compartments of the plant, in the
intercellular spaces of the cell walls, in xylem
vessels or even in flowers, in fruits, pollen and

Figure 1. The main mechanisms of plant growth promoting and biocontrol mediated
by endophytic plant-beneficial microorganisms (after Malfanova et al., 2013)

Their plant-beneficial traits are very intense in
vitro conditions, but only a part of these traits
are exhibited in planta. However, based on the
beneficial properties of microbial endophytes,
several of them are used in agricultural

cropping systems as biofertilizers (Wemheuer
et al., 2017)
Among endophytes, the most abundant
microorganisms are fungi and bacteria,
including Actinomycetes. However, in some
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cases, or in specific plant growing systems,
Archaea (Müller et al., 2015), Oomycetes
(Horner et al., 2012) or microscopic algae
(Trémouillaux-Guiller et al., 2002; Bast et al.,
2014)could also be found living within plants
tissues. Such endosymbionts can improve plant
growth and productivity (Abbamondi et al.,
2016; Liaqatand Eltem, 2016), or induce plant
resistance to biotic and abiotic stress
(Choudharyand Johri, 2009; Rania et al., 2016;
Akbari et al., 2016; Khare et al., 2018; Lata et
al., 2018).

In order to provide their benefits, the microbial
endophytes competitively colonize the plant
tissues, using various traits, through a
sequential process that starts from the plant
rhizosphere, as a response to plant root
exudates, followed by root surfaces and root
interior colonization. Once inside, the
competent endophytes can migrate to the stem
and leaves, and often to flowers and seeds
(Afzal et al., 2019). The diversity of endophytic colonizers is affected by various
competitors, by plant and environment related
factors (Figure 2).

Figure 2. Bacterial endophytes localization, mechanisms of plant tissues colonization and factors affecting
endophytic bacterial diversity in the host plant (after Afzal et al., 2019)

endophytes, although not all are evidenced by
microbiological means, some being cultivable
and others being obligate to their hosts.
Cultivable endophytes are appreciated as only
0.001% to 1% of the total amount of colonizers
present in the plant tissues (Waheeda and
Shyam, 2017).
This mini review aims to present most
commonly used isolation procedures for
endophyte harvesting, with their advantages
and drawbacks, and some dedicated protocols
used for certain endophytic microbial
categories. Special attention is given for
disinfection protocols and culture media used
for bacterial, action bacterial and fungal
endophyte isolation.

Most
studies
related
to
endophytic
microorganisms refer to the cultivable species
and varieties. However, metagenomic and
microscopic studies revealed a wider variability
and
higher
number
of
endophytic
microorganisms than classical microbiological
studies (Khan Chowdhury et al., 2017; Thomas
and Reddy, 2013). This confirms that the plant
microbiomeal so includes fastidious and noncultivable microorganisms. Likewise, some
endophytes can be grown in vitro only for a
few subcultures after their isolation on growth
media, but without the growth factors from
their host plants they could not be grown in
vitro.
Research regarding endophytic microorganisms
suggests that all plants are colonized by
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DISINFECTION PROCEDURES FOR
ENDOPHYTES ISOLATION
A fundamental aspect in endophyte harvesting
is the removal of rhizospheric and epiphyte
microorganisms. This way the isolation
protocol will be correctly appreciated regarding
its efficacy. Moreover, the amount of cultivable
endophytes will be properly evaluated.
Although aggressive disinfectant solutions
applied at longer time exposure or in higher
concentrations can increase, in most cases, the
certitude of surface disinfection, such
procedures could affect the plant tissue and the
viability of some superficial endophytic
colonizers.
The most commonly used disinfectants are
70% ethanol, sodium hypochlorite in various
concentrations from 1% to 12%, hydrogen
peroxide and 0.01% up to 0.1% mercuric
chloride solution (Anjum and Chandra, 2015;
Eevers et al., 2015; Etminani and Harighi,
2018; Khanam and Chandra, 2017; Maroof et
al., 2012; Singh et al., 2017). Some authors
have also mentioned the use of 50% common
bleach (Kandalepas et al., 2015), which usually
contains a mixture of 35% sodium hypochlorite
(having max. 5% active chloride) and 5%
sodium hydroxide (also known as caustic
soda).An improved disinfection method
described for the isolation of endophytic
actinomycetes includes repeated immersion in
3.15% calcium hypochlorite for 10 min,
followed by 15 min in 10% sodium bicarbonate
and 2min in 1% sodium azide, before the sterile
rinsing procedure (Waheeda and Shyam, 2017).
Beside these decontaminating agents, a few
authors have mentioned the use of pesticide
active substances such as 0.01% bavistin
(Singh et al., 2017) and antibiotics like 0.05%
streptomycin (Singh et al., 2017),50 µg/ml
cycloheximide (Waheeda and Shyam, 2017), or
mixed solutions of antibiotics containing
200 mg/l streptomycin, 200 mg/l ampicillin and
100 mg/l tetracycline (Silvani et al., 2008) as
surface disinfection solutions for endophyte
isolation.
Most surface disinfection procedures used for
endophyte isolation involve two or three stages
of chemical treatments. Usually, different
chemical solutions are alternated, each having a
different mechanism of action. After every
disinfection step several rinses are applied,

most often with sterile distilled water. In order
to reduce the load of epiphyte and rhizosphere
contaminants, plant samples are washed before
surface sterilization procedures.
Due to its emulsifying and dispersing activity,
Tween 80 (also known as polysorbate 80 or
polyoxyethylene sorbitan monooleate) is added
in the rinsing solutions (Silvani et al., 2008).
This is a non-ionic surfactant, also believed to
affect bacterial viability, growth rate, and
biofilm formation (Nielsen et al., 2016). Tween
20 (also known as polysorbate20, or
polyethylene glycol sorbitan monolaurate) is
also used for similar reasons as tween 80
(Anjum and Chandra, 2015).
Surface disinfection of plant tissues involves
different mechanisms of actions. Alcohols are
involved in microbial cell layers’ degradation,
lipids solubilization, and denaturation of
proteins by acting directly on sulfhydryl
functional groups (APIC, 1996). Sodium
hypochlorite and other chlorine based solutions
and powders are sporicidal agents, with
oxidizing properties. Hydrogen peroxide is a
powerful oxidant against essential cell
components like proteins, lipids and DNA. All
oxidizing agents used as disinfection solutions
must be freshly prepared, otherwise they lose
their potency. The solution’s pH is another
aspect to be considered. In case of acidic
conditions, the hypochlorite ion bonds with
hydrogen and formshypochlorous acid, which
is a weak disinfectant. Therefore, when
preparing sodium or calcium hypochlorite
solutions, the pH should be kept above 7 to
favor the formation of the hypochlorite ion
(OCl-) (Nilay Borah unpublished data, 2016
communication).Heavy
metal
based
disinfectants (Hg, Ag)disrupt enzyme functions
by reacting with protein thiol groups (Bagger et
al., 1991; Haitzer, 2002).
Another important aspect in endophyte
harvesting is the sterile rinsing procedure,
which requires washing the disinfectant traces
from the plant tissue, as much possible,
especially if trituration will be applied in the
following step. Otherwise, chemical traces
could inhibit microbial growth or affect the
viability of endophyte microorganisms.
Considering this, some authors prefer to place
slices, sections or the content of the disinfected
plant tissue at the surface of the growth media
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(Figure 3), as alternative to trituration. This
way, direct contact between traces of the

sanitizing solution and
microorganisms is avoided.

a

the

endophytic

b

Figure 3. Disinfected plant samples used for endophyteharvesting (Boiu-Sicuia, personal results):
a. surface disinfected bitter melon fruit (Momordica charantia) dissected in order to collect samples of fruit pulp;
b. stem sections of surface disinfected and rinsed ice plant placed on culture media for endophyte isolation

Beside chemical based disinfection procedures,
some authors suggest physical methods to
destroy, reduce or eliminate microorganisms
colonizing the plants’ surface, in order to
collect endophytes. However, these physical
means are not used alone, but are combined
with chemical disinfectants. The most used
physical agent is heat. Some authors pass
through the flame the tissue pieces previously
immersed in 70% ethanol (Hasanah et al.,
2017; Zinniel et al., 2002).
Sonication is another physical method used in
endophyte isolation protocols. Usually,
sonication is used to dislodge solid particles
from the plant tissue before chemical
disinfection (Kaewkla, Franco, 2012).
CULTURE
MEDIA
USED
ENDOPHYTE ISOLATION

growth of endophytic bacteria (Bhore et al.,
2010; Gagne-Bourgue et al., 2012; Preveena
and Bhore, 2013; Abbamondi et al., 2016;
Boiu-Sicuia et al., 2017; Aslam et al., 2018).
When Singh et al. (2017) isolated endophyte
bacteria from medicinal plants they used
King’s B media, Mueller-Hinton media, blood
agar media, and brain heart infusion. These
media were used in order to obtain endophytes
with antagonistic activity against human
pathogenic bacteria.
For the isolation of endophytic bacteria and
actinomycetes with insecticidal activity Shi et
al. (2013) used tryptic soy agar (TSA), potato
dextrose agar (PDA) and Gauze’s no. 1 media.
However, 5 to 20% TSA medium (containing
1.5 g/l tryptone, 0.5 g/L soy peptone, 1.5 g/L
NaCl, 15 g/L agar, pH 7.3) is commonly used
also for isolation of endophytic bacteria from
leguminous plants (de Oliveira Costa et al.,
2012; Gusmaini et al., 2013; Aslam et al.,
2018), as well as PDA is also widely used for
fungi (Strobel et al., 2004; Kharwar et al.,
2008; Hasanah et al., 2017) and Gauze agar for
actinobacteria (Yi et al., 2013; Sabu et al.,
2017).
A wide variety of growth media are mentioned
for endophyticactino bacteria (Table 1). In
order to suppress undesired contaminants some
authors recommend addition of 50 to 60 μg/ml
cycloheximide and nystatin to suppress gram
negative bacterial and fungal growth, and 60
μg/ml nalidixic acid and K2Cr2O7 to inhibit fast
growing bacteria (Ajit et al., 2015; Waheeda
and Shyam, 2017).

FOR

Considering
that
not
all
endophytic
microorganisms can grow and survive without
their host, in vitro conditions are essential for
endophyte isolation and maintenance in pure
cultures. An important aspect is the nutritional
composition of the culture media.
For the isolation of endophytic bacteria most
authors used Nutrient Agar medium or
Nutrient-Yeast extract medium, with or without
cycloheximide (McInroyand Kloepper, 1994;
Pleban et al., 1995; Schulzet al., 1998; Zinniel
et al., 2002; Anjum and Chandra, 2015; Gupta
et al., 2015; Sharma and Roy, 2015; PerezRosales et al., 2017). Luria-Bertani Agar is
another culture media, widely used in
bacteriology, also mentioned for isolation and
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Table 1. Actinobacteria isolation media
Growth media
Actinomycetes
Agar (AIA)

isolation

Starch casein Agar (SCA)

Yeast extract malt extract
Agar (YEMA),also known
as: Sporulation agar or
ISP 2 medium
Inorganic salt-starch agar
also known as ISP 4
medium
Glycerol Asparagine Agar
also known as ISP 5
medium
Peptone-Yeast extract - Fe
Agar, also known as
ISP 6 medium
Tyrosine agar, also known
as ISP 7 medium

Tap Water Yeast Extract
Agar (TWYE)
Humic acid vitamin
Agar (HV)

Mycose-Proline medium

Raffinose-Histidine
medium
Calcium Malate agar
Bennette agar
Gauze no.1 medium
Arginine agar

B

Composition

References

2 g/l sodium caseinate, 0.1 g/l L-asparagine, 4 g/l
sodium propionate, 0.5 g/l K2HPO4, 0.1 g/l
MgSO4·7H2O, 0.001 g/l FeSO4, 5ml/l glycerol, 15
g/l agar, pH 8.1
10 g/l soluble starch, 0.3g/l casein (fat and vitamin
free), 2g/l KNO3, 2 g/l NaCl, 2 g/l K2HPO4, 0.05
g/l MgSO4·7H2O, 0.02 g/l CaCO3, 0.01 g/l FeSO4,
1mg/l zinc acetate, 18g/L agar (Oxoid no. 1).
4g/l Bacto-yeast extract (Difco), 10g/l Bacto-malt
extract (Difco), 4g/l Bacto-dextrose (Difco), 20g/l
Bacto agar, pH 7.0±0.3.

Ajit et al. (2015); Waheeda and
Shyam (2017)

10 g/l soluble starch, 1 g/l K2HPO4, 1 g/l
MgSO4.7H2O, 1 g/l NaCl, 2 g/l (NH4)2SO4, 2 g/l
CaCO3, 1ml/l trace salt solution as in Arginine agar
medium, 20 g/l agar, pH 7-7.4.
1 g/l L-asparagine, 1 g/l K2HPO4, 10ml/l glycerol,
20g/l agar, 1 ml/l trace element solution containing:
0.1% FeSO4.7H2O, 0.1% MnCl2.4H2O and 0.1%
ZnSO4.7H2O, final pH 7.4±0.2
15 g/l peptone, 0.5 g/l ferric ammonium citrate,
0.09 g/l sodium thiosulfate, 1 g/l K2HPO4, 1 g/l
yeast extract, 15 g/l agar, pH 7-7.2
15 g/l glycerol, 1 g/l L-asparagine, 0.5 g/l Ltyrosine, 0.5 g/l K2HPO4, 0.5 g/l NaCl, 0.5 g/l
MgSO4.7H2O, 0.01 g/l FeSO4.7H2O, 1ml/l trace salt
solution as in Arginine agar medium, 20 g/l agar,
pH 7.2
0.25 g/l yeast extract, 0.5 g/l K2HPO4, 18 g/l Agar
in tap water
0.5 g/l Na2HPO4; 1.7 g/l KCl, 0.05 g/l
MgSO4·7H2O, 0.01 g/l FeSO4·7H2O, 0.02 g/l
CaCO3, 1g/l humic acid 1 g, 18g/l agar. Final pH
7.2-7.4. After autoclavation add 1 ml/l vitamin B
solution containing 0.05% thiamine-HCl, 0.05%
riboflavin, 0.05% niacin, 0.05% pyridoxin, 0.05%
D-calcium pantothenate, 0.05% inositol, 0.05% paminobenzoic acid, 0.025% biotin.
5 g/l Mycose, 1 g/l proline, 1 g/l (NH4)2SO4, 1 g/l
NaCl, 2 g/L CaCl2, 1 g/l K2HPO4.H2O, 1 g/l
MgSO4.7H2O, 3.7 ml/l vitamin mixture of HV
medium, 15 g/l agar, pH 7.2.
5 g/l raffinose,1 g/l histidine, 1 g/l K2HPO4.H2O,
0.5 g/l MgSO4.7H2O, 15 g/l Agar, pH 7.2-7.4.
20 g/l glucose, 10 g/l calcium malate, 0.5 g/l
NH4Cl, 15 g/l agar, pH 7.2-7.4
10 g/l glucose, 1 g/l yeast extract, 1 g/l beef extract,
2 g/l N-Z-Amine A (casein), 20 g/l agar, pH 7.3
20 g/l soluble starch, 1 g/l KNO3, 0.5 g/l K2HPO4,
0.5 g/l MgSO4.7H2O, 0.5 g/l NaCl, 0.01 g/l FeSO4,
20 g/l agar, pH 7.2-7.4
1 g/l arginine, 12.5 g/l glycerol, 0.5 g/l
MgSO4.7H2O, 0.01g/l FeSO4, 1 g/l K2HPO4, 1ml/l
trace salt solution, 20 g/l agar, pH 7.2.
The trace salt solution contains:0.2% FeSO4.7H2O,
0.1% MnCl.2H2O, 0.1% ZnSO4.7H2O
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Kuster and Williams (1964);
Mackay (1977); Yi et al. (2013);
Passari et al. (2015); Waheeda and
Shyam (2017); Sabu et al. (2017)
Shirlingand
Gottlieb
(1966);
Taechowisan and Lumyong (2003);
Yi et al. (2013); Passari et al.
(2015); Waheeda and Shyam
(2017); Sabu et al. (2017)
Jiang et al. (2012)

Shirling and Gottlieb (1966);
Murray et al (2003); Taechowisan
and Lumyong (2003); Yi et al.
(2013); Passari et al. (2015); Sabu
et al. (2017)
Yi et al. (2013)
Yi et al. (2013)

Taechowisan and Lumyong (2003)
Passari et al. (2015); Sabu et al.
(2017)
Hayakawa and Nonomura (1987);
Hayakawa M. (1990); Kang et al.
(2010); Zhang (2011); Kaewkla
and Franco (2012); Yi et al. (2013);
Waheeda and Shyam (2017)

Yi et al. (2013)

Yi et al. (2013)
Yi et al. (2013)
Yi et al. (2013)
Yi et al. (2013); Sabu et al. (2017)
Yi et al. (2013); Sabu et al. (2017)

Growth media
Mannitol mung bean yeast
extract mineral salt agar
(MMY)

Casein agar (for
thermophilic actinomycetes)
Improved casein agar

T/1 medium (for
thermophilic actinomycetes)
Chitin agar (also for
aquatic actinomycetes)
GG agar (also for aquatic
actinomycetes)
Starch casein agar
(Meiji Sheika 5)
GYEA O (for isolation of
Actinomadura)
AV agar

Composition
1 g/l mannitol, 15 g/l ground mung bean, 0.5 g/l
yeast extract, 0.5 g/l K2HPO4, 0.2 g/l
MgSO4·7H2O, 0.1 g/l CaCl2·2H2O, 10 ml/l HCl (25
%, 7.7M), 1.5 gl FeCl2·4H2O, 0.07 g/l ZnCl2, 0.1
g/l MnCl2·4H2O, 6 mg/l H3BO3, 0.19 g/l
CoCl2·6H2O, 2 mg/l CuCl2·2H2O, 24 mg/l
NiCl2·6H2O, 36 mg/l Na2MoO4·2H2O 36 mg, 15
g/l agar
10 g/l glucose, 1g/l casein, 0.5 g/l K2HPO4, 0.5 g/l
MgSO4.7H2O, 0.01g/l FeSO4, 20 g/l agar, pH 7.2
2 g/l casein, 2 g/l glucose, 2.64 g/l (NH4)2SO4, 5.65
g/l K2HPO4, 2.38 g/l KH2PO4, 0.1 g/l yeast extract,
0.01 g/l CoCl2, 0.1 g Na2B4O7.10H2O, 1ml/l trace
salt solution as in Arginine agar medium, 20 g/l
agar
2 g/l yeast extract, 5 g/l soybean meal, 20 g/l
maltose, 20 g/l agar, pH 7.2
2 g/l colloidal chitin, 0.7 g/l K2HPO4, 0.3 g/l
KH2PO4, 0.5 g/l MgSO4.7H2O, 0.1 g/l FeSO4,
1mg/l ZnSO4, 1 mg/l MnCl2, 20 g/l agar, pH 7.0
20 g/l glycerol, 2.5 g/l glycine, 1 g/l NaCl, 1 g/l
K2HPO4, 0.01 g/l FeSO4, 0.1 g/l MgSO4.7H2O, 0.1
g/l CaCO3, 17 g/l agar, pH 7.4
5 g/l starch, 0.5 g/l casein, 0.25 g/l K2HPO4, 20 g/l
agar, pH 7.0-7.5
10 g/l glucose, 5 g/l yeast extract, 2 g/l CaCO3, 1
g/l K2HPO4, 0.5 g/l MgSO4.7H2O 0.5 g; 1ml/l trace
salt solution as for Arginine agar medium, 20 g/l
agar, pH 7.2
5g/l glycerol, 0.5 g/l arginine, 1 g/l glucose, 0.3 g/l
K2HPO4, 0.2 g/l MgSO4.7H2O, 0.3 g/l NaCl, 20 g/l
agar, 1ml/l vitamin B solution (as for HV medium),
pH 7.2

References
Kaewkla & Franco (2012)

Yi et al. (2013)
Yi et al. (2013)

Yi et al. (2013)
Hsu and Lockwood (1975); Yi et
al. (2013)
Yi et al. (2013)
Yi et al. (2013); Sabu et al. (2017)
Yi et al. (2013)

Yi et al. (2013)

grow (Ceapă Corina
communication).

The most used medium in the isolation of
endophytic fungi is Potato-Dextrose Agar
(PDA), supplemented with antibiotics, such as
amoxicillin (Hasanah et al., 2017), 50 to 100
mg/l chloramphenicol (Strobel et al., 2004;
Kharwar et al., 2008, 2009; Bezerra et al.,
2015), 250 mg/l streptomycin sulphate and 250
mg/l penicillin G (Raja et al., 2015). Other
commonly used media for fungi, such as Malt
extract Agar (MEA, 2%) and Yeast extract Soy - Dextrose Agar (YESD, containing 1%
yeast extract, 2% soy peptone, 2% dextrose,
and 2% agar) were also mentioned for
endophyte isolation (Raja et al., 2015).
Most presented isolation media are also used
for the subsequent growth of the endophytic
microorganisms. However, after microbial
strains purification the use of antibiotics was no
longer required.
In some cases, it was noticed that after a small
number of replications on artificial media the
harvested endophytes were no longer able to

Diana,

personal

AMOUNT OF HARVESTED
ENDOPHYTES
The endophyte isolation accuracy mostly
depends on the success of plant tissue
disinfection.
If the disinfection procedure was improper, the
certainty of endophytes isolation can be
discussed. Moreover, some endophytes
(especially fungi and actinomycetes) are
growing much slower than soil saprophytes,
rhizospheric microorganisms and epiphytes,
these influencing endophytes grow on the
culture media.
If the culture plates are rapidly colonized by
other microbial contaminants, the slow growing
endophytes could be inhibited to develop
(Figure 4).
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CONCLUSIONS

a

Endophyte isolation should be performed after
proper disinfection procedures, in order to
reduce or eliminate potential contaminants. For
plant tissue disinfection several sterilizing
agents could be used, in different concentration
and time exposure, mostly depending on the
tissue type, (e.g. lignified trunk vs. green
sprouts, roots vs. leaves etc.). Most commonly
used chemical agents are 70% ethanol, sodium
hypochlorite (in various concentration), and
0.01 up to 0.1% mercuric chloride solutions.
Natural occurrence of cultivable bacterial
endophytes in the fresh weight of plant tissue
was reported to vary between 2.0 and 9.6 log10
CFU/g, depending on the plant species, growth
conditions, vegetation stage, plant tissue,
disinfection methods, proper rinsing and
microbial culture conditions.

b

Figure 4. Microbial isolation: a. fast growing
contaminants inhibiting slow growing endophytes; b.
isolated bacterial colonies (Boiu-Sicuia, personal results)

A study referring to commonly used
disinfection methods for endophyte isolation
presented the influence of different sterilizing
agents
on
endophyte
survival
and
contamination (Khanam and Chandra, 2017).
These authors used various plant species in
their study and tested four commonly
disinfection methods: immersion in 70%
ethanol (i), sodium hypochlorite (ii), 0.1%
HgCl2 (iii) and 70% ethanol for 5 to 8 minutes
followed by 0.1% (w/v) HgCl2 for10 min (iv).
Based on their results, it was concluded that the
most efficient disinfection protocol was the
twostep treatment based on 70% ethanol and
0.1% (w/v) HgCl2, compared to the single step
methods. With this two-step disinfection
protocol,
the
survival
of
endophyte
microorganisms varied between 88% and 95%,
depending on the analyzed plant species. The
contamination rate of the endophyte cultures
was less than 20%.
Most studies reported endophyte concentrations
between 2 and 9.6 log10 CFU/g of fresh plant
tissue. Kobayashi and Palumbo (2000) reported
natural endophyte concentrations of 2.0 to 6.0
log10 CFU/g in alfalfa, sweet corn, sugar beet,
squash, cotton, and potato plant tissues. Zinniel
et al. (2002) isolated 3.5 to 7.7 log10 CFU of
naturally occurring endophytic bacteria per g of
prairie plants grown in controlled conditions,
and 3.0 to 9.6 log10 CFU/g from corn and
sorghum plants in growth room conditions.
Fisher et al. (1992) reported colonization levels
of 2.3 to 6.5 log10 CFU of bacterial endophytes
per g of wet weight form field-grown sweet
corn. Similar results were also obtained by
McInroy and Kloepper (1995). They isolated
3.0 to 7.0 log10 CFU of naturally occurring
bacterial endophytes per g of tissue (fresh
weight) of sweet corn grown in greenhouse and
field conditions.
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Abstract
Cranial cruciate ligament disease in dogs is one of the most common orthopaedics issues in veterinary practice.
Different surgical techniques are described over the years to solve this pathology. The aim of this study is to describe a
new extra-articular surgical technique using a modified lateral retinacular imbrication in 34 stifles over a period of 13
years (2005-2018). Seventeen dogs were evaluated from 1 to 4 months postoperatively and three dogs with a phone
interview of the owner from 6 up to 12 months after surgery. The employment of this lateral retinacular imbrication of
the stifle joint in association with Lembert suture pattern had shown no evidence of intraoperative or postoperative
complications. Clinical postoperative findings were satisfactory: three-four months after surgery no lameness was
evident, stifle preserved an adequate stability even if cranial tibial thrust and drawer sign were slightly positive. The
lateral retinacular imbrication in association with a Lembert-like suture pattern represents a viable alternative to
traditional extra-articular techniques performed during cranial cruciate ligament disease.
Key words: cranial cruciate ligament, extra-articular technique, retinacular imbrication.

INTRODUCTION
Cranial cruciate ligament (CrCL) represents an
essential means of knee joint stability: it
contrasts the forces that are generated during
the articular load, opposing to cranio-caudal
tibial translation, excessive internal tibial
rotation and preventing hyperextension
(Arnoczky and Marshall, 1977). The
pathogenesis of CrCL rupture include both
traumas and the progressive degeneration of the
ligament, due to a great variety of factors:
genetics, conformation, environment, immunemediated and inflammatory causes (Griffon,
2010).
CrCL disease is identified with the most
common and frequent cause of hind limb
lameness in dogs, which could be lead or
associated to osteoarthritis (OA) progression
(Comerford and Hayashi, 2011).
In most adult dogs, CrCL rupture occurs in
normal stifle joint loading, due to a pre-existing
and progressive degeneration of that structure.
These changes occur within the core region of
CrCL and the epilegamentous region: the loss
of fibroblasts, the loss of the ultra-structure of

collagen fibers and the chondroid metaplasia
(De Rooster et al., 2006; Hayashi et al., 2003).
Dogs with high body condition score, middleaged (between 4 and 7 years-old) and old
individuals (over 7 years old) are more likely to
present
CrCL
rupture:
adaptive
and
degenerative changes of the ligaments are
higher in adult and old dogs in which normal
activity can lead to CrCL rupture, if compared
to the youngest ones (Duval et al., 1999;
Adams et al., 2011; Hayashi et al., 2004).
CrCL disease occurs in both large and toy
breed dogs according to their hind limb
conformation: hyperextended stifle, tight
intercondylar notch, excessive tibial plateau
angle, medial patellar luxation, tibial internal
rotation and genu varum can lead to
overstressing phenomena of the anterior crucial
ligament (Comerford et al., 2006).
Moreover, a genetic transmission had been
demonstrated in New found lands and Labrador
Retrievers (Wilke et al., 2009; Baker et al.,
2017).
Medical and conservative approach is aimed at
reducing articular pain and inflammation, but it
53

always leads to OA progression, as a
consequence of cranio-caudal stifle instability.
Surgical approach is considered the best
approach to reduce cranial tibial thrust, even if
no surgical treatments can completely arrest
OA progression (DeCamp et al., 2016).
Surgical techniques can be divided into three
different
classes:
intracapsular
and
extracapsular techniques and corrective
osteotomies.
The intracapsular techniques provide a
replacement of the CrCL using autografts,
allografts, xenografts and synthetic prosthesis
to reach articular stability according to an
anatomic reconstruction (Paatsama Technique,
Over-the-Top Technique, Under-and-Over
Technique) (Martini, 2006).
In order to gain a better joint stability, tibial
osteotomies
had
been
developed:
a
modification of the plateau tibial angle (PTA)
is able to reduce drastically the shear forces
that develop in the CrCL deficient stifle joint
(Kim et al., 2008). These techniques have
gained popularity in the last years but their
long-term success is comparable to extraarticular techniques (Christopher et al., 2013).
Extracapsular techniques provide joint stability
using different types of biologic stifle tissues
and synthetic sutures which replace the CrCL
restraint action: they do not guarantee good
long-term results by leakage of the prosthesis,
but the development of periarticular and
capsular fibrosis can ensure the long-term
proper functioning of stifle joint (Martini,
2006; Brown and Bertocci, 2017).
These procedures have been used since the
1960s, producing good outcomes, according to
their safety and efficacy (Muir, 2010).
Two categories of extra-articular stabilization
have been described over the years: techniques
that use synthetic materials and the biological
ones that employ transposed autogenous
structures (Tonks et al., 2011).
As far as concerned the use of synthetic
implants in extra-articular stabilization, they
are generally placed on the lateral and/or
medial aspect of the stifle joint. Many different
techniques have been proposed over the years.
Lateral fabello-tibial suture was developed: it
provides stifle stability placing non-absorbable
sutures around the lateral fabella and anchoring
it to the distal part of the patellar ligament

(DeAngelis and Lau, 1970). Flo (1975)
introduced a new approach using a suture on
both lateral and medial fabella, which was
anchored in a hole drilled in the tibial
tuberosity; another suture is placed between the
lateral fabella and the retinaculum to prevent to
joint instability. Gambardella et al. (1981)
proposed a circum-fabellar technique in
association with two sutures placed through the
lateral collateral ligament; all the three sutures
are anchored on the patellar tendon. An
improvement in extra-articular stabilization is
the introduction of suture anchors, as the lateral
suture anchor technique or the most recent tight
rope procedure and transchondylar toggle
system (Cook et al., 2010; Kunkel et al., 2009).
Sutures are anchored in specific and isometric
regions of the stifle joint to reduce
biomechanical changes as internal rotation,
hyper-extension and to determine an elevated
joint stability (Muir, 2010).
The biological techniques pursue the aim to
guarantee joint stability using the shifting or
transposition of local tissues of the stifle:
fascial strips using the sartorious muscle,
popliteal tendon and biceps tendon, with or
without imbrication procedures were the first
extra-capsular stabilizations described (Muir,
2010; Childers, 1966b; Pearson et al., 1971).
A first imbrication technique using lateral and
medial Lembert sutures on the joint capsule
was proposed in the 1960s (Childers, 1966a).
and a modified retinacular imbrication
technique was reported later (Dieterich, 1974).
McCurnin proposed a hybrid technique which
employs both lateral mattress sutures and
Lembert sutures placed laterally and medially
on the stifle joint (McCurnin and Sceli, 1975).
The major risks factors in extra-articular
stabilization include strength, stiffness, creep,
knot security and biocompatibility of the
materials: generally multiple filament braided
materials have superior technical properties,
while monofilament materials have higher
biological properties (Muir, 2010).
The aim of this study is to introduce a new
extra-articular technique, derived by a lateral
retinacular imbrication of the stifle joint in
association with a modified Lembert suture
pattern.
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MATERIALS AND METHODS

According to these clinical orthopaedic and
radiological findings, the patients included in
the study represent a heterogeneous population
in which 13 were mixed-breed and 19 breed
dogs (Épagneul Breton, Miniature Poodle,
English Setter, Pug, Pinscher, Labrador
Retriever, Spinone Italiano, Yorkshire, Segugio
Italiano, Boxer, Italian Mastiff, Bichon
Avanese, Maltese). Dogs had a body weight
ranging between 3 and 40 kg, aged between 4
months and 11 years old. Of the 32 dogs
evaluated, 18 were females and 14 were male.
Moreover, in 9 of 34 stifles a medial patellar
luxation (MPL) coexisted with CrCL rupture:
transposition of the tibial tuberosity alone or in
association with trochlear sulcoplasty or
patellopexy was performed along with the
retinacular imbrication.
All surgical procedures were performed by the
same surgeon. Dogs were premedicated and
general anaesthesia was induced; legs were
clipped from the hock to the hip joint and the
foot was coated with elastic tape including the
tarsus; the patient was positioned in dorsal
recumbency on the operating table, the leg
suspended and prepared for aseptic surgery.
The skin incision was performed on the medial
aspect of the stifle while the arthrotomic access
was made on the lateral site. The lateral fascia,
retinaculum and joint capsule were gently and
carefully dissected. Before opening the joint, an
arthrocentesis was performed in order to collect
synovial fluid for bacteriological examination.
Incision of the retinaculum and capsule was
performed by a N. 10 scalpel blade. The length
of incision was performed along the lateral side
from the proximal part of the patella (1-2 cm
aside) to the proximal part of the cranial crest
of the tibia. Patella was luxated medially and a
debridement of CrCL fragments was started;
menisci were carefully inspected to assess
potential damages. Three of the 34 stifles
included in this study presented a medial
meniscus lesion and the surgeon performed a
partial meniscectomy.
In the following images, the main steps of the
surgical technique are briefly illustrated on a
specimen cadaver (Figures 1-6).

In this study were included owned dogs
referred at the Veterinary Teaching Hospital of
Perugia from 2005 to 2018. Thirty-four stifles
(32 dogs), in which CrCL rupture was
diagnosed, were treated with a modified lateral
imbrication technique. CrCL deficiency was
detected following a specific diagnostic
scheme. Each dog underwent to a general
examination to assess its physical condition and
anamnesis was taken into consideration.
The specific orthopaedic examination of the
enrolled dogs was based both on clinical and
radiological findings. Gait analysis, lameness
evaluation, inspection and palpation of the
pelvic limbs in standing position were the first
steps to identify CrCL rupture. Dogs presented
a II, III or IV degree of lameness at walk and
trot. Sit test was performed and was positive in
all dogs, showing an abduction of the hind limb
involved.
Joint warmth and effusion, along with the
thickening of the medial aspect of the joint
capsule was detected as well: both stifles were
evaluated in order to compare these findings.
Cranial drawer test and cranial tibial thrust test
were performed in lateral recumbency (before
and after sedation) to evaluate joint stability.
Three of the 32 dogs included in the study
showed a bilateral CrCL rupture, both stifles
were positive at the clinical evaluation.
The last part of the orthopaedic exam included
a clinical and radiological evaluation of the
stifle under deep sedation: cranial drawer test
and cranial tibial thrust were repeated in order
to avoid false negative results.
Medio-lateral and caudo-cranial radiographs of
the stifle joint were performed: synovitis, fat
pad sign and joint capsule enlargement were
detected in acute CrCL injuries (eight stifles of
34); meanwhile osteoarthritis signs like
subchondral sclerosis, osteophytes, thickening
of the patellar ligament, altered morphology of
the femoral condyles and tibial plateau were
noticeable in chronic lesions.
Dogs with tibial angle plateau ≥ 26° were
excluded by the study. These dogs underwent
tibial plateau levelling osteotomy surgery.
Twenty-six of 34 stifles examined had been
presenting hind limb lameness from 1 up to 3
months.
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Figure 1. Incision of the fascia, articular retinaculum and
capsule, along the lateral side of the joint in a slight
oblique direction (FL: Fascia Lata; LR: Lateral
Retinaculum; JC: Joint Capsule; T: Trochlea)

Figure 3. The last sutures (arrow), applied on the
proximal part of the incision, consist of an “out-in” and
“in-out” pattern, perpendicular to the patellar ligament
axis

Figure 2. The apex of the patella is taken as point of
reference for the first “45◦ suture” in respect of the
patellar ligament axis and consists of an “out-in” and “inout” interrupted pattern. Retinaculum, capsule and fascia
are included in the suture and knots are hardly tighten on
the lateral aspect of the joint. The number of the sutures
applied is related to the room available and to the
negative cranial drawer sign achievement. (1) First “outin” passage; (2) First “in-out” passage; (3) Second “outin” passage; (4) Second “in-out” passage

Figure 4. The “Lembert-like” suture is performed
starting from the proximal part of the incision. In the first
stitch the needle is directed 45° in relation to the patellar
ligament axis (arrow)
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Figure 5. The second stitch is parallel and on the same
edge of the incision line (arrow)

Figure 7. Lembert-like suture pattern

After the surgery, a modified Robert-Jones
bandage was applied and kept for at least 2-3
weeks according to the ability and compliance
of the owner in managing dog’s attitude and
activity. The bandage was changed once a
week. Antibiotics and NSAIDs were prescribed
and administered by the owner.
RESULTS AND DISCUSSIONS
The use of this lateral retinacular imbrication of
the stifle joint in association with a modified
Lembert suture pattern has shown no evidence
of intraoperative or postoperative complications. Bacteriological examination of the
synovial fluid was negative, thus reducing the
possibility of surgical prosthesis failure.
Twenty stifles were evaluated in clinical
follow-up from 1 up to 3 months after surgery
and the clinical results obtained were plenty
satisfactory.
Only in two dogs at the 1st month follow-up
lameness got worse (II-III degree). While, at
the 3rd month follow-up, after strict
confinement, no lameness was detectable. One
of the main problems to solve was convincing
the owners to properly manage the exuberant
attitude of their dogs. The bandage, applied to
reduce the excessive movement of the knee,
was maintained for 2-3 weeks after surgery.
Moreover, the respect of the forced resting was

Figure 6. Typical pattern of a complete modified lateral
retinacular imbrication

The Lembert-like suture pattern is illustrated in
the subsequent schematic drawing (Figure 7).
The sutures employed were Polyglactine
(Vicryl® or Polysorb®) 1 USP in dogs < 10 kg
of weight, 2 USP in dogs with weight 10 ≤ kg ≤
20, 2 USP with a double thread (Polysorb GS26 loop®) in dogs over 20 kg. Dogs were
generally hospitalized overnight for clinical
evaluation and pain management.
57

suggested by the surgeon in the first post-op
period (up to 1 month after surgery).
In this study dogs, properly managed by the
owners, had shown a moderate lameness (I
degree) up to the 1st month post-operative;
follow-up obtained in the same dogs at 3 or 4
months after surgery had shown no lameness or
it was occasionally evident at trot (I degree in
three of 20 dogs) or as a cold lameness (I
degree in three of 20 dogs). Six dogs over 20
kg were treated with the lateral imbrication
technique. Five of them were evaluated up to
the 3rd month post-operative showing a I degree
lameness in the 1st month follow-up and no
lameness at the 3rd month.
As mentioned above, in 9 of the 34 stifles
treated, MPL coexisted with CrCL rupture and
these pathologies were surgically corrected at
the same time. Dogs were represented by small
breed (Yorkshire, Pinscher) and small mixedbreed dogs.
Four stifles were evaluated in the follow-up:
patellas were stable and luxation was not
detectable, thanks to the transposition of tibial
crest and trochlear sulcoplasty together with the
tension exerted by the lateral imbrication and
the Lembert-like suture. Cranial tibial thrust,
drawer test and sit test were slightly positive in
all dogs at the 3rd/4th month follow-up, but
stifles conserved good joint stability, thus no
lameness was noticeable at gait analysis.
Due to the impossibility of carrying out a direct
clinical evaluation, a phone interview to the
owner was made in three recent cases (2018) to
assess dog’s orthopaedic condition: in two dogs
at 6-months and in one at 12-months postsurgery. Owners were satisfied with recovery
and physical activity of their dogs: lameness
was not visible, discomfort or pain during or
after activity such as walk, run, jump and
playing was not noticeable.
One significant limit of this study was the lack
of radiological evaluation in the follow-up. Due
to the unavailability of the owners to reach our
Hospital, it was not possible to obtain a longterm radiological evaluation to confirm or deny
OA progression.
Comparing the numerous techniques described
for CrCL deficiency, none of them has shown
the benefit of one over the other (Cook et al.,
2010) and all of them are associated with a
slightly post-operative morbidity: as reported in

an evidence-based medicine study, long-term
success, normal return to function of the stifle
joint cannot be ensured and OA changes
progress even after surgery (Aragon and
Budsberg, 2010; Au et al., 2010).
As reported by Toks et al. (2013), who split
extra-articular techniques into two different
groups, the lateral imbrication adopted in this
study can be considered a hybrid approach to
CrCL disease surgical treatment: it provides for
transposition of autogenous structures by
exploiting synthetic materials.
CONCLUSIONS
The obtained results are satisfactory in terms of
feasibility of the proposed technique, low rate
of complications, rapid recovery, good
performances of the dogs enrolled and owners’
satisfaction.
Thus, the lateral retinacular imbrication of the
stifle joint in association with a Lembert-like
suture pattern represents a viable alternative to
traditional extra-articular techniques performed
during cranial cruciate ligament disease.
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Abstract
The Persian walnut (Juglans regia L.) is the most important shell fruit species in Hungary. A double selected Persian
walnut population was established to select some novel bred genotypes. The examined genotypes originated from the
following combinations: ’Milotai 10’ x ’Pedro’, ’Pedro’ x ’Alsószentiváni 117’, ’Alsószentiváni 117 x Pedro’ as well as
selection form the local population. Significant differences in blooming time were found. All genotypes reached 32 mm
in fruit diameter. Most of the fruit weight of the selected genotypes exceeded the results of ’Alsószentiváni 117’. Only
two genotypes reached 50% in kernel rate. 11 genotypes reached 70% in creaking rate. Based on the results three
genotypes (tree no. V/2/28-30, tree no. V/3/30-31 and tree no. BD6) were found, which had excellent values.
Key words: walnut, phenology, breeding, progeny, Hungary.

INTRODUCTION
There is a keen interest in Persian walnut
(Juglans regia L.) production in Hungary,
therefore the growing area of the country
become three times larger than it was in 2001
(in 2001 the total walnut production area was
3 200 ha in Hungary, in 2018 it increased to
9 000 ha). With this large increase in orchard
surface, was observed during the past 2 to 3
decades, the walnut stepped on the third place
among the grown fruit species in Hungary.
Parallel with the huge increase in the orchard
surface the harvested yield doubled; in 2001
4 800 t dried shelled walnut was harvested,
which will be reached 10 000 t dried nuts with
shell in 2018 (HSO, 2003, 2018).
The Persian walnut breeding started at the
Horticultural
Research
Institute
under
leadership of prof. Peter Szentiványi in 1950.
The breeder chose the selection from the local
population among the breeding methods, which
resulted the following state-registered cultivars:
Alsószentiváni 117, Milotai 10, Tiszacsécsi 83.
Beside the selection from the local population,
starting from the 1970s the cross breeding was
used by the breeder. In the frame of this stage
of the breeding the US-bred Pedro was
involved to the breeding program as paternal
parent. There was a big stress on the following
breeding aims late leafing out time, big yield on
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the lateral buds as well as good fruit quality (at
least 32 mm in diameter, light shell colour,
smooth shell surface, light kernel, 40% in
kernel rate, good taste) during the breeding
work. In this stage of the breeding Milotai
bőtermő, Milotai késeiԴ, Milotai intenzív,
BonifácԴ and Alsószentiváni késeiԴ were
realised on the National Variety List (Bujdosó
et al., 2010/a; Bujdosó and Szentiványi, 2014).
In Hungary the walnut growers use Hungarian
bred cultivars mostly. The Milotai 10 and the
Alsószentiváni 117 cultivars dominate in the
production, which growing rates are 57% as
well as 23% (HSO, 2018). The Hungarian bred
cultivars are grown not just in the Hungarian
production, but they play an important role in
Southern part of Slovakia, Transcarpatica
region of Ukraine, Transylvania province of
Romania, Vojvodina province of Republic of
Serbia, Northern part of Croatia and Slovenia,
together with Eastern part of Austria.
Furthermore, the Hungarian-bred cultivars have
dominate role in the Persian walnut growing of
Bulgaria, Georgia and Baden-Würtenberg
Federal State of Germany.
The Hungarian bred walnut cultivars have a
unique genetic background derived from the
Carpathian race (Ebrahini et al., 2017), it is
characteristics for them the early ripening time,
large fruit size, good fruit characteristics
(Kónya et al., 2015; Bujdosó et al., 2018) as

well as good inner content value (Bujdosó et
al., 2010/b, 2014, 2016, 2019) and good frost
resistant and winter hardiness (Szügyi-Bartha et
al., 2016, 2018, 2019).
Aim of this paper is to introduce the Persian
walnut breeding activities at NARIC Research
Institute for Fruit growing and Ornamentals.

leafing out time was on that day, when the
leaves, developed from the terminal buds,
become full-grown. That day was recorded as
starting of catkins, when those started to
expend, finishing this phoenological stage with
their drying out. In the case of the female
flowers we started to record the blossom, when
those appeared on the top of the young shoots.
Drying of the pistil meant the end of this stage.
The data collection was made three times
weekly. The ripening time started to record,
when at least 50% of the husks were open.
During the ripening fruit sample was collected
and dried to 10 to 12% moisture content. After
drying the samples were stored at +8 degrees C
in a dark room till evaluation of the samples.
During evaluation of the samples the fruit
diameter was measured, the fruits were
weighted and were cracked to check the kernel
weight. The kernel ratio was calculated as
quotient of kernel weight and the whole fruit
weight.
The cracking rate was scored as quotient of
„halves” and the whole kernel weight. Together
with the evaluation of the fruits color
examination of the shell was done using Konica
Minolta Croma Meter CR-400 (Konica
Minolta, Japan). Based on the results the three
promising genotypes were selected; V/1/26-28
(Milotai 10 x Pedro), V/3/30-31 (Pedro x
Alsószentiváni 117) hybrid genotypes and the
selected BD6.

MATERIALS AND METHODS
The Experimental Orchard, is located at the
Experimental Fields of the Research Institute in
Érd-Elvira major, contains a double selected
walnut population. The genotypes are mostly
from Milotai 10 x Pedro, Alsószentiváni 117 x
Pedro, and Pedro x Alsószentiváni 117
crossings, but there are some selected
genotypes from the local population in the
progeny. All genotypes were planted in spring
of 1997, the planting distance is 5 m in the row,
and 10 m between the rows.
The trial was planted on chernozem soil with
high lime content (compactness index KA=40,
pH=8, total lime content in the top 60 cm layer
5%, humus content 2.3-2.5%). Site conditions
were the following between 1970 and 2017:
average yearly temperature: 10.7°C; average
during the growing season: 16.6°C; the average
yearly sunny hours: 1981 hours; average yearly
precipitation: 515 mm (Szűcs, 2018).
Data were collected about the leafing out time,
blooming time, blooming characteristics,
ripening time, fruit quality, kernel rate and
cracking rate of the genotypes between 2012
and 2017. Those data were compared to Milotai
10 and Alsószentiváni 117, like the most grown
cultivars in the Hungarian production. Starting
of the leafing out time meant, when the
terminal bud reached to 2.5 cm; the end of the
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RESULTS AND DISCUSSIONS
Leafing out times of the selected three
genotypes were at the same time, like the
control cultivars (Figure 1).
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Figure 1. Leafing out time of the selected walnut genotypes and control cultivars (2012-2017)
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Blooming time of the selected genotypes was
the same like the control cultivars, but they had
different blooming habit. However the control
cultivars had proterandric blooming, the
selected genotypes were protogynic.

There was difference in the ratio of homogamy,
ratio of homogamy on the selected genotypes
was shorter compared to the control
combination (Figure 2).
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Figure 2. Blooming time of the selected genotypes and control cultivars (2012-2017)

Ripening time in the Persian walnut growing
become an important character during the past
time, because the early appearance on the
market is more important. All three genotypes

had earlier ripening time compared to the
control cultivars, so the genotypes suit to this
criterion (Figure 3).
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Figure 3. Ripening time of the selected genotypes and control cultivars (2012-2017)

In the point of view of the fruit diameter the 32
mm in diameter is the lower border of the first
grade fruits. It is characteristics for the
genotypes derived from the Carpathian race to

reach this fruit size among non-irrigated
conditions. All genotypes during the selection
reached the lower border of the premium fruit
size category without irrigation (Figure 4).
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Fruit diameter (mm)

Figure 4. Fruit diameter of the selected genotypes and control cultivars (2012-2017)

Based on our experience, if the kernel ratio of a
genotype reaches at least 40%, that genotype
can be grown on profitable level in the

commercial orchards. Except V/2/26-28
genotype, all genotypes reached this border
among non-irrigated conditions (Figure 5).

Figure 5. Kernel ratio of the selected genotypes and the control cultivars (2012-2017)

It is important to know the cracking rate,
especially selling the walnut in kernel, because
this character shows the “halves” after
cracking. Cracking rate of all selected
genotypes exceeded 70% (Figure 6).

The shell having light colour can be sold easily
and on high price. As on the Figure 7 can be
seen all selected genotypes’ shell colour were
similar to the Milotai 10 control cultivar during
the instrumental examination.

Figure 6. Cracking rate of selected genotypes and control cultivars (2012-2017)
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Figure 7. L values of the shell of the selected genotypes and control cultivars (2012-2017)

CONCLUSIONS
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On the grounds of current results all three
selected genotypes are promising for the
production.
Their value is increased by the walnut harvest
season. Early harvest as well as early
appearance on the market is a unique value of
the Hungarian Persian walnut growing.
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Abstract
This paper briefly reviews the basic definitions of gastrointestinal foreign body in cats. Gastrointestinal foreign body
may cause severe pathogenetic effects resulting in plication of the intestine, intussusception, potentially ruptured bowel
and peritonitis.
This study was conducted in the Clinic of Faculty of Veterinary Medicine in the period between april 2018 - january
2019 on a number of three cats presented in the clinic with digestive syndrome. On physical examination, cats were
slightly depressed, dehydrated, and expressed signs of abdominal pain (n=3), diarrhea (n=2), vomiting (n=3) and
inappentence (n=3). The sonographic images were obtained with MyLab30 anf they identify the presence of a
hyperechoic linear structure within the gastric lumen for one cat and in the intestinal lumen in two cats. In real time,
the intestinal path was followed through many “hairpin” turns, and during this process the lumen was observed for
identification of a linear structure. The diagnosis estalished a foreign body with thread and needle in two cases and a
foreign body with only thread in the another case.
The treatment consisted in two cases in surgery, and in the other case in monitoring the natural elimination of the
foreign body.
As a conlcusion the findings in this cases suggest that in a small animal with a gastrointestinal foreign body,
ultrasonography alone could be used to make the diagnosis.
Key words: gastrointestinal linear foreign body, ultrasound, cats.

INTRODUCTION

The thread may cut the frenulum of the tongue
and can deepen into soft tissues, so it is
recommended that the tongue should be lifted
and the underside inspected carefully.
After the passage of the oral cavity the linear
foreign bodies may become caught in the
esophagus, and a thoracic radiograph should be
taken if this is suspected. However, most linear
foreign bodies bunch up and lodge at the level
of the pylorus (Taylor and Harvey, 2015).

The definition of a 'foreign body' is a non-food
object located within the digestive tract by
accident or intentionally.
Particularly a dangerous type of foreign body,
most common in cats, is referred to as a linear
foreign body. Linear foreign bodies are a
serious, potentially life-threatening condition
causing partial or complete intestinal
obstruction following ingestion of thread with
needle, wool or string (John, 2014).
Gastrointestinal foreign body in dogs and cats
may cause severe pathogenetic effects resulting
inplication of the intestine, intussusception,
potentially ruptured bowel and peritonitis
(Trevor, 2002).
Examination of the oral cavity is mandatory to
rule out any suspicion of a string foreign body
tethered beneath the tongue, especially in cats
(Steagall et al., 2014).

Figure 1. Linear foreign body: localization
in the oral cavity

https://www.petcoach.co/article/linear-foreign-body-string-under-thetongue-of-a-vomiting-c
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Localization at the gastric level causes an acute
onset of vomiting, anorexia, lethargy and, in
some cases, polydipsia and abdominal pain
(Calvo et al., 2014).
Haematemesis may be observed if the foreign
body has damaged the mucosa (Holden et al.,
2014)
Some foreign bodies can remain in situ for
prolonged periods, causing only occasional
vomiting or anorexia.
Clinical biochemistry and haematology
recorded frequently mild hyponatraemia,
hypochloraemia and hypokalaemia as a
consequence of vomiting.

Symptomatology of in intestinal linear foreign
body consists in lethargy, diarrhea, abdominal
tenderness or pain, inappetence or anorexia,
tenesmus or producing small amounts of feces.
Prognosis in gastrointestinal linear foreign
body is based on the location, duration of any
obstruction, size, shape and characteristics of
the foreign body, and the health status of the
animal previous of the ingestion (Baral, 2012).
At surgery, the minimal number of intestinal
procedures should be performed to restore the
integrity of the alimentary tract.
MATERIALS AND METHODS
This study was performed in the Clinic of
Faculty of Veterinary Medicine in the period
between april 2018 - january 2019 on a number
of three cats presented in the clinic with
digestive syndrome.
The animals were reviewed for signalment,
medical history, physical examination findings,
diagnostic test results, ultrasound imaging and
x-rays.
On physical examination, cats were slightly
depressed, dehydrated, and expressed signs of
abdominal pain (n=3), diarrhea (n=2), vomiting
(n=3) and inappentence (n=3).
A thorough oral examination was performed to
rule out the posibility of a string that may be
looped around the base of the tongue.
Sometimes a string will be seen protruding
from the mouth, or protruding from the anus.
The sonographic investigations and the
included images were obtained using a linear
probe of 12-18 MHz - MyLab30, being
possible to identify the presence of hyperechoic
linear structures within the gastric lumen for
one cat and in the intestinal lumen in two cats.
In real time, the intestinal path was followed
through many “hairpin” turns, and during this
process the lumen was examined for
identification of a linear structure (Dayle et al.,
2006).
The diagnosis established a foreign body with
thread and needle in two cases and a foreign
body with only thread in the another case.
The treatment consisted in two cases in
surgery, and in the other case in monitoring the
natural elimination of the foreign body (Carney
et al., 2012).

Figure 2. Linear foreign body: gastric localization
http://www.marvistavet.com/linear-foreign-body.pml

The clinical signs of intestinal foreign body
vary in severity depending on the level at
which the object it is located with the
appearance
of
intestine
folding,
intussusception, thickness laceration of the
intestine, potentially intestinal perforation and
peritonitis.

Figure 3. Morphological consequences on intestines with a
string foreign body

https://www.petcoach.co/article/linear-foreign-body-string-under-thetongue-of-a-vomiting-c
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RESULTS AND DISCUSSIONS
The specific literature describes situations
where the ultrasound exam has established a
diagnosis for the presence of linear foreign
body (needle, thread) compared with X-rays
that did not surprised certain modifications to
establish diagnosis and surgery (Hayes, 2009).
In one study the X-rays have established the
diagnosis of foreign bodies in 9 animals in
comparison with the ultrasound technique that
detected foreign bodies in all 16 animals.
Figure 6. Within the intestinal lumen can be identified the
presence of an hyperechoic linear structure

Figure 4. Hyperechoic linear structure within the intestinal
lumen with moderate aspect of ileus of the afected intestine
Figure 7. Hyperechoic linear structure within the intestinal
lumen

Figure 5. Hyperechoic linear structure within the intestinal
lumen with subsequent changes of the intestine aspect
Figure 8. Hyperechoic linear structure within the intestinal
lumen
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Figure 9. Radiopaque linear foreign body
Figure 12. Enterectomy and extraction of the foreign body

Figure 10. Enterectomy and extraction of the foreign body

Figure 13. The presence of an hyperechoic linear structure
within the gastric lumen (1.33 cm size)

Figure 13. Hyperechoic linear structure within the gastric
lumen - 2.63 cm size

Figure 11. Thread and needle - foreign body
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CONCLUSIONS

defined intervention level for assessing acute pain
in cats. J. Small Anim. Pract., 55: 620-629.
Carney H.C., Little S., Brownlee-Tomasso D. et al.,
2012. AAFP and ISFM feline-friendly nursing care
guidelines. J. Feline Med. Surg., 14: 337-349.
Dayle T., Cathy Beck, 2006. Survey of the use of
radiography
vs.
ultrasonography
in
the
investigation of gastrointestinal foreign bodies in
small animals. Veterinary Radiology and
Ultrasound, Vol. 47, No. 4, 404-408.
Hayes G., 2009. Gastrointestinal foreign bodies in dogs
and cats: a retropective study of 208 cases. J. Small
Anim. Pract., 50: 576.
Holden E., Calvo G., Collins M., et al., 2014.
Evaluation of facial expression in acute pain in cats.
J. Small Anim. Pract., 55: 615-621.
John W., 2014. Feline gastrointestinal surgery
principles and essential techniques. J. Feline Med.
Surg., 16: 231-239.
Steagall P.V.M., Monteio-Steagall B.P., and Taylor
P.M., 2014. Review of the studies using buprenorphine in cats. J. Vet. Intern. Med., 28: 762-770.
Taylor S., and Harvey A.M., 2015. Chapter 2,
Gastrointestinal and hepatic disorders. In: Feline
medicine review and test. 1st ed. Oxford, Saunders.
Trevor N.B., 2002. Feline gastrointestinal foreign
bodies. Vet. Clin. Small Anim. 32, 861-880.

The findings in this cases suggest that in case
of small animals with a gastrointestinal
foreign body, ultrasonography alone could be
used to establish the diagnosis. It is important
in the preliminary evaluation of the patiens so
suspected, the clinician takes into account the
complications that can emerged.
The earlier the diagnosis of a linear foreign
body is made, the so the pathogenetic
consequences are limited and the prognosis is
improved.
Early presentation, diagnosis and surgical
intervention improve the outcome of
gastrointestinal obstruction by foreign bodies.
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Abstract
The paper presents the results of a long study of the ordinary cernozems structure of natural ecosystems and field
agrocenoses. Structure is the most important indicator of soil fertility. The change of the structure under the influence
of factors of intensification of farming is shown, its ecosystem essence (determinism) is highlighted. On the basis of
modern (orheological) studies, the parameters of the strength characteristics of the structure are presented - plastic
strength and ultimate load of destruction of structural bonds, which is of great importance when using soil as a means
of production. The basis of fertility is the relationship between the content in the soil of organic matter and the
formation of agronomically valuable aggregates (Cojocaru, 2016). Structural soil is more resistant to machine
deformations, less energy is expended on its processing, it provides more efficient use of environmental factors of the
habitat and anthropogenic energy spent on fertilizers, processing, pesticides, and other cultivated plants. Strong
structure - the basis of erosion resistance of the soil. The purpose of the aggregate analysis is to establish the relative
content of aggregates of various sizes in the soil.
Key words: agriculture, ecosystem, soil, sustainable structure, fertility.

INTRODUCTION

density, low porosity, weak water holding
capacity. For this reason, crop yields and the
efficiency of agricultural production are
reduced. Therefore, the study of the nature of
structure formation, the mechanisms of
formation of a sustainable agronomically
valuable structure and the agricultural
technologies of its reproduction is an important
point in the preparation of a creatively thinking
agronomic specialist (Friedland, 1972).
Structural aggregates, as a unique form of
organization of matter, are the main property of
the soil not only in the industrial, agronomical
point of view, but also ecological, biospheric.
The structure is a spatial organization of the
solid matter of the soil, due to the interaction of
the solid, liquid, gaseous and living phases,
ensuring the functioning of the soil as an
ecological environment and the object of
technological impacts and determining its
specific morphological structure (Berezin et al.,
1985).
However, the soil is not only the environmental
factor surrounding the organisms, but also the
product of their vital activity (Bulygin, 1993).
The structure, composition and porosity of the
soil are the most important characteristics that
determine the availability of nutrients to plants

In modern agriculture, the role of soil, as an
indispensable natural resource and, at the same
time, the main means of production is steadily
increasing.
The soil is the most important component - the
“focus” of the biosphere, combining the
characteristics of the parent rocks and the long
history of the functioning of living matter
(Dokuchaev,
1949).
As
a
complex
heterogeneous system, it has diverse properties,
the most important of which for a farmer is
fertility. Fertility is an emergent property of the
soil, which is not found separately either in
living organisms or in rocks. The measure of
fertility potential is considered to be the content
in the soil of organic matter (humus). It holds
the greatest amount of high-quality free energy
accumulated as a result of a long
biogeochemical process (Vernadsky, 1965).
Such a powerful effect of the biochemical
process in the creation of soil fertility is
possible due to the special energetic structural
organization of the soil.
The structure of eroded soils is characterized by
poor water resistance and, as a result,
unfavorable agrophysical properties: high
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and soil animals, affecting aeration, water and
air permeability, distribution of roots, soil
animals and microorganisms (Westman, 1978;
Kachinsky, 1965; Barber, 1988).
The soil structure determines the porosity,
which regulates the flow of water and the
diffusion of ions to the roots of plants (Bakhtin,
1969).
The density and hardness of the soil depends on
the structural state of the soil, determining the
conditions for the development of plant roots.
The increase in density is accompanied by a
sharp restriction of root growth. Root systems
of grain, leguminous crops are located mainly
at the depth of seed embedding, at high density
the main root twists in a spiral, the number of
root hairs decreases (Krivenkov, 1967;
Sudakov, 1974; Filimonova, 1973). Increasing
the soil density above 1.4 g/cm3 makes it
difficult to nitrify and assimilate nitrogen from
the soil, resulting in reduced plant density,
productive tillering, and spike graininess. The
crop shortage is 23-37% (Viter, 1982;
Sheptukhov, 1993).
Increasing soil density slows the rate at which
water and nutrients enter the plant. At a density
of 1.5-1.6 g/cm3, the share of available
moisture accounts for only 5-10% of the soil
volume. With an increase in density of 0.1
g/cm3, the content of inaccessible moisture
increases by 10%. At the same time, diffusion
of air and gas exchange between the soil and
the atmosphere is suppressed, anaerobiosis
begins to manifest itself, the oxygen content in
the soil decreases, the direction of biological
transformation of substances changes, and
decomposition of organic matter is suppressed
(Bakhtin, 1969; Vasilyevskaya, 1994).
The soil structure determines all the life support
processes of plants and microorganisms: water,
air and nutrient regimes, and the speed of
biogeochemical processes. On the other hand,
physical, chemical, biological, physical and
mechanical processes significantly affect the
structural state of the soil. Consequently, the
knowledge of the mechanisms of structure
formation and self-organization of soils, as bioaxial systems, opens up the possibility of
targeted agrotechnical impact in order to
optimize soil regimes.
T.A. Zubkova (1998); E.Yu. Milanovsky
(2002) consider the soil as a matrix and

associate the nature of the structure formation
of different types of soil with the formation of
active acid sites.
According to the matrix theory, the mechanical
elements and structural units of the soil are the
matrix on which all physicochemical processes
take place, the root systems of plants develop,
and the nutrients are absorbed.
MATERIALS AND METHODS
The soil structure determines all the life support
processes of plants and microorganisms: water,
air and nutrient regimes, and the speed of
biogeochemical processes. On the other hand,
physical, chemical, biological, physical and
mechanical processes significantly affect the
structural state of the soil.
The structure of the soil is largely determined
by its mechanical composition. If the soil
consists of lumps up to 10 mm in diameter,
then it is lumpy or granular. These lumps
include mineral particles glued together with
humus. In these types of soil a lot of water and
air.
To assess soil structuring spend their structure
(aggregate) analysis.
Structures soils consist of very small particles
up to 0.001 mm in diameter. When water is
absorbed, such soils form a continuous sticky
mass. Units with a diameter of more than 0.25
mm are called macroaggregates, and smaller
than 0.25 mm are called microaggregates.
To determine the structural composition used
method dry and wet sieving of soil on the
screens with holes of various diameters.
Usually used a column of 7 sieves with holes:
10; 7; 5; 3; 2; 1; 0.5 and 0.25 mm. Sieves are
put one on another. This allows you to sift the
soil at once through all the sieves.
Consider samples of various types and varieties
of soil structure, mark the shape, size of
structural units. Using the table the determinant
of the types and varieties of the soil structure,
as well as reference samples, establish the type
and type of the structure of the issued sample
from any soil horizon. It should be borne in
mind that most often the structure is mixed.
Perform structural and water analysis of
aggregates.
Construct the bar graphs of the structural state
of the soil separately for each horizon, in which
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horizontally mark fractions of aggregates, and
vertically reflect their percentage, including the
water-resistant part. Make a conclusion about
the agronomic value of the structure of the
studied soil.
Consider the soil and note the presence or
absence of the structure in it, then add a little
water and mix the soil. What is the mass
formed? Solid viscous or not? Make a
conclusion about the structure of the soil and
make similar experiments with other soil
samples.
Consequently, the knowledge of the
mechanisms of structure formation and selforganization of soils, as bio-axial systems,
opens up the possibility of targeted
agrotechnical impact in order to optimize soil
regimes.
The formation of the structure and its water
resistance depends on three factors: humic
substances, minerals and absorbed cations
(Snakin et al., 1995). The most active role in
creating aggregates belongs to the first fraction
of humic acids associated with iron, the newly
formed humic substance.

it was the biological factor that almost always
turned out to be the main factor (Rode, 1947).
It has been established that the formation of an
agronomically valuable structure is associated
with the irreversible coagulation of colloidal
substances involving calcium and iron cations.
In eroded soils with a low content of organic
matter, the prevailing acid sites determine the
weak degree of consolidation of humus, its low
resistance to destruction, the insignificant
thickness of the adsorption layer and the weak
stability of the aggregate level structures
formed from such fragments. This explains the
adverse physical properties of arable ordinary
chernozem.
The study of the agrophysical properties of
ordinary chernozem meadows of various types
and arable chernozem at the monitoring sites of
the village Negrea in 2012-2015 (Figure 1),
makes it possible to state that in natural
ecosystems not eroded ordinary chernozems,
the state of structure, porosity, density, water
strength is mainly determined by biotic factors
- botanical composition and herbal density,
nature and power of root systems of plants, root
microorganisms, number of plants residues
falling into the soil.
Annually flooded central floodplain of the Prut
River is characterized by agrophysical
properties favorable for meadow vegetation.
Eroded ordinary chernozems on which soils are
formed
with
unfavorable
agrophysical
properties and the absence of flooding of these
areas leads to compaction of the upper layers,
reducing porosity.
Studies of recent years have found that soils
(ordinary chernozem), in which aggregates
from 0.25 to 3 mm prevail in the topsoil,
evaporate moisture significantly less than if
they are 5-10 mm in size. According to our
data, soils with aggregates of 0.05–0.25 mm are
distinguished by significant water permeability.
But microaggregates are blown harder by wind
than macroaggregates. The top layer (ordinry
chernozem) of a normal dry meadow area in
the absence of intensive grazing has generally
favorable agrophysical properties. However, it
is underlain by a compacted podzolic horizon,
which reduces the permeability of the soil.
During periods of intense precipitation, a
temporary excess of moisture is created.

RESULTS AND DISCUSSIONS
The ecological functions of the soil are
primarily determined by the type of matrix
characteristic of the soil. The diverse biospheric
and biocenotic functions of soils are associated,
first of all, with its agrophysical and
physicomechanical properties, a complex
indicator of which is structure.
Equally important in the formation of soil
structure belongs to the representatives of the
soil fauna (earthworms, termites, ants) and root
systems of plants (Hadas, 1990; Lee et al.,
1991; Oades, 1991; Reid et al., 1981). The root
system of plants together with soil
microorganisms, being distributed in large
pores and around large aggregates, form them.
Formation of the ecological concept was laid
V.V. Dokuchaev (1949), who relied on the
fundamental idea of nature as a single integral
system, considered it as an object of the highest
hierarchical level of the biosphere. In the
future, attempts were made to separate factors soil formers according to degree of importance
into direct and indirect, active and passive, but
73

Figure 1. The structural composition of the aggregates of the ordinary chernozems (dry sifting)

Figure 2. The structural composition of the aggregates of the ordinary chernozems (wet sifting)
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In arable poorly cultivated soil of field crop
rotation, the mass of root residues is 3-7 times
less than in natural biogeocenoses.
The level of application of organic and mineral
fertilizers is insufficient to increase fertility,
which affects the state of agro-physical
properties.
The ecosystem essence of the agrophysical
properties associated with the production
process and the “humus farming” of the soil
remains environmentally determined in
agrocenoses. The change in the nature of the
production process associated with the
alienation of the crop, the decrease in the
amount of plant residues, the impoverishment
of the composition and species diversity of the
soil microflora, causes a decrease in the content
of organic matter and, moreover, leads to the
ecologization of the soil agrophysical
properties.
The highest individual productivity of
microorganisms is characteristic of not eroded
soils and, which is associated not only with a
higher humus content and favorable
agrophysical properties, but also with the
species diversity of the microflora.
The processes of transformation of substances
and energy in agrocenoses determine the state
of agrophysical and physicomechanical
properties.
Microaggregate analysis (Figure 2) showed that
not eroded chernozems soil contains 8.7% more
aggregates 1-0.25 mm in size than arable. In
arable soil, by contrast, contains 8.35% more
coarse dust.
The macroaggregate state of biogeocenoses
reflects such indicators as the coefficient of
structure (Ks) and the sum of water-reinforced
aggregates. Structural analysis showed that not
eroded soil is well structured, does not contain
lumps and dust, the number of agronomically
valuable aggregates 5-0.25 mm is 69%, and
30.8% is a fraction of 3-1 mm. Ks is 3.66.
Studies have shown a close correlation between
the plastic strength of the soil structure and the
content of organic matter in it.
At the humidity of the yield strength, this
dependence is described by the equation

When the maximum swelling
functional relationship is linear

humidity

the correlation coefficient is 0.765 ± 0.104.
It follows that a fertile soil with a high content
of organic matter is able to withstand higher
mechanical loads without destroying the
structure.
Studying the dependence of fractions of
microaggregates on the humus content in arable
light loamy not eroded ordinary chernozem for
5 years of experience showed that only
particles 0.01-0.005 and 0.005-0.001 mm in
size tend to increase with increasing organic
matter.
The dependency equations are:
- for particles with a size of 0.01-0.005 mm:
μ = 0.99 ± 0.0001.
- for particles of size 0.005-0.001 mm:
μ=0.938±0.056.
The fraction of coarse dust (0.05-0.01 mm)
with an increase in the humus content from 0.5
to 2.0% tends to decrease:
R=0.999±0.007
The alternation of annual crops in crop rotation
with perennial grasses promoted the influx of
plant residues in a larger quantity (31.1 q/ha)
compared with permanent agrocenoses.
The saturation of crop rotations with tilled
crops by 25, 50, 75 and 100% and the
strengthening of the anthropogenic impact on
the soil in connection with this leads to a
decrease in the limit of physical ripeness and
lengthening the soil ripening period.
The change in the macroaggregate composition
from the content of organic matter can be
judged by the coefficient of structurality (Ks).
In connection with the increased anthropogenic
impact on the soil cover in the process of land
use, it is necessary to determine the resistance
of the soil to some form of human intervention
in soil formation. The stability of soil as a
natural resource in agriculture is of great interest when planning agrotechnologies, developing environmental standards, forecasting the

the correlation ratio μ = 0.99 ± 0.0001.
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effects of degradation, improving soil
valuation, conducting monitoring studies, and
so on (French et al., 1979; Tansley, 1935).
The stability of the structural organization of
soils and, due to it, water, heat, gas and food
regimes are determined in the general result of
their physico-mechanical properties. This
circumstance reflects the importance of
studying the physicomechanical properties of
soils, which are the basis for predicting the
effects of various kinds of anthropogenic stress
on the soil and soil cover.
Such physical and mechanical characteristics of
the soil as cohesion (s), angle of internal
friction (φ), shear resistance (τ) have a decisive
influence on the erosion resistance of the soil
(Mirtskhulava, 1990).
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CONCLUSIONS
It should be noted that with agricultural use, the
soil is exposed to the most versatile (in terms of
the number of disturbing factors) and intensive
impacts, which affects the ecological situation
of agricultural landscapes and ecosystems as a
whole.
Soil structuring under the influence of grasses
is most effective in areas with sufficient rainfall
and on irrigated land.
An important task of modern agriculture is the
development of areas of ecologization of agricultural technologies that increase the stability
of soil fertility and the productivity of
agroecosystems.
The results show that the annual intake of fresh
plant residues into the soil in winter rye crops
provides a significant increase in the swelling
of the structure compared to potatoes and the
crop rotation field.
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WITH COMPLEX BIOTECHNOLOGICAL PROPERTIES
Viorica CORBU, Tatiana VASSU, Ortansa CSUTAK
University of Bucharest, Faculty of Biology, 1-3 Aleea Portocalelor,
060101 Bucharest, Romania
Corresponding author email: viorica.corbu@yahoo.com
Abstract
The yeast species Pichia ohmeri has been described as far, as biocontrol agent. The present work deals with the
complex characterization of a new yeast strain CMGB-ST19 isolated from the surface of jam roses (Rosa damascena)
petals. The conventional taxonomy tests and the BiologMicroLog system allowed the identification of CMGB-ST19 as
Pichia ohmeri. The results were confirmed using ITS-PCR, the strain being renamed as Pichia ohmeri CMGB-ST19.
Various tests were performed for determination of its biotechnological properties. P. ohmeri CMGB-ST19 presented
good lipolytic activity and hydrolysed tributyrin releasing the butyric acid with positive impact on human health.
Moreover, the strain showed antimicrobial activity against 11 Candida and Saccharomyces strains in presence of low
pH values. During the preliminary assays for bioethanol and biosurfactants synthesis, significant growth rates were
recorded after 24 hours on molasses, respectively, after 72 hours on D-xylose when morphological changes were also
observed related to cell stress. In conclusion, P. ohmeri CMGB-ST19 represents an interesting newly characterized
yeast strain with high potential for a wide range of biotechnological applications.
Key words: Pichia ohmeri, lipase, antimicrobial activity, molasses, D-xylose.

INTRODUCTION

biotechnological potential (Al-Sweih, 2011;
Distasi et al., 2015; Kanno et al., 2017). In
2013, Kitcha et al reported good level of lipid
production when K. ohmeri was grown on
crude glycerol. K. ohmeri was also reported as
presenting high degradation levels of patulin
and recommended it for patulin detoxification
of apple derived products. A new K. ohmeri
strain isolated from fish gut had high phytase
activity which can be used as supplement for
animal and human nutrition to liberate the
inorganic phosphate from phytic acid from
grains, increasing thus their nutritional value
(Hirimuthugoda et al., 2006; Li et al., 2007).
Also, K. ohmeri is known as being able to
convert glucose to D-arabitol. Zhu et al. (2010)
reported a K. ohmeri strain isolated from
honeybee hives and from osmotic natural
environment able to produce high yields of Darabitol from glucose.
The present study focuses on the preliminary
identification of a new strain K. ohmeri strain
(CMGB-ST19) isolated from jam roses (Rosa
damascena) petals and on the investigation of
its biotechnological potential.

Kodamaea ohmeri belongs to the Kodamaea
genus (class Ascomycetae, Saccharomycetaeae
family) which includes species isolated both
from environment and entomopathogenic
organisms. K. ohmeri is well integrated in the
new Kodamaea genus which forms both hatshaped and spherical spores depending on the
mating type. Subsequent, other Kodamaea
species were described (K. anthophila, K.
kakaduensis, K. laetipori, K. nitidulidarum, K.
transpacifica) proving the necessity to form a
different genus, derived from Yamadazyma
which accommodate Pichia species that can
form hat-shaped spores (Freitas et al., 2013;
Kurtzman et al., 2011). Kodamaea ohmeri,
formerly known as Pichia ohmeri, is isolated
mostly from food industry being involved in
fermentation of pickled products (Vivas et al.,
2016). This species was also reported to be
found in sand, marine environment and part of
the microbiota of different living animals
(Chakrabarti et al., 2014). Although some
strains of K. ohmeri are known as being
responsible for different types of opportunistic
infections there are many studies regarding its
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MATERIALS AND METHODS

tubes with 50 mM glucose. For the negative
control no carbon source was added.
The ability to assimilate nitrogen sources was
tested using a similar protocol. The 10X Yeast
Carbon Base (YCB) (Sigma Aldrich) medium
was supplemented with 1% stock solution:
7.8% KNO3, 2.6% NaNO2, 5.6% L-lysine or
5.08% (NH4)2SO4.
The strain CMGB-ST19 was assessed for
growth under osmotic stress conditions in
presence of 50 and 60% glucose, at 28oC.
The ability to grow at different temperatures
(20, 28, 37 and 42°C) was recorded for 3
weeks.
Urease test was performed using as positive
control Yarrowia lipolytica CMGB 32 and as
negative control Saccharomyces cerevisiae
CMGB-RC (Corbu et al., 2018).
Resistance
to
various
cycloheximide
concentrations was determined on YNB
medium supplemented with 50 mM glucose
and 0.01%, respectively, 0.1% cycloheximide.
The results were recorded every day for a week
by the card method, using Candida boidinii
CMGB 95 as positive control.
Phenotypic phylogeny
The Biolog Microbial ID System was used for
more accurate taxonomic identification
following manufacturer`s instructions. The
results were recorded after 48 and 72 hours of
incubation.
Genomic DNA isolation
Genomic DNA was isolated using a protocol
described by Csutak et al. (2014). The DNA
samples were observed by agarose gel
electrophoresis using 0.8% agarose, 0.5X TrisBoric acid-EDTA (TBE).
The concentration of the DNA samples was
determined at OD=260nm with a NanoVue
Plus spectrophotometer.
PCR-RFLP of the ITS1-5.8S rDNA-ITS2
region
The ITS1-5.8S-ITS2 region was amplified in a
total reaction volume of 50 µL comprising 600
ng/µL genomic DNA, 0.3 µL of each primer
ITS1 (5’-TCCGTAGGTGAACCTGCGG) and
ITS4
(5’-TCCTCCGCTTATTGATATGC)
(200 pM) and Dream Taq Green PCR Master
Mix (2X) (Thermo Scientific). The PCR
program included: initial denaturation 5 min at
94°C, 40 cycles which consist of 1 min at
94°C, 30 secs at 55°C and 2 min 72°C followed

Biological material
The yeast strain CMGB-ST19 was isolated
from the surface of jam roses (Rosa
damascena) petals from Bucharest Botanical
Garden (Romania) and maintained in a Revco
LegaciTM Refrigeration System (Copeland,
UK) at -70%, on Yeast Peptone Glucose (YPG)
medium (0.5% yeast extract, 1% peptone, 0.2%
glucose) supplemented with 20% glycerol. The
other yeast strains used in this study are:
Candida albicans ATCC 10231; C. albicans
CMGB-Y1 (Collection of Microorganisms of
the Department of Genetics, Faculty of
Biology, University of Bucharest); C.
parapsilosis CMGB79; C. parapsilosis CBS
604; C. parapsilosis CMGB-Y3; C. catenulata
CMGB-Y7; C. krusei CMGB-Y8; C. krusei
CMGB 94; C. tropicalis CMGB165; C.
tropicalis CMGB 114; Saccharomyces
cerevisiae 17/17; Yarrowia lipolytica CMGB32
and S. cerevisiae CMGB-RC.
Previous to testing, yeasts were grown for 24
hours at 28°C on YPGA (YPG with agar-agar
2%) slants.
Morphological observations. Ascospores
formation
The morphological aspect of CMGB-ST19
colonies was observed after 48 hours growth on
YPGA medium using a stereomicroscope
SZM-1 (Optika Microscopes, Italy). The shape
of the yeast cells and the budding type were
observed with an optical microscope
(MICROS, Austria).
Ascospores formation was assessed using two
different media with CaCO3 10% and Malt
extract 5%, followed by staining with fuchsine
1/10 (for ascospores) and methylene blue 1%
(for asci). The preparations were analysed at
optical microscope (MICROS, Austria) using
immersion oil (Vassu et al., 2001). As positive
control we used S. cerevisiae CMGB-RC.
Physiological and biochemical analyses were
performed according to Barnett et al. (1983)
and Kurtzman et al. (2011). The assimilation of
carbon sources was tested on Yeast Nitrogen
Base with aminoacids (YNB-Sigma Aldrich)
(6.7g/L) supplemented with 50mM of raffinose,
D-galactose or xylitol. The growth was
assessed using the card method (Kurtzman et
al., 2011). As positive control we used test
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Antimicrobial activity
The strain CMGB-ST19 was tested for
antimicrobial
activity
against
potential
pathogenic and pathogenic Candida and
Saccharomyces strains: Candida albicans
ATCC 10231; C. albicans CMGB-Y1 C.
parapsilosis CMGB 79; C. parapsilosis CBS
604; C. parapsilosis CMGB-Y3; C. catenulata
CMGB-Y7; C. krusei CMGB-Y8; C. krusei
CMGB 94; C. tropicalis CMGB165; C.
tropicalis CMGB 114, and S. cerevisiae 17/17.
We used two different assays: the first based on
nutrient competition and the second based on
killer activity at low pH values (Corbu et al.,
2018). The results were recorded daily for one
week. The result was considered positive if a
clear halo, respectively, an inhibition zone
appeared surrounding the yeast colonies.

by a final extension 5 min at 72°C (Biometra T
Gradient Thermocycler).
The amplicons were digested with 4 restriction
endonucleases: Cfo I (5’-GCG/C-3’), Hinf I
(5’-G/ANTC-3’), Hae III (5’-GG/CC-3’), Msp
I (5’-C/CGG-3’) (10 U/µl, Promega). The
restriction fragments were observed by gel
electrophoresis (1.7% agarose, TBE 0.5X). The
size of the amplicons and restriction fragments
was determined using Quantity One program
(Bio-Rad).
PCR-RFLP of the ITS1-18SrDNA region
ITS1-18S region was amplified using the
following program: initial denaturation 2 min at
95°C, 36 cycles which consist of 30 secs at
95°C, 30 secs at 57°C and 3 min 72°C followed
by a final extension 7 min at 72°C
(EppendorfMasterCycle
Nexus
Gradient
Thermal Cycler). The total volume of 20 µL
comprised: 300 ng/µL DNA, 0.5 µL of each
primer ITS2 (5`TCCGTAGGTCCTGCGG)
and NS1 (5`GTAGTCATATGCTTGTCT)
(50pM) and Dream Taq Green PCR Master
Mix (2X)(Thermo Scientific). The amplicons
were digested with Hae III and Msp I (10
U/µL, Promega). The amplicons and the
restriction fragments were observed by gel
electrophoresis (1.5% agarose in TBE 0.5X).
The size of the amplicons and restriction
fragments were determined with Quantity One
program (Bio-Rad).
Screening for lipase production
Evaluation of lipase production was performed
as described previously (Corbu et al., 2017;
Corbu et al., 2018). After inoculation the Petri
dishes were incubated at 3 different
temperature values (20, 28, 37°C). The result
was considered positive if a clear halo appeared
surrounding the yeast colonies.
Growth on molasses and D-xylose
Evaluation of growth on media with nonconventional carbon source was tested on YP
medium (1% yeast extract, 1% peptone)
supplemented with 5% D-xylose or 0.5%
molasses, using 1% yeast inoculum (OD600nm
= 1). After inoculation at 28°C, 150 rpm the
growth was determined spectrophotometrically
(OD600nm) for 24, 48, 72 and 144 hours. The
aspect of the cells was also microscopically
observed.

RESULTS AND DISCUSSIONS
Morpho-physiological characterization
After 48 hours of growth on YPGA media at
28°C, the strain CMGB-ST19 formed whitecream colonies of 2-3 mm with folded surface
and fringed margins (Figure 1-A). Cells are
ovoid with unipolar budding (Figure 1-B).
Pseudohyphae were observed after two days.

Figure 1. Colonies (A) and cells (B) formed
by CMGB-ST19 strain (40x)

Morphological
and
physiological
characterization of yeast strains represents a
useful tool for prediction of their behaviour
when tested for biotechnological applications.
According to Table 1, CMGB-ST19 isolated
from the surface of plants petals, had an
optimal growth temperature between 20°C and
37°C and a high resistance to osmotic stress
conditions. The strain could not produce
urease. Since urea hydrolysis is generally
absent in ascogenous yeast species being
present mostly in basidiomycetous taxa, the
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result indicated the belonging of CMGB-ST19
to the Ascomycota yeast taxa.
The cycloheximide (acti-dione) resistance test
is based on the inhibitory action of this
compound.
According
to
the
test,
cycloheximide limits growth of the eukaryotes
by inhibiting protein synthesis in the 80 S
ribosomes. Since 1948 when Whiffen reported
for the first time the inhibitory activity of
cycloheximide, this test was used intensively in
yeast taxonomy being able to divide this group
into
three
categories
depending
on
cycloheximide
concentration:
markedly
sensitive - inhibited by 1 µg/mL; moderately
sensitive - inhibited by 25 µg/mL and tolerant yeast species that can resist to higher
concentration than 1000 µg/mL. The strain
CMGB-ST19 was not able to grow at
concentrations higher than 100 µg/mL which
suggests
its
possible
belonging
to
Saccharomyces, Pichia, Schizosaccharomyces

genera (Kurtzman, 2011). Assessing the ability
to assimilate specific carbon or nitrogen source
for aerobic growth can be a use as
identification keys to distinguish between yeast
species (Barnett et al., 1983). In this case we
determined growth in presence of D-raffinose,
xylitol, D-galactose as carbon sources and
potassium nitrate, sodium nitrite, L-lysine as
nitrogen sources. The strain CMGB ST-19 was
able to assimilate D-raffinose. D-galactose and
L-lysine but not xylitol. Potassium nitrate was
also tolerated but growth was recorded as
delayed. Although, some growth was also
recorded in the test tube corresponding to
sodium nitrite and negative control, the results
were registered as negative according to the
indication suggested in Kurtzman et al. (2011).
The low rate growth observed is certainly due
to the dissolution of ammonia from the
atmosphere into the medium (Barnett et al.,
1983).

Table 1. Results of conventional taxonomy tests
-

Cycloheximide
0.01%
0.1%
-

Temperatures
20°C
28°C
+
+

37°C
+

42°C
D

Osmotic stress growth
50% glucose
60% glucose
+
+

-

-

+

+

+/W

+

Strain/Species

Urease

CMGB-ST19
Pichia ohmeri CBS 1950
(Kurtzman et al., 2011)

-

In order to complete the conventional
taxonomy tests we used the BiologMicrobial
ID system, a methodology used for the
metabolic fingerprinting of microorganisms.
This system can be used both for identification
of pure cultures by comparing the results
obtained with the database comprising over 267
yeast species or for characterization of mixed
populations (DeNittis et al., 2010). In this case
we used Biolog Microbial ID System to narrow
the number of species suitable for our isolate.
According to Figure 2, the Biolog Microbial ID
system generated a phylogenetic tree based on
phenotypic properties of CMGB ST19 strain
indicating the belonging to Pichia ohmeri
species in a proportion of 97%. We further
compared the results obtained from the
conventional taxonomy tests with the profile
described in Barnett et al., (1983) for Pichia
ohmeri species and (as shown in Table 1) the
results were similar.
Sexual reproduction is an important
taxonomical criterion for yeasts. In this study
we used two different types of media
recommended by Kurtzman et al. (2011) in

+

+/D

order to determine the presence of ascopores.
The strain CMGB-ST19 did not formed
ascospores after ten days of growth. The
possible explanation for this fact is that
Kodamaea ohmeri strains are usually isolated
as haploids not diploids and it requires
conjugation of complementary mating types to
induce sporulation.

Figure 2. Phenotypic phylogeny obtained using the
Biolog Microbial ID System
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Molecular characterization
To confirm the results obtained from previous
tests, we used PCR-RFLP to analyse the ITS1-

5,8S-ITS2 and ITS1-18S rDNA regions. Both
regions analysed are of particular importance
for phylogeny studies as they have a highly
conserved nucleotide sequence. The ITS1-5.8S
rDNA-ITS2 region was amplified using ITS1
and ITS4 primers and subsequently the
amplicons were digested with four different
endonucleases. The amplicons obtained had
approximately 415 bp and after digestion with
Cfo I, Hae III and Msp I no digestion fragments
were obtained. However, the Hinf I digestion
generated 2 fragments of 165 and 220 bp
(Figure 3). The restriction patterns obtained
were compared with the results from literature
(Villa-Carvajal et al., 2006; Basilio et al., 2008)
and with theoretical digestion of sequences
from NCBI nucleotide database (JN183446.1;
EF190229.1; KY792622.1) (Table 2).
Although the FASTA sequence corresponding
to the accession numbers mentioned above
contains also small fragments of 18S/26S genes
and there is no annotation made, using the
RestrictionMapper-free molecular biology
resources we managed to obtain a theoretical
profile of digestion. The results obtained
showed that the pattern of restriction of
CMGB-ST19 strain is highly similar to the
pattern of other K. ohmeri strains (Table 2).

The ITS1-18S rDNA region was amplified
using the NS1 and ITS2 primers which allow
complete amplification of 18S coding region
and internal transcribed spacer (ITS1). After
the PCR reaction the amplicons of
approximately 2600 bp were digested with Hae
III and Msp I endonucleases (Figure 3). The
Hae III digestion resulted in 5 fragments
ranging from 180 to 800 bp, while for Msp I we
obtained 4 fragments with sizes between 100
and 820 bp. According to our knowledge this is
the first study regarding the restriction map of
ITS1-18S coding region of K. ohmeri.

Figure 3. PCR-RFLP of the ITS1-18S region:
Legend: 1-100-bp DNA Ladder (ThermoFisher
Scientific); 2-BenchTop-pGEM-DNA Ladder
(Promega); 3-undigested amplicons; 4-Hae III; 5-Msp I

We theoretically digested the 18S partial
sequences downloaded from NCBI database
(NG061102.1, EF428120.1, EF413018.1) and
compared the results (Table 3). The differences
between the restriction pattern of CMGB-ST19
and the theoretical restrictions are determined
by the fact that we could not find any complete
ITS1-18S sequences uploaded on NCBI
nucleotide Database.

Table 2. Amplicons and restriction fragments
from ITS-5.8S rDNA -ITS2 region
Strain/
Species
CMGBST19

Amplico
n
(bp)

Restriction fragments (bp)
Cfo I

Hae III

415

415

415

420

420

420

P. (K.)
ohmeri
CBS 5367

Hinf I
220;
165
210;17
5

Msp I
415

ND

Table 3. Amplicons and restriction fragments
from ITS1-18S- rDNA region

P.(K.)
ohmeri
GDB-

430

ND

ND

ND

430

JPCM(2)

Strain/species

Amplicon
(bp)

CMGB-ST19

2600

218;14
JN183446.1

383

383

383

2;

NG061102.1

383

1698

15
EF428120.1

208;20
EF190229.1

432

432

432

1;

432
EF413018.1

15
KY792622.1

419

419

419

210;18
6; 15;

1648
1659

Restriction fragments (bp)
Hae III
Msp I
800; 580; 300;
820; 600; 270;
220; 180

100

759; 293; 269;

799; 271; 267;

175; 151

238; 99; 44

759; 274; 238;

799; 271; 236;

175; 151; 43

219; 99; 24

759; 277; 246;

799; 271; 244;

175; 151

99; 22

419

From this point forward we renamed the strain
CMGB-ST19 as K. ohmeri CMGB-ST19.

Legend: ND-no data
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Biotechnological assays. The second part of
our study aimed to investigate the biotechnological potential of K. ohmeri CMGB-ST19.
Lipase production
Lipases or triacylglycerol acylhydrolase (EC
3.1.1.3) are enzymes that catalyse the
hydrolysis
of
long-chain
triglycerides.
Although many organisms, including humans,
can produce lipases, microbial lipases have
important industrial potential due to their
thermostability, stability at variable pH values
and in presence of organic solvents (Verma et
al., 2012). Therefore, microbial lipases have
been successfully used in biodiesel production,
pharmaceutic industry, as part of agrochemical
compounds or in food industry for obtaining
flavour compounds. Even though some yeast
species were already characterised as good
lipase producers (C. rugosa, C. antarctica),
there is a growing interest for the isolation of
new yeast strains with lipolytic properties
(Bussamara et al., 2010). K. ohmeri CMGB
ST19 was tested for lipase production by
determination of tributyrin hydrolysis to
glycerol and butyric acid. The strain was
incubated at three different temperatures
corresponding to those used in industry (20°C),
the optimal temperature for yeast growth
(28°C) and the temperature of the human body
(37°C). The positive result was considered the
appearance of clear halo surrounding the yeast
colony. According to Figure 4, our strain was
able to synthetize lipase and therefore to
hydrolyse tributyrin. The aspect of the halo is
similar at all three temperature proving that the
synthesized lipases are thermostable. Also,
there are no significant changes between the
results obtained after three, respectively, seven
days indicating that the yeast strain has a high
ability to synthetize lipases in the first part of
growth interval. This is very important for
industry since short synthesis time involves low
production costs. In present, there are few
studies concerning the lipolytic activity of K.
ohmeri. Bussamara et al. (2010) reported two
K. ohmeri strains isolated from Hibiscus rosasinensis leaves as being ableto grow in a
medium with Tween 20. In the same study, the
researchers determined the lipase activity on
basal medium supplemented with bovine fat
and soy oil, lipase activity being noticed only in
the case of bovine fat. Also, according to

Gana et al. (2014), K. ohmeri strains are not
able to produce lipase on Sierra`s medium with
Tween 80.

Figure 4. Aspect of culture spot on YPTA medium
(A: 20°C-1: 4 days; 2: 7 days; B: 28°C-1: 4 days; 2- 7
days; C: 37°C-1: 4 days; 2: 7 days)

Although our strain has a rather low level of
lipase production it can be used in biomedicine
since it is able to hydrolyse tributyrin known as
a precursor of butyric acid. Butyric acid is
known to serve as nutrient for colonocytes and
as an important mediator of gene expression,
immune modulation and oxidative stress
reduction (Bedford and Gong, 2018).
Xylose and molasses assimilation
Xylose is, after glucose, the second most
abundant carbohydrate in nature being the
building block of xylan biopolymer. Xylose can
be extracted from corn cobs through a chemical
process consisting of acid hydrolysis,
condensation and crystallization. Although this
process is optimized for xylose extraction, large
amount of waste still containing large amount
of xylose, L-arabinose, glucose and galactose
are thrown away (Jagtap and Rao, 2018). The
industrial potential of xylose is huge. Thus, it is
used in food industry for sweetener production,
mainly xylitol which has the best sweetening
capacity and also is used in pharmaceutical and
cosmetic products such as toothpaste or
mouthwash (Ping et al., 2013). Xylitol is also
important in energy industry for biofuels
production (Aditiya et al., 2016), in chemistry
for obtaining isopropanol, the most used
industrial solvent and a potential precursor for
propylene (Collas et al., 2012), for furfural
production an intermediate for the production
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of chemicals used as solvents (Liu et al., 2018).
The microorganisms have the enzymatic
equipment necessary for the xylose metabolism
more precisely the pentose phosphate pathway.
This pathway is involved in producing
intermediates involved in nucleic acid
biosynthesis (D-ribose); synthesis of aromatic
aminoacids (D-erythrose 4-phosphate) and
cofactors for anabolic reactions (NADPH). The
pentose phosphate pathway has two mainly
phases: oxidative (when hexose-6-phosphate is
converted in D-ribulose-5-phosphate, carbon
dioxide and NADPH) and nonoxidative phase
(when D-ribulose-5-phosphate is converted into
D-ribose-5-phospate; D-xylulose-5-phosphate;
D-sedoheptulose-7-phosphate a.s.o). In yeasts,
D-xylose is reduced and oxidate under catalytic
action of xylose reductase and xylitol
dehydrogenase enzymes to form D-xylulose
and this compound enters the pentose
phosphate pathway (Jeffries, 2006).
Xylose assimilation and fermentation by yeasts
has a huge biotechnological potential since
xylose can be transformed in so many
important chemicals. Yet, not all yeasts have
the same yield in converting xylose into useful
compounds. Therefore, is important to identify
new species with natural abilities in utilizing
xylose.
Annually large amounts of molasses are
produced as a co-product of sugar obtaining
process from sugar cane and sugar beet.
Regardless of its origin, molasses contains
large quantities of sugar (47-48%), water,
minerals such as magnesium, manganese, iron,
zinc and aluminium and aminoacids and
proteins. A number of studies described
molasses as a useful waste that can be used as a
sole source of full nutrients necessary for
microbial production of lipids (Taskin et al.,
2016), biosurfactants (Makkar and Cameotra,
2002), succinic acid used as a precursor for
pharmaceuticals, feed additives and green
solvents (Liu et al., 2008) and citric acid used
in food, pharmaceutical and cosmetic industries
as acidulant, preservative or emulsifier (Ali et
al., 2002; Ciriminna et al., 2017).
In the present work, we evaluated the ability of
K. ohmeri CMGB-ST19 to grow on two special
media supplemented with 0.5% molasses,
respectively, 5% D-xylose as a preliminary step
to determine the potential of this strain as a

producer
of
biotechnological
interest
compound like bioethanol or biosurfactants.
According to Figure 5, our strain was able to
grow on both media. However, the dynamic of
growth was completely different. While K.
ohmeri CMGB-ST19 was able to assimilate
rapidly molasses in the first day after
inoculation, on D-xylose supplemented
medium, significant growth was recorded only
after three days of incubation.
We also observed the microscopically aspect of
the culture. Although no significant changes
were observed on molasses medium, the cells
presented large vacuoles and some of them
started to form pseudohyphae. In the case of Dxylose medium, we could observe significant
morphological changes in the aspect of the cells
starting with the third day, most probably
induced by stress conditions (Figure 6).

Figure 5. Growth dynamics of K. ohmeri CMGB-ST19
on molasses and D-xylose supplemented media

It is well known that some yeast strains are able
of developing filamentous-like growth under
starvation conditions (Kim and Rose, 2015). In
this case, it seems that the limiting factor was
the carbon source.

Figure 6. Aspect of the culture after 6 days of incubation
in presence of: A- molasses; B- D-xylose

Until now there are no important studies
regarding the ability of K. ohmeri to assimilate
xylose. Zhu et al. (2010) showed that K. ohmeri
is able to produce xylitol through a different
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strategy, by converting D-glucose into Darabitol which can be oxidized to D-xylulose
and subsequently reduced to xylitol. According
to our study, this species can use xylose as
carbon source, although with a slower rate
compared to other sugar substrates.
Since in biotechnological processes time is
essential for lowering the costs, we cannot
recommend K. ohmeri CMGB-ST19 as an
important xylose assimilating yeast for
biotechnology. Nevertheless, the results
obtained on molasses, encourage us to perform
further studies regarding its ability to assimilate
this substrate.

According to Table 4, K. ohmeri CMGB-ST19
inhibited the growth of different Candida and
Saccharomyces strains at low pH values. Best
results were observed against C. parapsilosis
CMGB Y3, C. catenulata CMGB Y7 and C.
krusei CMGB Y8 (Figure 7). Therefore, it is
possible that the antimicrobial action of our
strain is due to the killer toxin production,
similar results being reported during other
studies.
Table 4. Antimicrobial activity of
K. ohmeri CMGB-ST19 at low pH values
Potential pathogenic/
pathogenic strain

Antimicrobial activity
The antimicrobial activity of yeasts has
implications both in the biomedical field for
control of diseases-causing microorganisms
and in agriculture, for the control of plant
pathogens. Until now, different mechanisms
involved in antagonistic action of yeasts have
been described: production of antimicrobial
compounds (killer toxins, cell wall lytic
enzymes, large quantities of ethanol, organic
acids) and space or nutrient competition
(Csutak, 2014; De Ingeniis et al., 2009).
Candida genus species, that colonize the
mucosal surface of the gastrointestinal tract,
vaginal mucosa and oral mucosa, can adhere to
different tissues, cause a variety of infections
and, in case of immune compromised patients,
causing death. Recent studies reported that
many yeast species can inhibit growth or even
kill pathogens like Candida albicans (Liu et al.,
2015). In this study we evaluated the ability of
our strain to inhibit the growth of pathogenic
and potential pathogenic yeast strains from
Candida and Saccharomyces genera by nutrient
competition and killer activity at low pH
values.
Nutrient competition assay is based on
determining the ability of K. ohmeri CMGBST19 to inhibit the growth of other yeasts by
immobilizing large amounts of iron ions.
Previous study reported K. ohmeri as being
able to produce small amount of siderophorelike compounds (data not shown) that can
involve the existence of a highly effective
mechanisms of iron uptake. The results showed
that our strain was not able to inhibit growth of
the tested yeasts through iron depletion.

Size of inhibition
zone
4 days
7 days

C. albicans ATCC10231

-

-

C. albicans CMGB-Y1

-

-

C. parapsilosis CBS604

+

+

C. parapsilosis CMGB 79

+

+

C. parapsilosis CMGB Y3

++

++

C. catenulata CMGB Y7

++

++

C. krusei CMGB Y8

++

++

C. krusei CMGB 94

+

+

C. tropicalis CMGB 165

-

-

C. tropicalis CMGB 114

-

-

S. cerevisiae 17/17

+

+

Legend: (+) inhibition zone 2-3 mm; (++) inhibition zone >4 mm

The antagonism mechanism based on killer
toxin production was first reported in
Saccharomyces cerevisiae but later was
extended to Kluyveromyces, Pichia and
Zygosaccharomyces yeast species.

Figure 7. Aspect of the inhibition halo
after 7 days of incubation
(1-C. parapsilosis CMGB Y3; 2-C. krusei CMGB-Y8;
3-C. catenulata CMGB-Y7)

In general, the killer toxin acts by interfering
with the cell wall (directly or through specific
receptors), by destabilizing the cell membrane,
or by interfering with DNA replication or
mRNA translation (Schaffrath et al., 2018).
Although there are some studies regarding the
killer toxin produced by K. ohmeri strains, the
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Abstract
The aim of this study was to determine the values of some gravimetric parameters on aboveground parts of wheat. The
research was conducted on the Ciprian cultivar. The experimental field was located at the Didactic Station from
BUASMV Timisoara. Here the soil can be characterized as a slightly gleized cambic chernozem. The application of
fertilizing substances is important due to the fact that it determines qualitative and quantitative changes in crops.
Nitrogen is the most used fertilizer globally, due to the fact that it is essential in growth and development. A higher
grain yield is assured after the application of ammonium nitrate. For this experiment, five experimental N doses were
used: 0, 50, 100, 150 and 200 kg ammonium nitrate ha-1, respectively. The research was realized on the aerial parts of
wheat plants. The investigated indices included fresh and dry weights, but also ash content and initial water quantity.
The results were analyzed and processed with PAST Software v3. Values lower than 0.05 were considered significant.
All the investigated parameters presented the lowest values for N 0 probes and the highest values for N 200 probes, in
both periods. Levene's test showed that the values of all parameters for periods 1 and 2 were heterogeneous. Welch F
test showed that the data are significantly different.
Key words: biomass, dry weight, fertilization, nitrogen, wheat.

INTRODUCTION

Cui et al., 2008; Chuan et al., 2013; Boldea et
al., 2015; Sala et al., 2015, 2016). Inorganic
and organic fertilizers are applied in order to
maintain the nutritional condition of different
cropping systems (Kayan et al., 2018).
Rational use of these substances plays an
essential role in improving the quantity and
quality of the yield; this means that it has great
impact upon our food supplies (Steer et al.,
1984; Dumitru, 2002; Rusu, 2002; Boldea and
Sala, 2010; Sala and Boldea, 2011; Rawashdeh
and Sala, 2015, 2016).
Nutrients in the soil or in applied fertilizers
have a major role in plant development; their
influence on the root and foliar systems in
wheat is impacted by a series of factors (Ehdaie
et al., 2010; Pedersen et al., 2010; De Giorgio
and Fornaro, 2012; Raza et al., 2013).
However, the use of fertilizers is possible only
when we are familiar with the following: the
characteristics of the soil as nutrition
environment for plants, crop requirements in

Among the main staple crops across the globe,
cereals such as wheat, rice and maize are the
most important for providing daily calories and
protein intake. Of these, wheat was the first
crop to be domesticated and forms the major
staple food globally (Tack et al., 2015). Wheat
production is mainly concentrated in a few
large areas: the European Union is responsible
for around 21% of the entire production of
wheat in the world (Eurostat Database). World
food demand is expected to double during
2005-2050 (Borlaug, 2009). Particularly, global
wheat yields need to increase by 38% from
2005 to 2050 to meet projected demand
(Fischer et al., 2014).
Plant nutrition basic principles can be described
as a series of methods useful for the
establishment of fertilization programs and
fertilizer doses in relation to different
agricultural systems (Borlan and Hera, 1994;
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terms of nutrition and fertilizer-soil-plant
relations (Sala, 2008; Marinca et al., 2009).
Nitrogen is an essential element required for
successful plant growth (Kayan et al., 2018). In
conventional agriculture, the use of split
application of mineral N fertilizers has been
shown to increase fertilization efficiency and
the harvest index of wheat (Fuertes-Mendizabal
et al., 2010; Blandino et al., 2015). Small N
doses limit the productivity and high doses
increase the production costs and favor lodging
(Ma et al., 2010), apart from environmental
contamination by nutrient losses (Theago et al.,
2014; Arenhardt et al., 2015).
In their nutrition, plants accumulate nitrogen
from soil in ammonia and nitric form, and
convert
it
through
amination
and
transamination reactions in proteic substances
(Borlan and Hera, 1994). In most intensive
agricultural production systems, over 50% and
up to 75% of the N applied to the field is not
used by the plant and is lost through a
combination of leaching, surface run-off,
denitrification, volatilization, and microbial
consumption (McAllister et al., 2012). High
grain yield represents a higher crop nitrogen
(N) requirement in total (Cassman et al., 2002).
Moreover, plant nitrogen accumulation, as a
product of plant nitrogen content and plant
mass, strongly affects yield and the quality of
grains (Feng et al., 2008).
Nitrogen is the main ingredient of wheat
proteins and additional application helps
increase its protein content (Borlan and Hera,
1994; Borugă et al., 2016). Although inorganic
nitrogen compounds (i.e., NH4+, NO2‒, and
NO3‒) account for less than 5% of the total
nitrogen in soil (Brady and Weil, 2008), they
are the main form of the element absorbed by
most plants.
To optimize the application of mineral
nitrogen, wheat requirements must be taken
into consideration, together with the conditions
provided by the soil (Dincă et al., 2010; Gîdea
et al., 2015; Borugă et al., 2016). However,
when adequate N is applied, reactive forms of
N (ammonia, nitrate, nitrogen oxides) are lost
to the environment, causing water pollution,
climate forcing, and loss of biodiversity (Ladha
et al., 2016).
The aim of this paper is to determine the values
of
some
gravimetric
parameters
for

aboveground parts of wheat fertilized with
ammonium azotate in five experimental doses.
MATERIALS AND METHODS
The study was conducted on Triticum aestivum
(L.) ssp. vulgare, Ciprian cultivar. Wheat was
cultivated under experimental conditions at the
Didactic Station within Banat University of
Agricultural Sciences and Veterinary Medicine
“King Michael I of Romania”, Timişoara,
where the soil can be described as a slightly
gleized cambic chernozem (Pîslea and Sala,
2012) with medium fertility, neutral reaction
(pH = 6.7-6.8), good humus supply (H = 3.2%),
nitrogen index IN = 2.8, high base saturation
(88-90%), poor phosphorus supply (P = 11.4
ppm) and medium potassium supply (K = 130.5
ppm) (Sala et al., 2016).
The experimental treatments consisted of five
ammonium nitrate rates: 0, 50, 100, 150 and
200 kg active substance ha-1.
Aerial parts from 100 intact and healthy plants,
with no visible damages were collected during
spring. Each sampling was done in the morning
and wheat plants were taken to physiology
laboratory. The samples collected in April are
considered to belong to period 1 and were in
stem elongation stage. The samples collected in
May are considered to belong to period no. 2
and were in booting stage. First, aboveground
parts were weighted using a Kern analytical
balance and FW - fresh weight was obtained.
The samples were then placed into an oven at
85°C for 24 h. A reweighting after the drying
process conducted to the determination of dry
weight - DW values (Datcu, 2017). Dried
samples were incinerated to ash in a furnace
(Nabertherm model) at 500°C for 2 h. After the
cooling process, the ash content (AC) was
determined (Ianovici et al., 2012).
Ash content is the inorganic residue left after
burning the organic matter and it is the
reflection of the mineral content of biomass
(Ianovici, 2016). Initial water quantity was
calculated as the difference between FW and
DW.
Data were processed using MS Excel 2013.
Statistical analysis was realized using PAST
software v3 (Hammer et al., 2001). Values
lower than 0.05 were considered significant.
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relationship between N and biomass. Figure 3
contains the variation of AC for both periods
depending on the five N doses.

For the samples harvested in period 1, the
lowest means of FW (Figure 1) were obtained
for N 0 probes (FW = 0.4635 g), and the
biggest values corresponded to N 200 samples
(FW = 4.5366 g).
A polynomial increase of FW depending on N
dose was noticed and can be described by
equation (1), statistical accuracy being assured
(Table 1). Same tendency was observed for the
samples collected in period 2.
Fresh biomass increased together with the
increase of N dose, the lowest mean being
determined for N 0 probes (FW = 1.14282 g)
and the highest mean for N 200 probes (FW =
6.67053 g). This trend is best described by
equation (2) (Table 1).

Figure 2. DW variation depending on N dose
(black dots - period 1, green dots - period 2)

It is a known fact that more than 90% of crop
biomass is derived from photosynthetic
products (Makino, 2011). Although the ash
content was really small when compared to the
first two parameters, it was observed that the
lowest means were also specific to N 0 (AC 1 =
0.016 g; AC 2 = 0.0275 g) probes collected in
both periods and N 200 probes presented the
highest values (AC 1 = 0.0792 g; AC 2 =
0.2083 g).
Figure 1. FW variation depending on N dose
(black dots - period 1, green dots - period 2)

Regarding
DW,
polynomial
increases
depending on N dose were also observed
(Figure 2). In period 1, the lowest mean was
obtained for N 0 samples (DW = 0.11857 g)
and the biggest mean value was recorded for N
200 samples (DW = 0.97816 g). For period 2,
mean values were much bigger when compared
to period 1, for both, N 0 samples (DW =
0.28275 g) and N 200 samples (DW = 1.7229
g). These increases can be described by
equations (3) and (4) (Table 1).
The biomass of a wheat crop has on average
40% carbon by dry weight, and any increase in
biomass production will require an increase in
photosynthetic carbon fixation (Parry et al.,
2011). Under nonlimiting water supply, the N
status of a crop is the major factor controlling
the rate of biomass accumulation (Jensen et al.,
1990), and, at any given time, there is a strong

Figure 3. AC variation depending on N dose
(black dots - period 1, green dots - period 2)

Initial water quantity variation depending on N
dose, for both periods can be observed in
Figure 4. The lowest means of this parameter
were determined from the samples belonging to
N 0 plants (IWQ1 = 0.3449 g; IWQ2 = 0.8601
g) and the biggest means for N 200 samples
(IWQ1 = 3.5585; IWQ2 = 4.9476 g).
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In grains, on the other hand, the water quantity
shows very little variation throughout the
period of dry matter deposition (Schnyder and
Baum, 1992).

Analysis of differences for aboveground
biomass samples fertilized with different N
doses and for two periods can be observed in
Table 2. Levene's test showed that the values of
all parameters for periods 1 and 2 were
heterogeneous.
Welch F test showed that the data are significantly different. Thus, ammonium azotate has
a strong influence on all parameters.
Aboveground biomass (AGB) plays an
important role in plant functioning because it
reflects the status of crop growth and is related
to solar-energy consumption and grain quality
(Huang et al., 2016).
The determination of aboveground biomass is
part for climate change researches (Chen et al.,
2016).

Figure 4. IWQ variation depending on N dose
(black dots - period 1, green dots - period 2)

Table 1. Equations and statistical safety parameters for the investigated indices in the both periods
Factor

Parameter

1

FW
DW
N
Dose

Period

AC

IWQ

Function
FW1 = 4.398E-07x3 - 6.091E-05x2 + 0.01496x + 0.4713
3

2

Eq.
No.

χ2

p

R2

F

(1)

0.004227

0.025919

0.99959

803.92

2

FW2 = 1.93E-06x -0.0004763x + 0.04572x + 1.15

(2)

0.00374

0.018847

0.99978

1520.8

1

DW1 = 7.695E-08x3 - 1.29E-05x2 + 0.0038x + 0.1217

(3)

0.000696

0.050144

0.99845

214.47

2

DW2 = 5.189E - 07x3 -0.0001359x2 + 0.01362x + 0.2842

(4)

0.000148

0.014605

0.99987

2532.8

1

AC1 = 1E-08x3 - 2.157E-06x2 + 0.0003474x + 0.01543

(5)

2.24E-05

0.12354

0.99056

34.962

2

AC2 = 6.907E-08x3 - 1.486E-05x2 + 0.001114x +
0.02669

(6)

4.64E-05

0.061104

0.9977

144.29

1

IWQ1 = 6.085E-05x2 + 0.003354x + 0.4039

(7)

0.031111

0.004877

0.99512

204.06

(8)

0.0024

0.0203

0.99975

1310.9

2

3

2

IWQ2 = 1.411E-06x - 0.0003404x + 0.03209x + 0.866

Table 2. Analysis of differences for some aboveground biomass parameters depending on N dose

FW
(g)

DW
(g)

AC
(g)

IWQ
(g)

1
2
1
2
1
2
1
2

N0

N 50

N 100

N 150

N 200

Min

0.2859

0.8941

1.0039

1.6815

3.1143

Max

0.6493

1.9888

2.5106

4.0119

5.7150

Min

0.7054

1.8483

1.7980

3.0587

5.5258

Max

1.4880

3.4400

3.9575

5.0048

8.5406

Min

0.0725

0.2298

0.2404

0.5023

0.5865

Max

0.1828

0.5296

0.6064

1.1036

1.2874

Min

0.1643

0.5060

0.5030

0.8538

1.4365

Max

0.3635

0.9651

1.0064

1.4006

2.2567

Min

0.0097

0.0192

0.0246

0.0301

0.0587

Max

0.0191

0.0423

0.0555

0.0737

0.1031

Min

0.0152

0.0302

0.0377

0.0721

0.1392

Max

0.0360

0.1088

0.1085

0.1211

0.3862

Min

0.1989

0.6643

0.6817

1.1711

2.5278

Max

0.4772

1.6611

1.9170

3.1025

4.4276

Min

0.5081

1.3423

1.2769

2.1897

4.0893

Max

1.1773

2.4973

2.9511

3.6042

6.2839
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Levene's test
p = 0.001022
p = 0.0375
p = 0.00922
p = 0.04984
p = 0.002183
p = 0.003781
p = 0.002443
p = 0.02816

Welch F test
F = 89.62,
df = 19.64,
p = 2.5E-12
F = 103.7,
df = 21.14,
p = 1.428E-13
F = 63.04,
df = 20.18,
p = 4.076E-11
F = 110.1,
df = 20.74,
p = 1.177E-13
F = 60.94,
df = 20.37,
p = 4.802E-11
F = 41.37,
df = 20.11,
p = 1.963E-09
F =91.87,
df =19.48,
p =2.325E-12
F = 96.55,
df = 21.32,
p = 2.441E-13

Moreover, some studies have estimated
aboveground biomass using a combination of
narrow spectral bands and vegetation indices
(Meroni et al., 2004).
Aboveground biomass, reported in fresh or dry
units is considered as one of the most important
crop biophysical indices, and its accurate
estimation can help improve crop monitoring
and yield prediction (Jin et al., 2016).
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CONCLUSIONS
The aim of this study was to determine the
values of some gravimetric indices: FW, DW,
AC and IWQ depending on N dose for aerial
parts of wheat, Ciprian cultivar. Polynomial
trends were observed when the amount of
ammonium azotate applied to the crops
increased. Significant differences between the
experimental variants were observed after the
completion of Levene’s and Welch F tests for
fresh, dried and incinerated samples, but also
for the initial water quantity.
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Abstract
The dynamic analysis is based on a simplified model for the seismic action, structural system and the soil, but it should
be correlated with the techniques of experimental investigation of vibrations generated by various seismic/non-seismic
sources. Currently, the limitations of equipment are reduced, there is modern equipment of last generation and the
buildings can be monitored from distance and the data can be transmitted to users or to research institutes in the field
through a system of transmitting data in real time. As a case study, an existing building is presented, to get the natural
vibration modes; these vibration modes will be validated by the values obtained from the micro seismic instrumentation.
A comment on range of vibration frequency for the studied building, as possibly obtained also in the case of strong
seismic motion, will be done. It is very important to be established if from recordings data, the structural response to
micro seismic actions consists always in frequencies corresponding to the natural vibration modes and, in the case of
another type of motion, the dynamic characteristics will be the same.
Key words: vibration sources, experimental investigation, frequencies.

INTRODUCTION

transport of solutions and transformations
undergone by the different substances and
some components of the air from the soil,
important issues during an earthquake.
Types of seismic/non-seismic sources and
techniques of experimental investigation of
vibrations. In many engineering situations, and
not only, there are a lot of sources of vibration:
seismic (ground) excitation, acoustic excitation,
rotating machines, impacts (old industrial
forge, for instance), gears, self-excited
vibration, railway and highway trafic, street
trafic, wind blowing and building ventilation
fans etc.
On the other hand, some techniques are applied
for experimental investigation of these
vibrations and their effects, as:
- non-destructive testing methods, for materials
of construction or for behaviour of the
entirely building (vibration-based methods
offer an effective and fast means of detecting
faults in structures, in order to identify
structural damage by vibration monitoring,

Evaluation of structural performance is based
on models for the seismic action (with different
amplitude,
frequency,
phase,
duration
characteristics), for the structural system and
the soil, in order to obtain the damage levels,
having associated probabilities of occurrence
during the building's lifetime. It should be also
correlated with the techniques of experimental
investigation of vibrations generated by various
sources.
Foundation soil. Characteristics of foundation
soil are very important in the case of dynamic
motions, so the most significant results
obtained in soil physics should be resumed
(Statescu et al., 2015): the use of infrared
spectrometry in research of soil matrix
composition, the study of soil porosity by
electron microscopy and medical imaging
technique, the experimental determination of
hydraulic conductivity of soil and the use of
mathematical models in research on aerohydric soil regime, soil water dynamics,
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the study of the changes of the structural
dynamic behavior);
- the experimental/laboratory tests (which
involves the testing of reduced scale test
specimens under lateral reversed loading,
simulating the seismic forces and free
vibration tests);
- ambient
vibration
testing
procedures
(involves capturing multiple data sets from a
structure, with using several sensors)/fullscale ambient and forced vibration tests,
which provide reliable data for the evaluation
of the influence of key parameters (the mass
distribution and the damping characteristics).
New approaches for structural behaviour.
After a severe earthquake, there is also a
modern way in order to obtain new date and
data about the behaviour of the structural
system through using also the laser scanning
technology (Mihai et al., 2014). The
availability of the scanned information would
make a further study to measure the crack
propagation and detect the potential structure
weakness of a building.

signal and to remove any linear trend) and
high-pass/low-pass filtering (to remove the
high-frequency and low-frequency noise) are
necessary. When the measuring time is not a
integer multiple of the signal period, a
procedure is also used to reduce the leakage
(increasing the sampling duration, or the signal
transformation by the introduction of a window
function). Spectra of amplitudes and response
spectra according to frequencies are obtained.
Peak ground velocity PGV is selected as the
measure of seismic intensity since maximum
inelastic displacements are better correlated
with PGV than peak ground acceleration PGA.
Nowadays, there is a continuous monitoring of
the building presented as a case study (Figure
1), but first a "zero" determination for the
dynamic characteristics, with the 4 GMS Plus
equipment, was made, and these dynamic
features have been extracted with both
GeoDAS and ARTeMIS softwares (Figures 2
and 3).

MATERIALS AND METHODS

The seismic risk assessment for this building
could be established in the same way as is
presented for another building presented in
(Slave et al., 2012), but it is a new building and
a lot of data are known. As a case study, this
building from Bucharest - Faculty of
Biotechnologies was also presented (Dragomir
et al., 2017), for which the frequencies of
vibration modes were obtained from the micro
seismic/ambiental instrumentation, as “zero
recording”, before a severe earthquake (this
building has not been monitorized at that time)
and computed with a simplified formula
(Figures 2 and 3, Table 1).

RESULTS AND DISCUSSIONS

Materials. Modern equipment of last
generation exists and buildings can be
monitored from distance and data can be
transmitted to users or to research institutes in
the field through a system of transmitting in
real time. Some technical aspects of wireless
smart sensor networks (Etna, Basalt, Granite Kinemetrics, GMS 18 și Plus- GeoSIG) used in
the real-time data transmission system:
- frequency range (0 ... 100 Hz at 200 sps), high
dynamic range also allowing the use of
equipment for applications related to
structural vibrations due to sources other than
seismic sources;
- the accelerometer has an Ethernet connection
and optional Wi-Fi for fast data transfer;
- the software processes data in real time
(SMA, ARTeMIS, GEODAS);
- configuration is done using a web browser
and an intuitive interface;
- automatically apply different types of filters
to recorded data.
Method. After the acquisition of the signal,
before calculation of any response spectrum,
the baseline correction (to have a zero-mean

Figure 1. Building of Faculty of Biotechnologies

Since
2017,
the
permanent
seismic
instrumentation of the Biotechnology Faculty
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building is carried out with the Granite
Kinemetrics digital seismic station equipped
with 3 triaxial sensors (Figure 4 and Figure 5).
Instrumentation is done as follows:
- a sensor installed on the building's terrace;

- a sensor installed in the basement of the
building;
- a sensor outside the building, in the free field,
about 15 m away from the building.

Figure 2. Fourier response spectrum, corresponding to directions X and Y, determined from several series of
records. The predominant frequency f1 = 5.47 Hz (T1 = 0.18 s)

In order to validate the value of the Fourier
Transform, f1 = 5.47 Hz (Figure 2), the
ARTeMIS software was used and, after

analyzing all the records corresponding to the
two schemes, the result was f1 = 5.08 Hz
(Figure 3).

Figure 3. Operational Modal Analysis from the Artemis software

Also Code P100-2013 offers a formula for the natural vibration frequency (Table 1).
Table 1. Frequencies of vibration modes
Building of Biotechnology Faculty
Structural system of the building
Ambiental vibration recordings1
basement, ground floor and two levels
(B+G+2F), with reinforced concrete frames and
T1 = 0.18 s
reinforced concrete structural walls, slabs and
stairs
1

Formula Code P100-20132
T1 = 0.15 s

From Fourier response spectra, corresponding to the direction X and Y
T1 = Ct H^0.75
where Ct = 0.075/√(Ac), Ac = the total effective area of structural walls on the 1st floor (approx. Ac= 13 m2, on both directions), H = the height of
building (H= 12.85 m)

2
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Figure 4. Setup for the acquisition system

outside

basement

level 3

Figure 5. Scheme of location of sensors for permanent seismic instrumentation.
Multichannel GRANITE station (9 + 3 channels) equipped with 3 Episensor ES-T triaxial sensors

c. Identification of peak values in velocities PGV, directions N-S and E-V, as well as from
vertical.
The admissible vibration level has the
following values: structural velocities < 12-20
mm/s, for 1-100 Hz frequencies.

The triaxial sensors were located outside the
building and in the basement building and on
the terrace with the directions corresponding to
the 9 recording channels are as follows:
- Vertical direction (channel 1 - exterior
building; channel 5 - basement building;
channel 9 - building terrace);
- Direction N-S (channel 2 - exterior building;
channel 6 - basement building; channel 10 building terrace);
- Direction E-V (channel 3 - exterior building;
channel 7 - basement building; channel 11 building terrace).
The processing of the records was carried out
through the following steps (Table 2):
a. Determining the maximum instantaneous
values of the records expressed in accelerations
and the obtaining by calculation of the
velocities and of the displacements - in time
domain;
b. Spectral analysis of acceleration records - in
frequency domain;

Table 2. Processing of the records
Records
I
12.12.2017

II
III
IV
V

PGV (cm/s)
N-S
(Channel 10)
+0.00185
-0.00184
+0.00212
-0.00144
+0.00167
-0.00140
+0.00160
-0.00192
+0.00147
-0.00123

E-V
(Channel 11)
+0.00228
-0.00248
+0.00154
-0.00134
+0.00172
-0.00160
+0.00178
-0.00180
+0.00128
-0.00124

Vertical
(Channel 9)
+0.00112
-0.00105
+0.00095
-0.00084
+0.00094
-0.00122
+0.00158
-0.00168
+0.00084
-0.00091

The time histories and the response spectra are
shown in Figures 6 and 7.
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Figure 6. Time histories of accelerations, velocities and displacements
on the three directions: Vertical, N-S and E-V
Direction N-S

Direction E-V
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Figure 7. Response spectra recorded on the two horizontal directions

CONCLUSIONS

researches for resilience, efficiency and
comfort of built environment - CRESC, PN 1610.01.01 and Research for smart specialization,
sustainable
territorial
development,
environment preservation and resilience
ofbuilding heritage - CONCRET, PN 18 10.01.01.

This building is the first equipped building in
the field of education, with a monitoring and
data acquisition system of INCD URBANINCERC, consisting of three triaxial sensors,
type EpiSensorS-T and a seismic digital station
Granite, which were installed and put into
operation in 2017, with the necessary
maintenance ensured.
At first, a “zero reading” of the dynamic
structural features was made, then a real-time
monitoring system was implemented, with
important obtained data on the behavior of the
building.
This is a real-time structural health monitoring
system, with possible advantages in the future,
which can provide real-time performance and
damage information for building after a severe
earthquake.
Permanent seismic instrumentation/ monitoring
of a building is an integral part of the
monitoring activity in accordance with the
provisions of Code P130/1999 and Seismic
design code P100-2013. Criteria for selecting
buildings to be instrumented/monitored are
numerous and should be applied taking into
account the possibility of obtaining the
agreement from the holding institutions, their
owners.
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Abstract
The effects of dietary partial replacement of soybean meal (SBM) with peas (cv. Tudor), on performance, carcass traits,
plasma biochemistry and intestinal microflora in broiler chicks, was assessed. One-day-old broilers (n=400) divided in
2 groups were fed 2 isocaloric and isonitrogenous diets: control diet (C) based on corn-sorghum-SBM and
experimental diet (PT) that contained 200 g/kg peas (cv. Tudor). Results shown that PT addition significantly affect
performance, BWG of broilers was higher in starter (13.23%; P<0.0001), finisher (3.21%; P=0.014) and overall
period (4.28%; P<0.0001); FI was increased with 7.54% (P=0.005) in starter, 0.89% (P=0.001) in finisher,
respectively 1.19% (P=0.043) in overall period vs. C diet. The FCR was decreased in finisher (P=0.024) and total
period (P<0.0001) in PT group. Feeding PT did not affect the carcass yields but increased breast yield (P=0.038), and
a tendency to increase the legs yield and to decrease the abdominal fat was observed. Plasma total protein content was
higher in PT group (P=0.045). Digestive organs weight, length of the intestinal tract and intestinal pH of broilers were
not affected by feeding PT diet. No differences were found in the ileal population of Enterobacteriaceae and E. coli
among treatments, except the counts of Lactobacillus spp. that increased (5.83%; P<0.0001) in PT group. In
conclusion, dietary peas (cv. Tudor), in the amount of 200 g/kg, as partial replacement for SBM, improve performance
and carcass traits, has a positive effect on plasma total protein and alter ileal microflora by increasing Lactobacillus
spp.
Key words: broiler performance, blood biochemistry, carcass traits, peas, ileal microflora.

INTRODUCTION

(Salgado et al., 2002). In poultry, the
microorganisms that colonize the GIT during
the early posthatch period form a synergistic
relationship with their host. Gastrointestinal
microorganisms have a major role in the
absorption of energy and other nutrients, and
on the response of poultry to ANFs (Choct et
al., 2006). However, the previous study that
evaluated the effects of dietary pea seeds
inclusion in broilers have not been consistent.
Several reports have shown that the inclusion
of high amount of raw peas in diets have a
detrimental effect on the performance of
broilers and laying hens (Igbasan and Guenter,
1997; Diaz et al., 2006). Other study reported
that dietary pea inclusion achieves similar
performance and carcass traits (Dotas et al.,
2014), or improve the performance and meat
quality of broiler chickens (Laudadio and
Tufarelli, 2010) and guinea fowl (Laudadio et

The limited supply and the increased price of
soybean meal (SBM), as conventional source of
vegetable proteins for poultry feed, have
stimulated researchers to evaluate the use of
alternative local legumes protein sources that
are not commonly utilized in poultry diets
(Khattab et al., 2009; Laudadio et al., 2011).
Peas (Pisum sativum L.) could be used as an
alternative protein source to soybean due to its
high nutritive value comparable to soybean
(Fru-Nji et al., 2007; Tufarelli et al., 2012). The
use of legumes is limited due to the content of
some antinutritional factors (ANFs; phytic acid,
condensed tannins, lectins, protease and αamylase inhibitors), compounds that decline the
nutritional value of pea (Alonso et al., 1998;
Collins et al., 2006) and may affect
gastrointestinal
tract
(GIT)
physiology
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al., 2012). Although diet composition is
considered one of the major factors that may
influence the microbial activity in the GIT of
birds, little literature data are available about
the broiler chicks response of dietary peaseeds
on GIT development and health. Moreover, the
appreciable progress done in plant breeding to
improve the cultivars required more research to
evaluate the nutritive value of new pea seeds
variety and its effects on broilers diets, as
alternative protein source.Therefore, the aim of
this study was to determine the effects of the
partial replacement of SBM with pea seeds
(Pisum sativum L. cv. Tudor) on performance,
carcass
traits,
plasma
biochemistry,
gastrointestinal
development
and
ileal
microflora of broiler chicks.

were immunized according to the routine
protocol. Determined performance parameters
were body weight (BW) and feed intake (FI)
for grower phases and overall period, in order
to calculate body weight gain (BWG) and feed
conversion ratio (FCR). Mortality was
registered daily in order to correct the FCR.
Table 1. Ingredients and chemical composition of diets
for grower phases
Item

Ingredients, g/kg
Corn
Sorghum
Soybean meal
Peas (cv. Tudor)
Corn gluten meal
Sunflower oil
Monocalcium
phosphate
Calcium carbonate
Salt
Vitamin-mineral
premix3, 4
DL-methionine
L-lysine HCl
Choline HCl
Chemical analysis, %
Dry matter
Crude protein
Crude fiber
Crude fat
Lysine, total
Methionine+cysteine,
total
Calcium
Phosphorus total
Ash
Calculated analysis
ME (MJ/kg)5

MATERIALS AND METHODS
Broilers and experimental design
All procedures used in the trial were approved
by the Ethical Committee of the National
Research Development Institute for Animal
Biology and Nutrition (Baloteşti, Romania)
according to the European legislation for
animals protection (OJEU, 2010). Four hundred
1-d-old unsexed broilers (Cobb 500; 44.56 ±
0.95 g), purchased from a local hatchery, were
weighed and randomly allotted in 8 floor pens
(50 birds/pen) on wood shavings litter into 2
treatments. Each dietary treatment had 4
replicate pens. Broilers were fed two diets: a
control diet (C) based on corn-sorghum-SBM
and an experimental diet (PT) that contained
200 g/kg peas (cv. Tudor), as partial
replacement of SBM. The chemical
composition of peas cv. Tudor, obtained from
locally crop by SCDA Secuieni, was 89.53%
dry matter, 20.68% CP, 0.81% crude fat, 7.04%
crude fiber, 2815 kcal/kg ME, 1.80% lysine,
0.98% met + cys. The isocaloric and
isonitrogenous 3-phases diets (Table 1) were
formulated, according to the age of broilers
(starter 1 to 10 d, grower 11 to 22 d and
finisher 23 to 35 d), to supply the nutritional
requirements of Cobb 500 hybrid (CobbVantress, 2015). Throughout the feeding trial,
fresh water and feed (mash form) were supplied
ad
libitum.
Birds
were
raised
in
environmentally
controlled
conditions,
provided a 23 h L: 1 h D lighting program, and

1

Starter
(1-10 d)

Grower
(11-22 d)

Finisher
(23-35 d)

C1

PT2

C

PT

C

PT

275.4
275.4
300.0
59.3
37.8
17.9

217.0
217.0
210.0
200.0
63.0
41.2
17.9

307.0
307.0
250.0
50.0
36.0
16.2

240.0
240.0
174.0
200.0
55.7
40.0
16.8

332.7
332.7
210.0
35.0
43.0
14.6

263.0
263.0
144.0
200.0
36.0
47.0
15.4

14.8
3.0
10.03

14.8
3.0
10.03

14.0
3.0
10.03

14.1
3.0
10.03

12.8
3.0
10.04

12.7
3.0
10.04

1.5
4.3
0.6

1.7
3.8
0.6

2.3
3.9
0.6

2.6
3.2
0.6

2.1
3.5
0.6

2.5
2.4
0.6

89.10
22.09
3.57
5.45
1.323
0.985

89.08
22.05
3.92
5.66
1.322
0.983

88.67
20.03
3.63
5.18
1.193
0.892

88.77
20.01
3.77
5.73
1.191
0.891

88.59
18.10
4.34
6.23
1.055
0.822

88.53
18.20
4.07
6.39
1.053
0.820

0.93
0.85
6.33

0.93
0.85
6.18

0.83
0.80
5.72

0.84
0.80
5.60

0.77
0.76
5.14

0.78
0.76
5.07

12.62

12.59

12.98

12.99

13.34

13.38

Control diet; 2Peas (cv. Tudor) diet
Provided per kg diet: vitamin A, 4.47 mg; vitamin D3, 0.12 mg; vitamin E, 80 mg; vitamin K3,
4 mg; vitamin B1, 4 mg; vitamin B2, 9 mg; vitamin B6, 4 mg; vitamin B12, 0.020 mg; vitamin
B5, 15 mg;vitamin B3, 60 mg; vitamin B9, 2 mg; Mn, 100 mg; Zn, 100 mg; Fe, 40 mg; Cu, 15
mg; I, 1.0 mg; Se, 0.30 mg; Co, 0.25 mg, lasalocid sodium, 60 mg.
4
Provided per kg diet: vitamin A, 2.90 mg; vitamin D3, 0.12 mg; vitamin E, 50 mg; vitamin K3,
3 mg; vitamin B1, 2 mg; vitamin B2, 8 mg; vitamin B6, 3 mg; vitamin B12, 0.015 mg; vitamin
B5, 12 mg; vitamin B3, 50 mg; vitamin B9, 1.5 mg; Mn, 100 mg; Zn, 100 mg; Fe, 40 mg; Cu, 15
mg; I, 1.0 mg; Se, 0.30 mg; Co, 0.25 mg.
5
calculated using regression equations (NRC 1994).
3

Sample collection
On d 35 of the trial, after 12 h fasting period,
from sixteen birds per treatment blood samples
(4 mL) were collected from wing vein in
heparinized tubes. Plasma samples was
obtained by centrifugation at 2700 rpm for 10
min (Multifuge 3L-R, Heraeus, Hanau,
Germany) and stored in Eppendorf tubes at
-20ºC until biochemical analyses.
After blood samples collection, the birds were
killed by cervical dislocation. Carcasses were
eviscerated manually and the GIT was excised.
The digestive organ size (gizzard, liver,
pancreas, spleen) and the length and weight of
intestinal segments (duodenum, jejunum,
ileum, and cecum) were evaluated.
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The pH of fresh digesta were measured at the
terminal end of each intestinal segment.
Samples of ileal digesta were aseptically
collected in plastic tubes and preserved at
- 20°C until bacteriological analyses.

experimental unit for biochemistry and
intestinal parameters. The results are expressed
as means and standard error of the mean
(SEM); statistical differences were significant
at P≤0.05.

Chemical analyses
The samples of feed ingredients and diets were
analysed in duplicate for basal chemical
composition (dry matter, crude protein, ether
extract, crude fiber and crude ash) using
standardized methods (OJEU, 2009).
Plasma biochemistry protein profile (total
protein, albumin, total bilirubin, creatinine,
urea), energetic profile (glucose, cholesterol,
triglycerides) and enzymatic profile [alkaline
phosphatase (AP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and
gammaglutamyltransferase
(GGT)]
were
assayed using commercial kits Accent-200 MG
(Cormay, Wiosenna, Poland) on BS-130
chemistry analyzer (Bio-Medical Electronics
Co., China).
A portable pH meter (WTW ProfiLine pH 3310,
Germany) were used to determine the intestinal
digesta pH by inserting the pH meter electrode
(WTW Sentix 41, Germany) into the distal
sections of each intestinal segment (duodenum,
jejunum, ileum and caecum).
Bacterial populations from ileum digesta
samples were determined on selected media
using a colony counter (Scan 300, Interscience
France). In brief, Enterobacteriaceae and E.
coli were counted using a classical isolation
medium Levine agar, Lactobacillus strains was
enumerated on MRS agar, after incubation of
decimal diluted subsamples at 37°C for 48 h.
The Salmonella spp. was determined using
Rambach-Salmonella agar, after incubation of
diluted subsamples at 37°C for 24 h. The
results were expressed as a logarithm (base 10)
of colony-forming units per gram of sample.

RESULTS AND DISCUSSIONS
Performance
The effects of dietary treatments on body
weight gain, feed intake and feed conversion
ratio of broiler chicks are given in Table 2.
There was significant difference (P<0.05)
among treatments for BWG and FI during the
starter, finisher and overall periods. Thus, in
starter, finisher and overall period the BWG of
broilers fed PT diets was higher with 13.23%
(P<0.0001), 3.21% (P=0.014), respectively
4.28% (P<0.0001) and FI was increased with
7.54% (P=0.005) in starter, 0.89% (P=0.001) in
finisher, respectively 1.19% (P=0.043) in
overall period compared to C diets. The FCR in
finisher and total period decreased in PT group
with 3.35% (P=0.001), respectively 3.93%
(P<0.0001) vs. C group. The overall mortality
rate was low in the PT group (1.40 vs. 1.50%;
P㸼0.05) and was not related with dietary
treatments.
Table 2. Growth performance of broilers fed dietary
peas1
Item

Control

Body weight gain, g
Starter (1 to 10 d)
210.77b
Grower (11 to 22 d)
684.35
Finisher (23 to 35 d)
980.58b
Overall (1 to 35 d)
1875.70b
Feed intake, g
Starter (1 to 10 d)
260.96b
Grower (11 to 22 d)
1029.42
Finisher (23 to 35 d)
2047.05b
Overall (1 to 35 d)
3337.43b
Feed conversion ratio, g feed:g gain
Starter (1 to 10 d)
1.24
Grower (11 to 22 d)
1.50
Finisher (23 to 35 d)
2.09a
Overall (1 to 35 d)
1.78a
a,b
Means with different superscript within
1
n=50 broilers per replicate.

Statistical analysis
All data were analysed using the GLM
procedure of the software SPSS (SPSS, 2011).
One-way analysis of variance (ANOVA) with
the Tukey's comparison test was used to
evaluate statistical significance of differences
between dietary treatments. Replication was
considered as the experimental unit for
performance parameters and bird as the

Peas
(cv. Tudor)

SEM

P-value

238.65a
708.89
1019.08a
1966.62a

5.00
7.50
4.49
15.65

<0.0001
0.112
0.014
<0.0001

280.64a
1031.27
2065.21a
3377.12a

2.75
2.59
5.77
4.80

0.005
0.997
0.001
0.043

1.18
0.02
0.108
1.45
0.02
0.137
2.02b
0.01
0.024
1.71b
0.02
<0.0001
a row differ significantly (P<0.05);

Previous studies have shown that the use of
peas in poultry diets did not influence the
performance of broiler chickens (Igbasan and
Guenter, 1996; Perez-Maldonado et al., 1999;
Crepon, 2006; Laudadio and Tufarelli, 2010;
Dotas et al., 2014), turkey broilers (Castell et
al., 1996) or guinea fowl broilers (Laudadio et
al., 2012). Similarly to our findings,
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Czerwiński et al. (2010) found that the use of
dietary peas in broilers increased feed intake
and decreased feed conversion ratio. Therefore,
the growth performance of broiler chickens
obtained in current study suggest that the peas
(cv. Tudor) used did not seem to contain
deleterious levels of ANFs.
Contrary to these studies, McNeill et al. (2004)
reported inferior performance (growth rate and
feed efficiency) in broilers fed diets with 20%
peas meal, but the diets used in their study were
not been isocaloric and balanced for digestible
amino acids.
Diaz et al. (2006) also, observed reduced body
weight and decreased feed conversion
efficiency when fed broilers with extruded pea
seeds. For this reason, possible explanations for
the causes of inconsistencies in poultry
performance could be attributed to variations in
the formulation of diets, the level of inclusion
or the form of use (seeds, micronized and
dehulled seeds, extruded, meal).

and decrease significantly the abdominal fat.
There were no differences due to dietary
treatments in the relative weight of the gizzard,
liver, pancreas and spleen (P>0.05).
Table 3. Carcass characteristics and relative digestive
organs weight of broilers fed dietary peas1
Parameter

Control

Carcass traits
Carcass weight, g
1488.50
Carcass yield, %2
70.40
Breast, %2
24.39b
Thigh+drumstick, %2
19.11
Abdominal fat, %2
1.27
Digestive organ size (g/100 g BW)
Gizzard
1.55
Liver
2.10
Pancreas
0.22
Spleen
0.08

Peas
(cv. Tudor)

SEM

P-value

1512.30
70.78
26.61a
19.88
1.06

16.29
0.26
0.56
0.21
0.05

0.198
0.504
0.038
0.062T
0.055T

1.67
1.89
0.20
0.09

0.06
0.06
0.007
0.004

0.363
0.105
0.189
0.643

a,b

Means with different superscript within a row differ significantly (P<0.05);
SEM, standard error of means; T, tendency to be influenced by treatment
(P<0.10).
1
n=16 samples for each dietary treatment; 2% of BW at slaughter.

Plasma profile
Generally, plasma biochemical parameters at
35 d (Table 4), were not affected by the dietary
peas (cv. Tudor) inclusion, except the
concentration of total protein that was
significantly increase (13.2%; P=0.045)
compared with control. The other components
of plasma protein profile (albumin, total
bilirubin, creatinine and urea), considered as a
relevant marker of protein metabolism and
synthesis in poultry organism, were lower, but
not differ significantly between treatments
(P>0.05).
The results of present study are in line with
Bingol et al. (2016), who reported that the
substitution of 20% soybean protein with pea
protein in broilers significantly increased blood
total protein and the beta and gamma-globulins
concentrations, and indicated also that peas
could stimulate the proteins synthesis related
with immunity. In our study, it was observed
that the concentrations of glucose, cholesterol
and triglycerides were decreased in PT group
compared with C, with no significantly
difference between treatments (P>0.05).
Previous studies with rats have shown that
dietary pea proteins reduce blood cholesterol
and triglyceride levels (Rigamonti et al., 2010;
Sirtori et al., 2012) and have decreased the
blood lipid profile (Spielmann et al., 2008).
Dai et al. (2013) reported that pea protein could
have hypocholesterolemic effect due to the low

Carcass traits and digestive organ size
Table 3 present the results of carcass traits and
relative digestive organ weight of broilers at
slaughter. No differences between treatments
was observed for carcass weight and carcass
yield (P>0.05). However, the yields of breast
significantly increase in birds fed peas diet with
9.10% (P=0.038) compared to C. The optimum
performance of broiler chicks fed dietary peas
(cv. Tudor) could be partially attributed to a
well-balanced amino acid profile associated
with the supplementation of essential amino
acids (lysine and methionine). It is well known
that the dietary imbalance ofamino acids could
diminishedthe percentage of breast muscles in
carcasses of poultry (Nasr, 2011). Our results
partially agrees with the previous studies
(Masoero et al., 2005; Laudadio and Tufarelli,
2010; Laudadio et al., 2011) that shown no
effect of dietary alternative protein source on
dressing percentage, breast and drumstick
percentages in broilers.
Also, feeding dietary peas tend to increase the
thigh and drumstick yields (P=0.062) and to
decrease the abdominal fat percentage
(P=0.055). Similar results were reported by
Laudadio et al. (2012) who found that
feedingdehulled-micronized peas in guinea
fowl broilers tend to increase the legs yields
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methionine and high arginine content. Dietary
peas inclusion favorised cholesterol conversion
into bile acid in hamsters fed a high fat diet,
exerting hypolipidemic activity, that was
assigned to the fact that peas contained high
amounts of unsaturated fatty acid and
phytosterol. It is known that occurrence in
blood of certain intercellular origin enzymes in
abnormal amounts indicate organs or tissue
injure (Wilson, 2008). Thus, the liver injury
could abnormally increase the values of its
specific enzymes (ALT, AST, LDH and GGT)
in the blood (Kaplan et al., 2003). In this study,
plasma enzymes activity (AP, ALT, AST and
GGT) was not influenced by dietary treatments
(P>0.05), and was noticed that dietary peas (cv.
Tudor) addition did not affect the function of
liver and kidney, as important health status
parameters.

the absence of an effect of dietary peas
inclusion on intestinal development and pH was
confirmed by growth performance results,
which were superior than control group.
Table 5. Relative intestinal weight and length, intestinal
digesta pH of broilers fed dietary peas1
Item

Control

Total protein (g/dL)
Albumin (mg/dL)
Total bilirubin
(mg/dL)
Creatinine (mg/dL)

2.50b
1.53
0.47

Peas
(cv. Tudor)
2.81a
1.50
0.44

SEM

P-value

0.09
0.10
0.07

0.045
1.000
0.893

0.95

0.50

0.08

0.173

Urea (mg/dL)

8.18

6.52

0.32

0.211

Glucose (mg/dL)

199.84

192.87

3.55

0.909

Cholesterol (mg/dL)

95.98

90.00

2.42

0.992

Triglycerides (mg/dL)

52.17

50.33

1.46

0.973

AP (U/L)

43.84

44.15

1.79

1.000

AST (U/L)

59.36

52.67

1.41

0.249

ALT (U/L)

46.98

55.85

1.31

0.169

GGT (U/L)

34.68

47.33

2.42

0.247

Peas
(cv. Tudor)

SEM

P-value

0.59
1.43
1.14
0.54

0.02
0.03
0.05
0.02

0.122
0.164
0.232
0.237

1.37
3.66
2.73
0.81

0.02
0.07
0.12
0.02

0.164
0.875
0.819
0.437

5.72
6.04
6.12
6.61

0.06
0.04
0.10
0.03

0.285
0.786
0.937
0.670

Weight (g/100 g BW)
Duodenum
0.66
Jejunum
1.53
Ileum
1.01
Caecum
0.59
Length (cm/100 g BW)
Duodenum
1.44
Jejunum
3.69
Ileum
2.67
Caecum
0.84
pH
Duodenum
5.59
Jejunum
5.91
Ileum
6.17
Caecum
6.56

Table 4. Plasma metabolic profile of broilers fed dietary
peas1
Plasma parameter

Control

1
n=16 samples for each dietary treatment; SEM, standard error of
means.

Analysis of intestinal microflora is important in
evaluate intestinal health, and also to support
the productive performance obtained in this
study (Table 6). Changes in the intestinal
microbial population of broiler chickens
couldbe related with the efficient feed
utilization (Zulkifli et al., 2009).
Table 6. Ileal microbial populations (log10 cfu/g) of
broilers fed dietary peas1

a,b

Means with different superscript within a row differ significantly (P<0.05);
SEM, standard error of means; 1n=16 samples for each dietary treatment.
AP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, gammaglutamyltransferase.

Intestinal parameters and ileal microflora
The effect of diets on length of the intestinal
tract and intestinal digesta pH of broilers at 35 d
of age are shown in Table 5. No significant
differences were observed in relative weights
and lengths of the digestive compartments or in
pH values of intestinal digesta (P>0.05) between
birds fed the different dietary treatments. In our
study the values of intestinal pH, considered as
important parameters that influence the protein
digestion and solubility (Recoules et al., 2017),
range between normal limits (5.5 - 6.5) reported
for monogastric animals on different segments
of intestinal tract (Ao et al., 2008). Moreover,
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Item

Control

Enterobacteriaceae
E. coli
Lactobacillus spp.
Lactobacillus:E. coli
ratio

7.156
5.543
6.031B
1.088

Peas
(cv. Tudor)
7.112
5.450
6.383A
1.171

SEM

P-value

0.02
0.12
0.07
0.03

0.139
0.843
<0.0001
0.200

AB

Means with different superscript within a row differ significantly (P<0.01);
n=16 samples for each dietary treatment; SEM, standard error of means;
Salmonella spp. not detected.

1

The results of our study shown that the
bacteriological composition of ileal content was
not affected by the inclusion of peas (cv.
Tudor) in chicken diets (P>0.05), except the
counts of Lactobacillus spp. that significantly
increased with 5.83% (P<0.0001), compared
with C diet.
No differences were found in the ileal
population of Enterobacteriaceae and E. coli
among dietary treatments at 35 d of age. The
Lactobacillus: E. coli ratio increased in the
ileal content of broilers fed peas diet, but the
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difference was not significantly (P>0.05).
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Abstract
The egg is considered one of the most nutritious animal origin foods, being a perfectly balanced source of protein,
easily digestible fats, energy, minerals, and vitamins. Significant differences between organic and conventional eggs
cover feed, medication, and animal welfare of hens. The study’s purpose was the quantitative determination of Cd, Pb,
and Zn from organic eggs and conventional eggs, and also from the organic feed. The heavy metals levels in organic
eggs, conventional eggs, and organic feed samples were evaluated by AAS. Zn registered levels below the method’s
detection limit in organic eggs samples, and its levels were significantly lower compared to the maximum allowed level
in EU for it in eggs, but higher compared to recommended levels in organic feed. Cd was significantly lower in organic
eggs compared to their levels in conventional eggs. Pb registered significantly lower levels in organic feed, and Cd was
higher compared to the maximum allowed level in EU for it in this type of feed. Conventional purchased eggs exceed
the maximum EU allowed level for Pb and Cd.
Key words: cadmium, lead, zinc, egg, AAS.

INTRODUCTION

and the self-control program is respected (Petcu
et al., 2007). Heavy metals increased
distribution in the environment showed that the
food safety and hygiene is very important,
especially for eggs, due to their role in the daily
diet (Savu and Petcu, 2002; Farahani et al.,
2015; Sobhanardakani, 2017; Saad Eldin and
Raslan, 2018).
The presence of heavy metals in the eggs may
be due to the direct contamination, but mainly
indirectly by poultry feed (Goran et al., 2010;
***, 2016). In the scientific literature, there are
many studies on heavy metal residues in
conventional eggs, but not on organic eggs or
comparative studies of the level of heavy
metals in these two egg categories.
For this reason, the study’s main goal was the
quantitative determination of cadmium, lead,
and zinc by atomic absorption spectrometry
(AAS) from organic eggs and conventional
eggs, and also from the organic feed used for
feeding hens from the organic farm.

The egg is a very valuable food for man,
because of its richness in nutrients that are
indispensable to the body. The egg is a
perfectly balanced source of protein, easily
digestible fats, energy, minerals, and vitamins.
Nutritional differences between conventional
and organic eggs are still controversial among
scientists. Some studies have shown that
organic eggs are not nutritionally superior,
others, on the contrary, attribute to organic eggs
qualities that conventional eggs do not have
(Vincevica-Gaile et al., 2013; FilipiakFlorkiewicz et al., 2017; Lordelo et al., 2017;
Mie et al., 2017).
There is no clear evidence in the literature that
organic foods are significantly more nutritious
than conventional foods. Organic food
consumption can reduce exposure to pesticide
residues and antibiotic-resistant bacteria
(Smith-Spangler et al., 2012; Geng, 2018).
As in the other foods, in the eggs there may be
found many substances that are potentially
harmful to human health. In order to have safe
products on the market, obtaining eggs for
human consumption have to be done in units
where management systems are implemented

MATERIALS AND METHODS
Samples preparation
Samples were represented by organic eggs
(n=10) from an organic hen farm, conventional
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eggs (n=10) purchased from the supermarket in
Bucharest, Romania, and premix-organic feed
for laying hens (n=10) sampled from the same
organic farms from which organic egg samples
have been collected. Each egg was washed with
ultrapure water and then its white and yolk
were mixed together.
From each sample, the method EPA 3050a
(EPA, 1996) was used to produce a transparent
solution. For the samples digestion, a
representative 1 g (wet weight) sample was
digested with the repeated addition of nitric
acid (HNO3) and hydrogen peroxide (H2O2).
The resultant solutions were diluted to a known
volume with 0.01 mol·L-1 HCl. All reagents
used were high purity pro analysis and
calibration curves were developed using Merck
standard solutions of Zn, Pb, and Cd.
Spectrometric analysis
Metal concentrations were directly measured
by using an AAS (PerkinElmer AAnalyst 800),
with hollow cathode lamps, equipped with airacetylene flame, and graphite furnace. Mean
recoveries for all metals ranged from 95 to
105%. The detection limits (ppm) were 0.05
(Pb), 0.005 (Cd), and 0.1 (Zn), respectively.
Samples and blank solutions were measured in
triplicates.
Statistical analysis
Statistical analysis was performed using the
software of VassarStats: Website for Statistical
Computation (http://vassarstats.net/). One-Way
ANOVA was performed for all samples’
mineral concentrations, and when ANOVA
generated p≤0.05, means comparison was
carried out by all-pair Tukey HSD Test.

of eggs and feed samples from an organic farm
of laying hens and conventional egg samples
along with p-value resulting from One-Way
ANOVA, are presented in Table 1 and
expressed as parts per million (ppm).
Cd and Pb presented concentrations above the
method’s detection limit in all samples, and Zn
registered levels below method’s detection
limit in all organic egg samples.
The highest mean concentration of Cd and Zn
levels were registered in organic feed samples
(0.883 ppm, and 1081.41 ppm, respectively).
The highest mean Pb level was registered in
conventional egg samples (0.342 ppm).
In both types of egg samples, organic and
conventional, Cd recorded mean concentrations
that exceed 0.05 ppm, which is the Maximum
Allowed Level (MAL) for Cd in eggs.
Pb registered mean concentrations above the
MAL (0.25 ppm) only in conventional egg
samples. Zn mean concentration in conventional
egg samples (2.77 ppm) registered significantly
lower levels compared to MAL (20 ppm) for this
element in eggs.
The comparison was made between the
concentration of the same element in organic
egg samples vs organic feed samples or in
organic egg samples vs conventional egg
samples, and not between different elements’
concentrations.
Because Zn registered levels below the
detection limit of the method, a comparison
could not be made between its concentrations
registered in studied samples.
In another study on eggs mineral content lower
levels of Zn were registered compared to those
registered in conventional egg samples in this
study, and Cd and Pb were not detected in all
egg samples (Goran et al., 2010).
The results of Cd and Pb contents (ppm) in egg
samples registered in this study compared with
their values in other studies are presented in
Table 2.

RESULTS AND DISCUSSIONS
In this study, Cd, Pb, and Zn levels were
analyzed in organic eggs and feed for laying
hens from an organic farm, and in conventional
eggs. The mean Cd, Pb, and Zn concentrations

Table 1. Mean Cd, Pb and Zn levels in eggs and feed samples (ppm)
Element
Cd
Pb
Zn

Organic
eggs
0.060
0.195
BDL**

Organic
feed
0.883
0.113
1081.41

Std.err.
0.19

Organic
eggs
0.060 a

0.04

0.195

-

a

BDL**

Conventional
eggs
0.124 b
0.342
2.77

a

Std.err.

p-value

0.02

0.02

0.04

0.08

-

-

*Levels not connected by the same letter are significantly different. The comparison can be made only between the
concentration of one element and not between different elements concentrations.
**BDL - below method detection limit.
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Table 2. Mean Cd and Pb levels (ppm) in egg samples compared with their values reported in other studies
Country
Bangladesh

Pb

Cd

1.06

0.08

Reference
Chowdhury et al., 2011

Belgium

0.009

0.0003

van Overmeire et al., 2006

Belgium

0.095

0.0005

Waegeneers et al., 2009

China

0.052

0.002

Zheng et al., 2007

Egypt c.e.*

0.18

0.09

Saad Eldin and Raslan, 2018

Egypt o.e.**

0.08

0.04

Saad Eldin and Raslan, 2018

France

0.01

0.0004

Leblanc et al., 2005

Greece

-

0.001

Giannenas et al., 2009

Iran

0.350

0.130

Salar-Amoli and Ali-Esfahani, 2015

Iran

0.29

0.18

Sobhanardakani, 2017

Italy

0.019

0.003

Esposito et al., 2016

Malaysia

0.420

0.054

Nigeria

0.590

0.070

Abduljaleel and Shuhaimi-Othrnan,
2011
Fakayode and Olu-Owolabi, 2003

Nigeria

0.80

0.18

Iwegbue et al., 2012

Pakistan

0.570

0.070

Khan and Naeem, 2006

Palestine

0.27

0.036

Abdulkhaliq et al., 2012

Romania

-

-

Goran et al., 2010

Turkey

0.06

2.34

Uluozlu et al., 2009

United Kingdom

0.24

-

Siddiqui et al., 2011

United Kingdom

0.003

0.0004

Ysart et al., 2000

Romania c.e.*

0.342

0.124

From this study

Romania o.e.**

0.195

0.060

From this study

*c.e. - commercial eggs
**o.e. - organic eggs
Conventional eggs

Organic eggs

and Raslan, 2018). In this study, the same
pattern in mean Cd and Pb levels was
registered.

Organic feed

1

0.883

0.9
0.8

0.7
ppm

0.6

Cd

0.5

0.4
0.3
0.2

0.342

0.140
0.195

0.1

0.113

0.124

0.124

0.120

0.060

0.100

ppm

0

Pb

Cd MAL

Cd

0.080

0.060

0.060

0.040

Figure 1. Mean Cd and Pb levels in egg and feed
samples

0.020
0.000

In other studies on toxic metals, including Pb
and Cd, no differences of concentrations in
organic and conventional aliments have been
reported (Mie et al., 2017).
Pb and Cd concentrations were higher in
commercial eggs compared to organic eggs; the
same pattern was registered also (Saad Eldin

Conventional eggs

Organic eggs

Figure 2. Mean Cd levels in egg samples

Environmental Cd pollution is mainly due to
the use of this metal with special physicochemical properties in different industries
without the possibility of replacing it with
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other less toxic metals (Goran and
Crivineanu, 2016). In this study, the mean Cd
levels registered in the analyzed samples were
0.06 ppm in organic eggs, 0.883 ppm in
organic feed, and 0.124 ppm in conventional
eggs, respectively (Figure 1). Organic eggs
mean Cd level was significantly (p<0.05)
lower compared to its level in conventional
eggs.
The mean levels registered in this study are
almost the same with the previous reports in
Iran (Salar-Amoli and Ali-Esfahani, 2015;
Sobhanardakani, 2017). The lowest mean Cd
levels were registered in conventional eggs
marketed in some European countries and
China. Uluozlu et al. (2009) recorded the
highest Cd concentrations (2.34 ppm) in
conventional eggs marketed in Turkey.
Conventional eggs had significantly (p<0.05)
higher Cd levels compared to organic eggs. In
this study, in both conventional and organic
eggs mean Cd levels exceeded the MAL
decided by CE (CE, 2006) (Figure 2).
Pb

reported in Bangladesh (Chowdhury et al.,
2011).
Mean Pb levels registered in this study
exceeded CE (CE, 2006) recommended
concentration (0.25 ppm) in conventional egg
samples (Figure 3).
Mean Cd and Pb levels in organic egg
samples registered in this study were
comparable with their levels found in egg
samples in Egypt (Saad Eldin and Raslan,
2018).
Zn

ppm

20.00

10.00

0.00
Conventional eggs

Organic eggs

Figure 4. Mean Zn levels in egg samples
*BDL – below method detection limit

Pb MAL

The Zn level for poultry diets, as
recommended by the National Research
Council, is between 40 mg/kg and 75 mg/kg
diet (NRC, 1994). The 1000 ppm Zn
supplement had no adverse effects on hen
assesed parameters, and egg Zn levels
increased linearly as dietary Zn levels
increased (Kim and Patterson, 2005).
It can be easily observed that conventional
eggs registered a significantly low mean Zn
level compared to the MAL for this element
in eggs (Figure 4).
The mean levels of Zn (ppm) in the analyzed
samples were 2.77 and 1081.41 in
conventional eggs and organic feed,
respectively. The mean Zn levels in this study
were lower compared to those reported in
eggs (15.75 ± 4.05 ppm) analyzed in Italy
(Esposito et al., 2016), and in Egypt (15.42 ±
1.03 ppm) (Saad Eldin and Raslan, 2018);
lower mean Zn levels (0.046-0.166 ppm)
were reported in eggs marketed in Pakistan
(Islam et al., 2014).
Toxicological properties of Cd could originate
from its chemical similarity to Zn (Aravind
and Prasad, 2003), Cd and Zn having similar
electronic configuration and valence and,
hence, similar environmental properties. In

0.35
0.3
0.25

ppm

15.00

5.00

0.4

0.2

0.15
0.1

0.05
0
Conventional eggs

Zn MAL

25.00

Organic eggs

Figure 3. Mean Pb levels in egg samples

Similar to Cd, Pb mean levels were
significantly higher in conventional eggs
compared to organic eggs (Figure 3).
Conventional eggs did not register
significantly (p>0.05) Pb levels compared to
organic eggs. The mean values of Pb
concentrations in the analyzed egg samples
were 0.342 ppm in conventional eggs, 0.195
ppm in organic eggs, and 0.113 ppm in
organic feed, respectively (Figure 1). The
recorded levels in this study were comparable
with Pb levels found in egg samples in Iran
and Malaysia (Abduljaleel and ShuhaimiOthrnan, 2011; Salar-Amoli and Ali-Esfahani,
2015; Sobhanardakani, 2017). However, the
highest Pb mean level (1.06 ppm) was
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both plant and animal studies, the Cd-Zn
antagonism was demonstrated.
In plants, it was observed that Cd is taken up
by transporters for essential elements such as
Zn and Ca (Ueno et al., 2004), which lead to a
decrease of these minerals levels in the
organisms. In another study, it was showed
that higher Cd concentrations were
accompanied by lower levels of Cu and Zn.
(Zasadowski et al., 1999). In this study, the
same pattern in Cd-Zn relationship was
registered, the low levels of Zn were
correlated to higher levels of Cd.

Determination of essential and toxic metals in
meats,
meat
products
and
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by
spectrophotometric method. J Bangladesh Chem
Soc , 24 (2), 165-72.
Esposito M., Cavallo S., Chiaravalle E., Miedico O.,
Pellicanò R., Rosato G. et al., 2016. Trace elements
in free-range hen eggs in the Campania region
(Italy) analyzed by inductively coupled plasma
mass spectrometry (ICP-MS). Environ Monit
Assess, 6, 326.
Fakayode S.O., Olu-Owolabi B.I., 2003. Trace metal
content and estimated daily human intake from
chicken eggs in Ibadan, Nigeria. Arch of Environ
Health, 58 (4), 245-51.
Farahani S., Eshghi N., Abbasi A., Karimi F.,
Malekabad E.S., Rezaei M., 2015. Determination of
heavy metals in albumen of hen eggs from the
Markazi Province (Iran) using ICP-OES technique.
Toxin Rev, 34 (2), 96-100.
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CONCLUSIONS
Zn registered levels below the method’s
detection limit in organic eggs samples, and
its levels were significantly lower compared
to the maximum allowed level in EU for it in
eggs, but higher compared to recommended
levels in organic feed.
Cd level was significantly lower in organic
eggs compared to its level in conventional
eggs.
Pb levels in eggs samples were not
significantly different.
Pb registered a significantly lower level in
organic feed, and Cd was higher compared to
the maximum allowed level in EU for it in
this type of feed.
Conventional purchased eggs exceed the
maximum EU allowed level for Pb and Cd.
Thus, a continuous evaluation of heavy metals
in all types of eggs as well as the feed is
highly recommended, this being the main
source of birds’ exposure to these pollutants.
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Abstract
The article focuses on the method of determining the level of intensity of an agricultural crop on the example of
sunflower hybrids under the conditions of a particular farm, taking into account the quantitative impact of weather
conditions on crop yields. It has been proved that the level of intensity of any new variety or hybrid is of great relevance
both for planning the crop cultivation and evaluating the results of production activities. It is understood that the value
of this indicator is defined as the ratio between the actual crop yield for three - five years and the standard or
calculated one. This statement of the problem assumes that the average value of both weather conditions and crop
yields for these years will be close to the average weather conditions in this area. The standard crop yield is calculated
and, in general, comprised of yield that may be formed at the expense of natural soil fertility and the direct effect and
aftereffect of organic and mineral fertilizers. It has been established that in case of the analysis of agricultural crop
yields in the industrial sowing, when the number of years (repetition) is insufficient under one or another condition, it is
possible to use a special method of assessing the quantitative impact of weather conditions on crop yields (V.D.
Dmytrenko, A.M. Poliovyi). Its essence lies in the fact that any deviation of weather conditions from the optimal values
for all growing periods leads to a decrease in the productivity coefficient or the level of impact on crop yields. At the
same time, ultimately all the definitions and calculations should be recalculated based on the average data of weather
conditions of the area of impact of a particular weather station. From the point of view of environmental constraints, it
is necessary to maintain a deficit-free balance of humus and basic fertilizer element.
Key words: yield planning, crop modelling, sunflower, hybrid intensity.

INTRODUCTION

climatic zone. The use of more intensive
varieties of agricultural crops requires the
development of crop cultivation technologies,
in particular, the fertilizer system that has a
direct impact on the qualitative characteristics
of the soil (Tsvetkova and Saranenko, 2010;
Jones, 2012) and, in particular, the balance of
humus (Götze et al., 2016; Konieczna and
Roman, 2014) and nutrients in the soil
(Körschens et al., 2013). Modern techniques
offer different ways of sowing with different
row spacing and fertilization conditions.
At the same time, it bears mentioning
significant negative changes in the qualitative
indicators of the soil as a result of human
activities,
namely,
farming
operation
(Bezrodnova and Loza, 2006; Brock et al.,
2013) and various types of contamination
(Romaniuk et al., 2016). Irrigation treatments
also influence on yield parameters of different
crops (Rafiei et al., 2013; Fedorchuk, 2016).
Toshichika et al. (2017), using long period crop
yield data, made underpin the importance of

One of the important factors, which influence
the yields of agricultural crops, is the weather
conditions (Pirttioja et al., 2015). It should be
noted that not only crop yields (Ray et al.,
2015; Zhang et al., 2013), but also the
efficiency of the use of resources, in particular
nutrients from soil and fertilizers (Ryan et al.,
2012), undergo certain changes under different
weather conditions.
In turn, atmospheric precipitations and air
temperature during the growing period of crops
have a significant impact on crop yields as well
(Högy et al., 2013). Results of researches show
that crop yields were greatly influenced by the
weather conditions of the agricultural year, but
that new crops hybrids and sorts can be more
resistant to draught or flooding, desease or
insects damage (Dima, 2018; Singh et al.,
2014; Delibaltova Dallev, 2018). There have
been concerns about the possible yields of high
productive hybrids or crops in different soil and
113

ambitious climate mitigation targets for
sustaining yield growth worldwide.
Over the world researchers calculate statistical
yield forecast models and built respectively
regressions using composite weather variables
(Singh et al., 2014; Basso et al., 2014). Results
of reseaches performed by Černý et al. (2013)
showed statistically significant influence of
year weather conditions, genetic material and
the application of preparations on sunflower
achenes yield.
Value of resistance of hybrids are rising due to
the importance of hybrid selection in modern
sunflower production. So it was decided to
calculate the intensity of crops.
The intensity of the development of agriculture
as a whole is characterized by the two
components: the level of intensity of
technologies (LiT) and the level of intensity of
variety or hybrid of an agricultural crop (LiV)
that in totality determines the level of
agricultural technology of crop cultivation (La).
It is beyond argument that being aware of the
actual value of any of the above mentioned
indicators is of significant practical importance.
Thus, if it is referred to the intensity of
technology (LiT), it can be clearly argued about
the need for economic justification of one or
another technological measure by comparing
the additional costs of its implementation and
the effect of application.
It has been established that the intensity of
technology should be understood as the most
optimal predecessor, the timeliness, promptness
and quality of conducting technological
operations, the application of the most effective
forms of fertilizers, various types of growthpromoting agents, the methods of their use, etc.
It is also conceivable that the intensity of
technology may include seedling vigor and
timeliness, weed infestation of crops, incidence
of pests and diseases during the cropping
season. All this points up the fact that the ratio
of the yield of one and the same crop variety,
pursuant to the application of the same level of
fertilizer according to the new and existing
technologies, may quantitatively characterize
the technology as follows (Kharchenko and
Sobko, 2016):
Y
LiT  nt
(1)
Yet

Ynt and Yet is the crop yields under new and
exist
technologies.
The
quantitative
characteristics of the intensity of crop variety
or hybrid are understood as the ratio between
actual crop yields (Ya) and standard crop yields
(Ys) ((Kharchenko and Sobko, 2016):
Y
LiV  a
(2)
Ys
It is beyond argument that the most dynamic
indicator of the development of crop
production at this stage is a new variety or
hybrid, which is characterized by the yield
capacity higher than that of analogues. The
mere fact of the advantage of this indicator
makes it clear that this variety is more
intensive, or to be exact, more aggressive. The
highest yield capacity can be explained only by
the coefficient of use of basic nutrients both
from the soil and fertilizers that is higher than
that of analogues. The practical need for being
aware of this indicator is determined by the
subsequent need to establish the rate of
fertilizer usage for the planned yield level, and
the actual efficiency of fertilizers upon the
evaluation of the obtained yields.
Special attention in the above dependence (2) is
given to the so-called standard crop yield. This
crop yield constitutes its calculated value with
the known values of efficiency of using
resources of the main factors (moisture, food,
etc.). At present, one of the most studied
aspects is the efficiency of using the nutrition
resource, which is proposed to be taken into
account in further calculations.
First of all, it should be noted that this yield
capacity is composed of the two components –
the yield, which is formed due to the natural
soil fertility (without fertilizers) and the yield
growth due to the application of fertilizers
(organic and mineral), as well as the aftereffect
of applying fertilizers in the predecessor. In
fact, this yield is calculated by one or another
method using the reference data or by the
standard return of fertilizers and ball bonitet of
the soil (return method), or by the coefficient of
use of the main elements of the soil and
fertilizers (balance method). With regard to the
above mentioned, the values of these constants
are known to be valid only for those varieties
or hybrids, for which they have been obtained.
Thus, the values of these indicators for more
productive new varieties or hybrids will be
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somewhat different that can be determined by
the indicator of variety intensity (LiV).
On the other hand, there is no doubt that the
level of actual yields, and hence the level of
actual efficiency of the use of main elements
from the soil and fertilizers will depend
significantly on weather conditions (MaltaisLandry and Lobell, 2012), or rather their
compliance with the requirements of an
agricultural crop. In general, it can be argued
that a mean value for at least three or five years
should be obtained in order to be provided with
the reliable data on the level of intensity of a
crop variety or hybrid. It will be understood
that in this case, the mean value of yield
capacity and the level of the variety intensity
somehow assumes the mean value of weather
conditions for this period.
When analyzing the results of production
activities, there is often a situation when a
different variety or hybrid is annually grown as
a result of the influence of advertising or
personalistic decisions. This state of affairs
overcomplicates the procedure for assessing a
new variety or hybrid by the indicator of
intensity.
Proceeding from the above mentioned, it
should be noted that at present there are a
number of scientific developments, the
implementation of which enables to determine

the quantitative impact of the actual weather
conditions on the actual yield of some crops in
terms of their compliance with the necessary
requirements.
METHOD OF DETERMINATION OF
HYBRID INTENSITY
The quantitative assessment of the impact of
weather conditions on crop yields can be
determined by a special method (Kharchenko
and Sobko, 2016; Poliovyi, 2007). The essence
of this method, first of all, is that the vegetation
cycle of a crop is divided into separate periods
with the weight factors (αі), which in fact show
the percentage of the impact of this cycle on
the formation of the yield capacity established
for each of these periods. The proposed values
of these factors correspond to the optimal
values of temperature (Т°С) and precipitations
(∑A, mm) and sum up to 1.0. In this case, any
deviation of the actual data from optimal leads
to a decrease in the values of these factors. In
the case of optimal values of these indicators,
the maximum crop yield, the value of which is
provided with the basic resources, is formed.
The vegetation cycle of sunflower is divided
into five periods with the corresponding impact
of each of them on the yield formation
(Poliovyi, 2007; Lohvinov, 1976) (Table 1).

Table 1. Characteristics of sunflower vegetation cycle in the Forest-Steppe of Ukraine and optimal values of
air temperature (ТО, °С) and precipitations (АО, mm) (Poliovyi, 2007)
Periods of vegetative cycle
Presowing
Sowing
Shoots - second pair of true
leaves
Bud formation - flowering
Flowering - ripening

Months
XII-III
IV
V-VI

Weight factors αТ
0.20
0.05
0.19

Т0, °С
-5.0
7.6
16.0

А0, mm
180
40
110

VII
VIII

0.19
0.37
∑αТ=1.00

19.0
19.0

80
60

crop yield under the favorable or optimal
weather conditions subject to the actual
provision of nutrition resources could be as
follows:
Y
Ymax  a , cwt/ha
(3)
 a
We have obtained the calculations made related
to various agricultural crops during several
years. This article presents an example of
applying this method according to the results of
sunflower cultivation under the conditions of

Therefore, the degree of impact on the
sunflower yield during the development
periods is different with the highest value in the
phase of flowering-ripening (0.37), which falls
on August, when the optimal average air
temperature is 19.0°С, the optimal amount of
atmospheric precipitations is 60 mm (Table 1).
Thus, according to this method, the actual
weather conditions with the actual weight
factor or performance factor ∑αa, with the
known actual crop yield (Ya), the maximum
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Agricor Holding LLC located in Chernihiv
Region for the period of 2014 and 2015. It
should be noted that every year different
sunflower hybrids were grown under different
weather conditions, where the fertilizer amount
and, therefore, the standard and actual yields
were different as well.

The assessment of weather conditions for these
years has shown that the conditions in 2014 are
close to favorable (reasonable crop losses are
amounted to 16.6%), and the conditions in
2015 are significantly unfavorable and,
especially, during the flowering–ripening
period that causes crop losses in the amount of
36.4% (Table 2).

Table 2. Actual weather conditions of the sunflower vegetative cycle in the conditions of Pryluky WS and actual
performance factors
Months
Weight
Actual values
factors
Periods of vegetative
Precipitation
η(А) Т0С
η(Т)
S(А,Т)*α=αa
α
cycle
А, mm
Presowing
Sowing
Shoots - second pair of
true leaves
Bud formation - flowering
Flowering - ripening

XII-III
IV
V-VI

0.20
0.05
0.19

VII
VIII

0.19
0.37
∑=1,00

Presowing
Sowing
Shoots - second pair of
true leaves
Bud formation - flowering
Flowering - ripening

XII-III
IV
V-VI

0.20
0.05
0.19

VII
VIII

0.19
0.37
∑=1.00

2014
93.8
28.3
123.6

0.94
0.99
1.00

-0.5
9.5
17.6

0.71
0.88
0.95

56.2
19.8

0.98
0.89

21.9
20.8

0.85
0.94

2015
133.5
18.8
247.5

0.99
0.93
0.80

-1.0
8.9
17.2

0.73
0.93
0.97

0.145
0.043
0.147

45.4
5.0

0.96
0.35

20.5
20.3

0.96
0.97

0.175
0.126
∑S(А,Т)α=
∑αa =0.636

0.135
0.44
0.181
0.164
0.310
∑S(А,Т)α=
∑αa =0.834

fertilizers), are significantly different, with the
hybrid NK Dolby (Cruiser) (in 2014) having
significantly higher yields than NK Brio
(Cruiser) (in 2015). However, given the
significantly worse conditions of 2015, the
calculations have shown that under the
optimum (favorable) conditions the hybrid NK
Brio (Cruiser) with the actual application of the
same amount of fertilizers could have had
substantially higher yield (38.2 cwt/ha) than the
hybrid NK Dolby (Cruiser) (36.6 cwt/ha),
while the standard levels of productivity and,
therefore, the fertilizer amount have had the
opposite values.
The results presented in Table 4 show that
although according to the actual data the
intensity level of NK Dolby (Cruiser) hybrid is
higher than the intensity level of NK Brio
hybrid (Cruiser) (1.67 versus 1.75). Taking into
account the weather conditions, NK Brio
hybrid (Cruiser) should be considered to
produce higher yields since both for optimal

It is understood that such interpretation of
possible yields as maximum (Formula 3) is
insufficient, since the probability of favorable
conditions can be quite low, and any planning,
including the planning of the amount of
fertilizers, is made for the average weather
conditions. Thus, for the average weather
conditions one should determine the level of
their favorability for sunflower growing. The
data presented in Table 3 show that the average
weather conditions are close enough to
favorable, and the productivity coefficient
(∑αСР) is equal to 0.978. This enables to
determine the level of possible yields subject to
the actual provision of nutrition resources
under the average weather conditions
depending on:
Yav  YМАХ   av , centner/ha
(4)
The analysis of different levels of the yield of
sunflower hybrids grown on the farm (Table 4)
has shown that the actual yield levels, as well
as the standard ones (different levels of
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and average conditions its intensity level is
significantly higher than the intensity level of
NK Dolby (Cruiser). At the same time, it is
expedient to use in further calculations the

indicators of the intensity level of 2.05 NK
Dolby (Cruiser) and 2.54 NK Brio (Cruiser),
respectively.

Table 3. Assessment of the impact of hydrothermal conditions on sunflower yield by average weather conditions
(Pryluky W.S.)
Indicators

Presowing
(XII-III)

Sowing
(IV)

Bud
formationflowering
(VII)
0.19
19.7

Floweringripening
(VIII)

Total for
vegetation
cycle

0.05
6.8

Shootssecond pair
of true leaves
(VVI)
0.19
16.1

Standard weight factor (α)
Temperature, (T)0С

0.20
-4.7

0.37
18.4

1.00
–

Coefficient of productivity by
temperature η (Т)
Precipitation, (А) mm
Coefficient of productivity by
precipitation η (А)
Compatible productivity
coefficient  (Т )   ( А)
Coefficient of impact of
conditions on yield

0.98

1.00

1.00

1.00

0.96

–

155
1.00

46
0.99

136
0.99

72
1.00

64
1.00

473
–

0.98

0.99

0.99

1.00

0.96

0.196

0.049

0.188

0.190

0.355

0.978

S (T , A)   (Т )   ( А)  

Table 4. Actually expected values for optimum and average conditions of sunflower hybrid yields
and their actual level of intensity, cwt/ hectar
Ya (actual)

YMAX

30.53

36.6

24.3

38.2

Yield, c/ha
Yav (average)

Ys (standard)

Intensity level (LiV)
LiVa
LiVМАХ
LiVAV

2014, NK Dolby Cruiser hybrid (Х = 92 kg p.n./ha)
35.8
17.49
1.75
2015, NK Brio Cruiser hybrid (Х = 45 kg p.n./ha)
37.4
14.58
1.67

2.09

2.05

2.62

2.54

Thus, all of the above show that the level of
intensity of the crop variety significantly
affects the efficiency of fertilizers, that is, the
more intensive the variety is, the less the
amount of fertilizers for the formation of the
accepted or planned yield could be. On the
other hand, the value of this amount of
fertilizers should be economically justified that
under all other conditions is determined by the
ratio of prices for fertilizers and products.
It should be noted that significant
environmental constraints on the amount of
mineral fertilizers and hence the crop yield
(planned or programmed) are the condition of a
deficit-free balance of basic nutrients (N P K)
and humus for the period of crop cultivation.
There is no doubt that the above conditions are
the subject of instrumental research, more often
for rotation, but the existing methodological
framework enables to make such calculations

It should be noted that such intensity values of
hybrids are obtained with the technology
implemented on the farm, that is, the existing
level of its intensity. It is beyond argument that
in the case of growing any of these hybrids
during other years and on other farms, the
obtained characteristics of hybrids might differ
slightly from the above mentioned ones, and
the magnitude of such deviations will depend
primarily on the level of intensity of the
technology.
The assessment made has convincingly shown
that the impact of weather conditions as the
environmental background condition on the
crop yield is practically assured, and a high
degree of study of this impact for a number of
crops, including sunflower, enables to
determine the magnitude of such impact
(Poliovyi, 2007).
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as baseline for each growing season
(Kharchenko, 2011).
It is understood that these constrains are not
always unambiguous, thus, in this case it is
advisable to determine their parity. From our
point of view, the conditions of a deficit-free
balance of humus as a background condition
for the natural soil fertility should be
considered to be the first constraint
(Kharchenko et al., 2008).
From the point of view of practical application,
it is proposed to make the following
explanation. Thus, the calculations have
established that to ensure a deficit-free balance
of humus, the critical yield of sunflower, in
which the humified mass of by-products (leafstem mass and roots) will not be less than its
loss during mineralization, is equal to 41.6
centner/ha. The further research results also
show that with ball bonitet of the soil
(agrochemical) equal to 70 points under the
average conditions, the required amount of
mineral fertilizers for full mineral nutrition for
NK Dolby hybrid (Cruiser) is 2.41 centner p.
n./ha, NK Brio hybrid (Cruiser) - only 0.70
centner p. n./ha.

University. Biology, ecology 14 (1), 7-11 [in
Ukrainian].
Brock C., Franko U., Oberholzer H.R., Kuka K.,
Leithold G., Kolbe H., Reinhold J., 2013. Humus
balancing in Central Europe concepts, state of the art,
and further challenges. Journal of Plant Nutrition and
Soil Science, 176 (1), 3-11.
Černý I., Mátyás M., Kovár M., 2013. Sunflower yield
formation influenced by year weather conditions,
genetic material and foliar nutrition Mendelnet. 2026.
Delibaltova V., Dallev M., 2018. Investigation on the
yield and grain quality of common wheat (Triticum
aestivum L.) cultivars grown under the
agroecological conditions of central Bulgaria.
Scientific Papers. Series A. Agronomy, Vol. LXI,
No. 1, 194-198.
Götze P., Rücknagel J., Jacobs A., Märländer B., Koch
H.J., Holzweißig B., ..., Christen O., 2016. Sugar beet
rotation effects on soil organic matter and calculated
humus balance in Central Germany. European
Journal of Agronomy, 76, 198-207.
doi:
10.1016/j.eja.2015.12.004
Dima D.C., 2018. The yield performance of various
soybean genotypes in five experimental fields in
Romania and Bulgaria in 2015 and 2016. Scientific
Papers. Series A. Agronomy, Vol. LXI, No. 2, 81-84
p.
Högy P., Poll C., Marhan S., Kandeler E., Fangmeier A.,
2013. Impacts of temperature increase and change in
precipitation pattern on crop yield and yield quality
of barley. Food chemistry, 136 (3), 1470-1477.
Fedorchuk V.G., Kokovichin S.V., Fedorchuk V.G.,
2016. Productivity of The Silybum marianum
depending on differentiation of elements of the
technology growing in the south of Ukraine. Bulletin
of the Sumy National Agrarian University. Series
Agronomy and Biology. Issue 2 (31). 111-114.
Jones J.B., 2012. Plant nutrition and soil fertility manual
(2nd ed.). Boca Raton: CRC. Second edition. FL:
CRC Press. 282.
Kharchenko O., Prasol V., Kuzin N., Dederko S., 2008.
Agro-ecological conditions of lease of land for
agricultural use need to be clarified. Land Use
Bulletin, No. 4, Kyiv: 12-15 [in Ukrainian].
Kharchenko O.V., Sobko M.H., 2016. On the problem of
analytical evaluation of the effectiveness of mineral
fertilizers and environmental limitation of their
amount. Sumy: University Book, 32 p [in Ukrainian].
Kharchenko O.V., 2011. Assessment of methodological
approaches to the ecological justification of fertilizer
application for agricultural crops. Sumy: University
Book, 48 p [in Ukrainian].
Konieczna A., Roman K., 2014. Impact of the amount of
fertilization on NPK and humus in soil balance in the
selected plant production technologies. Agric. Eng,
17, 139-148.
Körschens M., Albert E., Armbruster M., Barkusky D.,
Baumecker M., Behle-Schalk L., Hoffmann, S.,
2013. Effect of mineral and organic fertilization on
crop yield, nitrogen uptake, carbon and nitrogen

CONCLUSIONS
In case of the analysis of the results of the
industrial sowing of agricultural crop for an
insufficient period of years, it is proposed to
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impact of weather conditions on yield, based on
the average conditions in this area. At the same
time, the planning of the yield value should be
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Abstract
The article presents the results of scientific research devoted to the study of the productivity of spelt wheat depending
on the varietal characteristics and pre-sowing treatment of seeds with biopreparations. Field tests were carried out
during 2016-2018 on the experimental field of the Educational, Scientific and Practical Center of the Mykolaiv
National Agrarian University in four repetitions by the method of the split sites. It was studied the influence of varietal
characteristics and pre-sowing seed treatment with Organic-balance and Liposam biopreparations on the main
elements of productivity of winter wheat spelt in conditions of southern Ukraine. We found that all the studied factors
had an impact on grain yield and the main elements of spelt wheat productivity. The largest number of productive stems
(780 PCs/m²) and the highest height (131.5 cm) were formed by plants of the variety Zorya Ukrainy in the variant with
pre-sowing treatment of seeds Organic-balance (1 l/t) + Liposam (0.3 l/t). We also determined that factor B (presowing treatment of seeds with biopreparations) did not significantly affect the formation of the main elements of the
ear productivity, while factor A (varieties) had a significant impact. The most productive ear was at the Europa plant
variety in the variant of pre-sowing seed treatment with Organic-balance + Liposam: ear grain content was 32.3 PCs
the weight of the grain on 1 spike was 1.26 g. 1000 seeds weight was formed on the variety Zorya Ukrainy as 46.3 up to
47.0 g depending on pre-sowing seed treatment with biopreparations. It was found that the highest yield of spelt wheat
(5.74 t ha-1) was obtained by sowing the variety Europa in the variant with pre-sowing treatment of seeds with Organicbalance and Liposam, but the difference between the first variant of seed treatment (Organic-balance) was
insignificant.
Key words: Triticum spelta L. varieties, biopreparations, ear productivity, weight of 1000 seeds, grain yield.

INTRODUCTION

Health benefits and unsurpassed taste of
products made from spelt grains in the last
decade caused a significant demand among
consumers in Western Europe, America,
Canada, Australia, who lead a healthy lifestyle,
as well as people suffering from celiac disease
(Dubois et al., 2018; Pazek and Rozman, 2011;
Zorb et al., 2007).
Spelt grain has a higher energy value compared
to soft wheat, it contains more fat, betacarotene retinol; its gluten is more tensile, but
less elastic. A floury endosperm, high protein
and high drove viscosity by amillograph index
are favorable properties of the grain when it
used for the manufacture of cakes and
confectionery (Liubych et al., 2017;
Rajnincova et al., 2018; Wiwart et al., 2017).
In addition, spelt is a fairly common type of
wheat in organic farming, because it has a
number of advantages over soft wheat: it is not
demanding on soil fertility, it has a high
competitiveness to weeds, the power of the root

Today in the world topical issues are the
expansion of acreage and increasing grain yield
of one of the oldest varieties of wheat Triticum spelta L. (Babenko et al., 2008;
Konvalina et al., 2013). European spelt is the
result of hybridization of soft and tetraploid
wheat (Poltoretskyi et al., 2018; Antofie and
Sand, 2018; Dvorak et al., 2012).
This recently forgotten type of wheat was
common in Germany and Switzerland during
the late Neolithic period due to its high
nutritional quality and exceptional frost
resistance. For example, in the winter of 19001901yrs in Germany, 38% of winter wheat and
only 1% of spelt were frozen.
Therefore, the areas under this culture were
constantly growing and in 1900 they amounted
to 314671 hectares in Germany, 39000 hectares
in Switzerland, 5000 hectares in Austria
(Hordienko, 1970).
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system, resistance to major diseases and pests,
high winter and frost resistance, its grain
contains a high mass fraction of protein (up to
28%) and gluten (up to 58%) (Konvalina et al.,
2012; Hussain et al., 2009; Biel et al., 2016;
Bavec et al., 2012). This crop is able to form a
stable crop after the worst predecessors, with
late sowing, lower doses of fertilizers and
worse moisture supply. High germination, even
under adverse conditions, combined with the
high ability of plants to tillage and the
formation of large grains allow to obtain stable
grain yields of this crop (Lacko-Bartošová et
al., 2010; Borysova and Ruzhitskaya, 2015).
Since 2012, Ukraine has also been increasing
the production of organic products and in
recent years it is among the top ten world
leaders in the area of organic crops, in
particular 11.4% of the certified world area of
spelt wheat (Willer and Lernoud, 2017).
The disadvantage in the cultivation of this crop
is that its yield is less by 10-50% than soft
wheat yield mainly through the fragility of the
ear rod and the severity of threshing, as well as
some agrotechnical difficulties in carrying out
sowing through sowing seeds in scales (Srámek
et al., 2009).
The value of spelt wheat grain and prospects of
its cultivation in organic farming were
substantiated in the world science and practice
(Koutis, 2015; Ugrenović et al., 2018).
However, the emergence of modern varieties
and a large number of biopreparations
(Kyrychenko, 2015) requires a revision of
technologies for growing grain crops, including
spelt wheat, which provides for the
replacement of mineral fertilizers and chemical
pesticides with biopreparations in order to
increase the yield and quality of grain and
create the most favorable conditions for the
restoration of soil fertility in the organic
farming system. And it is this question that
most scientists today have not fully resolved.

and productivity of crops of spelt wheat
varieties. The predecessor was peas. Sowing
time was October 1. Seeding rate was 200
PCs/m². For sowing, non-threshed spikelets
were used at the rate that each spikelet contains
an average of 2.5 grains.
The scheme of experience included: factor A as
domestic varieties of spelt wheat: Zorya
Ukrainy (2012 registration year) and Europa
(2015 registration year); factor B (seed
treatment with biopreparations): control (seed
treatment with water 10 l/t), Organic-balance
(1.0 l/t), Organic-balance (1.0 l/t) + Liposam
(0.3 l/t).
The variants were placed in the experiment by
the method of split plots, the repetition of the
experiment was fourfold. The area of the
registration area was 25 m². Soil of research
areas was southern black soil humus, light clayloam soil on wide slightly drained loess on the
watershed plateau, typical for the area of
Southern Steppe. Their arable layer contains an
average of 2.4% humus, light-hydrolyzed
nitrogen as 16 mg/kg, mobile phosphorus as
160 mg/kg and exchanged potassium as 187
mg/kg of soil.
The studied biopreparations were Organicbalance and Biological sticking agent Liposam
manufactured by Ukrainian producer of
microbial and enzyme products for agriculture
company "BTU-center". Organic-balance is
listed in the list of auxiliary products for use in
organic production, taking into account the
requirements of the standard of international
accredited certification bodies from organic
production and processing.
Density and tillering of plants were determined
on specially assigned test areas with a size of
1/6 m². The height of plants was determined in
the phase of wax ripeness of grain.

RESULTS AND DISCUSSIONS
Productivity is the main feature that
characterizes the economic value of the variety.
It depends on the basic elements of the
structure of winter wheat crops, in particular,
the number of plants and productive stems per
unit area, the number of spikelets and grains in
the ear and their mass, the mass of grain of one
ear, the ratio between grain and straw, which
determine the potential productivity of wheat.

MATERIALS AND METHODS
Field research was carried out during 20152018 years on the experimental field of the
Educational, Scientific and Practical Center of
the Mykolaiv National Agrarian University to
study the effect of seed treatment with
biopreparations on the growth and development
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Studies shown that the tillering coefficient of
spelt wheat is 2-3 times higher than that
coefficient of soft wheat (Morgun et al., 2016;
Pospišil et al., 2011).
Studies with winter wheat varieties were
conducted in different weather conditions
years, which made it possible to better
determine their productivity potential. The
results of the research determined that the
factor A (varieties) significantly influenced on
the coefficient of productive tillage over the
years, depending on the pre-treatment of seeds
with biopreparations. Thus, the highest
productive tillering in the years of research was
characterized by the variety of wheat spelt
Zorya (st.), the coefficient of productive
tillering of plants which was the highest (from
10.6 up to 10.9) in 2016 year, and the lowest
(4.7-5.1) in 2017, while for variety Europa it
was from 6.1 up to 7.7 and from 4.5 up to 4.7,
respectively (Table 1).

All these elements vary depending on the soil
and climatic conditions of the area,
agrotechnical
factors
and
biological
characteristics of the varieties, which leads to
an increase or decrease in yield (Ugrenović et
al., 2018).
The number of productive stems per unit area is
an essential element of the yield structure,
which is formed by the seeding rate, field
germination, temperature, moisture supply,
total and productive tillering and plant survival
(Korkhova et al., 2018; Nozdrina, 2014).
Both insufficient and excessive tillering
reduces yields due to the low number of
productive stems, densing and lodging (Kiss et
al., 2018; Zecevic et al., 2014). In conditions of
the Steppe, the advantage is the sowing of
varieties with an increased number of
productive stems, especially in dry years.
Therefore, the formation of the necessary
structure of sowing should take into account
the characteristics of the variety and all of its
above mentioned ability to form stems.

Table 1. Influence of varietal characteristics and pre-sowing treatment of wheat spelt seeds
with biopreparations on the coefficient of productive tillering of plants, 2016-2018
Pre-sowing seed treatment with
biopreparations
(factor B)
Control
Organic-balance
Zorya Ukrainy (st.)
Organic-balance + Liposam
Average in variety
Control
Organic-balance
Europa
Organic-balance + Liposam
Average in variety
The least significant difference (LSD) at p<0.05: factor A
The least significant difference (LSD) at p<0.05: factor B
Variety
(factor A)

During years LSD on the B factor was from
0.20 up to 0.54. The coefficient of productive
tillering of plants in the variety Zorya Ukrainy
was 7.1, the average for the three years of
research was by 67.6% higher than the variety
Europa.
Pre-sowing seed treatment with biopreparations
had significantly lower impact on this
indicator. Productive tillering of wheat plants
spelt was the biggest (from 5.2 up to 7.3) in
both of the studied varieties as it was the
second variant with seed treatment (Organicbalance + Liposam), which was by 5.5% more

2016

2017

2018

Average
for 3 years

10.6
10.8
10.9
10.8
6.1
6.5
7.7
6.8
0.54
0.24

4.7
4.9
5.1
4.9
4.5
4.7
4.7
4.6
0.22
0.09

5.5
5.7
5.9
5.7
3.0
3.2
3.2
3,.1
0.20
0.15

6.9
7.1
7.3
7.1
4.5
4.8
5.2
4.8
0.17
0.11

than the control variety Zorya (st.) and it was
by 13.5% more than the variety Europa.
It is known that plant height is important in the
formation of winter wheat productivity (Liu et
al., 2010) and, therefore, it is a genetic trait of
the variety (Zečević et al., 2005).
As a result of our research, it was found that
the highest plants of the variety Zorya Ukrainy
were formed, the height of which on average
for 2016-2018yrs ranged from 130.7 up to
134.5 cm depending on the pre-sowing
treatment of seeds with biopreparations, which
was by 8.2-9.0 cm more than in plants of the
Europa variety (Figure 1).
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factor B (pre-seed treatmentof seeds with biopreparations

Figure 1. Height of spelt wheat plants (cm) depending on varietal characteristics and
pre-sowing seed treatment with biopreparations, 2016-2018

Factor B had little effect on the formation of
spelt wheat plant height. So, on average, over
the years of research, the height of both
varieties was the highest (131.5 cm and 123.3
cm) as it was formed in spelt wheat plants with
pre-sowing treatment with Organic-balance +
Liposam, which was by 0.8-1.4 cm higher than
the control.
It was found that the highest density of the
productive stem of spelt wheat (780 PCs/m²)
was formed in plants of the variety Zorya
Ukrainy by pre-sowing seed treatment with
Organic-balance (1 l/t) + Liposam (0.3 l/t),
which was by 1.0% higher than the second

variant of seed treatment (Organic-balance) and
it was by 1.8% higher than the control.
Significantly lower number of productive stems
per 1 m2 was formed by variety Europa. Thus,
on average, for 2016-2018 year, the density of
the productive plant stem by pre-sowing seed
treatment with Organic-balance was 595
PCs/m², by treatment with Organic-balance +
Liposam it was 598 PCs/m², which exceeded
the control by 1.2% and 1.7%, respectively.
Thus, the variety of winter wheat spelt Zorya
Ukrainy over the years of research formed the
most productive stem as 766-780 PCs/m²
depending on factor B, which was by 23.123.3% less than the variety Europa (Figure 2).

Zorya Ukrainy (st.)

Europa

780

774

766
800

number of productive stems,
pcs./m 2

700

598

595

588

600
500
400
300
200
100
0

Control

Organic-balance

Organic-balance + Liposam

factor B (pre-seedtreatment of seeds with biopreparations

Figure 2. Number of productive stems (PCs/m²) of spelt wheat depending on varietal characteristics
and pre-sowing seed treatment with biopreparations, 2016-2018

However, adjusting only the density of the
stem, it is not always possible to provide a high
yield. For increasing the level of productivity
of winter wheat it should be also increased the

productivity of the ear, which depends on many
factors, the main of them are the genetic
characteristics of the variety and cultivation
technology.
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Our studies found that the variety of wheat
spelt Zorya Ukrainy for three years of research
formed a long ear (13.5 cm) with the largest
number of spikelets in the ear (17.1 PCs/ear),

which was by 6.7% and 5.3%, more than such
indicators of the variety Europa, respectively
(Table 2).

Table 2. Influence of varietal characteristics and pre-sowing seed treatment with biopreparations on the main elements
of spelt wheat ear productivity, 2016-2018
Pre-sowing seed treatment with
biopreparations
(factor B)
Control
Organic-balance
Zorya Ukrainy (st.)
Organic-balance + Liposam
Average in variety
Control
Organic-balance
Europa
Organic-balance + Liposam
Average in variety
The least significant difference (LSD) at p<0.05: factor A
The least significant difference (LSD) at p<0.05: factor B

The length of
the ear, sm

Variety
(factor A)

13.3
13.5
13.6
13.5
12.5
12.6
12.8
12.6
0.18
0.11

But the number of spikelets in the ear little
determines the productivity of winter wheat.
The second most important element of the crop
structure is the number of grains in the ear,
which is determined by the meteorological
conditions of the year, varietal characteristics
and technology model. The highest grain
number in ear was obtained by the variety
Europa, which on average over three years
formed as 31.7 pieces/ear, as it was by 17.7%
more than such number the variety Zorya
Ukrainy.
To a large extent, the productivity of the ear
depends on the mass of grain from 1 ear. In our
studies, this indicator was higher in plants of
the variety Europa and on the average on B

Number of
spikelets
pcs/ear
17.0
17.2
17.2
17.1
15.7
16.3
16.5
16.2
0.4
0.6

Number of
grains,
pcs/ear
25.6
26.1
26.5
26.1
30.7
32.0
32.3
31.7
0.4
0.5

Grain
weight of
1 ear (g)
1.02
1.06
1.07
1.05
1.19
1.22
1.26
1.22
0.02
0.01

factor it was 1.22 g, which was by 13.9%
higher than such indicator of the variety Zorya
Ukrainy.
At the final stages of development of winter
wheat plants, the highest level of productivity
is achieved due to the better fullness of the
grain, which is characterized by such indicator
as the mass of 1000 grains, which is a clearly
expressed varietal characteristic (LackoBartošová et al., 2010). Our studies shown that
the variety Zorya Ukrainy formed on average
for the years of research (2016-2018) the
heaviest grain, the 1000 seeds weight of which
variety on average varied depending on pretreatment of seeds with biopreparations from
46.3 up to 47.0 g (Figure 3).

Zorya Ukrainy (st.)

Europa

Organic-balance + Liposam

Organic-balance

Control

39

40

41

42

43

44

45

46

weight of seeds, g

Figure 3. 1000 seeds weight of spelt wheat depending on varietal characteristics and
pre-sowing treatment of seeds with biopreparations (2016-2018) (g)
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Slightly lower, that indicator formed on the
variety Europa from 42.1 up to 43.8 g, it was
by 6.8-9.1% less than such indicator of the
variety Zorya Ukrainy. According to the results
of the dispersion analysis it was found that the
factor B had a negligible effect on the
formation of the 1000 seeds weight of the
studied spelt wheat varieties, the share of which
factor was only 7%.
By many scientists it was studied the positive
effect of biopreparations on grain yield in the

cultivation on the organic technology (Zrckova
et al., 2017; Jablonskyte-Rasce et al., 2013).
Our studies found that, on average, over the
years of research, the highest grain yield (as
4.32 t/ha-1 and 5.74 t/ha-1, respectively) was
obtained from both studied varieties in the
variant with pre-sowing treatment of seeds with
Organic-balance + Liposam, as it exceeded
control by 0.21 and 0.44 t/ha-1 (Table 3).

Table 3. Influence of varietal characteristics and pre-sowing seed treatment with biopreparations
on grain yield of spelt wheat (t/ha-1)
Pre-sowing seed treatment with biopreparations
2016
(factor B)
Variety Zorya Ukrainy (st.) (factor А)
Control
4.03
Organic-balance
4.55
Organic-balance + Liposam
4.78
Average factor B
4.45
Variety Europa (Factor А)
Control
6.24
Organic-balance
6.55
Organic-balance + Liposam
6.51
Average factor B
6.43
The least significant difference (LSD) at p<0.05: factor A
0.26
The least significant difference (LSD) at p<0.05: factor B
0.11

Table 3 shows that the yield of the studied spelt
wheat varieties varied during the years of
research. So, the highest grain yield was
obtained in 2016 as 4.03 up to 4.78 t/ha-1 for
the variety Zorya Ukrainy and it was 6.24 up to
6.51 t/ha-1 for the variety Europa. In 2018 the
lowest grain yield was from 3.41 up to 3.66
t/ha-1 and from 4.25 up to 4.46 t/ha-1,
respectively.
According to the results of the analysis of
variance found that the greatest impact on the
formation of grain yield of spelt wheat was by
factor A (variety), the share of that factor of in
the grain yield varied over the years: such as
94% - in 2016; 98% - in 2017; 92% - in 2018.

2017

2018

Average for 3
years

4.21
4.42
4.53
4.39

3.41
3.65
3.66
3.57

3.88
4.21
4.32
4.14

6.10
6.21
6.26
6.19
0.10
0.18

4.25
4.40
4.46
4.37
0.17
0.09

5.53
5.72
5.74
5.66
0.09
0.07

largest ear grain content (31.7 pieces/ear) was
had by the variety Europa. The largest mass of
1000 seeds of wheat was formed by the variety
Zorya Ukrainy as 46.3 up to 47.0 g depending
on
pre-sowing
seed
treatment
with
biopreparations. The highest grain yield (4.32
and 5.74 t/ha-1) was obtained from both studied
varieties in the variant with pre-sowing
treatment with Organic-balance + Liposam
seeds, as it exceeded the control by 0.21 and
0.44 t/ha-1. Thus, given the market conditions
and favorable soil and climatic conditions, the
selection of spelt varieties and the search for
opportunities to optimize growth processes, for
the implementation of the potential crop yield
will contribute to the growth of organic
production in the country, as it is a natural
phenomenon against the background of a
significant demand for "healthy" products
worldwide.

CONCLUSIONS
The highest coefficient of productive tillering
(7.1) and the most productive stem stand (766780 PCs/m²) was formed in plants of the
variety Zorya Ukrainy, as in average for three
years of research which studied indicators by
67.6% and 23.1-23.3%, respectively for the
exceed indicators of the variety Europa. The
longest ear (13.5 cm), with the highest number
of spikelets (17.1 PCs/spike) was formed from
plants of the variety Zorya Ukrainy, and the
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Abstract
The peculiarities of growth, development and fattening qualities of young pigs of different genotypes evaluated by the
MC4R gene (marker of meat and fattening qualities, their association with productivity were determined). The true
difference between animals of different genotypes (GG, AA and AG) is set at live weight at 3 months of age (4.9-5.2 kg),
age of achievement live weight 100 kg (GG - Ag, 7.1 days), thickness of the sphinc at 6-7 thoracic vertebrae (GG - AA 3.7 mm, GG - AG - 2.1 mm), body length and the chest circumference of the shoulder blades at the age of 6 months (AG
- GG, 1.3-1.8 cm). According to O. Wangen's index, the GG genotype is an essential advantage in animals. Compared
to the peers of the genotype AA and AG, the difference was 44.86-37.73%.
Key words: young pigs, growth, development, fattening qualities, DNA-typing, gene, productivity.

INTRODUCTION

(Zinov’ieva et аl., 2011; Glasko, 2007;
Mikhailov et аl., 2013; Kim et аl., 2000). This
direction allows the creation of herds of
animals with a high reproductive capacity of
sows and breeders, fattening and meat qualities
of their offspring. Such a practice in animal
husbandry has already been launched in a
number of foreign countries, as well as in
Ukraine.
Domestic and foreign scientists conduct a lot of
research on the use of genetic methods in
breeding work. Kostenko et al. (2010),
Yepishko et al. (2016) studied the association
of the polymorphisms of the EHR, PRLR,
FSHβ and RYR1 genes and showed a positive
effect of combining the desired genotypes with
the reproductive function of sows and buds. In
this case, the frequency of occurrence of the
genotype ESRVVFSHßBV, which positively
affects the reproductive function of the
pediatricians, was 12%.
The problem of the use of the relationship of
DNA markers in the selection of pigs was also
studied by Вannikova (2005), Het’mantseva et
al. (2010), Domashova (2013), Zinov’ievа et al.
(2005) and others.
The above determines the relevance and vector
of our research and meets the requirements of
the present to solve the problem of organizing
economically
feasible
production
of
competitive pork in Ukraine.

Providing the population with a full and
sufficient quantity of food was and remains one
of the most pressing problems of our time. The
experience of advanced states shows that the
elimination of the deficit of meat by more than
42.0 % is solved by the pig industry. This is
due to the biological characteristics of animals
of this species, as well as the creation of
optimal conditions for feeding and maintenance
for them.
Great importance is the breeding of highly
productive breeds and the introduction of
innovative methods for assessing the breeding
value of pigs of various sex and age groups.
An important issue for increasing the gross
production of pork is to solve the problems
associated with the reproduction of the herd,
increasing the level of fattening and meat
qualities of young pigs, obtained using
different breeding schemes. Achievement of
this goal is impossible without the use of
genetic-molecular techniques for the creation
of populations of herds of pigs, with a high and
stable level of productivity. This is a
prerequisite for the economically expedient
operation of specialized pork farms.
One of the factors for accelerating the breeding
process in the pig breeding industry is the use
of
marker-associated
selection
(MAS)
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mice piglets before weaning, kg (Korotkov et
al., 2012).

The aim of the work was to study the
peculiarities of the growth, development and
fattening characteristics of young pigs of
different genotypes evaluated by the MC4R
gene (marker of meat and fattening qualities)
and to establish its association with animal
productivity indices. The object of research
was sows, puppets, pedigrees and young
animals of large white pigs. In this case,
genetic, genetic, zootechnical, laboratory,
statistical, and economic methods were used.
The place of research is the Animal Livestock
Laboratory of the Institute of Grain Crops and
Genetics of the Institute of Pigbreeding and
AIP of the National Academy of Agrarian
Sciences, «Druzhba-Кaznacheevka» LTD of
the Dnipropetrovsk Region.
The estimation of young pigs on the basis of
growth, development and fattening qualities
was carried out taking into account the
following absolute and integrated indicators:
absolute (kg), average daily (g) and relative
(%) increments of live weight from birth to age
reaching a live weight of 100 kg; Body length
at the age of 6 months, cm; girth of the breast
for shoulder blades at 6 months, cm; age of
achievement of live weight 100 kg (days);
Eyrosomy Index and Wangen Index (1):
ІLN 

n
хтах  хтіn
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 AD 
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(3)

(4)

The index of eurysomya was calculated
according to the technique of Akimov et al.,
(2005). Measuring the thickness of the spike
was performed using the Renko Lean Meater
Digital Backfat Idic, S/N 46080. Measuring the
thickness of the wire rod using the Renko Lean
Meater Digital Backfat Idic, S/N 46080.
The economic efficiency of research results
was calculated according to the formula:

Е  С

(1)

СP
 L К ,
100

(5)

where: E - the cost of additional products,
UAH; C - the existing purchase price per unit
of product in Ukraine (UAH); Р - average
productivity of animals; P - average increase of
basic production (%), expressed as a
percentage of 1 head in the application of a
new and improved breeding achievement
compared with the productivity of animals of
basic use; L - constant coefficient of reduction
of the result, which is associated with
additional costs for profitable production
(0.75); K - number of animals of a new or
improved breeding achievement, heads
(Korotkov et al., 2005).

piglet in the nest, kg; Х - average live weight
of piglets in the nest on the date of birth (large
sows), kg (Khalak, 2012).
(2)

where: B - the number of live piglets on the
date of the nation (sowing multiplicity), heads;
H - number of piglets on the date of receipt,
heads; G - middle-dredged growth of livestock

 AD

chest girth behind the shoulder blades
 100 %
length of trunk

where: І - Wangen index, AD - average daily
gain of live weight from birth to achieve a
living weight of 100 kg, g; TF - thickness of fat
at 6-7 thoracic vertebrae, mm; σ AD phenotypic standard deviation of the average
daily gain of live weight, g; σ TF - phenotypic
standard deviation of the thickness of the spike,
mm (Kozlovsky et al., 1982).

where: ILN - index of the leveling of the sow's
nest for the live weight of piglets on the date of
their birth, points; n - multiplicity of sow,
heads; 2.5 - the maximum indicator of live
weight of one piglet on the date of birth, kg; x
max - live weight of the heaviest piglet in the
nest, kg; x min - live weight of the easiest

І  В  (2  Н )  (35  G)

1



Results of researches were worked out
statistically according to the method of Lakin
(1990).
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(Cv=11.40%), the weight of the nest for the
time of weaning - 95.3±3.56 kg (Cv=14.48%),
average daily increment of live weight of
piglets before weaning - 0/241±0/0101 kg
(Cv=13/35%), index L. Lasha modification of
Berezovsky M.D. - 39.61±1.738 points
(Cv=13.16%).
The results of research on the reproductive
capacity indices of large white breeds of sows
in combination with chicks of a similar
genotype of English and Hungarian breeding
are given in Table 1.

Experimental sows of large white breed are
characterized by the following indices of
reproductive ability (n=15): multiplicity equal
to 11.4±0.76 heads (Cv=25.92%), high fertility
– 1.32±0.029 kg (Cv=8.48%), the weight of the
nest at the time of birth is 15.1±0.43 kg
(Cv=11.10%), the level of the sow's nest for the
live weight of the piglets at the time of their
birth is 6.95±0.479 points (Cv=26.70%), the
number of piglets for the time of weaning at the
age of 28-32 days - 9.8±0.29 heads

Table 1. Indices of reproductive capacity of sows of large white breed
(LTD «Druzhba-Kaznacheevka» of Dnipropetrovsk region)
Combination

Biometric
Indicators

GV × GVES

GV × GVUS

n

5

10

  Sx

11.0±0.70

12.7±1.30

Сv,%

14.37

32.58

  Sx

10.8±0.58

11.8±1.123

Сv,%

12.07

30.10

Weight of the nest at birth, kg

  Sx

15.1±0.80

15.4±0.54

Сv,%

11.91

11.34

Femininity, kg

  Sx

1.40±0.008

1.34±0.044

Сv,%

1.27

10.36

Leveling nests for live weight of piglets at
birth, points

  Sx

7.34±0.401

6.76±0.699

Сv,%

12.23

32.68

Number of piglets before weaning, heads

  Sx

10.2±0.583

9.7±0.33

Сv,%

12.78

10.92

Mass of the nest at weaning, kg

  Sx

94.8±3.67

95.6±5.16

Сv,%

8.67

17.06

  Sx

0.245±0.004

0.241±0.010

Сv,%

4.48

13.35

  Sx

39.72±1.611

36.61±1.738

Сv,%

9.06

13.16

Indicators (signs)

Born pigs of all, head
Including born alive pigs, heads

Average daily gain of live weight of
piglets before weaning, kg
L. Lasha index in modification by M.D.
Berezovsky, points

The maximum multiplicity indices, the weight
of the nest at birth and the weight of the nest
at weaning are set in sows of a large white
breed of Ukrainian breeding in combination
with chicks of a similar genotype of
Hungarian breeding.
According to L. Lash's index, in the
modification of M.D. Berezovsky, the animals
showed a superiority of combinations of
Ukrainian breeding moths with breeds of a
similar genotype of English breeding.
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DNA isolation was carried out using Chelex
100 ion exchange resin Tcserenyuk (2010).
For DNA typing, the PCR-PDRF method was
used Stepanov et al. (1999). PCR was
performed using the standard reaction mixture
for the amplification of «Fermentas»
(Lithuania) on the Tercik-2 amplifier (DNA
technology, Russia) according to the program:
denaturation - 94С 0.5 min, hybridization of
primers - 60С for 0.5 minutes, synthesis 74С for 1 min.

For the quantitative analysis of the samples
for the melanocortin-4 receptor gene, an
endonuclease TaqI, (MBI Fermentas,
Lithuania), using a T ↓ CGA incision, has a
restriction temperature of 65°C. This process
was performed by electrophoresis in a 2.0%
agarose gel.
Visualization was carried out by staining an
agarose gel with bromide ethidium with
subsequent revision in ultraviolet light on a
transilluminator. Photo documentation was
performed by a digital camera «Canon».
It was established that the number of animals
with genotype AA is 30, GG - 3 heads and
AG - 27 heads.
In the study of the peculiarities of growth,
development and fattening characteristics of
young pigs of different genotypes evaluated
by the MC4R gene, it was found that by
weight at birth, no significant difference was

established between animals (0.05 (td = 0.69,
P>0.05) - 0.08 kg (td=1.095, P>0.05) (Table
2).
At 90 days of age, the difference between
animals in the genotype AA, AG and peers
GG was 4.9 (td=2.70, P<0.01) and 5.2 kg
(td=1.86, P>0.05) respectively. It was
established that during the period of control
feeding of animals, the genotype GG was
characterized by maximum daily average
increments of live weight (0.582±0.0086 kg)
and the minimum value of the sign «age of
reaching a living weight of 100 kg, days»
(169.0±2.38 days). Compared to those of
other genotypes (AA and AG), the difference
according to these indices was 0.006 (td=0.63,
P>0.05) - 0.023 kg (td=0.50, P>0.05), 2.2
(td=0.83, P>0.05) - 7.1 days (td=2.62,
P<0.05).

Table 2. Meat and fattening qualities of young animals
Indicators

Genotype

Biometric
Indicators

АА

GG

n

30

3

27

  Sx

1.51±0.028

1.56±0.067

1.48±0.031

Сv,%

10.49

7.37

11.07

  Sx

9.4±0.23

8.9±0.63

9.9±0.26

Сv,%

13.61

12.11

13.67

  Sx

35.9±1.01

31.0±1.52

36.2±2.34

Сv,%

15.28

8.53

33.67

  Sx

104.7±0.65

103.3±2.02

103.0±0.64

Сv,%

3.44

3.42

3.26

Absolute growth of live weight from birth to
achieve a live weight of 100 kg

  Sx

102.5±0.65

101.7±2.08

101.5±0.65

Сv,%

3.48

3.54

3.34

Average daily gain of live weight from birth to
achievement live weight 100 kg

  Sx

0.576±0.0040

0.582±0.0086

0.559±0.046

Сv,%

3.82

2.54

4.29


  Sx

194.2

193.9

194.1

171.2±1.19

169.0±2.38

176.1±1.45

Сv,%

3.80

2.44

4.29

House density of 6-7 thoracic vertebrae, mm

  Sx

23.7±0.40

20.0±0.57

22.1±0.45

Сv,%

9.28

5.00

10.78

Length of the body in 6 months, cm

  Sx

115.7±0.32

114.9±0.47

116.2±0.37

Сv,%

1.52

0.87

1.69

Heat of breast with shoulder blades at 6 months,
cm

  Sx

108.3±0.42

107.6±0.34

109.4±0.61

Сv,%

2.16

0.54

2.93

Index of eyrosomya, points

  Sx

93.60±61

93.62±0.55

94.14±0.41

Сv,%

1.72

1.02

2.32

Index of O. Vagen, points

  Sx

36.96±0.237

59.36±1.139

32.73±0.304

3.51

3.32

4.82

Live weight at birth, kg

Weight at removal, kg Washing

Live weight at 90 days of age, kg

Live weight at the age of 6 months, kg

Overall growth of live weight from birth to
achieve a live weight of 100 kg, %
Age of achievement of live weight of 100 kg,
days

Сv,%
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AG

The absolute and relative growth of live
weight from birth to reaching a live weight of
100 kg varied from 101.5 (AG) to 102.5 kg
(AA) and from 193.9 (GG) to 194.2% (AA).
In the thickness of the spike at the level of 6-7
thoracic vertebra, the difference in favor of
young pigs with genotype GG was 3.7 (td =
5.78, P<0.001) - 2.1 mm (td = 3.08, P<0.01).
The length of the body, the circumference of
the breast of the shoulder blade and the index
of the eyrosomy of the genotype AG
dominated the peers of other genotypes (GG
and AA) by 1.3 (td=2.21, P<0.05) - 0.5 cm
(td=1.04, P>0.05), 1,8 (td=2.61, P<0.05) - 1.1
cm (td=1.50, P>0.05) and 0.52 (td=0.76,
P>0.05) - 0.54 points (td=0.72, P>0.05).
The maximum index of O. Wangen's index
was found in animals of the genotype GG,
which is 44.86 (td=22.76, P<0.001) and
37.73% (td=32.52, P<0.001) more than that of
genotypes of the same age (AG and AA).
CONCLUSIONS
Polymorphism by the MC4R gene indicates
the potential and effectiveness of marker
breeding of the large white breed pigs of the
LTD «Druzhba-Kaznacheevka» of the
Dnipropetrovsk region.
The true difference between animals of
different genotypes (GG, AA and AG) is
based on live weight at 3 months of age (4.95.2 kg), age of achievement of live weight of
100 kg (GG -Ag, at 7.1 days), thickness of the
sphincus at the level of 6-7 thoracic vertebrae
(GG - AA - by 3.7 mm, GG - AG - by 2.1
mm), body length and chest circumference at
the age of 6 months (AG - GG, 1.3-1.8 cm).
According to O. Wangen's index, the GG
genotype is an essential advantage in animals.
Compared to the peers of the genotype AA
and AG, the difference was 44.86-37.73%.
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Abstract
The purpose of this study was to obtain the appropriate percentage of the quality and acceptance of culled layer hens
sausages, because various factors during the processing process had an impact on the quality characteristics and
acceptance of the final sausage products.The use of culled layer hens has been widely used and chicken sausages are
the preferred and consumed products in various countries. Fresh culled layer hens sausages, were processed with
several concentrations of corn oil (5%, 10%, 15%, 20% and 25%). This study uses a 5 x 4 Completely Randomized
Design (CRD), with five different percentage of corn oil, and four replications, to determine its effect on pH, moisture
content and fat content respectively on physical and chemical properties and its acceptance of sensory properties,. The
samples are tested immediately (day zero) at room temperature. The results are the moisture and fat content has
significance, but the sausage pH are not significant between the treatments. The conclusion is, that the corn oil addition
has improved the quality of fresh culled layer hens sausages.
Key words: corn oil, culled layer hens sausage, physical, chemical and sensory quality.

INTRODUCTION

age and relative toughness and therefore sold at
a lower market price. The availability of broiler
meat all through the year to meet the local
demand does not necessitate meat tenderization
thereby diminishing the demand for meat from
spent hens.
Hence meat from these birds needs sufficient
processing to improve its acceptability
(Ilayabharathi et al., 2012).
The advantage of meat processing is the
integration of certain animal tissues into the
food chain as valuable protein-rich ingredients.
Thus, there are economic, dietary and sensory
aspects that make meat processing one of the
most valuable mechanisms for adequately
supplying animal protein to human populations.
Meat and meat products are very important in
human nutrition, because they are an excellent
source of protein with a well-balanced
composition of amino acids (Fellows, 1990;
Heinz, Hautzinger, 2007; Hasan, 2015).
Fresh sausages are meat products that usually
made of beef, and the commercial sausages

The increased number of population growth
needs enough food stock to fulfill the food
necessity, and it is known that meat is the
primary source of animal protein. Demand rate
of chicken meat is 4% more than its production
rate (Lengkey et al., 2014).
Chicken meat can be supplied from the poultry
farm, either from the broiler or from the layer
hens. Layer hens have double benefits, beside
production eggs, they can also produce meat
after their production period over.
Unproductive layer hens also can be used to
produce meat, and then to be sold as culled
layer meat, since they have tough meat
(Lengkey, 1991). Poultry products are popular
because of low fat content, and is perceived as
wholesome, healthy and nutritious (Naveena et
al., 2012).
Culled layer hens (spent hens) are the main byproduct of egg industry, the meat from these
birds is considered as low quality because of its
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have fat contents around 20% directly after
manufacture (Olivares et al., 2010); or for
chicken viennas can add 10% vegetable oil and
20% chicken fat emulsion (Heinz, Hautzinger,
2007). Fresh sausages fat has contributes the
flavor, texture, juiciness, and determined the
quality and acceptability of sausages; also as
source of essential fatty acids, fat soluble
vitamins that constitutes as energy sources, and
most of all are various properties of fresh
sausages; that determined the quality and
acceptability of sausages. Culled layer hens
contain lesser fat than broilers. In this regard,
the addition of corn oil will give positive effect
on consumer acceptance. High acceptability of
sausages with high fat, due to their appearance
and also to other characteristics such as flavor.
Raw sausages fat content was higher than
cooked sausages, because the cooking
temperature will decrease the fatty acids
(Asmaa et al., 2015). It means, that superheated
steam in cooking has great impact on fat
reduction for chicken sausages.
Many studies have reported new formulations
for sausages production, using olive, soy,
flaxseed, soybean, canola and linseed oils as
partial substitutes for animal fat (Muguerza et
al., 2001; Muguerza et al., 2004; FernandezGines et al., 2005; Ospina-E et al., 2010).
Quality characteristics of spent chicken
sausages for fat is 13.76% and moisture
56.64% (Ilayabharathi et al., 2012). This study
want to determine the best percentage of corn
oil addition based on pH, moisture, fat content
and consumer acceptability of fresh culled
layer hens sausages.

weight was 500 g for each sausage. Two
sausages from each batch were used to control
the pH by introducing a pH meter Jenway
3310. From each batch, 200 g of the meat
batter were collected to study the effect of corn
oil on fat content; 150 g of the sample were
minced and used for moisture content and pH
analyses. All of the results were expressed as
the mean of four replicates at each sampling
time.
Physical and chemical analysis
The sausages pH was determined by
homogenizing 10 g of each sample with
distilled water in a 1: 10 sample: water ratio
and then using pH-meter Jenway 3310 for 5
minutes until the pH reading were performed.
The determination of pH was performed at day
0 post production (fresh sausages). The
moisture content was determined also at day 0
post production (fresh sausages) according to
the official method for analysis of meat
products (AOAC, 1997), using two sausages
per batch, by weighing 10 g of sample in
aluminum dish and kept in an oven drying at
1050C for overnight. The fat content of the
sample were determined using Soxhlet
extraction with petroleum ether as a solvent
(AOAC, 1997).
Sensory analysis
Sensory analysis was conducted by 30
untrained panelists whose ages ranged between
19 - 50 years, recruited among students, faculty
and staff members from the university campus.
The panelists were asked to express their
opinion of the sausages regarding the aroma,
taste, texture and overall acceptance. All data
were recorded on a questionnaire designed to
indicate the degree of likeness for the sausages
of each treatment using a non-structured
scoring scale of nine points (from 1 = disliked
extremely to 9 = liked extremely). Panelists
were served with randomized slices of
sausages, two per treatment, together with
room temperature water to clean the palate
between samples.
Samples were coded with three random
numbers. The presented data are mean values
of 30 panelists.
Statistical analysis
This work used an experimental plan with
completely randomized design 5 x 4 (CRD),
with 5 different percentages of corn oil, and 4

MATERIALS AND METHODS
The research was performed on 30 fresh,
boneless culled 70 weeks Hy-line breed layer
hens meat, with 1.6 kg averages body weight,
from Missoury breeding farm and the
ingredients, from supermarket in Sumedang,
Bandung, Indonesia.
Preparation of sausages
Five batches of fresh sausages (10 kg meat
batter for each batch) with different corn oil
contents (5%, 10%, 15%, 20% and 25%) were
manufactured. The meat batter was stuffed into
1.50 cm diameter collagen casings; produced
20 sausages from each batch, and the final
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replications, to study the effect of corn oil over
pH, moisture and fat content respectively on
the physical, chemical and sensory quality; and
the samples were analyzed immediately (day
zero) at room temperature.
All analysis were performed in duplicate, and
the data were evaluated by one way analysis of
variance (ANOVA) using the SPSS 21.0
version statistical package (IBM Statistics
version 21) software package.
The averages were compared by Duncan’s
multiple range test at a confidence level of 5%
(p≤0.05) for sensory analysis, the ability of
each descriptor to discriminate between
samples was investigated using Kruskall-Walis
test.
Data obtained from physical-chemical analysis
were analyzed using mean comparisons,
analysis of variance (ANOVA) and Duncan
multiple range test to see significant differences
(p<0.05) in the formulation of fresh culled hens
sausages.

RESULTS AND DISCUSSIONS
Physical and chemical composition of fresh
culled layer hens sausage
Based on the results of physical-chemical
analysis, the addition of corn oil improved the
quality of the culled layer hens’ sausages.
Mean of pH, moisture and fat percent value, of
fresh culled hens sausages are given in Table 1.
The results obtained from this experiments
show that corn oil added in the culled hens
sausages show significance different (p<0.05),
for moisture and fat content in mean percent,
except the pH that has no significant different.
The pH content of culled layer hens sausages
ranged between 5.50 and 5.60. The normal pH
of meat products range from 4.8-6.8, while that
of fresh sausages has been suggested to be at a
pH of not less than 5.5 (Romans et al., 2001;
Cocolin et al., 2004). It means that fresh culled
hens sausages are in the range of normal fresh
sausages.

Table 1. The average physical and chemical composition of fresh culled hens chicken sausages
Treatments
T-1
T-2
T-3
T-4
T-5
pH
5.50 ± 0.040a
5.55 ± 0.022a
5.57 ± 0.031a
5.58 ± 0.255a
5.60 ± 0.010a
58.35 ± 1.242a
57.10 ± 1.576b
55.01 ± 2.034b
50.25 ± 0.511c
Moisture (%)
53.96 ± 1.234c
Fat (%)
19.38 ± 0.327b
19.60 ± 0.146b
18.79 ± 0.241a
20.00 ± 0.104c
20.29 ± 0.119d

Notes: T-1 = sausages batter + 5% corn oil
T-2 = sausages batter + 10% corn oil
T-3 = sausages batter + 15% corn oil

T-4 = sausages batter + 20% corn oil
T-5 = sausages batter + 25% corn oil

The pH values are not significantly different of corn oil added in sausages, makes the
even the pH value was found to increase as the moisture content decreases.
corn oil in the sausage was more added. T-5 The reduction in moisture content, caused the
treatment (25% corn oil added) has the highest increase in fat content. Fat content are between
pH value (5.60 ± 0.010), while the lowest pH 18.79% to 20.29% (18.79%, 19.38%, 19.60%,
value (5.50 ± 0.040) is T-1 (5% corn oil added), 20.00% and 20.29%, respectively). In this work,
so the pH value for the culled hens sausages is the increase of moisture content was
affected by the addition of corn oil. It means accompanied by decreasing of fat content
that corn oil increase the pH value of the (p<0.05). This is in line with a work on pork fat
product. A work on chicken broiler, spent hens replacement in dry fermented sausages
and duck meat, also there was no significant (Jimenez-Colmenero et al., 2013). Higher fat
different on pH of the sausages (Subhasish et al., contents resulted in processing fermented
2006). The fat content of the culled layer hens sausages that replacement of pork backfat with
sausages are 18.79%, 19.38%, 19.60%, 20.00% olive oil, was reported (Muguerza et al., 2002).
and 20.29%, respectively. The fat content of the The fat content of chicken sausage is 20.00%
sausages are increase as the corn oil added more (Heinz and Hautzinger, 2007). So using 20%
in the sausages batter. Moisture content ranging corn oil in fresh culled hens sausages are fulfill
from 50.25 to 58.35%. The moisture content of the sausage condition. Fat content in culled hens
fresh culled hens sausages are significant sausages was exhibited also a significant
different (p<0.05). The moisture contents are difference (p<0.05) among treatments. While
58.35%, 57.10%, 55.01%, 53.96% and 50.25%, for the proximate analysis, since T-4
respectively. The result showed that an increase formulation, showed better properties.
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Table 2. The sensory quality average scores of fresh culled layer hens sausages
Aroma
Taste
Texture
Overall

T-1
7.500 ± 0.572a
5.10 ± 0.500a
5.440 ± 0.140a
7.533 ± 0.507a

Treatments
T-3
7.648 ± 0.699a
5.255 ± 0.101a
5.63 ± 0.204a
7.663 ± 0.674a

T-2
7.568 ± 0.504a
5.25 ± 0.101a
5.48 ± 0.836a
7.567 ± 0.504a

The sensory quality of fresh culled layer hens
sausage
The sensory quality average scores of fresh
culled layer hens’ sausages are given in Table 2.
The sensory attributes were aroma, taste, texture
and overall acceptance. According to the
sensory analysis, the results are different;
depending on the addition of the corn oil; but
the scores of all sensory quality are increase as
more corn oil percentage added in the batter.
Even there are increase on fat content, but there
was no significant different, between the
treatment. The overall results of sensory quality
ranges from 7.533 to 7.800.
From the results above, this product gets a
positive rating (between like moderately to like
extremely). The results of this work indicate
that corn oil has good effect in fresh culled
hens’ sausages.
The aroma in fresh sausages was not well
developed, it was differed than the fermented
sausages that has been developed occur during
fermentation and drying (Flores et al., 2004).
That is why in this work, the aroma has no
significant difference in fresh culled hens
sausages.
The texture in solid food emulsions are
determined by the composition of the food,
homogenization conditions and post-processing
operations. Sausages are oil in water emulsions,
and the continuous phase is a complex colloidal
system of gelatin, protein, minerals and
vitamins, and the dispersed phase is fat globules
(Fellows, 1990). Sensory analysis shows that
corn oil has significance effect on culled layer
hens sausages.
Corn oil proved suitable for the production of
fresh culled layer hens sausages. Sensory
quality was acceptable in all sausage variants,
but somewhat better aroma, taste and texture
were detected in sausages produced since added
of 20% corn oil. Considering the results
obtained, it may be concluded that the
application until 25% corn oil could improve the
quality of fresh culled layer hens’ sausages.

T-4
7.700 ± 0.836a
5.33 ± 0.007a
5.74 ± 0.178a
7.700 ± 0.836a

T-5
7.800 ± 0.714a
5.37 ± 0.015a
5.89 ± 0.230a
7.800 ± 0.714a

CONCLUSIONS
This study clearly revealed that addition of corn
oil could make much difference in the chemical
composition of final products. The sensory
analyses results revealed that the product added
since 20% corn oil (T-4) was found to be better
in quality attributes. Therefore, could be used to
produce a high quality fresh culled layer hens
sausages.
The corn oil addition in processing culled layer
hens sausages determines the increase of the pH
and moisture content, but the fat content was
decreased, and the sensory quality also was
acceptable. It means the corn oil has improved
the physico-chemical quality of fresh culled
layer hen’s sausages. It could be concluded
from this work that the tough culled layer hens
meat, by value-addition with corn oil, and
processing as sausage, can be converted into an
acceptable product.
It is concluded that the addition of 20% corn oil,
could be useful to improve the final quality of
fresh culled layer hens sausages.
REFERENCES
Asmaa A.A., Zzaman, W., Tajul A.Y., 2015. Effect of
superheated steam cooking on fat and fatty acid
composition of chicken sausages. International Food
Research Journal 22 (2): 598-605.
Cocolin, L., Rantsion K., Iacumin L., Urso R., Cantona
C., Comi G., 2004. Study of the Ecology of Fresh
Sausage and Characterization of Population of Lactic
Acid Bacteria by Molecular methods. Applied and
Environmental Microbiology. 70: 1883-1894.
Fellows P.J., 1990. Food Processing Technology. Ellis
Horwood. New York. h.103.
Fernandez-Gines J.M., Fernandez-Lopez J., SayasBarbera E., Perez-Alvarez J.A., 2005. Meat Products
as functional foods: A review. J. of Food Science. 70
(2): R37-R53.
Flores M., M-Asuncion D., Marco A., Toldra F., 2004.
Effect of Debaryomyces spp. on aroma formation and
sensory quality of dry-fermented sausages. Meat
Science 68: 439-446.
Hasan S., Gatellier P., Lebert A., Picgirant L., Mirade
P.S., 2015. Effect of Combined Salt and Animal Fat

137

Reductions on Physicochemical and Biochemical
Changes during the Manufacture of Dry-fermented
Sausages. Trends in Food Sciences and Technology.
Heinz G., Hautzinger P., 2007. Meat Processing
Technology. RAP Publication 2007/20. FAO of the
UN Regional Office for Asia and Pacific. Bangkok. p
12, 402.
Ilayabharathi D., Sheriff F.R., Manohar G.R., 2012.
Shelf-life of Spent Chicken Sausage and Its
Organoleptic Qualities. Tamilnadu J. Veterinary and
Animal Sciences 8 (2): 60-67.
Jimenez-Colmenero F., Triki M., Herero A.M.,
Rodriguez-Salas L., 2013. Healthy oil combination
stabilized in a konjac matrix as pork fat replacement in
low-fat, PUFA-enriched, dry fermented sausages.
LWT-Food Science and Technology 51: 158-163.
Lengkey H.A.W., 1991. Pengaruh Penyuntikan Papain
terhadap Keempukan Karkas Ayam Petelur Afkir (The
Effect of Papain Injection on Culled Layer Hens
Tenderness). Majalah Ilmiah Universitas Padjadjaran
(Scientific Journal Universitas Padjadjaran). Bandung.
No. 2. Vol. 9: 57-62.
Lengkey H.A.W., Garnida D., Suryaningsih L., 2014. The
Effect of Length of Soaking in Papain on Meat Water
Content, pH and Tenderness of Culled Layer Hens. J.
of Animal Science. Sofia. Vol. LI, No.1/2: 159-161.
Muguerza E., Fista G., Ansorena D., Astiasaran I.,
Blaukas J.G., 2002. Effect of Fat level and Partial
Replacement of Pork Backfat with Olive oil on
Processing and Quality Characteristics of Fermented
Sausages. Meat Science. 61: 397-404.
Muguerza E., Gimeno O., Ansorena D., Astiasaran I.,
2001. Effect of Replacing pork backfat with preemulsified Olive oil on Lipid Fraction and Sensory

Quality of Chorizo de Pamplona - a Traditional
Spanish Fermented Sausage. Meat Science, 59: 251258
Muguerza E., Gimeno O., Ansorena, D., Astiasaran I.,
2004. New Formulations for Healthier Dry Fermented
Sausages: A review. Trends in Food Science &
Technology. 15 (9): 452-457.
Naveena B.M., Muthukumar M., Muthulakshmi L.,
Anjaneyulu A.S.R., Kondaiah N., 2012. Effect of
Different Cooking Methods on Lipid Oxidation and
Microbial Quality of Vacuum-packaged Emulsion
Products from Chicken. J. of Food Processing and
Preservation 38 (1): 39-47.
Olivares A., Navarro J.L., Salvador A., Flores M., 2010.
Sensory acceptability of slow fermented sausages
based on fat content and ripening time. Meat Science
10-2010.
Ospina-E J.C., Cruz-S. A., Perez-Alvarez J.A.,
Fernandez-Lopez J., 2010. Development of
Combination of Chemically Modified Vegetable Oils
as Pork backfat Substitutes in Sausages Formulations.
Meat Science, 84 (3): 491-497.
Romans, J.R., William J.C., Carloson C.W., Greaser
M.L., Jones K.W., 2001. The Meat We Eat. 4th ed.
Interstate Publ. Inc. Danville.
SPSS software package 21.0 version
Subhasish B., Chakraborty A., Sarkar., 2006. Comparison
among Qualities prepared from Chicken broiler, Spent
hen and Duck meat. The J. of Poultry Sci. 43: 180186.
*** AOAC, 1997. Official methods of analysis. 14th ed.
Association of Official Analytical
Chemists.
Washington DC.

138

AgroLife Scientific Journal - Volume 8, Number 1, 2019
ISSN 2285-5718;AgroLife
ISSN CD-ROM
2285-5726;
ONLINE
2286-0126;
ISSN-L 2285-5718
Scientific
Journal -ISSN
Volume
8, Number
1, 2019

ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

COMPARATIVE STUDY BETWEEN FLOCCULATION COAGULATION PROCESSESIN RAW/WASTEWATER TREATMENT
Loredana LITU1, Gabriela CIOBANU1, Sorin Mihai CÎMPEANU2, Olga KOTOVA3,
Ramona CIOCINTA4, Daniel BUCUR4, Maria HARJA1
1

Gheorghe Asachi Technical University of Iași, Faculty of Chemical Engineering and
Environmental Protection, 73 Prof. dr. doc. D. Mangeron Street, Iaşi, Romania
2
University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Mărăşti Blvd,
District 1, Bucharest, Romania
3
Laboratory of Mineral Raw Materials Technology, Institute of Geology, Komi Science Center of
UB of RAS, 54 Pervomaiskaya St., Syktyvkar, Komi Republic, Russia
4
University of Agricultural Sciences and Veterinary Medicine „Ion Ionescu de la Brad“ of Iași, 3,
Mihail Sadoveanu Alley, Iaşi, Romania
Corresponding author email: maria_harja06@yahoo.com
Abstract
In this study is present the advantages and disadvantages of the use of different type of coagulants and flocculants for
industrial wastewater treatment. This paper details how to survey and select appropriate reagents permit resolve of
many problems appear in wastewater treatment. It is designed to be used as a study to learn about the operation of
flocculation-coagulation process. The industrial wastewater can be regards as black box where mechanical
operational-chemical operation are interconnected. Troubleshooting problems in primary system have direct influence
over secondary systems (heavy metal removal, emulsion breaking, sludge thickening, dewatering etc.). To reduce the
harmful effects that wastewater can produce, some form of treatment is necessary environmentally friendly, with
minimize energy consumption. The relationship between water and energy and necessity for better managing energy
consumption continues to have a great attention in raw water and wastewater treatment plants. The use of electricity
and different reagents for water and wastewater treatment, impose unitary analysis. Appling unitary practice, function
of the kind of wastewater treatment plant, will be possible to adopt the best solution considering all processes that
concur to obtain a clean water. The aim of this study was analysis of characteristics of flocculants and coagulants, that
can be used in wastewater treatment, for establish the application conditions.
Key words: coagulation, flocculation, advantaged, requirement.

INTRODUCTION

coagulants and flocculants, and researchers
develop new other types (Amuda et al., 2006;
Li et al., 2016; Momeni et al., 2018, 2017a and
2017b). Finally, the only way tochoose the best
product to fit the application is to test the
different chemicals toreach the desired result at
the best cost/performance ratio (Ganjidoust et
al., 1997). To help narrow down the time and
products to test it is best to understand the
requirements of the application, properties of
various compounds, how they can be used in
various applications, and the advantages and
disadvantages of its usage. Some of the major
differences between coagulants chemical
families include: sludge generation, alkalinity
consumption and efficiency function of water
temperature.
Sustaining reliable treatment performance for
natural or wastewater treatment is critical for

The treatment raw and wastewater have a
crucial importance in industrial plants and
environmental protection (Buema et al., 2013;
Harja et al., 2007, 2011 and 2017; Kotova et
al., 2017; Rusu et al., 2014, 2017). The first
stage in the strategy of chemicals selection for
purification and solids-liquid separation is a
complete
Mechanical-Operational-Chemical
(MOC) system investigation to increase
understanding of the possible restrictions on
chemicals that cannot be used, as well as
understanding the mechanical treatment system
and equipment i.e. mixing energy, separation
equipment (Aziz et al., 2007; Harja and Szep,
2013). Understanding chemicals selection for
natural or wastewater purification can appear to
be complicated as there are many commercially
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minimizing impact to other plant operations,
the environment, or operating cost. Final water
quality can be caused by the mechanical
condition of the equipment, variability of
operational applies, or the type and content of
the contaminants in the source water. Small
process fluctuations are normal and expected;
however, too much variability can result in
treatment failure. The goal is to minimize the
variability of results even though the conditions
may not be optimum. Examples of sources of
variability in natural water treatment are
presented in Figure 1.

general this canbe accomplished in several
ways:
• Decrease operating costs;
• Increase quality of water output;
• Minimize environmental, health, and safety
issues;
• Efficiency improvement of treatment
processes;
• Minimize impact of contaminant or process
variability.
It is easy to identify the cost of the reagents
used to treat wastewater. However, this is only
a part of the cost of operation that should be
considered. The different plants have different
direct reagents costs, but it is possible to
produced different quality water, or sludge
characteristics, which lead to indirect savings.
For an industrial plant, changes in water quality
can have major impact on other costs.
Coagulants can be used in many different
purification applications and are the following
basic chemistry families: Organic; Inorganic;
Blends - Inorganic/organic. Basic flocculants
include cationic, anionic andnon-ionic charge.
MATERIALS AND METHODS

Figure 1. Variability in raw water treatment plants with
effect over water quality

The wastewater was characterized by different
physic-chemical
parameters:
°C,
pH,
conductivity, suspended matter, etc. The pH,
temperature and electrical conductivity was
measured by a Multi-parameter SHOTT
ProLab2000 is used for pH, temperature and
conductivity measurements, while the turbidity
was measured by a HACH 21009 turbidimeter.
The solid mater materials were determined by
filtering on a filter. The flocculationcoagulation tests were carried out according to
the Jar-Test protocol, with VELP FP4/
Analogic. The different type of flocculant and
coagulant were used for comparison studies.

Wastewater treatment plants have larger
parameter variability, function of type of
sources waters and the complexity of the
treatment processes. Treatment efficiency
wastewater will be different between treatment
plants, between unit processes, and for different
contaminants (Marzougui et al., 2017), factors
that determines removal efficiency.
The inefficient operation can be determined by:
• The suspended solids in large quantities, that
increase the solids loading on filters;
• The improvement hardness reduction can
determined the lime achieved, ion exchange
run length and cooling tower cycles of
concentration can increase;
• The aluminium used inpurification is fouling
heat exchangers;
• Silica in greater concentrations in the boiler.
While the primary goal of a wastewater
treatment plant is production of desired quality
water at the lowest cost, the final goal is to help
minimize the overall operating cost of the skill
(Ebeling et al., 2003; Natarajan et al., 2018). In

RESULTS AND DISCUSSIONS
The coagulation is the process of addition of
reagents to destabilization of colloidal particles
by charge neutralization to allow the particles
to agglomerate and separate from liquid media.
Coagulants are thus, smaller molecules with the
sole purpose of neutralizing surface charge on
the particles dispersed in the water.
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The
flocculation
determines
promotes
agglomeration and helps the particles to settle
down. Into a lot of application these processes
are combined.

with Al(OH)3 or aluminium trihydrate and adds
acid to form a partially neutralized aluminium
compound. The methods produce different
aluminium species, which will affect the
overall coagulation properties. Hence, two
products with identical specifications can
behave very differently in an application
(Jaoudiand Amdouni, 2013).
The introduction of aluminium sulphate into
water the hydrolysis reaction takes place, in the
6.5-7.5 pH range (minimum solubility), the
aluminium hydroxide Al(OH)3 is formed, able
to retain the suspended particles of wastewater.
Studies on aluminium sulphate coagulation
have shown the existence of several ionic
species that are formed upon the dissolution
and hydrolysis of aluminium salts. The
formation of these hydroxo-metal ion species
depends on the pH of the medium. In figure 2
shows the distribution of ionic species
depending on pH and precipitation range of
Al(OH)3.
Aluminium hydroxide formation starts at pH =
4.5 and at pH > 8.5 the aluminium hydroxide is
dissolved to form alumina. Al(OH)3 exhibit
amphoteric properties, depending on the pH of
the medium. In the case of aluminium salts, the
coagulation process is sensitively influenced by
pH and temperature. Thus, in periods of low
temperatures, the coagulation - flocculation
process is difficult, forming small, hard
sedimentary flocs (Wang et al., 2017).

Inorganic coagulants
Inorganic coagulants used in clarification are
mostly based on trivalent metal salts. The high
valence neutralizes surface charge on particles
allowing them to come together and form
larger particles (Benradi et al., 2016; Rana and
Suresh, 2017; Tetteh et al., 2017). The most
commonly used metal saltsare aluminium and
iron based (Table 1).
Table 1. Comparison of various inorganic coagulants
Widely used for colour and turbidity reduction
Optimum pH: 5.5-6.5
Requires added alkalinity to produce Al(OH)3
Large volume of difficult to dewater sludge
Al
Liquid corrosive
Higher coagulant charge per weight
Consumption of alkalinity is lower
Lower volume of sludge produced
Savings in dewatering and disposal
PACl Higher cost of product than Al
Partial Al replacement
Used for highly turbidity waters
Ferric Forms denser, faster settling floc
Sulfate Effective over a wider pH range - 4.0-11.0
Iron
Remove colour at higher pH levels

Both of these chemicals must react with
alkalinity to form insoluble precipitates of
Al(OH)3 or Fe(OH)3.
Aluminium based inorganic coagulants include:
• Aluminium sulfate or aluminium
(Al2SO4)3
• Polyaluminium chloride (PACl)
• Sodium aluminate (NaAlO2)
• Polyaluminium silica sulfate/chloride
(PASS, PASS-C)
• Aluminum chlorohydrate (ACH)
• Basic aluminium polychloride (PCBA)
Aluminium chemistry is very complex and it
can be polymerized to form polyaluminium
chloride (PACl). PACl can be formed in a
variety of ways, but there are two basic
methods of manufacture. One starts with AlCl3
solution and adds a base such as caustic or lime
to
partially
neutralize
AlCl3.
Total
neutralization will form Al(OH)3, but partial
neutralization will form polymeric aluminium
compounds, or PACl. The second method starts

Figure 2. The equilibrium composition of the solution in
contact with Al(OH)3 precipitate

Aluminum sulfate added as a coagulation agent
also ensures removal of phosphorus from water
by precipitation, according to the reaction (An
et al., 2017):
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Al2(SO4)3 + 2PO43- = 2AlPO4 + 3SO42(1)
Counter ions such as sulphates, phosphates and
silicates, can enhance PACl performance in
certain waters. Sulphated PACl products
generally perform better in cold water where
aluminium reacts more slowly with alkalinity
to form Al(OH)3. It should be noted that the
PACls product chemistry will change once
diluted with water, but the process is generally
slow. Thus, for testing purposes, a diluted
PACl product can be used without excessive
activity loss for about 2 to 4 hours.
Polyaluminium silicate sulphate (PASS) chemistry reacts with alkalinity faster than PACl
and thus, dilution with water quickly destroys
coagulation power (Zhang et al., 2017).
Iron based coagulants include: ferric sulphate;
ferric chloride and ferrous sulphate.
The iron salts are used for the purification of
wastewater, the precipitation range of Fe(OH)3
is more extensive than with Al(OH)3,
beginning at pH = 3 (Jiang and Wang, 2009).
Figure 3 shows the distribution of ionic species
according to pH solution.
Optimal coagulation with ferrous sulphate
takes place in the alkaline medium with the
addition of lime, in the first stage is ferrous
hydroxide, which is unstable and in the
presence of O2 from the water is converted into
ferric hydroxide. Mixed with aluminium salts
in 1/1 ratio, results large and easy sedimentary
flocs.

with alkalinity to form Fe(OH)3 providing the
coagulation and precipitation action.
Organic coagulants
The most common organic coagulant
chemistries are polyDADMAC and epi-DMA
(Table 2). These product chemistries have been
known for many years and have been used as
primary coagulants in a variety of applications.
Their use has expanded over the years because
of their fast reaction in cold water and their low
impact on water pH. The polyDADMAC
chemistry is considered resistant to chlorine
andcan be used in pre-chlorinated water
without loss of performance. In generally,
different coagulants if applied correctly will
work in chlorinated medium.
Dilution of concentrated chlorine to 1-2 ppm
greatly slows the degradation impact on
polymer. With proper dilution of chlorine, and
thefact that the coagulation rate is much faster
than the degradation rate, little impact on
performance should be observed.
Table 2. Organic coagulants
Coagulant
PolyDADMAC
Epi-DMA
Others

Product information
Various molecular weights: very
high, medium and lower
Cross-linked; Linear
Melamine-formaldehyde

Inorganic/Organic blends
Coagulant blends have several advantages over
single coagulants. The blended coagulants have
lower cost products (contain less expensive
inorganic compounds) and this supplements the
more expensive organic materials. The blended
coagulants
have
superior
performance
compared with singular coagulant, due to of
potential synergy between the inorganic and
organic components to form a faster settling
floc and produce cleaner water. On the other
hand the speed of coagulation is improved. The
blended coagulants doearnthe cost for blending,
but this is compensated by performance
enhancement.
The product selection is difficult and random,
because there are numerous coagulants.
Experience and seat testing becomes very
important to product selection. The advantages
and disadvantages for various coagulants are
presented in Table 3.

Figure 3. The equilibrium composition of the solution in
contact with Fe(OH)3 precipitate

Iron coagulants form a heavy floc and are
commonly used for their lower cost. Iron reacts
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Flocculants
Flocculants are organic based polymers
supplied in liquid (emulsion, dispersion) and
dry form. They are typically very high
molecular weight forming high viscosity
solutions. Flocculants are generally non-ionic,
anionic or cationic charge. The amount of
charge and the molecular weight can be
different
for
different
products.
Is
recommended does not blend coagulants and
flocculant products together. The reason is one
of what products to blend, what ratio and what
is the performance advantage? Since the
possibilities for such blended products becomes
so complex and the flexibility of adjusting
coagulant and flocculant dosages at the
necessity.

raw water treatment can be relatively low, where
as the dosages for treating wastewater can be
very high. Typical ranges are presented in Table
5, and are directly related to the type of solids
and solids loading in the system.
In raw water or wastewater purification,
feeding too much product results in what is
called over- dosing. An over dosage of polymer
can cause the solids to take on a net positive
charge, and actually re-disperse in the water.
When bench testing, one needs to evaluate a
variety of dosages ranging from low to high. If
the dosage is too high, one may see a
phenomenon called a false minimum. This
false minimum is the second performance
indicator (i.e., turbidity) minimum in the
dosage curve (Figure 4).

Table 3. Comparison of coagulant families

Table 5. Typical coagulant and flocculants dosages

Type
Inorganic

Organic

Blends

Advantages
Disadvantages
Low cost per pound
Dependent of pH
Cost effective in certain and T; Alters pH;
Sludge;
applications Sweep floc
Corrosive
mechanism
For cold waters; React
faster; Less corrosive;
Cationic charge; Higher
charge; Short chain
polymers; Produce less
sludge; Resistant to
chlorine
Reduces total solids
Efficiently for purification
Not pH adjustment
Minimizes settled sludge
volume; Easy to feed, easy
to handle, easy to store

Higher cost
Easier to over
dose

Dispersion
polymers

Wastewater

0.55-20 mg/L

25–5000 mg/L

Organic
coagulants

0.1-10 mg/L

10–5000 mg/L

Flocculants

1.0-20 mg/L

15–4500 mg/L

0.1-1.0 mg/L

2.0–100 mg/L

Over dosing a coagulant can give the
impression that the coagulant is being
underfed, since the normal turbidity or
suspended solids reduction performance is not
being achieved. The natural response is to
increase the dosage, but this would be an
incorrect direction to take. Without performing
jar tests or reducing coagulant dosage, it will
not be clear if the coagulant is actually being
overfed.

Table 4. Flocculant/polymer product offering

Dry

Raw water

Inorganic
coagulants

Clays

A summary of typical properties are presented
in Table 4.
Type
Emulsion

Type

Information
Highmolecular weight; Charge range:
Low to high 30-42% actives
Typically fed at 0.05-0.5% solution to
the application point
Requires activation, 0.25%
Dust problems
Fedat 0.1-0.25% solution
15-25% actives
No oil solvent
Salt solution with dispersed polymer

Dosages for the coagulants and flocculants can
vary greatly, and depend mostly on solids
loading and surface charge demand. Dosages for
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Figure 4. Coagulant dosage curve

The water pH has a main role in choosing
treatment plants (Zhan et al., 2013). The impact
of pH on performance includes: coagulant
demand;
sludge
production;
alkalinity
consumption; coagulant solubility. Increasing
pH will generally increase coagulant demand
and thus dosages will be higher. Establishing
the optimum pH should be investigated and pH
correction implemented, for significant
performance and cost savings (Figure 5). Using
coagulants at a higher pH will generate sludge
due to an increase in coagulant demand/dosage.
Inorganic coagulants can undergo hydrolysis as
part of their reaction and this consumes
alkalinity, which will lower the pH. Post
treatment pH correction may be required, this
operation increase the cost of the treatment
plant. Residual soluble aluminium from
aluminium- based coagulants will increase if
the pH is outside the 5.5-6.5 pH range.

Selecting the appropriate productwill require a
little bench testing.
CONCLUSIONS
Maintaining reliable treatment performance for
raw water or wastewater treatment is important
for minimizing impact to other plant operations, the environment, or operating cost.
Wastewater treatment is dynamic processes
with variable treatment efficiency, caused by
the equipment types, operational practices,
contaminants as type and quantities in the inlet
water.
The aimof this study was analysis of characteristics of flocculants and coagulants, that can
be used in wastewater treatment, for establish
the application conditions. Study of the major
differences between coagulants and flocculants
include,
sludge
generation,
alkalinity
consumption and effectiveness in cold water,
aspects that was discussed in this paper. The
first stage in the strategy of chemicals
selection, for purification and solidsseparation
is a Mechanical-Operational-Chemical system
investigation to understanding the possible
restrictions on chemicals that cannot be used.
Understanding chemicals selection for natural
or wastewater purification can appear to be
complicated because there are many
commercially coagulants and flocculants. The
only way to choose the best product to fit the
application is to test the different compounds to
reach the desired result at the best
cost/performance ratio. To saving the time and
energy, it is the recommended to understand
the requirements of the application, properties
of reagents usable in the various applications,
and its advantages and disadvantages.
The water quality is caused by the mechanical
condition of the equipment, variability of
operational applies, or the type and content of
the contaminants in the source water.

Figure 5. Effect of pH on coagulant demand

An effective flocculant is not a priority known,
for each type of water the general flocculant
applications are presented in Table 6.
Table 6. Flocculant/polymer applications
Application

Secondary treatment

Typical
Coagulant/Flocculant selection
Cationic coagulant/anionic
flocculant
Cationic flocculant
Cationic coagulant/anionic
flocculant
Cationic coagulant/anionic
flocculant; High charge
cationic flocculant
Cationic coagulant/anionic
flocculant
Cationic flocculant

Solids
Thickening/Dewatering

Cationic coagulant/cationic
flocculant

Raw water clarification
aid
Primary treatment
Emulsion breaking
Metals removal
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Abstract
The Urechis unicinctus is a rare treasure benthonic animal that most seen in China, Japan and Korean Peninsula. As
the research moves along, people gradually realized that Urechis unicinctus possesses delicious meat with high
economic value. High protein content and the presence of numerous essential amino acids in the body wall muscle are
arguments for regular consumption to increase human health. This paper reviews and discusses available research
results regarding biology, ecology and physiology of Urechis unicinctus emphasizing its potential to be valorized for
different industries. Nevertheless, the paper provides references for further studies dealing with producing of Urechis
unicinctus under controlled conditions.
Key words: biology, characteristics, Urechis unicinctus, use.

INTRODUCTION
Urechis unicinctus which is known as spoon
worm or fat innkeeper worm belonging to the
Echiurioidea,
Echiurida,
Xenopneusta,
Urchidae and Urechis (Ma et al., 2016; Zhang
et al., 2016). Shandong peninsula is the main
producing region, and the “Yantai sea worm”
has become a protection product with a
geographical indication. Spoon worm is
considered a delicacy and, because of the high
protein content and high number of essential
amino acids, a sea food product with high
nutritional value (Jo et al., 2008). U. unicinctus
has potential medical value (Sung et al., 2008)
due to anti-tumor and immune-improving
effects of some extracts.
In order to provide reference for the further
development of U. unicinctus, this paper
summarizes the biological aspects of U.
unicinctus such as structure, distribution,
growth and reproduction as well as utilization.

Figure 1. Mature U. unicinctus (50 g wet weight)
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which can secrete mucus to keep the body
moist (Figure 2).
Glandular cells can withstand for 72 hours at
7°C and a relative humidity of 69.7% in the
openair (Li et al., 1998). U. unicinctus has a
developed body cavity which is filled with
coelomic fluid without the vascular system (Li
et al., 1995). Coelomic fluid contains round
brown body cavity ball (containing red
pigment) (Li et al., 1998). The digestive tract is
long and circuitous composed of the mouth,
pharynx, esophagus, hernia sac, gizzard,
stomach, midgut, pneogaster, hindgut, and anus
(Sung et al., 2008). The pneogaster is a special
part of the gastrointestinal tract. The former of
it is connected with the midgut, and the rear of
it is connected with the rectum (Li et al., 1998).
Figure 2. Mature dark U. unicinctus (110 g wet weight)

Distribution and origin
U. unicinctus has the strong adaptability to the
environment and is widely distributed in
Russia, Korean Peninsula, Japan and China. It
lodges in the sediment and its cave is the type
of “U” (Kimura et al., 1983).
Whether Echiura belongs to Annelida has much
controversy. Due to lack of segmentation, in
the traditional classification system, scholars
trend to classify Echiura as the independent
phylum. However, with the deepening of
morphological research and the development of
molecular biology, more and more scholars
trend to classify it as the member of annelids
(Clark, 1969). Echiura and Annelida have
many similar morphological characteristics,
like the superstructure of the bristle and
epidermis, the segmentation of the trochophore
stage, and the developmental mechanism of the
nervous system. The order of mitochondrial
genes and the phylogenetic tree based on amino
acid sequences all indicate that U. unicinctus
may have originated from annelids, and its
sister groups are oligochaetes from annelids
(Wu et al., 2009).

MATERIALS AND METHODS
This paper presents a review of the relevant
literature
regarding
the
biological
characteristics and utilization of Urechis
unicinctus.
RESULTS AND DISCUSSIONS
BIOLOGICAL CHARACTERISTICS OF
U. unicinctus
The body structure of U. unicinctus
U. unicinctus has a sausage-like body in purple
(Figure 1). The length of the adult is ranging
from 100 to 250 mm while the body width
could vary from 15 to 30 mm (Li et al., 1998).
The front part of the body is represented by a
stocky snout, which has the function of
ingesting and breathing. The base of the snout
has a pair of neuroseta and the center is the
mouth. The rear of the mouth has two pairs of
nephridial pores which are connected to the
nephridium and are full of germ cells during
the breeding period (Ma et al., 2016). The back
of the body is a transversely-shaped anus with
9 to 13 bristles around the anus (Li et al.,
1998).
The body wall of U. unicinctus is a dermomuscular sac that consists of outer muscularis,
muscle layer, inner muscularis and inner
oblique muscles (Li et al., 1995). The body
wall contains well-developed glandular cells,

Diet and growth
U. unicinctus is a filter feeder and slag eater. It
has no selectivity to food particles and the
ingestion is continuous (Li et al., 1995). Snout
is the organ for ingestion. The surface of its
body has many cilia that form many plicae.
Adjacent plicae form the food groove (Li et al.,
1995). The water flow caused by the cilia
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Adaptability to the environment
Temperature and Dissolved Oxygen
U. unicinctus is a poikilothermal animal. The
highest and lowest temperature tolerated by an
adult is 32.5°C and -4°C, respectively. The
water temperature compatible for surviving is
from -2°C to 31°C, and the optimal temperature
range between 8-26°C (Li et al., 1998). The
larva’s ability to withstand high temperature is
slightly decreased comparing with adults. The
water temperature exceeding 31.6°C is not
compatible with larva survival. Even in the
case of a short exposure to temperatures above
upper tolerated limit, the adverse reactions
induce high mortality, the survival rate not
exceeding 10% even if the temperature is
lowered (Li et al., 1995). U. unicinctus is a
benthic organism who preferring low
temperature which is consistent with its
geographical and ecological distribution under
natural conditions.
U. unicinctus has strong tolerance to low
dissolved oxygen and can tolerate low
dissolved oxygen from 0.34 to 0.45 mg/L for
more than 46 hours (Wu et al., 2009). It lives
normally in seawater with dissolved oxygen
above 1.14 mg/L. However, when dissolved
oxygen drops to 0.28-0.34 mg/L, it will die
because of suffocation (Liyong et al., 2016).

beating drives the suspended Chlamydomonas,
small zooplankton larvae and organic debris to
enter the mouth along the food channel (Li et
al., 1998). U. unicinctus has a low requirement
for the type of bait but a high requirement for
the bait specification. U. unicinctus grows
pretty fast. The larva can be sold after half a
year of artificial breeding (Li et al., 2012). The
ratio of individual fresh weight to body wall
fresh-spotting varies from season to season,
with individual fresh weight ranging from 39%
to 47% in winter and only from 17% to 27% in
spring (Li et al., 1995).
Breeding and Development
U. unicinctus is dioecious. It has two breeding
seasons: spring (from mid-late April to late
May) and autumn (from mid-September to
mid-October). When U. unicinctus has a body
length of 4 cm, lower type gonad is emerging.
Once the body length reaches 7 cm mature
individuals will appear. The gonad maturity
precedes with half a month the breeding period
(Li et al., 2012). The spermatozoids of U.
unicinctus have a flagellum shape, with the topfront of the head being a pacifier-shape
acrosome. The nucleus is cup-shaped and
inside contains nuclear vesicles. The midline is
a circular mitochondrion and the tail axis is a
"9+2"-structure (Gould et al., 1986).
Conditions of low temperature, moderate
salinity, and weak base are better for the sperm.
The ovary of U. unicinctus is elongated
composed of connective tissue outside the
posterior wall of the intestine and germ cells.
Germ cells develop in the ovary first, and then
enter the coelom to further develop until
maturation. The mature oocytes are excreted by
the nephridium, waiting for fertilization (Li et
al., 2012). The mature eggs of U. unicinctus are
oval-shaped in yellow. There are germinal
vesicle and nucleolus in the eggs. The egg
diameter is about 150 μm, one individual brood
producing around 1.5 × 106 grains (Luykx,
1965). After sperm-egg binding, they begin to
cleave and develop immediately. The process
of development goes through fertile egg,
cleavage, blastocysts, gastrulation, early
trochophore, late trochophore, and worm-like
larva and then develop into larva (Kimura et
al., 1983).

Salinity and pH
U. unicinctus tolerate a wide range of salinity,
and it can live normally at salinity from 15 to
36. The appropriate level of salinity is from
24.94 to 35.77 (Li et al., 1998). The larva
prefers environments with salinity ranging from
20.8 to 35.2 (Zheng Yan et al., 2006). U.
unicinctus has a higher adaptability to high
salinity than lower salinity. When the level of
salinity is lower than the survival range, U.
unicinctus will absorb water, swell, show light
pink color, and decrease the ability of drilling.
When the salinity exceeds the tolerance
interval, it will become dehydrated, turn henna
and the body wall will contract quickly. The
metabolism will be disordered, and it will lack
the ability to drill sands (Zheng Yan et al.,
2006).
Changes of the water pH will cause stress on U.
unicinctus,
affecting
its
growth
and
physiological conditions. U. unicinctus lives
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better in weakly alkaline seawater with a pH
from 7.5 to 8.5.
The pH-adaptation range of the adult is from
4.46 to 9.5 (Li et al., 1998), and the adaptive
range of the larva is slightly larger (Zheng Yan
et al., 2006). U. unicinctus has a certain pH
adaptability and the adaptability to lower pH is
better than higher pH. Outside the pH adaptive
range, if water pH is changed within a short
time (2 hours), U. unicinctus can also return to
normal when pH is back to normal (Zheng Yan
et al., 2006).

lags significantly behind that of proteins and
nucleic acids (Seeberger et al., 2005). Due to
marine life’s special living conditions such as
high salt, high pressure, low temperature, lack
of oxygen, lack of light and less nutrition,
marine polysaccharides have unique structure
and biological activity in immune regulation,
anti-tumor, anti-coagulation, etc. (Manivasagan
and Oh, 2016). For example, Axinelloside A
has obvious telomere inhibitory activity
isolated from Axinella infundibula (Warabi et
al., 2005). A steroid maltooligosyl glucoside
isolated from sea stars with obvious
cytotoxicity to bronchiolar lung cancer cells
(De Marino et al., 1997). Yang (2011)
extracted the body wall polysaccharides from
U. unicinctus with 80°C hot water, and the
yield was 6.1%. UWA1, UWA2, UWB2,
UWB3, UWC1 were isolated and purified by
ion exchange chromatography and gel
exclusion chromatography. Zhu et al., in 2015,
have extracted and separated polysaccharide
components from the body wall of U.
unicinctus by using enzymatic extraction and
chromatographic separation technology and
found that polysaccharide is mainly composed
of
high
polydextran
and
complex
glycosaminoglycans. Polysaccharide is rich in
biological activity, and can effectively reduce
the production of lipid peroxides, modulate the
cardiovascular system and delay aging by
scavenging free radicals (Veldez et al., 2017).

UTILIZATION OF U. unicinctus
Amino acids in the body wall
The edible part of U. unicinctus is the body
wall, which accounts for about 32% of the body
weight. The nutrients of the body wall muscle
are mainly amino acids. Li Nuo (1998) found
that there are 18 kinds of amino acids in the
body wall muscles of U. unicinctus which
accounts for 57.39% of the dry weight of the
parietal muscle. Even more, it contains 8 kinds
of essential amino acids (17.9%).
The content of delicious amino acids (glutamic
acid, aspartic acid, arginine, alanine, and
glycine) of the wall of U. unicinctus is high,
accounting for approximately 56% of the total
amount of amino acids. That is similar to the
content of delicious amino acids (41.39%) in
the body wall of Sipunculus nudus (Meyer et
al., 2010). Glutamate plays an important role in
the body’s metabolism and it is the primary
amino acid in the brain tissue’s biochemical
metabolism with a brain-stimulating effect
(Jinap et al., 2010). Yang Guiwen (Yang
Guiwen et al., 1999) measured, using the
automatic amino acid analyzer, the content of
glutamic acid in the body wall of U. unicinctus
and found it in high concentration (12.39%).
The composition of essential amino acid is
close of what the human body required, so all
essential amino acids can be fully utilized
under the correct eating in terms of quantity (Li
et al., 1995).

Utilization of plasmin in body fluids
With the improvement of people’s living
standard and the increasing aging population,
thromboembolic disease is becoming more and
more prevalent. Its high morbidity, high
mortality and high disability rate have made the
research of thrombolytic drugs the focus of
medical research all over the world (Bi et al.,
2013).
At present, the most common thrombolytic
drugs are streptokinase (SK), urokinase (UK),
tissue plasminogen activator (T-PA) and some
thrombolytic enzymes from natural tissue
(Liyong et al., 2016). Thrombolytic agent has
developed for three generations but there are
still many shortcomings in it such as shortacting, low-targeting, high antigenicity, etc. (Li
et al., 2012; Niu et al., 2005). There are still
some side effects in clinical medication

Active polysaccharide in the body wall
Polysaccharides, along with nucleic acids and
proteins, play a critical role in the living
system. But due to its complex structure and
function, progress in polysaccharide research
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(Kandzari et al., 2004) so it is urgent to develop
new antithrombotic drugs.
U. unicinctus relies on a large amount of
protein from the coelomic fluid and a large
respiratory intestine to adapt to the life in the
seabed. The special metabolites have antitumor, thrombolytic, anti-inflammatory and
antibacterial effects (Wen et al., 2015).
In the long-term evolution, the reason why U.
unicinctus forms an anti-thrombotic function is
because its unique mechanism of coelomic
fluid plasmin. The study found that the plasmin
extracted from U. unicinctus is a good
thrombolytic drug. It is very stable to heat and
pH, and as long as the temperature is below
50°C, the enzyme activity will remain almost
constant. It is very stable at the pH range from
3.0 to 12.0 (Wang et al., 2007). Bi et al. (2013)
puriﬁed a new serine protease called UFEIII
from U. unicinctus and showed electrophoretic
homogeneity using column chromatography.
Owing to its ﬁbrin (ogen)-degrading activity
and good safety, UFEIII may be a new source
of ﬁbrinolytic agents and potentially be utilized
in thrombolytic therapy. In order to better
exploit plasmin from U. unicinctus, enzyme
genes are studied all over the world. Du Fang
(2013) cloned high fibrinolytic active gene
UFEIII to obtain recombinant plasmin. Plasmin
is a small, non-acidic protein and it is the
smallest thrombolytic agent currently known.
UFE is expected to have fewer side effects than
any other thrombolytic drugs in clinical use
(Wang et al., 2007).

21.61% and 3.67% of total fatty acids
respectively.
EPA
had
significant
hypolipidemic
capacity,
antithrombotic
capacity and platelet aggregation inhibition. It
can also prevent arteriosclerosis and the
deposition of cholesterol on the arterial wall.
The content of DPA in the total fatty acids of
obsolete viscera was the highest, accounting for
56.24%. DPA is a long-chain unsaturated fatty
acid found in human colostrum and can
improve human’s immunity (Pedersen et al.,
2010). We can see that the development and
utilization of obsolete viscera of Urechis
unicinctus have high economic value and large
social benefits.
CONCLUSIONS
U. unicinctus is a unique marine invertebrate in
Chinese coastal areas that is resilient to the
environment. From a nutrition standpoint, the
body wall and viscera are rich in nutrients and
have great edible value.
From the perspective of medicinal use,
polypeptides and enzymes extracted from the
body have antineoplastic and thrombolytic
properties. So it has great potential for drug
development. It is necessary to carry out
extensive and deep research on U. unicinctus.
In China, with the increasing demand for U.
unicinctus as well as the increasing intensity on
fishing, its natural resources are obviously
insufficient.
At present, research on artificial cultivation of
U. unicinctus has already begun. Investigating
its medical value will not only provide new
ideas and new resources for the development of
new drugs from marine organisms, but also
plays a positive role in promoting the
development of marine economy. With the
development of science, the comprehensive
utilization of U. unicinctus is promising.

The nutrients from the obsolete viscera
The viscera of U. unicinctus accounts for about
68% of the whole weight (wet weight ratio) and
61% (dry weight ratio). The main part of
utilization is the body wall, and the viscera is
often waste (Wang et al., 2007). Yang Guiwen
et al. (1999) measured the nutritional
composition of obsolete viscera and found it
was rich in protein, polyunsaturated fatty acids
and trace elements. It has large potential value.
The content of Ca (2.1%) in inorganic elements
was the highest, followed by Mg (0.41%), Fe
(0.32%), and Zn (0.03%). While Pb, As, Hg,
Cd and other heavy metals were lower. Huang
Mingfa (Mingfa et al., 2007) analysed the fatty
acids contained and found that both EPA and
DHA were relatively abundant, accounting for
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Abstract
Prebiotics are increasingly being added to probiotic foods to enhance the survival and growth of probiotics. This study
examines the ability of the Lactobacillus casei strain to use various prebiotics (potato starch, chicory inulin and
oligofructose) as carbon sources for cell growth. Therefore, four culture media were prepared for the growth of specific
lactobacilli. Three of these media were modified. The original medium recipe De Man Rogosa and Sharpe (MRS) was
respected, replacing only the carbon source - glucose, resulting a starch MRS broth, MRS broth with inulin and MRS
broth with oligofructose. As standard it was used glucose from the MRS broth. The growth of biomass and the increase
in the amount of lactic acid were analyzed. Spectrophotometric measurements of optical density were made for biomass
growth, and for the determination of lactic acid growth, the acidity of the media was analyzed by monitoring the pH
and the increase of the titratable acidity. After standardization of the probiotic culture at 37°C for 24 hours and
inoculation in modified MRS media, the growth of the Lactobacillus casei strain was monitored for 12 hours once every
2 hours. It has been observed that glucose replacement with the three medium prebiotics favors bacteria growth during
incubation at 37°C and resulted in an improvement in L. casei strain culture.
Key words: probiotics, prebiotics, Lactobacillus casei, inulin, starch, oligofructose.

probiotics it is required the incorporation of
natural prebiotics, because, encapsulation does
not secure the overall viability of
microorganisms (Peredo et al., 2016).
Prebiotics may be described as "nondegradable food ingredients which, when
consumed in sufficient quantities, selectively
stimulates the growth and/or activity of one or
a limited number of micro-organisms in the
intestine resulting in documented health
benefits"(Burgain et al., 2011). Prebiotics
improve the survival in the gastrointestinal tract
of probiotics, their viability and vitality, their
attachment and subsequent growth in the
intestine (Burgain et al., 2011), The daily
consumption of fruits, grains and vegetables
can be a natural approach to obtain prebiotics
(Kerry et al., 2018; Quigley, 2018).
Starch is widely used in the food industry and
other industries and also, it is a major component of our diet. Starch is a polysaccharide
composed of a large number of glucose units
linked by glucosidic bonds. Amylopectin and
amylose is the composition of starch.
Amylopectin is composed of linear chains α(1- →4) with linked chains α- (1→ 6), (Gänzle

INTRODUCTION

According to FAO/WHO (2001) the probiotics
are known as living microorganisms which
confers an improvement to the host’s health
when they are administered in adequate
quantities. Probiotics can aid the human
organism by maintaining healthy bowel
microbes, stimulating the immune system,
inhibiting the production of pathogenic
microorganisms, ameliorating constipation,
improving calcium absorption, antimicrobials
synthesis vitamin synthesis, etc. However, to
receive all the beneficial effects, they need to
survive the journey through the upper
gastrointestinal tract to the intestine (Ashwar et
al., 2018). The main obstacles to the survival of
ingested probiotics are the stomach’s high pH
and biliary salts secreted in the duodenum
(Ashwar et al., 2018). Therefore, it is necessary
to ensure the safeness of probiotics before and
after consuming them to assure the user of their
beneficial
effects,
using
encapsulation
techniques for incorporation into different
foods. However, in some cases in order to
improve the protection and viability of
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can be used as a functional and prebiotic
ingredient and it also has remarkable biological
effects with immune properties. Even if inulin
is extensively fermented by bacteria in the
large intestine it cannot be absorbed into the
small intestine and is not hydrolyzed due to its
chemical structure. Some papers (Castelli et al.,
2008) have found an antigenotoxic and
anticototoxic effect in addition to its prebiotic
nature. With good organoleptic properties,
inulin is recognized as an attractive constituent
for structuring low-fat foods (Ni et al., 2019;
López-Castejón et al., 2019; Karimi et al.,
2015). Inulin is usually comercially extracted
from chicory, dandelion, agave, dahlia etc.
Crops such as banana, wheat and onion is also
a source of inulin even if it is found in lower
amounts (Ni et al., 2019; Drabińska et al.,
2016).

and Follador, 2012). Amylose is a linear
glucose chain α- (1→4) with a plant-specific
degree of polymerization of 200-6000. To have
the desired properties for various applications
including encapsulation and controlled release
of the capsule contents, the natural starch is
commonly modified by physical, chemical
and/or enzymatic methods (Zhu, 2017;
Khorasani and Shojaosadati, 2017).
Inulin is a natural polysaccharide, a natural
fructan (Figure 1) [α-D-glucopyranosyl-(β-Dfructofuranosyl)] (n-1) –D-fructofurano side
(Ni et al., 2019), considered a food fiber which,
due to high resistance to gastric acid and
pancreatic enzymes is frequently used as a food
ingredient. In addition, there are known some
studies (Cooper and Steele, 1988, 1991;
Cooper, McComband Steele, 1991; Silva,
Cooperand Petrovsky, 2004) that shows that it

Figure 1. The chemical structures of carbon sources: inulin, oligofructose, glucose and fructose (Singh et al., 2017)

increasing intestinal absorption of minerals
(Lobo et al., 2011) and improving immune
system efficiency (Peshev and Van den Ende,
2014; Lopes et al., 2016).
Considering the necessity of prebiotics
encapsulation in capsule in order to ensure the
survival of probiotics in their direction through
the digestive tract, as well as the fact that the
aforementioned prebiotics can be used as a
carbon source for these microorganisms, we
consider it useful to test the compatibility of
these prebiotics with the growth of some
probiotic strains. Therefore, the objective of
this study was to analyse the capacity of the
Lactobacillus casei strain to use various

Oligofructosesor
fructo-oligosaccharides
(FOS), presented in Figure 1, are a reserve
polysaccharide that offers an interesting
combination of nutritional and technological
properties for the food industry. They
selectively stimulate the growth of lactobacilli
and bifidobacteria, which improves human
health. These compounds are considered a
functional food ingredient that can be used as
food and prebiotic fiber. This type of prebiotics
regularly consumed has positive effects on
human health. FOS can reduce cardiometabolic
risk by lowering triglycerides and cholesterol
levels, modulating hyperglycemia, preventing
colorectal cancer (Ambalam et al., 2016),
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Consumption of prebiotics - methods of
analysis
Measuring biomass growth (cellular)
Optical density at 600 nm was used as a
parameter related to the amount of biomass
(Peredo et al., 2018). For a period of 12 hours,
at every 2 hours optical density was monitored
using a visible UV spectrophotometer (Jenway
6400, Jenway) (Peredo et al., 2018). Figure 2
shows the calibration curve of the McFarland
standard whose regression coefficient is
R²=0.978.

prebiotics (potato starch, chicory inulin and
FOS) as carbon sources for cell growth/
multiplication.
MATERIALS AND METHODS
Materials
The prebiotics used were soluble potato starch
(Sigma-Aldrich, Germania), oligofructose
(FOS) and chicory inulin (Sigma-Aldrich,
Germania).
The culture medium
Four types of culture media were prepared. The
first culture medium, used as a standard, was
De Man-Rogosa-Sharpebroth (MRS broth) (De
Man et al., 1960). The other three media were
MRS modified by replacing glucose from the
original recipe as carbon source with soluble
potato starch, chicory inulin and FOS, in the
same ratio (20 g/L). Using a vortex
homogenizer
(Vortexer,
Heathrow
Scientific®LLC) the media was homogenized
for 15 minutes at 1400 rpm. The pH of the
media was adjusted before sterilization to 6.2
using NaOH and HCl. The media were
sterilized for 15 minutes at 121°C.

Determination of pH and acidity of the medium
Within 12 h the determinations of the two
parameters were made once every 2 hours. The
determination of pH was done immediately
afterdetermining the optical density using the
pH-meter (Hach Lange HQ11D Digital pH
meter).
2

ABS 600nm

1,5
1

0,5
0

Preparation
of
inoculum
and
microorganisms used
The Lactobacillus casei 431 strain used in this
study was purchased from Christian Hansen. L.
casei 431 is a registered trademark of Chr.
Hansen. Prior to use, L. casei was incubated at
37°C for 24 hours and activated to standardize
in MRS broth. All solutions and media were
prepared with distilled water (Aquatron
A4000D, Cole-Parmer Ltd).

y = 8E-10x
R² = 0.978

0

2E+09

4E+09

conc. cel. /ml
Figure 2. The calibration curve of the McFarland
standard

The medium acidity was determined by
titration with an alkaline solution of NaOH 0.1
N until the sample was neutralized in the
presence of phenolphthalein as an indicator. In
the medium there can be observed a gradual
decrease of pH due to microbial fermentation
of the carbon source (glucose, FOS, inulin and
starch). The carbon source is transformed in
lactic acid which is responsible for the medium
acidity.

Determining
the
beginning
of
the
logarithmic phase
From the 24 h of Lactobacillus casei,
inoculations were made in triplicate in the 4
types of MRS broth and incubated for 12 h at
37°C. Absorbance was determined at 0 (after
inoculation) and at 2 hours intervals by
spectrophotometry at 600 nm (JENWAY 6400
spectrometer). The bacterial growth curve is
plotted in Figure 2, so the beginning of the
logarithmic phase was determined. Three test
tubes from each medium were prepared for
each reading range.

Statistical analysis
For the statistical evaluation of the data, the
ANOVA test followed by the post-hoc Turkey
test was used. It was considered as a
statistically significant difference at a value of
p<0.05.
Statistical replication was provided by using 3
sets of probiotic culture tubes for each type of
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They say that depending on the capacity of
individual strains and lactobacilli species the
metabolism of oligosaccharides differs
substantially (Gänzle and Follador, 2012).
Figure 3-D show that replacing in the medium
the glucose with potato starch favors bacterial
growth during incubation at 37°C. The bacteria
increased more (p<0.05) compared to the
addition of inulin, oligofructose and glucose in
the presence of potato starch. The same
observation is also made by Peredo et al.
(Peredo et al., 2018) where it examines the
consumption of prebiotics (starch, psyllium and
chicory inulin) by L. plantarum Lp17, L.
plantarum Lp33 and Lactobacillus casei
Shirota (Peredo et al., 2018).
Inulin, the most abundant carbohydrate after
starch [18], also favored the growth of bacterial
strains Figure 3-B statistically significant
comparing with the glucose medium. The same
can be noticed in the case of oligofructosis
Figure 3-C.

culture medium, inoculated and analyzed
independently.
RESULTS AND DISCUSSIONS
The prebiotics effect on the cellular
concentration increase
For metabolic energy, lactobacilli use
homofermentative
or
heterofermentative
fermentation of carbohydrate because they
have complex nutritional requirements for
fermentable carbohydrates, nucleic acids,
amino acids and other substrates.
The growth of the Lactobacillus casei strain
in the 4 types of culture media is shown in
Figure 3.
Gänzle and Follador (2012) state that many of
the lactobacilli species metabolize a wide
variety of different carbon sources, as well as
all major oligosaccharide classes, but the most
representative are Lactobacillus plantarum, L.
acidophilus and L. casei.
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Figure 3. The growth of the Lactobacillus casei strain in the 4 types of culture medium:
A-glucose, B - chicory inulin, C- oligofructose, D - potato starch

Comparing the growth of biomassin the
mediums where glucose was replaced with
oligofructose and inulin (Figure 3-B,C), there
was no statistically significant increase
between them, but there was a significant
increase from the medium that had glucose
(Figure
3-A),
as
carbon
source.
Polysaccharides of fructan type, FOS and
inulin consisting of β-d-fructofuranosyl (β→d-

Fruf) bound (2→1) with a glucose residue
bound by α→2) bonds.
It can be used GFn as the general structure of
fructans, where 'n' represents the number of
fructosyl, F represents fructose and G
represents glucose (Singh et al., 2017; Shoaib
et al., 2016). Fructans differ in degree of
polymerization (DP) or chain length, therefor
inulin has DP ranging from 10 to 65 units of
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fructose, but the most common are molecules
with DP values between 12 and 15 and FOS are
smaller molecules with a DP<9 and (Singh et
al., 2017).
Inulinase, hydrolysis enzymes, produced by
probiotic strains specifically act on β-2,1 links
of inulin to produce fructose or FOS (Ni et al.,
2019; Singh et al., 2017). Kuzuwa et al. (2012)
showed that a strain of L. casei IAM1045
grows in the medium containing FOS or inulin,
produces extracellular in the culture medium,
depending on fructan degrading inulin proteins.
Su et al.(2007) reported that in a basal medium
supplemente with inulin but also with FOS, are
able to grow Bifidobacterium lactis and L.
casei, likewise, Huebner et al. (2008) ran a
study to choose which prebiotics (including
inulin and FOS) supported selective growth of
bifidobacteria and lactobacilli.The study results
indicates the fact that only specific
combinations of prebiotics and probiotics
yielded good results; which includes L.
paracasei 1195 cultivated on inulin. Kanjan
and Hongpattarakere (2017) reported that
inulin couldn’t be degraded by the most wellknown probiotic lactobacilli species like L.
rhamnosus GG, L. delbrueckii, L. plantarum
and L. casei Shirota. However, this particular
substrate of prebiotic could be digested only by
a few strains of L. paracasei and L. casei
(Takagi
et
al.,
2014;
Kanjan
and
Hongpattarakere, 2017), so Karim's assertion
that only certain combinations of probiotics and
prebiotics can produce good results applies.
Lopes et al. (2017) have conducted studies on
inulin and isolated FOS from Stevia
rebaudiana Bertoni using it as an energy
source for bifidobacteria and lactobacilli and
found that for inulin there was no statistically
significant (p<0.05) increase in biomass
compared to control medium as it has a degree

of polymerization = 12 (Singh et al., 2017). In
contrast, for FOS, it was found that each strain
used FOS of S. rebaudiana with varying
intensity. This is in line with the overall
knowledge of substrate specificity and strain
(Moreno-Vilet et al., 2014). Isolated from the
same source, FOS molecules with DP<6
proved to be a better use as a substrate for
probiotic strains than inulin molecules (DP =
12). As for the titratable acidity analysis, the
evaluation of this parameter supports the cell
growth
values
determined
by
spectrophotometric measurements.
In contrast, microorganisms grown in starch as
carbon sources (Figure 3-D) exhibited less
growth compared to glucose. Starch has a high
molecular mass and a high degree of
polymerisation. Generally, starch is degraded
by amylases, which are not common in lactic
bacteria. But a study by Khorasani and
Shojaosadati (2017) shows that starch can be
used to protect probiotics against digestive
enzymes such as pepsin, proteases and lipases
because they can not hydrolyze it. Furthermore,
probiotics, entrapped in a starch coated
microcapsule, can hydrolyse the starch coating
layer when they reach the large intestine.
Microbial hydrolysis starts from within the
microcapsule to the outside, where the coating
is located. Thus, enzymatic and microbial
hydrolysis of starch leads to the release of
encapsulated probiotics in the intestine.
(Khorasani and Shojaosadati, 2017).
With the increase in cellular concentration, the
pH is decreased at each reading interval (Table
1). Thus, after 12 h of incubation, the pH from
6.2 decreased to 4.45 for inulin, to 4.46 for
FOS, and 5.97 for starch as a result of
consumption of the carbon source and,
probable, its transformation into lactic acid
(Pimentel-González et al., 2009).

Table 1. The pH variation during 12 h of monitoring
Media
type
Starch
FOS
Inulin
Glucose
*avg - average

0

2

Time (h)
6

4

8

10

12

Avg*

SD

Avg*

SD

Avg*

SD

Avg*

SD

Avg*

SD

Avg*

SD

Avg*

SD

6.033
5.603
5.527
5.497

0.012
0.006
0.006
0.006

5.837
5.457
5.330
5.367

0.032
0.012
0.017
0.006

5.920
5.240
5.163
5.193

0.078
0.035
0.023
0.006

5.817
4.973
4.980
4.967

0.006
0.023
0.010
0.015

5.943
4.737
4.763
4.747

0.142
0.006
0.021
0.012

5.950
4.600
4.603
4.553

0.111
0.017
0.023
0.006

5.970
4.457
4.450
4.417

0.070
0.021
0.010
0.015
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Figure 4. The evolution of pH as a consequence of the growth of L. casei on different culture media:
A - glucose, B - chicory inulin, C - oligofructose, D - potato starch

Mathematical modeling of data
Experimental data were modeled using
exponential equations. It has been noticed that
regardless of the carbon source used, whether
we are talking about inulin, FOS or starch, the
growth of biomass was exponential.
Regarding the acidity of the medium we can
observe a linear increase with the production of
lactic acid Figure 4, except for culture medium
supplemented with starch
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Abstract
The present paper deals with the seasonal dynamics of microbial communities in Letea saline lake which is located
nearby of the village with the same name by classical microbiological methods. The chloride content is variable, with
values from 8.9 g/L (spring of 2018) up to 38.3 g/L (autumn of 2017). There are different similarities between the
values obtained over seasons. Thus, in the spring of 2017, an average of 11.8 g/L was obtained, a value close to that
obtained in the spring of 2018 (8.9 g/L). The average of chlorides in autumn 2016 (25.5 g/L) is relatively different to the
autumn of 2017 (38.3 g/L). During the autumn of 2016 and spring of 2018, the dynamics of several microbial
communities was assessed as follow: heterotrophic, sulphate reducing, ammonifying and denitrifying bacteria
respectively. The recorded results revealed that the best represented communities appear to be ammonifying bacteria,
being high in the spring months. Denitrifying bacteria have registered high values in autumn 2017 and sulphate
reducing bacteria in April 2017. The dynamics of halophilic bacteria were also recorded and more than 100 strains
were randomly selected for purification, characterization and extracellular enzymatic activity analyses for the future
biotechnological applications.
Key words: alkalinity, biogeochemical cycles, halophilic bacteria, physiological groups, saline soda lake.

INTRODUCTION

Saline lake and soda lake as extremely
environments are widely distributed all over the
world, especially in arid and semi-arid
environments (the Rift Valley in East Africa,
the rain-shadowed regions of California and
Nevada, and the Kulunda Steppe in South
Siberia). The water forming this type of
ecosystem, namely saline soda lake, is rich in
carbon dioxide and pour in magnesium and
calcium. In preventing carbonate precipitation,
is important the absence of dissolved divalent
cations. When the evaporation increases, there
is a concentration of carbonate salts (Tindall,
1988).
It is well known that the diversity of the
microbial community of a saline soda lake
depends of their salinity (Trotsenko and
Khmelenina, 2002). Salinity values ranged
between 35 and 50 g/L and 50 and 250 g/L,
corresponding to low and moderately saline
soda lakes, high productivity it is observed and
functional
and
diverse
haloalkaliphilic
microbial communities are present in the
cycling of carbon, nitrogen and sulphur.
At moderate salinity, the activity of bacterial
communities involved in the carbon and

The investigated Letea saline lake is located
nearby of the village with the same name inner
the Danube Delta. The native of the area know
it as a “ghiol” and use it during the summer
time for recreational activities. There are still
missing knowledge about origin of the lake but
some data supports the hypothesis that it was
formed in the year 1970 after a big and strong
flowed period. After this period a deep lake
with a small surface area (around 190 square
meters) remained as a permanent lake that is
surrounded in autumn, winter and spring by a
temporarily fresh body of water. The term
“ghiol” in Turkish language is attributed for the
deep water swirl (Șăineanu, 1932) and became
familiarly between natives considering the
available information about the lake formation.
The depth of the lake has been estimated
empirically at around four - five meters and the
source of the salinity is considered to be the
sediments of old salmastrian sea, taking into
account the steps of Danube Delta formation
(Tudorancea and Tudorancea, 2006).
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nitrogen cycles are partially inhibited by
salinity (Sorokin et al., 2000; Minegishi, 2013).
Salinity over 250 g/L, corresponding to
hypersaline environments is a factor limiting
the diversity (Ochsenreiter et al., 2002; Mesbah
et al., 2007). The high salt concentration
stopped the nitrification (Sorokin, 1998) and
reduced the complete oxidation of organic
matter (Ollivier et al., 1994).
From freshwater to hypersaline environments, a
diversity of microbial communities adapted to
life under the existing conditions has been
founded so far (Oren, 2002).
A large number of microorganisms have
adapted to hostile environments (high salinity
and relatively high pH values). For example,
alkaline soda lakes in Africa, India, China,
where at pH values over 11 and salt
concentrations over 300 g/L, a great diversity
of microorganisms was found (Oren, 2002). In
hypersaline
ecosystems,
with
salt
concentrations of over 10%, only invertebrates
(such as Artemia salina), algae (Dunaliella
salina), bacteria (members of the families
Halobacteriaceae and Haloanaerobiaceae,
etc.) and cyanobacteria (Oscillatoria spp.) are
found (Williams, 1998).
These represent the major sources of
compounds that can be oxidized (Ollivier et al.,
1994).
On the other hand, in saline soda lakes a wide
biodiversity is also observed, like bacteria
(aerobic or anaerobic) with several nutrition
types, archaea, etc (Grant and Jones, 2016).
There are very few studies on the diversity of
bacterial populations, the biogeochemical
cycles of saline soda lakes or on the entire
microbiological community. Generally, studies
have been carried out on the isolation and
characterization of microorganisms for their
putative biotechnological potential (Humayoun
et al., 2003).
The aim of our study is to present a few aspects
of the cultivable microbial communities at
seasonally varying slightly alkaline pH and salt
concentrations in Letea saline lake.
Not only halophilic bacteria were discussed,
but the whole cultivable microbial community,
since that this is one of the first reported study
relating to the microbiological ecology aspects
of this ecosystem.

Sample collections
Three sampling points, noted L1, L2 and L3,
were established for water samples harvested
from Letea saline lake (Amoozegar et al., 2016)
and their geographical location determined with
GPS devices as follows: 45º16'51.978'' (N),
29º33'10.4184'' (E) for Letea 1 (L1),
45º16'53.0688'' (N), 29º33'11.6244'' (E) for
Letea 2 (L2) and 45º16'51.8628'' (N),
29º33'12.0204'' (E) for Letea 3 (L3). The
samples were taken in five seasonal sampling
trips over three years, namely: autumn 2016;
spring, summer and autumn 2017; spring 2018.
Of the three sampling points previously set,
water samples were collected in sterile bottles
and kept at 4°C during transportations to the
laboratory for investigations (Azhar et al.,
2014).
Physical and chemical analysis of water
samples
With the aid of multiparameter Hanna
Instruments water parameters were measured in
situ as follow: pH, salinity, oxidation reduction
potential (ORP), conductivity and oxygen
saturation (DO %). The chloride content has
been
determined
following
previously
described protocol (Enache et al., 2000).
Isolation and determination of halophilic
bacteria and cultivable microorganisms
involved in biogeochemical cycles of carbon,
nitrogen and sulphur
For quantitative determination of the number of
halophilic bacteria, a MH medium was used
with the following composition (g/L): yeast
extract, 10; proteose peptone, 5; glucose, 1;
NaCl, 100; MgCl2 x 6H2O, 7; MgSO4 x 7H2O,
9.6; CaCl2 x 2H2O, 0.36; KCl, 2; NaHCO3,
0.06; NaBr, 0.026; (Ventosa et al., 1972).
For quantitative determination of the number of
heterotrophic bacteria, nutrient agar medium
was used. Both media were sterilized at 120°C
for 30 minutes. For solidification form 20 g/L
agar was added. For the investigations, the
serial dilutions were performed with two
repetitions per dilution. One mL from each
dilution was spread in sterile Petri dishes.
Approximately 20 mL of molten agar medium
cooled at 55-60°C was added (Cojoc et al.,
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2013). The Petri dishes were incubated at 37°C
for 48 h for heterotrophic bacteria and at 2830°C for one week in the case of halophilic
bacteria. After this period of incubation, the
colonies were quantified (Halder et al., 2016).
Approximately 10% of the colonies of
halophilic bacteria were randomly selected for
further purification steps and characterization
by morphology, color, edges, Gram's staining,
etc. (Lazăr et al., 2004).
The Most Probable Number method was used
to quantify the microorganisms involved in
biogeochemical cycles of nitrogen and sulphur.
For quantitative determination of the number of
sulphate reducing bacteria, Postgate medium
was used with the following composition (g/L):
NH4Cl, 1; K2HPO4, 0.5; MgSO4, 2; Na2SO4,
0.5; calcium lactate, 3.5. The medium was
sterilized at 120°C for 30 minutes. After
sterilization, the following was added to 500 ml
medium: yeast extract 5% 10 ml, FeSO4 5% 5
ml, Na2S 1% 2 ml, NaHCO3 10% one up to
five ml until the pH reached 7.2-7.4. These
solutions were separately sterilized under
similar conditions before use (Lazăr et al.,
2004).
For the studies, the serial dilutions were
performed with three repetitions per dilution.
Two ml of each dilution was dispensed into
sterile tubes and the medium was poured into
the high column. After an incubation period of
seven days at 28°C the tubes were deemed
positive if a black precipitate of FeS appeared
(Lazăr et al., 2004).
To determine the number of ammonifying
bacteria, a medium with the following
composition (g/L) was used: standard saline
solution Winogradski (K2HPO4, 5; MgSO4 x
7H2O, 2.5 ; NaCl, 2.5; Fe2(SO4)3, 0.05; MnSO4,
0.05; distilled water, 1000 ml) 50, asparagine,
0.2; oligoelement solution (H3BO3, 2.8 g;
MnSO4 x 4H2O, 0.2; NaMoO4 x 2H2O, 0.75;
ZnSO4 x 7H2O, 0.24; Cu(NO3)2 x 3H2O, 0.04);
distilled water, 950 ml was distributed in
amounts of five mL in test tubes and sterilized
for 30 minutes at 120°C (Lazăr et al., 2004).
For the investigation, the serial dilutions were
performed with three repetitions per dilution. A
total volume of 0.2 mL from each dilution was
placed in tubes with culture medium (2.5 mL

volume) and incubated at 28°C for 15 days. If a
yellow-orange color appears on the addition of
a few drops of Nessler reagent, the tube is
deemed positive (Lazăr et al., 2004). To
determine the number of denitrifying bacteria,
Pochon medium was used with the following
composition (g/L): standard saline solution
Winogradski (K2HPO4, 5; MgSO4 x 7H2O, 2.5;
NaCl, 2.5; Fe2(SO4)3, 0.05; MnSO4, 0.05;
distilled water, 1000 ml) 50; KNO3, 2; glucose,
10; CaCO3, 5; distilled water, 950 ml. The
medium was sterilized at 110°C for 30 minutes.
The investigations were performed as described
above. If necessary, the incubation period was
extended to 15 days. If a red color appears on
additions of Griess I and Griess II reagent, the
reaction is deemed positive (Lazăr et al., 2004).
RESULTS AND DISCUSSIONS
The investigated Letea saline lake is a
permanent lake, surrounded by a temporary
body of fresh water, in the Danube Delta, a
Biosphere Reserve. Based on the results from
our study, the specificity of this lake is
seasonally variable salinity and a slightly
alkaline pH values.
The results in Figure 1 revealed that the
chloride content (results showed as average of
the three sampling points) varied from 8.9 g/L,
observed in the spring of 2018 up to 38.3 g/L,
the maximum value recorded in the autumn of
2017. The data obtained showed that there is a
similarity in the values obtained during the
spring season. Thus, in the spring of 2017, an
average of 11.8 g/L was recorded, a value
relatively close to that obtained in the spring of
2018 (8.9 g/L). On the other hand, the average
of chloride level in autumn 2016 (25.5 g/L)
differed from that for autumn of 2017 (38.3
g/L) by around 13 g/L. One characteristic of
this saline lake is therefore salinity variation.
Base on our observations during to the trips, the
main hypothesis to explain the diminution of
salinity from autumn to spring would be the
input of fresh water from rain and snow. In the
summer, due to water evaporation and small
amounts
of
precipitation,
a
salinity
concentration occurs (Figure 1) (Trotsenko and
Khmelenina, 2002).
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Figure 1. Seasonal variation of chloride content (g/L) between autumn 2016 and spring 2018,
in Letea saline lake (L1- L3 - sampling sites)

The following physical and chemical
parameters of water were measured in situ: pH,
temperature, conductivity, oxygen saturation

(DO %) and salinity; the recorded data are
summarized in the Table 1.

Table 1. Physico-chemical parameters of the water samples; DO = total dissolved oxygen; L1, L2 and L3 = Sampling
points identification: Letea 1 (L1), Letea 2 (L2) and Letea 3 (L3); bold letter = minimal and maxim values of
parameters
Seasons
Years
Sampling points
pH
Water temperature (ºC)
Sampling points
Conductivity (mS/cm)
DO (mg O2/L)
Salinity (ppm)

L1
10.0
5.2
L1
27.7
4.1
16.9

2017
L2
9.5
6.6
L2
27.4
4.9
16.8

Spring
L3
9.4
5.4
L3
27.9
4.4
16.6

L1
9.3
19.4
L1
13.9
3.2
7.8

2018
L2
9.6
20.2
L2
14.2
1.2
8.2

L3
9.5
20.3
L3
14.0
1.2
8.1

Summer
2017
L1
L2
L3
9.2
9.3
8.7
27.4
27.4
27.5
L1
L2
L3
42.2
42.1
41.2
2.7
2.6
2.6
27.1
27.0
26.6

During the five sampling trips, it was observed
that the pH value varied between 8.7 in
summer of 2017 (L2) and 10.4 in the autumn of
2018 (L3). According to these data, the Letea
saline lake could be considered in the category
of slightly alkaline waters. The data shown in
Table 1 reveals that the water temperature and
dissolved oxygen were in an inverse
relationship. As generally expected, the
dissolved oxygen showed a seasonal decrease
as the water temperature increased (Table 1). In
autumn of 2016, summer of 2017 and spring of

L1
9.6
19.2
L1
59.3
6.7
39.8

2016
L2
9.4
19.2
L2
56.2
6.9
38.4

Autumn
L3
9.5
19.2
L3
59.6
7.2
39.9

L1
10.2
8.7
L1
58.3
17.0
38.6

2017
L2
9.4
8.7
L2
58.4
11.7
38.7

L3
10.4
8.6
L3
58.4
15.6
38.7

2018, it was the same decrease in dissolved
oxygen with seasonal water temperature. In
autumn of 2017, an increase was recorded in
dissolved oxygen, which reveals higher
solubility than in other seasons, solubility
supported by a low value of temperature. These
conditions and also a high chloride content
(Figure 1) could be correlated with the
presence of a number of halophilic bacteria at
around 2 x 102 c.f.u./mL (Table 2) higher than
the number for autumn of 2016.

Table 2. Dynamics of halophilic heterotrophic bacteria between autumn 2016 and spring 2018, in Letea saline lake;
C.F.U. = colony forming units; bold letter = minimal and maxim values recorded
Sampling
points
L1
L2
L3

2017
3.7x103
3.6x103
2.1x103

Spring

2018
280
280
350

C.F.U./mL recorded on MH medium
Summer
2017
4.2x102
4.1x102
1.4x103

The results from Table 2 showed that the
largest numbers of halophilic bacteria were
recorded in the spring of 2017; the number
varied from 2.1 x 103 in L3 to 3.7 x 103 at L1,

2016
770
410
560

Autumn

2017
1.7x102
1.9x102
2.3x102

considerably higher than spring of 2018 or
other seasons. In the last cases, the total
number of halophilic bacteria remained
constantly low. The data obtained during this
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study revealed a relatively low number of
halophilic microorganisms if compared with
other studies (Moldoveanu et al., 2015) and, on
the other hand, showed a low anthropogenic
impact. Similarly, the highest number of
heterotrophic bacteria was recorded in the
spring of 2017, namely 3.1 x 103 c.f.u./mL, in

other seasons the number being relatively
similar (Table 3). This behaviour could be
correlated with the salinity of the investigated
samples (Table 1); the low concentrations
(below 17 ppm) led to a high number of
heterotrophic microorganisms (Table 3).

Table 3. Dynamics of heterotrophic bacteria between autumn of 2016 and spring of 2018, in Letea saline lake
Sampling
points
L1
L2
L3

2017
3.1 x 103
7 x 102
8.5 x 102

Spring

C.F.U. / mL recorded on nutrient agar medium
Summer
Autumn
2018
2017
2016
2017
18 x 102
1.7 x 102
720
340
6 x 102
850
2.1 x 102
1.5 x 102
12 x 102
330
1.5 x 102
1.3 x 102

The results recorded in Table 4 supported the
observation that the highest number of sulphate
reducing bacteria was in the sample from the
spring of 2017. In other seasons, the number
was relatively similar, except for one sample
(L1) from the autumn of 2016 (Table 4). As
previously mentioned in the case of
heterotrophic microorganisms, the physical
parameters and chemical composition of the
water are reflected also in the total number of
microorganisms, including sulphate reducing
bacteria.
The ammonifying bacteria were identified in all
investigated samples (Table 4), the highest

number recorded in the spring of 2017,
respectively 11 x 103. In other seasons,
excepting autumn 2017 and spring 2018, the
number is relatively similar. One particular
aspect to be noted is the absence of denitrifying
bacteria in the spring 2017 (Table 4) in spite of
the high number of the ammonifying bacteria
in this season. These results are supported by
literatures data from which appeared that the
salinity partially inhibiting microorganism
involved in the nitrogen cycle (Sorokin et al.,
2000). In other samples the number of such
bacteria was relatively similar and low.

Table 4. Dynamics of sulphate reducing bacteria, ammonifying bacteria and denitrifying bacteria,
between autumn 2016 and spring 2018, in Letea saline lake; MPN = most probable number
Physiological
groups

Sampling
points

Sulphate
reducing bacteria

L1
L2
L3
L1
L2
L3
L1
L2
L3

Ammonifying
bacteria
Denitrifying
bacteria

2017
4.5 x 102
4.5 x 102
4.5 x 102
11 x 103
11 x 103
2.5 x 103
0
0
0

Spring

The total number of halophilic bacteria varies
in from each season and year. A total number
of 113 strains were isolated and purified. From
this total number, after successive purification
steps, only 73 (82.5%) remained cultivable for
further investigation steps. These strains are
circular or irregular in shape and have a
convex, flat or creased profile. The edges were
full, wavy or branched. They were found to
have different colors: cream, brick, orange,

2018
2.5
2.5
2.5
140 x 102
140 x 102
45 x 102
45
110
140
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MPN
Summer
2017
4.5
2.5
9.5
25
25
25
4.5
4.5
9.5

2016
950
2.5
2.5
1.5 x 102
9.5 x 102
9.5 x 102
410
20
20

Autumn

2017
7.5
7.5
2.5
2.5
2.5
2.5
11 x 102
150
11 x 102

light orange, white, yellow, light beige, brick,
pink or yellow-brick. Also, the strains were
described on the basis of Gram's staining
(Roohi et al., 2012). In the autumn season,
Gram negative bacteria were predominated.
Thus, in October 2016, only Gram negative
bacteria were isolated. In November 2017, in
L1 and L2, the number of Gram negative
bacteria was higher than Gram positive
bacteria. In L3, only Gram negative bacteria

were isolated. In the spring season (2017,
2018),
Gram
positive
bacteria
was
predominated. In July 2017, in L2 only bacteria
Gram negative bacteria were isolated.
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CONCLUSIONS
In the investigated area, the Letea saline lake is
a permanent salt lake with seasonally
fluctuating salinity (chloride content) varying
from 9 to 40 g/L. On the other hand, the pH
values suggested a slightly alkalinity in the
water, with 8.7 being recorded in the summer
of 2017 up to a maximum of 10.4 in the
autumn of the same year. During to the winter
and spring, the lake is surrounded by temporary
bodies of fresh water that are completely
evaporated in summer time. Thus, the salinity
of Letea lake decreases in spring and has
maximum detected values in summer time and
the beginning of autumn season. The variation
in the two main physico-chemical parameters,
namely chloride content and pH values are
reflected in the dynamics of microbial
communities. An important aspect is
represented by the absence of halophilic
archaea. No cultivable halophilic microorganisms belonging to Archaea domain could
be isolated from the investigated water samples
(15 samples over of five seasonally trips).
Future investigations will be conducted into the
polyphasic taxonomy of selected halophilic
bacteria in order to estimate their putative
biotechnological implication through the
presence of extracellular hydrolytic enzymes,
pigments or solutes and other metabolites.
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Abstract
Ukraine has maintained its position as leading producer of sunflower seeds in the world for the past decade.
Concerning diet, higher oleic acids are ideal. Sunflower (Helianthus annuus L.) hybrids have high genetic potential for
seed yield above 5 t/ha and oil content in seed greater than 50%. Yet, environmental factors seems to limit current
sunflower yields to the production range of 1.5-3.0 t/ha. A three years field experiment was conducted in the Left-Bank
Forest-Steppe of Ukraine (Latitude: 49.6; Longitude: 34.9; altitude 113 m) to assess the influence of seven different
foliar applications of fertilizers and plant growth regulators (control; Sol Bor + Basfoliar 6-12-6; Basfoliar 6-12-6;
Wuxal Bio Aminoplant + Wuxal Boron; Wuxal Boron; Spectrum Askorist + Spectrum B + Mo; Spectrum B + Mo) on
productivity and quality of five new high oleic sunflower hybrids (SY Experto, Antratsyt, ES Ballistic, Oplot, PR64H32).
Foliar applications positively influenced all parameters studied (plant height, leaf surface area, number of seeds per
head, seed yield, oil content and oleic acid content). The highest average seed yields occurred in the hybrids PR64H32
(3.73 t/ha) and SY Experto (3.69 t/ha) with no significant difference (P<0.05). However, PR64H32 generated a
significantly (P<0.05) higher average seed yield than the other hybrids. Except for Wuxal Boron (sprayed twice
sequentially) with an average seed yield of 3.53 t/ha, sequential spraying of Wuxal Bio Aminoplant + Wuxal Boron
thrice on all hybrids, ensured a significantly higher average seed yield (3.58 t/ha) than the other foliar sprays. Based on
foliar sprays, the increase in seed yields ranged from 0.19-0.36 t/ha when compared to control. Foliar sprays also
caused increases in oil content between 0.6-1.6% compared to the control with average oil content for the various
hybrids fluctuating between 48.4-49.3%. Average oleic acid content ranged from 71.5-83.7% for the investigated
hybrids and foliar applications increased the average oleic acid content by 1.8-4.1%. The combined factors of hybrid
and foliar applications had the greatest influence on seed yield (share of 62.6%) than hybrid - 29.1%; foliar
applications - 6.3%; other factors - 2.0%.
Key words: high- oleic sunflower, productivity, foliar fertilizer, plant growth regulator, seed quality.

INTRODUCTION

acid content (over 90%) compared to all
vegetable oils present in the global market
(Jocić et al., 2015), and it has greater oil
resistance to auto-oxidation, which prevents the
build-up of toxic products during oil
processing, storage, and direct uses (Kaya et al.,
2015). Concerning diet, higher oleic acid (70%)
and lower linoleic acids (20%) are desired.
Hence, breeding for oil quality in sunflower has
chiefly focused on modifying the relative
amount of fatty acids by raising oleic acid to
have stable and healthy oil and enhancing
stearic acid for a stable and healthy fat
(Zambelli et al., 2015).
It is recently indicated that, the major goal in
sunflower breeding is to create hybrids with
high genetic potential for seed yield beyond 5
t/ha and oil content in seed greater than 50%

Sunflower (Helianthus annuus L.) is among the
four most important oilseed plants globally
(along with palm, soy, and rapeseed) and
branded as one of the two most essential oil
crops in Europe, together with rapeseed (Jocić
et al., 2015). Ukraine has maintained its
position as leading producer of sunflower seeds
in the world for the past decade. It is recently
reported in 2018 that, Ukraine currently (20172018) ranks first in sunflower production
worldwide with an output of 13.70 million
metric tons (MMT) which represents 28.9% of
the entire global sunflower output of 47.41
MMT (United States Department of Agriculture
- USDA, 2018).
High oleic sunflower oil has the highest oleic
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that provide high oil yield per hectare of over
2.5 t/ha (Jocić et al., 2015).
In spite of this well documented potential,
environmental factors seems to limit current
sunflower yields to the production range of 1.53.0 t/ha (Kaya, 2015). Just recently, Kaya
(2015) advised that Breeders should pay
meticulous attention to eliminating or
minimizing extreme environmental factors to
ensure that a minimum of 4 t/ha sunflower
yields are reached.
An important reserve for the realization of plant
biological potential is the application of foliar
fertilizers and plant growth regulators (PGRs).
Foliar fertilization of crops provides a valuable
supplement to the application of nutrients via
the soil and under certain circumstances, foliar
fertilization is more economic and effective
(Fageria et al., 2009). Of significance, this
mode of applying fertilizers ensures immediate
uptake and translocation of nutrients to various
plant organs via the leaf tissues and thus
enables rapid correction of nutrient deficiencies
(Fageria et al., 2009). Moreover, foliar
fertilization has been recommended for
integrated plant production since it not only
increases crop yield and quality but is also
environmentally safe (Fageria et al., 2009; ElAal et al., 2010; Zodape et al., 2011), because
the nutrients are directly delivered to the plant
in limited amounts, thereby helping to reduce
the environmental impact associated with soil
fertilization (Fernández and Eichert, 2009).
PGRs according to Oosterhuis and Robertson
(2000) encompass a broad category of compounds that promote, inhibit, or otherwise
modify plant physiological or morphological
processes. It is also known that the agricultural
practice that is successfully employed to eliminate the negative effects of stressful situation
on crop productivity is the application of plant
growth regulators (PGRs) (Calvo et al., 2014).
The present study therefore investigates the
influence of foliar fertilizers and plant growth
regulators on seed yield and quality of high
oleic sunflower under the climatic condition
ofthe Left-Bank Forest-Steppe of Ukraine.

MATERIALS AND METHODS

A three years (2016, 2017 and 2018) field
research was conducted in Poltava region in the

Left-Bank Forest-Steppe of Ukraine. The
experimental site was located about 10 km SW
from Poltava (Latitude: 49.6; Longitude: 34.9;
altitude 113 m) on black soil, characteristic for
coarse-medium loam. Seeds of five high oleic
sunflower hybrids (SY Experto, Antratsyt, ES
Balistic, Oplot, and PR64H32) were sown in
first decade of May and harvested in the third
decade of September of the research years. The
origins of the hybrids are as follows: SY
Experto (Syngenta Crop Protection AG.,
Switzerland); Antratsyt (Selection and Genetics
Institute - National Center of Seed Science and
Variety studiesof the Ukrainian Academy of
Agrarian Sciences, Ukraine); ES Balistic
(Euralis Semences, France); PR64H32 (Pioneer
Seed Holding, GmbH, Austria).
Data on rainfall and air temperature for the
growing period was obtained from Poltava
Regional Center for Hydrometeorology of
Ukraine. Analysis of weather conditions,
particularly Hydrothermal coefficient (HTC) as
described (Selyaninov, 1937), showed that the
vegetative period for the research years had the
following characteristics: 2016 - sufficiently
wet (normal moisture) year (HTC = 1.00); 2017
- extremely dry year (HTC = 0.45); 2018 moderately dry year (HTC = 0.59). HTC were
computed by the formula: HTC = Σр × 10 / Σt,
where Σр is the amount of precipitation/rainfall
(mm), for a period with an average daily air
temperature above 10°С; Σt is the sum of
temperatures (°С), for the period with average
daily air temperature beyond 10°С. The main
meteorological indexes for the studied periods
are presented in Table 1.
The experiments were established in a
Randomized Complete Block Design (RCBD)
with 4 replications on a plot size of 25 m2. The
main plots had the sunflower hybrids while the
sub plots were 7 different foliar fertilizer
applications (control; Sol Bor + Basfoliar 6-126; Basfoliar 6-12-6; Wuxal Bio Aminoplant +
Wuxal Boron; Wuxal Boron; Spectrum
Askorist + Spectrum B + Mo; Spectrum B +
Mo). Seeds were sown at a plant density of
60,000 plants/ha with 4 rows in each plot. An
inter row distance of 70 cm was maintained.
Background fertilizer was applied to the soil at
the rate of N94Р48K48. The sowing was carried
out by the 8 rows Baural Planter Maxima in the
unit with the NewHolland tractor. Chemical
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and mechanical measures were used to
effectively control weeds in high debris field
conditions. Soil herbicides Prim Extra TZ Gold

500 SC (4.5 l/ha) was applied. All other
cultural practices including, pest and disease
control were performed.

Table 1. Meteorological indexes during the period of field trials with sunflower
Year
Month
May
June

2016

2017

2018

Long-term average

AT, °С
15.1
19.9

R, mm
109.4
71.4

AT, °С
14.8
20.1

R, mm
39.4
41.2

AT, °С
18.1
20

R, mm
30.6
48.6

AT, °С
15.8
19.4

R, mm
47.9
63.2

July

22.6

40.3

21.5

29.9

22.6

49.8

21.8

60.7

August

22.6

62.7

24

7.2

23

2.2

20.9

38.3

September

15.2

7

18

16.6

18.4

51.8

14.9

7

134.3

102.1

183

92.8

217.1

Total
95.4
290.8
98.4
Note: AT - air temperature; RA - Rainfall amounts.

Foliar fertilizers and plant growth regulators
were applied sequentially 2-3 times at
recommended rates as follows: Sol Bor (3 l/ha);
Basfoliar 6-12-6 (6 l/ha); Wuxal Bio
Aminoplant (3 l/ha); Wuxal Boron (3 l/ha);
Spectrum Askorist (3 l/ha); Spectrum B + Mo
(2.5 l/ha). The first application was done at the
vegetative stage (V-8 to V-10) and the second
and third applications at reproductive stage
before flowering (R-1 to R-4) (Schneiter and
Miller, 1981). Thus, Sol Bor, Wuxal Bio
Aminoplant and Spectrum Askorist were
applied first before respectively adding

Basfoliar 6-12-6, Wuxal Boron and Spectrum B
+ Mo twice. These new set of foliar fertilizers
(Basfoliar 6-12-6, Wuxal Boron and Spectrum
B + Mo) were also applied twice on sub-plots
without the first applications. Hence, there were
double applications (Basfoliar 6-12-6, Wuxal
Boron, Spectrum B + Mo) and triple
applications (Sol Bor + Basfoliar 6-12-6;
Wuxal Bio Aminoplant + Wuxal Boron;
Spectrum Askorist + Spectrum B + Mo). Plots
with no foliar fertilization served as control.
Nutrient compositions of foliar fertilizers and
plant growth regulators are shown (Table 2).

Table 2. Nutrient compositions of foliar applications
Foliar applications

N

P2O5

K2O

Sol Bor (%)
Basfoliar 6-12-6 %)

7.2

14.4

7.2

Wuxal Bio Aminoplant (g/l)

22.6

22.6

22.6

Wuxal Boron (g/l)

110

137.0

Spectrum Askorist (%)

3.7

1.76

3.0

MgO
0.012

Mn
0.012

Cu
0.012

Fe

B

Zn

Mo

0.012

15.0
0.012

0.06

0.005

Amino
acids

*EMB

141.3
0.69

0.69

1.37

95.9

0.69

0.014

0.02

0.003

0.01

0.014

0.01

0.001

Spectrum B+Mo (%)

15.0

20

0.75

*Seaweed extract of Ascophyllum nodosum

Data on the following parameters were
collected and/or determined from two inner
rows of 5 typical tagged plants at reproductive
phase before flowering (R-1 to R-4) (Schneiter
and Miller, 1981): plant height; width of 7th leaf
and length of 7th leaf before leaf surface area
was determined using the method described by
Osipova and Litun (1988).
Harvesting was done through manual approach
at maturity by harvesting the five tagged plants
from two inner rows in each plot. Accounting,
measurement, and related observations were
undertaken in accordance with methods of field
experience by Dospekhov (1985).

The oil and oleic acid contents of the seeds
were determined by employing the device
Spinlock Magnetic Resonance Solutions. Data
were subjected to statistical analysis of variance
(ANOVA) followed by least significant
difference (LSD) test at 5% level of probability
(p<0.05) employing the Statistica 8 software
(Stat Soft. Inc.).
RESULTS AND DISCUSSIONS
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Among the five high oleic hybrids studied, SY
Experto had the highest average plant height
(179.9 cm) (Table 3). This was followed by ES

Balistic (179.5 cm), PR64H32 (177.4 cm),
Antratsyt (170.1 cm) and the least average plant
height were recorded for Oplot (166.3 cm).
Except for ES Balistic, there was a significant

difference (P<0.05) between SY Experto and
the other hybrids. As well, the other hybrids
were significantly taller than the shortest hybrid
(Oplot).

Table 3. Effect of foliar applications on average plant heights
of sunflower for the studied period (2016-2018) (cm)
Sunflower hybrids
(Factor A)
ES
SY
Antratsyt
Oplot
Balistic
Experto
Control
164.6
175.5
177.6
162.3
Sol Bor + Basfoliar 6-12-6
172.0
180.9
182.7
165.7
Basfoliar 6-12-6
169.5
176.9
178.5
164.6
Wuxal Bio Aminoplant + Wuxal Boron
172.9
181.7
183.4
169.9
Wuxal Boron
173.3
184.7
180.8
167.7
Spectrum Askorist + Spectrum B + Mo
170.0
176.2
179.1
167.5
Spectrum B + Mo
168.5
180.3
177.5
166.2
Average
170.1
179.5
179.9
166.3
The least significant difference (LSD) at p<0.05: А - 0.92; В - 1.09 cm
Foliar applications
(Factor B)

PR64H32

Average

173.5
178.5
176.3
180.9
175.9
179.9
176.9
177.4

170.7
176.0
173.2
177.8
176.5
174.5
173.9

(Antratsyt - 172.9 cm; ES Balistic -184.7 cm).
Similar result was obtained for ES Balistic
when Spectrum Askorist + Spectrum B + Mo
were individually applied thrice (176.2 cm),
with the double application of Spectrum B +
Mo alone producing a slightly higher plant
height (180.3 cm). For all hybrids, all foliar
applications resulted in a slightly higher plant
height except for SY Experto for which the
control was higher (177.6 cm) than double
application of Spectrum B + Mo (177.5 cm).
The greatest influence on plant height was
caused by the combination of hybrids and foliar
applications with a share of 75.6%. The second
factor was hybrids (19.1%) whiles foliar
applications was next with a share of 3.1%.
Other factors had a 2.2% influence on plant
height. Leaf area growth determines light
interception and is an important parameter in
determining plant productivity (Gifford et al.,
1984; Koester et al., 2014).

With regards to foliar applications, triple
application of Wuxal Bio Aminoplant + Wuxal
Boron generated a significantly higher average
plant height (177.8 cm) than for Wuxal Boron
(176.5 cm), Sol Bor + Basfoliar 6-12-6 (176.0
cm), Spectrum Askorist + Spectrum B + Mo
(174.5 cm), Spectrum B + Mo (173.9 cm),
Basfoliar 6-12-6 (173.2 cm) and control (170.7
cm) (Table 3). The least plant height was
recorded for the control (170.7 cm). Thus, for
the combined hybrids, each foliar application
resulted in an average plant height that is
significantly (P<0.05) higher than the control
(no spray). Generally, the triple applications
resulted in slightly higher plant heights than
double
applications.
However,
double
application of Wuxal Boron alone resulted in a
slightly higher plant height for Antratsyt (173.3
cm) and ES Balistic (184.7 cm) compared to
their respective individual triple application of
Wuxal Bio Aminoplant + Wuxal Boron

Table 4. Effect of foliar applications on average leaf surface area
of sunflower for the studied period (2016-2018) (m2)
Sunflower hybrids (Factor A)
Antratsyt
ES Balistic
SY Experto
Oplot
Control
0.62
0.58
0.60
0.65
Sol Bor + Basfoliar 6-12-6
0.67
0.65
0.68
0.73
Basfoliar 6-12-6
0.70
0.63
0.65
0.70
Wuxal Bio Aminoplant + Wuxal Boron
0.73
0.65
0.70
0.73
Wuxal Boron
0.73
0.70
0.67
0.69
Spectrum Askorist + Spectrum B + Mo
0.64
0.63
0.68
0.70
Spectrum B + Mo
0.69
0.61
0.64
0.60
Average
0.68
0.64
0.66
0.68
The least significant difference (LSD) at p<0.05: А - 0.00; В - 0.01 m2
Foliar applications
(Factor B)

Antratsyt and Oplot had equal and the largest
average leaf surface area (0.68 m2) (Table 4).
The second largest were SY Experto and
PR64H32 which also formed the same average
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PR64H32
0.59
0.67
0.65
0.71
0.69
0.65
0.63
0.66

Average
0.61
0.68
0.67
0.70
0.70
0.66
0.63

leaf surface area of 0.66 m2 while the least was
generated by ES Balistic (0.64 m2). All hybrids
had a significantly (P<0.05) larger leaf surface
area than ES Balistic. Both Antratsyt and Oplot

also created a significantly larger average leaf
surface area compared to the second largest
(SY Experto and PR64H32).
Triple application of Wuxal Bio Aminoplant +
Wuxal Boron or only double applied Wuxal
Boron also generated equivalent and the largest
average leaf surface area (0.70 m2) (Table 4).
These were followed in a decreasing sequence
by the application of Sol Bor + Basfoliar 6-12-6
(0.68 m2), Basfoliar 6-12-6 (0.67 m2), Spectrum
Askorist + Spectrum B + Mo (0.66 m2), and
Spectrum B + Mo (0.63 m2). The smallest
average leaf surface area occurred in the control
(0.61 m2). Thus, Wuxal Bio Aminoplant +
Wuxal Boron or Wuxal Boron created a
significantly (P<0.05) larger leaf surface area
than the other treatments. Also, considering the
total hybrids, each foliar application generated
a significantly (P<0.05) larger average leaf
surface area than the control.
Generally, spraying thrice on the hybrids
resulted in slightly larger leaf surface area than
double applications. However, for Antratsyt,
the application of just Basfoliar 6-12-6 twice
produced a slightly larger leaf surface area
(0.70 m2) than triple application of Sol Bor +
Basfoliar 6-12-6 (0.67 m2). Similar results were
obtained for double spraying of only Spectrum
B + Mo (0.69 m2) and triple applied Spectrum
Askorist + Spectrum B + Mo (0.64 m2). Still,
for Antratsyt, triple application of Wuxal Bio
Aminoplant + Wuxal Boron or Wuxal Boron
sprayed only twice produced the same leaf
surface area (0.73 m2). Additionally, for ES
Balistic, leaf surface area generated by applied
Wuxal Boron alone (0.70 m2) was a little larger
than triple applied Wuxal Bio Aminoplant +
Wuxal Boron (0.65 m2). For all the hybrids, all
treatments resulted in a larger leaf surface area

than the control except for Oplot for which
control was a bit larger (0.65 m2) than spraying
with only Spectrum B + Mo twice (0.60 m2).
Together, hybrids and foliar applications influenced leaf surface area the greatest with a
share of 47.5%. This was followed by only
foliar applications (29.9%) before hybrids
(10.7%). Other factors had an influence of
11.9%.
The hybrid PR64H32 produced the greatest
average number of seeds per head (1305.6 pcs)
and was followed in a reducing manner by: SY
Experto (1272.0 pcs), Oplot (1164.0 pcs), ES
Balistic (1089.9 pcs), and Antratsyt (1035.7
pcs) (Table 5). All the hybrids had significantly
(P<0.05) higher average number of seeds
compared to Antratsyt. Additionally, PR64H32
produced a significantly higher average number
of seeds than the other hybrids.
The average maximum number of seeds per
head among the hybrids was achieved through
triple application of Wuxal Bio Aminoplant +
Wuxal Boron (1195.8 pcs). The rest were as
follows in a decreasing manner: Wuxal Boron
(1187.2 pcs), Sol Bor + Basfoliar 6-12-6
(1187.0 pcs), Spectrum Askorist + Spectrum B
+ Mo (1174.2 pcs), Spectrum B + Mo (1169.8
pcs), and the minimum was obtained from the
control (1132.2 pcs). Combining all the
hybrids, each foliar application generated a
significantly higher average number of seeds
compared to the control (1132.2). However, the
difference between the greatest number of seeds
based on triple application of Wuxal Bio
Aminoplant + Wuxal Boron and that of Wuxal
Boron or Sol Bor + Basfoliar 6-12-6 was not
statistically significant (P<0.05) but was
significant for the others.

Table 5. Effect of foliar applications on average number of seeds per head of sunflower for the studied period
(2016-2018) (pcs)
Sunflower hybrids
(Factor A)
Antratsyt
ES Balistic
SY Experto
Oplot
Control
1007
1048
1213
1151
Sol Bor + Basfoliar 6-12-6
1044
1112
1292
1160
Basfoliar 6-12-6
1046
1111
1207
1176
Wuxal Bio Aminoplant + Wuxal Boron
1052
1098
1310
1173
Wuxal Boron
1031
1103
1309
1172
Spectrum Askorist + Spectrum B + Mo
1043
1075
1291
1152
Spectrum B + Mo
1027
1082
1282
1164
Average
1035.7
1089.9
1272.0
1164.0
The least significant difference (LSD) at p<0.05: А - 13.05; В -15.45 pcs.
Foliar applications
(Factor B)

Mostly, applications in threefold resulted in a
little increase in the number of seeds per head

PR64H32
1242
1327
1299
1346
1321
1310
1294
1305.6

Average
1132.2
1187.0
1167.8
1195.8
1187.2
1174.2
1169.8

than for just double sprayings of the hybrids.
However, for Antratsyt, triple application of
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Sol Bor + Basfoliar 6-12-6 produced just a little
lower number of seeds per head (1044 pcs)
than for just double application of Basfoliar 612-6 (1046 pcs). Similarly, for Oplot, Sol Bor +
Basfoliar 6-12-6 produced 1160 pcs while only
Basfoliar 6-12-6 generated 1176 pcs. Again, for
Oplot, there was a lower number of seeds per
head for applied Spectrum Askorist + Spectrum
B + Mo (1152 pcs) compared to only Spectrum
B + Mo (1164 pcs). Also, for ES Balistic, triple
application of Wuxal Bio Aminoplant + Wuxal
Boron generated somewhat lower number of
seeds per head (1098 pcs) than for applying
Wuxal Boron only twice (1103 pcs). All foliar
sprays on a particular hybrid gave a higher
number of seeds per head than the control
except for dual application of Basfoliar 6-12-6
on SY Experto. The combined factors of
hybrids and foliar applications gave the greatest
influence of 52.6% on number of seeds per
head. Hybrids were next with a share of 43.6%
and were followed by foliar applications
(1.5%) before lastly other factors (2.4%).
Seed yield is the main criterion for economic
evaluation of the implementation of the
potential of modern hybrids.
The highest average seed yield was produced
by the hybrid PR64H32 (3.73 t/ha) (Table 6).

The other hybrids generated the following
average seed yields in a decreasing order: SY
Experto (3.69 t/ha), ES Balistic (3.39 t/ha),
Oplot (3.31 t/ha), and Antratsyt (3.13 t/ha).
Except for SY Experto, there was a significant
difference (P<0.05) between the average seed
yield of PR64H32 and the other hybrids. In a
recent related study without foliar applications,
Melnyk et al. (2019) reported similar but lower
average seed yields for the same hybrids as
follows: SY Experto (3.51 t/ha); PR64H32
(3.41 t/ha); ES Balistic (3.17 t/ha), Oplot (3.14
t/ha), and Antratsyt (2.68 t/ha). The higher seed
yields in the present study could be attributed
to the foliar applications.
Among the foliar applications on all hybrids,
except for Wuxal Boron with an average seed
yield of 3.53 t/ha, spraying of Wuxal Bio
Aminoplant + Wuxal Boron thrice ensured a
significantly higher average seed yield (3.58
t/ha) than the other foliar sprays: Sol Bor +
Basfoliar 6-12-6 (3.51 t/ha), Spectrum Askorist
+ Spectrum B + Mo (3.46 t/ha), Basfoliar 6-126 (3.45 t/ha), Spectrum B + Mo (3.41 t/ha) and
control (3.22 t/ha). Furthermore, there was a
significant difference in average seed yield
between a particular foliar application and the
control.

Table 6. Effect of foliar applications on average seed yields of sunflower for the studied period (2016-2018) (t/ha)
Sunflower hybrids
(Factor A)
Antratsyt
ES Balistic
SY Experto
Oplot
Control
2.95
3.17
3.41
3.13
Sol Bor + Basfoliar 6-12-6
3.12
3.47
3.73
3.38
Basfoliar 6-12-6
3.13
3.42
3.69
3.31
Wuxal Bio Aminoplant + Wuxal Boron
3.22
3.47
3.84
3.47
Wuxal Boron
3.21
3.51
3.80
3.35
Spectrum Askorist + Spectrum B + Mo
3.13
3.35
3.72
3.28
Spectrum B + Mo
3.12
3.33
3.67
3.26
Average
3.13
3.39
3.69
3.31
The least significant difference (LSD) at p<0.05: А-0.04; В-0.05 t/ha
Foliar applications
(Factor B)

The seed yields for the triple foliar sprays were
mainly higher than just double spraying the
same foliar fertilizers and plant growth
regulators. However, for Antratsyt, foliar
applied Sol Bor + Basfoliar 6-12-6 in threefold
produced a slightly lower seed yield (3.12 t/ha)
compared to double application of Basfoliar 612-6 without Sol Bor (3.13 t/ha). Similarly, for
ES Balistic, there was a lower seed yield for
triple spraying of Wuxal Bio Aminoplant +
Wuxal Boron (3.47 t/ha) than for only dual
applied Wuxal Boron (3.51 t/ha).

PR64H32
3.43
3.83
3.70
3.90
3.78
3.80
3.69
3.73

Average
3.22
3.51
3.45
3.58
3.53
3.46
3.41

Additionally, for every hybrid, all foliar sprays
resulted in a higher seed yield than control. The
greatest influence on average seed yield was
caused by the combined factors of hybrids and
foliar applications (share is 62.6%). The second
greatest influence was by hybrid (29.1%) and
the third by foliar applications (6.3%). Other
factors had the least influence on the average
seed yield (share is 2.0%).
The main requirements for oil seeds are the oil
content. Among the studied hybrids, PR64H32
generated the highest average (49.3%).
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It then decreases for the other hybrids in the
following order: SY Experto (48.9%),
Antratsyt (48.5%), ES Balistic (48.4%), and
Oplot (47.6%). Foliar applications caused a
0.6-1.6% increase in oil content. Recently,
without foliar applications on these same five
hybrids, average oil content ranging between
45.2-49.4% was reported (Melnyk et al., 2019).
On the other hand, the highest average oleic
acid content was produced by SY Experto
(83.7%) (Figure 1). In a decreasing manner, the

rest of the hybrids produced these average oleic
acids as follows: ES Balistic (80.6%),
PR64H32 (79.4%), Oplot (75.3%), and
Antratsyt (71.5%). The increase in oleic acid
contents due to foliar sprays ranges between
1.8-4.1%. For each hybrid, oleic acid was
higher than the oil content. Strikingly, Melnyk
et al. (2019) reported a slightly higher oleic
acid content (ranging between 75.8-88.5%) in
same hybrids without foliar spraying.

Figure 1. Average oil and oleic acid contents of investigated hybrids as influenced by
foliar sprays (2016-2018) (%)

CONCLUSIONS
Foliar applications had a favourable effect on
all parameters studied (plant height, leaf
surface area, number of seeds per head, seed
yield, oil content and oleic acid content)
compared to the control. The highest average
seed yields occurred in the hybrids PR64H32
(3.73 t/ha) and SY Experto (3.69 t/ha) as was
for oil content PR64H32 (49.3%) and SY
Experto (48.9%). Sequential foliar application
of Wuxal Bio Aminoplant + Wuxal Boron
thrice or Wuxal Boron twice, respectively gave
the greatest average seed yield for all hybrids
combined (3.58 t/ha or 3.53 t/ha) compared to
the control (3.22 t/ha). Based on foliar sprays,
the increase in seed yields ranged from 0.19 0.36 t/ha when compared to control. Foliar
sprays also caused increases in oil content
between 0.6-1.6% compared to the control with
average oil content for the various hybrids
fluctuating between 48.4-49.3%. Average oleic
acid content ranged from 71.5-83.7% for the
investigated hybrids and foliar applications
increased the average oleic acid content by 1.84.1%. The combined factors of hybrid and
foliar applications had the greatest influence on
seed yield (share of 62.6%); hybrid - 29.1%;

foliar applications - 6.3%; other factors - 2.0%.
To guarantee higher yields (3.69-3.73 t/ha) and
quality seeds, sequential foliar application of
Wuxal Bio Aminoplant + Wuxal Boron thrice
or Wuxal Boron twice on hybrids PR64H32
and SY Experto is recommended.
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Abstract
Plant parasitic nematodes Longidorus attenuatus Hooper and Tylenchorhynhus claytoni Steiner are serious pests on
both red raspberry Rubus idaeus L. and black chokeberry Aronia melanocarpa (Michx.) Elliott grown in Bulgaria.
Considering their importance as root parasites, the present study is a first step of evaluations done on nematode densities and seasonal fluctuation of their populations. Throughout one year survey, the highest population density of L.
attenuatus was found at 20 cm soil depth, while the T. claytoni population was observed highest at 10 cm soil depth.
The peak of the populations of the phytonematodes was observed in June and July on red raspberry and black chokeberry, respectively. The highest number of 321 individuals/100 cm3 soil of nematodes was found in raspberry field,
while the number of 223 individuals/100 cm3 soil was observed in chokeberry plantation. The obtained data of population dynamics of L. attenuatus and T. claytoni clearly indicates the most appropriate time for control measures applying. The symptoms observed on root systems demonstrate the negative impact of nematode feeding and development on
them. Further evolutions should be focused on searching of alternative methods of control of plant parasitic nematodes
on red raspberry and black chokeberry.
Key words: plant parasitic nematodes, population density, soil depth, Rubus ideus, Aronia melanocarpa, root damage.

INTRODUCTION
In last decade, production of small fruit crops
has significantly increased in Bulgaria. Red
raspberry Rubus idaeus L. is a traditional agricultural crop that has been grown both in conventional and organic fields. During 20142017, the total area of raspberry plantation has
increased by 34% (Agrostatistica, 2018) and
approximately 2/3 of fruit production has been
exported to western European countries and
Asia. Black chokeberry Aronia melanocarpa
(Michx.) Elliott has attracted the interest of the
growers due to both considerable high price of
the fresh and frozen fruits and plants resistance
to drought and low temperature.
In many cases, the import of uncertified raspberry and chokeberry plant materials is the
main reason for entrance and spread in the territory of the country of numerous pest and
pathogens, including plant parasitic nematodes.
Also, the change of cultivar assortment leads to
growing of poor adapted to the climatic and
soil conditions plants which are severe attacked
by soil borne pathogens and nematodes. As a
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consequence, the productive lifetime of berry
plantings in several regions of the country has
drastically decreased up to 5-7 years.
Approximately 4,100 species of phytonematodes have been identified worldwide
(Decramer and Hunt, 2006), new species are
continually being described while others, previously considered as non-damaging on certain
crops are becoming pests on them as planting
patterns change. Although plant parasitic nematodes are viewed as one of the most insidious
and costly pest group on berry plants (Bélair,
1991), data on their reproduction, population
dynamic, feeding, species composition and
economic impact remain less than comprehensive, especially for black chokeberry.
In berry plants, phytonematodes are able to
cause direct damages on their root systems
(Bélair and Khanizadesh, 1994), as well as to
transmit plant nepovirusses (Taylor and Brown,
1997). Species of genus Tylenchorhynchus are
known as typical ectoparasites, destroying the
root tissues and lead to stunt growth (Poiras et
al., 2014). Longidorus spp. feed on roots, causing necrosis and small gall formations, but spe-

cies Longidorus elongatus and Longidorus
macrosoma transmit the Raspberry ringspot
nepovirus (RRSV) (Taylor and Brown, 1997).
L. elongatus and L. macrosoma have been reported several times as pests on red raspberry
in Bulgaria (Stoyanov, 1980; Choleva et al.,
1992; Samaliev and Stoyanov, 2008; Tzolova
and Koleva, 2015). At the same time, there is
an absence of information concerning the species Longidorus attenuatus Hooper and Tylenchorhynhus claytoni Steiner on red raspberry.
In addition, data on occurrence and population
density of plant parasitic nematodes associated
with black chokeberry in Bulgaria is lacking.
The aim of the present study was to provide
preliminary information on seasonal fluctuation
of two of the most important nematode species
L. attenuatus and T. claytoni associated with R.
ideus and A. melanocarpa throughout one year
at three soil depths.

To extract the nematodes from the soil, four
100 cm3 sub-samples were processed using
Cobb’s sieving and decanting technique followed by a modified Baerman funnel method
(Hooper, 1986). Extracted nematodes were
killed in 65 °C hot water, fixed in TAF and
placed in labeled containers (Bezoojen, 2006).
Nematodes were counted under dissecting stereomicroscope. Selected specimens were processed to dehydratation followed Seinhorst’s
(1959) rapid glycerine method and mounted on
permanent slides. To identify and confirm
nematode species, the taxonomic keys were
used (Romanenko, 1978; Loof and Chen, 1999;
Handoo, 2000, Siddiqui, 2000). The obtained
data were statistically analyzed for critical difference (CD) at p = 0.05 and p = 0.01 (Panse
and Sukhatme, 1978).

MATERIALS AND METHODS

Seasonal changes in population density of
Longidorus attenuatus and Tylenchorhynchus
claytoni at different soil depths (10 cm, 20 cm
and 40 cm) in the rizosphere of red raspberry
and black chokeberry plants in 2017 are presented in Table 1 and Table 2. The results indicate that the number of plant parasites at
different soil layers is influenced by the seasonal climatic condition.
During the spring, summer and autumn months,
the populations of L. attenuatus and T. claytoni
were observed higher than winter months in
both raspberry and chokeberry fields. However,
the highest density of L. attenuatus was found
in the middle (20 cm) layer and the number of
nematodes on raspberries varied from 4 individuals/100 cm3 soil in September to 59 individuals/100 cm3 soil in June (Table 1). On
chokeberries, the number of L. attenuatus
varied from 11 individuals/100 cm3 soil in
March to 52 individuals/100 cm3 soil in July
(Table 2). Throughout the same three seasons,
T. claytoni showed different pattern of movement into the soil depths and the highest number of the parasites was observed in the upper
(10 cm) layer. The maximum in population
density of T. claytoni was found in June (176
individuals/100 cm3) on R. ideus and in July
(95 individuals/100 cm3) on A. melanocarpa,
while the minimum in population density was
observed in March for both raspberry and

RESULTS AND DISCUSSIONS

Three-years-old raspberry plantation (cv.
Lyulin, 2.2 ha) and four-years-old black chokeberry plantation (cv. Viking, 1.8 ha), both with
a history of phytonematode infestation were
selected for this survey.
The commercial plantations are located (N
41.51 E 24.74 - raspberry, and N 41.53 E 24.76
- black chokeberry) near Smilyan village,
South Bulgaria. The soil type is sandy-loam.
Ten sites of each field (raspberry and black
chokeberry) with well-defined spots of chlorotic and wilted plants were selected and
marked as permanent sampling sites.
To determine population dynamics of
Longidorus attenuatus and Tylenchorhynchus
claytoni, soil samples were collected from the
sampling sites by using a soil auger at monthly
intervals for a period of one year from January
to December, 2017. Each composite soil sample was obtained by randomly collected five
soil cores within sampling sites, in depth of 10
cm, 20 cm and 40 cm.
Sampling position were 15-25 cm apart from
the plant stem. The samples were placed in
plastic bags, labeled and transported to Laboratory of Entomology end Nematology at Agricultural University, Plovdiv where the samples
were stored at 7-10°C until processed for
nematode extraction.
176

chokeberry fields (19 and 9 individuals/100
cm3, respectively) (Tables 1 and 2). During the
winter season, both species L. attenuatus and T.
claytoni moved deeper into the soil and their
highest population densities were observed in
the lower (40 cm) layer. The highest number of

the parasites was found in January. On
R. ideus, 20 and 6 individuals/100 cm3 soil of
L. attenuatus and T. claytoni were counted,
respectively, while on A. melanocarpa the
number of nematodes was 7 and 11 individuals/100 cm3 soil, respectively.

Table 1. Population densities of two plant parasitic nematodes Longidorus attenuatus
and Tylenchorhynchus claytoni associated with red raspberry cv. Lyulin throughout one year at different soil depth
Months/Season
January (Winter)
February (Winter)
March (Spring)
April (Spring)
May (Spring)
June (Summer)
July (Summer)
August (Summer)
September (Autumn)
October (Autumn)
November (Autumn)
December (Winter)
CD (p = 0.05)
CD (p = 0.01)

Longidorus attenuatus
10 cm*
20 cm*
50 cm*
5
7
20
8
10
14
11
20
17
11
29
18
33
41
9
43
59
2
14
32
25
2
9
21
6
4
29
16
34
6
10
21
10
8
13
18
10.02
11.16
9.18
14.34
13.98
12.56

*Data represents the mean of four replicates.

Total
32
32
48
58
83
104
71
32
39
56
41
38
16.32
19.44

Tylenchorhynchus claytoni
10 cm*
20 cm*
40 cm*
1
43
6
7
49
6
19
65
5
38
81
2
129
52
0
176
41
0
95
27
0
36
50
4
26
40
6
67
37
8
24
46
10
16
39
4
9.80
10.65
5.01
12.76
14.03
8.28

Total
50
62
89
111
181
217
122
90
72
112
80
59
15.22
18.64

Table 2. Population densities of two plant parasitic nematodes Longidorus attenuatus and
Tylenchorhynchus claytoni associated with black chokeberry cv. Viking throughout one year at different soil depth
Months/Season
January (Winter)
February (Winter)
March (Spring)
April (Spring)
May (Spring)
June (Summer)
July (Summer)
August (Summer)
September (Autumn)
October (Autumn)
November (Autumn)
December (Winter)
CD (p = 0.05)
CD (p = 0.01)

Longidorus attenuatus
10 cm*
20 cm*
40 cm*
1
4
7
10
9
7
11
11
10
16
15
5
21
27
3
27
33
1
26
52
4
7
15
8
9
13
6
17
24
5
9
14
8
5
9
11
8.45
10.12
8.09
12.03
14.06
11.35

*Data represents the mean of four replicates.

Total
12
26
32
36
51
61
82
30
29
46
31
25
11.57
15.09

Tylenchorhynchus claytoni
10 cm*
20 cm*
40 cm*
0
24
11
4
36
13
9
39
5
19
50
3
25
65
0
71
57
0
95
51
0
42
34
4
46
30
8
40
42
14
20
22
11
8
17
10
14.22
12.66
9.15
17.53
15.98
13.01

Total
35
53
53
72
90
128
141
80
84
96
53
35
15.24
18.85

the population of L. attenuatus and T. claytoni
reached their highest densities during MayJuly, and their lowest densities during December-February (Tables 1 and 2). Similarly,
Afreh-Nuamah and Hemeng (1995) found that
the populations of Meloidogyne, Pratylenchus
and Helicotylenchus on plantain increased in
June-July and decreased in December-January.
Contrariwise, Mani and Al-Hinai (1996) reported that the highest densities of Helicotylenchus multicinctus, Meloidogyne incognita and
Tylenchorhynchus coffeae associated with banana plants occurred in February-April, and
their lowest densities observed in May-July.

Zuckerman and Strich-Harari (1963) stated that
under a temperate climate the population densities of plant parasitic nematodes on perennial
plant species peaked in summer season, while
the lowest population densities occurred in
winter season. Jones (1980) added that the
temperature is the major environmental factor
limiting nematode population density in temperate zone of the world. According to Badra
and Caveness (1983) the rainfalls and soil
moisture should be considered as the most important factors influenced the nematode populations under a subtropic and tropic condition
of the world. The results in this study showed
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(2007) observed the highest number of 213-360
individuals/200 g soil of Tylenchorhynchus
mashoodi on mango Mangifera indica at 10 cm
soil depth during July-September.
Fluctuation of phytonematode populations on
red raspberry and black chokeberry fields is
presented on Figure 1. Population densities of
both L. attenuatus and T. claytoni had one pronounced peak, in June (321 individuals/100
cm3) and July (223 individuals/100 cm3), respectively on raspberry and chokeberry. A second increase but lower peak was observed in
October, when the total number of nematodes
reached 158 individuals/100 cm3 and 142 individuals/100 cm3, respectively on R. ideus and
A. melanocarpa (Figure 1).

During the active growing season of R. ideus
and A. melanocarpa, population of L.
attenuatus was concentrated in the middle soil
layer, especially in the spring and summer
months (Tables 1 and 2). Unlike, the highest
population density of T. claytoni on red
raspberry and black chokeberry occurred in the
upper soil depth, notably in the summer months
(Tables 1 and 2). Likewise, Siddiqui (2005)
reported the highest population densities of
Hoplolaimus indicus, Helicotylenchus indicus,
Xiphinema americanum, Pratylenchus coffeae,
Tylenchulus
semipenetrans
and
Hemicriconemoides mangiferae on orange
Citrus reticulata and lemon Citrus aurantifolia
at 10 cm soil depth. In addition, Siddiqui

Figure 1. Fluctuation of population densities of plant parasitic nematodes on Rubis ideus and
Aronia melanocarpa in 2017

On other hand, the lowest nematode density
was found in January. In this month the total
number of the parasites was 82 individuals/100
cm3 and 57 individuals/100 cm3, respectively
on raspberry and chokeberry. During MarchJune populations of L. attenuatus and
T. claytoni increased, but in August and September distinctly decreased (Figure 1). The low
soil temperature (the data is not presented) in
December-February might be suspected to be
responsible for the reduction in the plant parasitic nematode populations. Moreover, the quiescence of berries growth during the winter
months could be also related to the nematode

population decline. Reduction in the total number of nematodes in August-September is
probably due to increase in soil temperatures.
In drought conditions the parasites might be
stay in anabiosis or diapause or migrate deep
(up to 70 cm) into the soil (Oostenbrink, 1966).
Similarly to our findings, Kella et al. (2011)
reported that the population of Meloidogyne
incognita associated with banana Musa spp.
increased during June-August and then decreased during November-January.
Contrariwise, Eissa et al. (2013) observed two
consecutive peaks (in January and in February)
and one lowest level (in October) in population
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density of Helicotylenchus exallus associated
with banana plants.

Figure 3. Absence of lateral roots, necrosis and small
galls of root tips of red raspberry plants infested with
nematodes

Figure 2. Dying root system of red raspberry due to
feeding of Longidorus attenuatus and
Tylenchorhynchus claytoni

The presence of L. attenuatus and T. claytoni
on both red raspberry and chokeberry fields
and their feeding on plant roots lead to well
distinguishable symptoms of wilting and swelling of the root systems (Figure 2).
Constantly, the question raised by the growers
is how to assume nematode damages on the
berry plants? Some of typical symptoms on
nematode feed on roots were detected of plants
had showed the tendency of yellowing and
wilting of raspberry and chokeberry leaves and
shoots.
When were uprooted these plants had a chlorotic and necrotic stubby roots, lack of lateral
root development and reduction of root weight
(Figures 3 and 4).
As a consequence, plants become unthrifty and
died from inability to take up sufficient water
and nutrients.

Figure 4. Swelling, yellowing and malformed roots of
black chokeberry attacked by nematodes

CONCLUSIONS
From the results above can be concluded that
the populations of Longidorus attenuatus and
Tylenchorhynchus claytoni are concentrated up
to 20 cm soil depths during the active growing
season of Rubus ideus and Aronia
melanocarpa. This should be considered when
applying nematicides or other products for
plant protection or for plant growth promotion.
Population densities of L. attenuatus and T.
claytoni are highest in May-July, when is the
most appropriate time for nematode treatment.
Another increase in nematode population is
observed in October. It is important to note,
that November under the climatic condition in
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Bulgaria is a typical autumn month and when is
necessary the nematicides could be also applied
in this period.
Under favorable condition and susceptible cultivars, symptoms of necrosis and swelling of
root systems are observed. Infested and damaged roots lead to wilting and yellowing of the
plants and overall to plant dead.
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Abstract
The objective of this research was to determine the changes in quality of maize (Zea mays L.) seed over the three years
storage and in five genetically different hybrids, in during storage, under open storage conditions. Also the aim of this
study was to evaluate the effect of different type treatment on physiological potential maize (Zea mays L.) seeds. Five
experimental corn hybrids, each represented by five seed lots produced by Agricultural Research and Development
Station Turda, Romania, were evaluated. Seeds were stored for 36 months, under different environments and seed
performance was evaluated the time of “initial-phase” and every 12 months by seed viability (germination), seed vigour
(seedlings length, İndex Vigour-I - SVI), Speed Germination Index (SGI). The results indicate that the contribution of
the factors taken into consideration, at the total variability of viability (germinations) is: hybrid, 26.01%; storage
conditions (treatment), 9.99%; storage duration, 31.75%, and in case of seed’s vigor variability (İndex Vigour-I) is:
hybrid, 5.5%; treatment, 25.20%; storage duration, 46.69%. The study’s purpose was to identify which of the studied
genotypes preserves better its initial seminal qualities during storage duration. The large variation range of regression
coefficient bi[0.30 - 1.684] and of determination coefficient Ri2 [0.68 - 0.90], residual deviations δij² and of ecovalence
coefficient Wi2, indicates the fact that there are differences regarding the behaviour of genotypes in analyzed
environments which means differente reactions of hybrids taken into consideration, targeted by the storage conditions
and storage duration. A model was developed for viability equations to quantify the effect of storage conditions to
„open space” on the orthodox seeds (Zea mays L.) deterioration.
Key words: maize, seed viability, seed vigour, storage conditions.

INTRODUCTION

of all factors with action, in pre-harvest, during
harvest and conditioning, and during storage,
on the chemical, physical, biochemical and
physiological changes occurring at the metabolic and structural level of the seed (Bărbos et
al., 2016). Another reason, are the actual
climatic changes which brings changes in the
physiological activity of the seed as a result of
the increase of entropy with influences, not
only during production in the field but also
during storage (Duda and Moldovan, 2008).
All the bibliographic sources emphasize that
among the many factors that contribute to the
realization of the complex character,
Production capacity the seed’s quality is also
included. The expression „seed’s quality”, is a
concept and includes several components
highlighted by Ajavi (2003): genetical quality

The economical importance of maize since the
usage of its caryopsis in the human food, in
industry and in animal feed, of strains as feed
or in the pulp industry, with a production
capacity, about 50% higher than the other
cereals, it would not have been possible
without the genetic potential and the diversity
of physiological expression existing within the
seed, life-bearing and genetic patrimony.
The maize seed multiplication activity in U.E.
is increasing from year to year as a result of
increased seed demand, but annual losses due
to deterioration, for various reasons, are over
25% (Iyoti and Malik, 2013).
One of the main reasons for annual seed losses
is the insufficient knowledge of the influence
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(biological value), mechanical quality (resistance to damage) health quality (health level
and health status), physical quality, („eye’s
pleasure”) physiological quality (refers, to germination potential and physiological manifestation), storage quality (conservation).
As a very important biological factor in the
increase of production, the quality of the seeds
from the agricultural point of view is given by
their genetic and somatic value. Measures to
mitigate the impacts of climate change or to
improve agricultural technologies to provide
the food needed for the continuity of life on
earth begin with the use of a high biological
value seed with high parameter values which
characterizes its viability and vigour, a seed
resistant to abiotic and biotic stress factors.
The following factors are fundamental in terms
of keeping seed quality during storage:
moisture content of the seed subject to storage,
relative humidity and temperature in the
storage medium, seed quality (initial quality) in
the moment of storage and the destructive
attack of microorganisms and insects. In order
to limit the action of these factors on the
normal seed aging process, with consequences
on seed quality, it is necessary to know, control
and regulate this process in order to increase
the longevity of the seeds, meaning to extend
the useful life of the seed lots with the
consequences under the economic aspect and
the safety of agricultural production.
In order to meet demand, seed technology
research has focused on identifying various
aspects that may be associated with the
physiological potential of seeds. It is therefore
necessary to know the actual condition of a
seed lot in terms of quality, assessing its degree
of decline, to provide useful information to the
user, thus helping him to decide the manner,
the conditions and the time of use of the lot.
Viability represents the potential seed capacity
to generate live embryos under optimum conditions. Because, standard germination, viability
indicator (Baldwin et al., 2006) reflects the
maximum seed germination potential under
optimal conditions, it is not a good indicator to
correlate with field emergence (Duurant and
Gummerson, 1990; Morad, 2013).
In order to obtain precise information on the
quality of a seed lot, even if they have almost
identical germination values, different vigor

tests should be used (Milosovic and Cirovic,
1994; Perry, 1981). The ISTA Association, in
2014, develops a comprehensive definition of
the concept of seed vigour: „seed vigour is the
sum of those properties that determine the
activity and performance of seed lots of
acceptable in a wide range of enviroments; a
vigorous seed lot is one that potentially able to
perform well under envirommental conditions
which are not optimal for the species”.
The size of the increases of the essential parts
of germs and the dry weight of these increases
are directly proportional to the vigor of the
seeds, their degree of deterioration, either due
to aging or other causes (Matthews, 2007). At
the same time, they are good indicators to
differentiate between seed lots in terms of the
potential of their physiological expression, but
can be very well correlated with field emergence under varying conditions (Ching et al.,
1972; Perry, 1981; Hermanus-Maree, 2008;
Milosovic et al., 2010; Divasalare et al., 2013).
The particularity of the „orthodox” seeds for
sowing is that they can be stored in a dry state
in open warehouses for a longer or shorter
period depending on the values of the fundamental parameters characterizing the storage
medium.
MATERIALS AND METHODS
The conditions in which the experiments
took place
The research presented in this paper began in
2014, at SCDA Turda, Romania, and ITCSMS
Cluj-Napoca, Romania, during 2014-2017. Storage (open space), thermally insulated, providing small variations of environmental parameters in space, at the major changes of the
outside, with a temperature variation during the
year, 8-28°C and relative variation, 25-75%
humidity with the possibility of applying
natural aeration. Cold laboratory room
(controlled environment) with a temperature
variation during the year, 2-4°C and relative
variation, 50-75% humidity, intended to test
natural resistance, the potential of hybrids to
form normal germs under such conditions.
Factors and experimental design
The storage conditions are referred to as
treatment with subsequent graduations: an
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open room (warehouse) where untreated seed is
stored; laboratory chamber with controlled
medium in which untreated seed is stored;
room (open space) with seed treated fungicide
Maxim XL 0.35 FS; open room with seed
treated with fungicide Maxim XL 0.35 FS +
insecticide Seedoprid 600 FS.
Corn genotypes have a different FAO group
but also different initial qualities and come
from homogeneous maize lots in terms of
physical qualities (size), with initial humidity
of approx. 12% and good health: Turda 200;
Turda 165; Turda 201; Turda Star; Turda
Favorit.
Storage duration with graduations: before
sowing-2015 is the initial moment of
researches; after 12 months; after 24 months;
after 36 months.
Environmental factor, Eenv, with levels: E1,
E2, E3,…, E16 results from the combination of
two unified factors: treatment and duration of
storage.
The experimental design:
Completely Randomizat Design (RCD) of
type:
 4 x 5 x 4 - four repetitions for the study
of viability and vigor;
 5 x 16 - four repetitions, to study the
stability of viability, under different
experimental conditions.
Statistical Analysis
The methods and techniques used in the studies
conducted in this paper are given below in
order of their use during the research:
 ANOVA for Regression Analysis and
calculating the magnitude of the effects
 the concept of stability-preservation of
the initial (original) qualities, after the
linear dependence of Eberhart and
Russell (1966):
(1)
yij = µ + bi·Ij+ σij + eij;
 Vigor index-I (SVI) (Abdul Baki and
Anderson, 1973):
SVI = Germination (%) × total seedling
length (root + shoot)
(2)
 Speed germination index (SGI),
(AOSA, 1983):
(3)
SGI = G1/N1 + G2/N2 + … + Gn/Nn
 Complex equation of viability (Ellis and
Roberts, 1980) :
v=
(4)

Model simplified of viability (Andreoli, 2004):
(5)
v=Ki- 1/σ *p
where, 1/σ is the slope of the survival curves
seeds,
which
corresponds
to,
RESULTS AND DISCUSSIONS
Study of the viability of seed lots
The start-up phase of the research, thebefore
sowing-2015 phase, was considered to be when
determining the indicators that characterize the
initial viability, but also those regarding the
vigor of seed belonging to the studied hybrids.
The analyzed hybrids belong to different FAO
groups, thus deviated physiological maturations, this means practically an extended
harvest of cobs (in the autumn of 2014) and at
different seed moisture hybrids.
Analyzing the germination values (***SR
1634/1999) obtained for each hybrid at this
before sowing stage, on each level (graduation)
of the treatment factor, significant differences
can be observed between the majority of the
experimental variants on recorded germination
(Table1). These differences are determined not
only by the graduation of the treatment factor
but also by the genotypes studied. For example,
in the variant untreated version we have: Turda
200 (98%), Turda 165 (92%), Turda 201
(96%), Turda Star (97%), Turda Favorit
(95.5%). The results of the trifactorial experiment on the studied feature, standard germination, highlights, the intake of 31.7%, of the
factor storage duration, on their total
variability, followed by the contribution of
hybrid 26%, as well as a significant
contribution to the interaction hybrid x storage
duration of 10.3%, and interaction hybrid x
storage duration x treatment of 7.65%
(Figure 1). As time goes by, as a result of the
degradation of the enzyme system of substance
use, the decline in germination capacity of
seeds is accentuated (Murariu et al., 1998).
This is shown by the experimental results
obtained in the after 36 months stage. The very
low values recorded for seed germination, in
the 36-month stage, in the case of some
hybrids, Turda 165 (G36=78%), Turda 201,
Turda Favorit, show the different capacity to
preserve the qualities of the attributes that
define them as biological material, and that
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this is a genetic feature of each hybrid,
influenced differently by the storage conditions
(Figure 2).
By an experimental condition imposed,
controlled environment with specific parameters whose values imply a predictable
negative evolution of the seed quality of the

hybrids under study, the natural resistance is
tested, their potential to form normal germs
under such conditions. After 36 months storage
duration, a poor behavior of hybrids is
highlighted under these conditions, Turda 201
(G36=68%), Turda 165 (G36=73%) and Turda
Favorit (G36=76.5%).

Table 1. Combination of studied factors in the experiment on maize
THE COMBINED TABLE OF FACTORS (germination, % - average values)

Treatment

Untreated

Controlled
environment

Fungicide

Fungicide +
insecticide

Genotype

Duration of storage

96.75
93.00
96.50
96.00
92.75
94.00
92.00
97.00
95.25
87.25
95.75
94.00
96.00
97.00

after 24
months”
96.00
86.50
92.50
94.00
90.00
92.50
82.50
87.25
91.50
84.50
96.00
89.75
94.50
94.75

after 36
months”
96.00
78.00
89.00
90.75
88.50
91.50
73.00
68.00
87.25
76.50
94.75
84.00
92.50
93.00

95.00
97.50
93.25
96.00

95.00
95.50
86.25
95.50

93.25
94.75
76.25
92.75

92.75
93.75
62.00
86.50

96.25

94.50

93.00

91.00

94.00

84.50

86.00

76.00

initially

after 12 months”

Turda 200
Turda 165
Turda 201
Turda STAR
Favorit
Turda 200
Turda 165
Turda 201
Turda STAR
Favorit
Turda 200
Turda 165
Turda 201
Turda STAR

98.00
92.00
96.00
97.00
95.50
98.00
92.00
96.00
97.00
95.50
97.00
93.50
96.50
97.00

Favorit
Turda 200
Turda 165
Turda 201
Turda STAR

Favorit
LSD5%=1.64; LSD1%=2.16; LSD0,1%=2.80

Figure 1. Factors contribution to total variability
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Figure 2. Treatment x genotype interaction effect (after 36 months)

By the fungicide seed treatment procedure, a
better conservation of germination is
particularly evident in Turda 165 hybrids
(G36=84%),
versus
untreated
variant
(G36=78%), Turda Favorit (G36=92.75%), and
Turda 201 (G36=92.5%).
The fungicide treatment operation has proven
to be a solution to increase seed longevity,
thereby reducing the aging process.
Combined fungicide + insecticide protection
for simultaneous disease and pest control is a
good measure to improve seed health and
provide the necessary seed protection.
The experimental results obtained in the
experimental version fungicide + insecticide
show that the seed with this combination
treatment declines after a storage of less than
12 months, which means that keeping these
seeds for a longer period of time is not
recommended. Hybrid Turda 165, in the end, in
this experimental condition, records the
germination (G36=62%) and a good resistance
and tolerance has been shown to have the
Turda 200 hybrid and Turda Star.
It is known that certain insecticidal substances
by the metabolic process release free radicals,
which exerts an exogenous reaction on the
seed, leading to the decline of the activity of
the enzyme system.

seminal qualities under different experimental
conditions.
The existence of the interaction: genotype x
environment (G x EMed) makes possible, that
the same genotype does not express itself in the
same way in different environments, which
means that he will not make the same
contribution to phenotypic manifestation and
vice versa different genotypes (can) respond to
the same environment in different ways, which
means that genotypic contribution to the
phenotypic variant is not independent by
genotype (Larmat, 1977).
By the fact that both components of the
interaction (G x EMed) (Table 2), both the linear
component (G x Emed-liniar) as well as the
residual variance (S2rez) are significant,
highlights the fact that there are differences in
the behavior of genotypes, and the response of
genotypes under experimental conditions can
be quantified in strongly linear dependencies
(all or only some of the genotypes) but also
contain a portion that is quantified in non-linear
expressions, in which case the response can not
be estimated and reactions are unpredictable.
Results on Regressionl analysis (Maniu and
Voda, 2006) and effects size, regarding,
stability of characteristic, standard germination
allowed assessing the effects of each factor,
which in percentage terms represents:
genotype, 27.9%; environment (experimental
conditions), 41.4%; interaction genotype x
average, 28.1% 

The study of viability stability of seed
We aim in this study to identify genotypes
more or less stable from a phenotypic point of
view and to assess the individual performance
of each regarding the preservation of the initial
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Table 2. ANOVA program for the Regressional Analyse and sizes effects
Cause of variability
Replication with
environments
Genotypes, G
Environments, Eenv

Interaction, G x Eenv

Degress of freedom
(df)

The average
square (δ)

Variances estimated
(σ2)

Effects (%)

e (K-1) = 48

1.274

-

-

σə² +k*σ²qxe+e*k*σ²q

3.75 (27.9%)

σə² + k*σ²qxe

3.77 (28.1%)

-

-

-

-

-

-

-

-

(S E/K=0,35); σə²

0.35 (2.6%)

q–1=4
e -1 = 15

126.818

(e -1)(q – 1) =60

Env. + G x Eenv

15.42
-

q (e -1) = 75

Environments-linear
G x Eenv.- linear

q–1=4

Pooled deviations

q (e -2) = 70

Pooled error

255.773

1

120.70

e (q – 1) (K-1) = 192

XXX

X

1902.28
6.33

XXX

σə²+k*σ²qxe+q*k*σ²med

XXX

XX

X

1.41

2

5 (41.4%)

desirable to have as little value as possible.
Turda Favorit with a regression coefficient
value close to one (bi=1.18) and a small
residual deviation, δij=4.9492 is considered to
have a mean stability of the initial features.
Genotypes with a regression coefficient bi>1, as
in our case Turda 201 (bi=1.274) and Turda
165, (bi=1.684) characterized them as genotypes with inferior stability in terms of keeping
germination under different experimental
conditions.

The calculated values of the specific
parameters that assess the individual capacity
of each genotype individually (individual
stability) are presented in Table 3.
Wide variation of regression coefficient bi,
between [0.307-1.684], as well as the determination coefficient Ri2 [0.68-0.90], indicates that
the studied hybrids react, behave differently
from the environment.
Contribution of each genotype to the
interaction G x Emed is measured by the
coefficient of ecovalance Wi², which is also

Table 3. Values of regression coefficients (bi), residual deviations (δij),
ecovalence coefficient (Wi²) and determination coefficients (Ri²)
Genotypes

Regression
coefficients[bi]

Residual
deviations [δij²]

Ecovalence
coefficients[Wi²]

Determination
coefficients [Ri²]

Regression
heterogeneity
coefficients
[ßi²= (1- bi

Turda 200
Turda 165
Turda 201
Turda Star
T. Favorit

0.307
1.684
1.274
0.537
1.185

1.153
12.727
11.910
0.8923
4.9492

97.6089
357.5561
195.8742
91.9172
83.4014

0.68
0.86
0,78
0.90
0.88

0. 48
0. 47
0. 07
0. 21
0. 03

Subunit values of the regression coefficient
bi˂1 registered for Turda 200 (bi=0.307) and
Turda Star (bi=0.537), characterizes them as
very stable genotypes with reduced sensitivity
to storage conditions.
Equation of seed lot viability
The evolutionary prognosis of viability in the
study in this paper is a difficult task due to the
complexity of the physiological and
biochemical phenomena and the presence
of a large number of influential factors.
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The model presented Ellis and Roberts (1980)
is complex and difficult to solve, so we
considered that the evolution of the whole
system can be relatively well described by
retaining the most relevant elements. For the
elaboration of the linear mathematical model
characterizing the behavior of each genotype in
a given environment, the transformation of the
distribution of cumulative seed survival
frequencies was reversed (percents versus
time), in distribution of scores „z”, values
without unit of measure and distributed on a.
straight line.

the straight line), is the seed deterioration rate.
To better illustrate the usefulness of equations,
to differentiate the seed lots and a more
accurate appreciation of their quality after a
certain retention period, we will use the graphic
method.
On the axis of the ordinates is represented on
the left the transformed germination in scores,
z, and on the right remained in percent (%),
and on the axis of the abscissae is represented
the storage duration (p), in days, of seed
(illustrated version: untreated seed stored in
open space) (Figure 3).

The regression slope has been assimilated
(germination versus storage duration) with the
deterioration rate (the slope of the fall of
germination), elaborating for each hybrid a
mathematical model called the equation of the
seed's viability, of the
form:
(6)
v=Ki - tg φ *p
where: v-is the seed viability in probit;
Ki - is the probit of the percentage
viability at the beginning of the storage period;
φ - the angle of the straight line (°);
p - storage duration (days);
d=tgφ (the coefficient of the slope of

Figure 3. The slope (rate) of deterioration of untreated seed lots from the studied hybrids,
stored in “open space”

Indicator d-deterioration rate, reveals an aspect
difficult to be found through other methods,
genotypes with superior germination in certain
environments, records during storage much
higher rates of decline. Example, Turda Favorit
has the initial average germination of 95.5%,
and Turda 201 the initial average germination
of 97%. Appreciate by coefficient size,
deterioration rate, Turda 201 hybrid, has a rate
(5.3 x 10-4), bigger than Turda Favorit (4.5 x
10-4), which is clearly visible after the slope of
the two graphically drawn dependencies
(Figure 3). From the graph, one can appreciate,
the good behavior of the Turda 200 hybrid in
this environment, with the lowest damage rate,
of only, 2.7 x 10-4.

field, do not show the same uniform germination and sprouting.
The physiological manifestation of seed vigor
can not be measured directly, but can be
highlighted by a series of tests to assess the
growth of essential germ elements (*** ISTA,
2003) (Table 4).
It is noted that as the storage duration
increases, at each treatment level and for each
hybrid, the sizs of growth of the essntiale parts
of the germs, decreases considerably.
A remarkable increase in the root system is
recorded for Turda Favorit and Turda 201
hybrids, as well as the positive action of
fungicide treatment on them.
Seeds with dynamic and uniformity of
germination ensure uniformity of emergence as
well as a rapid rise, which means a short time
out of any stresses caused by unfavorable
conditions (Moldovan et al., 2015).
In the before sowing phase, very small
differences are recorded, between he values of

Study of the vigor of seed lots
Different lots of seeds, even if they have the
germination (sometimes almost identical), do
not mean they have the same physiological
potential, that is to say, when sowing in the
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Speed Germination Index (SGI), in case of all
hybrids (Figure 4). Starting with the after 12
months stage and as the retention time
increases, there are obvious differences
between hybrids, with drops in their value after
36 months to 13.3% (untreated seed variant) for
some hybrids.
The combined action of speed germination and
slow growth rates has consequences on slow
and unevenly emergence in the field, even
under favorable conditions.

From the comparison table in the experiment, it
was shown that there are significant differences
between germinations of hybrids from the start.
Appreciating the quality of seed lots, after
Vigor Index-I (SVI) (Table 5) and taking into
account that the limit difference is
LSD5%=178.3, determined by trifactorial
ANOVA of İndex, it is noted that there are no
significant differences, at this stage (initially) in
terms of quality appreciated by vigor in
indicators (Vigor Index-I).

Table 4. Values of increases of primary roots and seedlings by treatment and analyzed moments

Hibrids

Turda 200

Turda 165

Turda 201

Turda Star

Turda
Favorit

Treatment

Length of primary root (average)
[cm]

Length of plantlet (shoot)
(average) [cm]
12
month
s
12.33
12.00
13.00
12.66
11.66
10.33
12.00
11.00
12.00
10.00
14.00
12.66
12.00
12.00
14.00
13.33
12.00

initially

12
months

24
months

36
months

initially

Untreated
Controlled env.
Fungicide
Fungi.+insecticide
Untreated
Controlled env.
Fungicid
Fungi.+insecticide
Untreated
Controlled env.
Fungicide
Fungi.+insecticide
Untreated
Controlled env.
Fungicide
Fungi.+insecticide
Untreated

24.66
24.66
25.33
26.33
24.33
24.33
26.00
26.33
25.33
25.33
26.33
26.66
24.33
24.33
25.00
26.00
24.00

24.00
20.00
26.66
26.66
24.00
18.66
27.00
23.00
24.66
18.33
26.66
22.00
25.00
20,66
25.00
25.66
24.00

23.33
15.66
25.00
16.33
23.66
10.33
23.33
11.33
23.33
11.00
23.00
12.66
24.33
13.66
25.00
16.00
23.00

22.66
11.33
24.00
14.33
23.00
10.66
19.33
10.00
21.00
9.00
20.0
10.33
23.33
10,00
21.00
14.00
22.33

12.33
12.33
12.66
12.66
12.00
12.00
12.33
12.66
13.00
13.00
14.33
15.00
12.33
12.33
14.33
13.66
11.66

Controlled env.

24.00

20.00

10.00

10.33

11.66

9.66

6.66

6.00

Fungicide

26.00

25.66

22.00

21.33

13.33

13.33

11.33

11.33

Fungi.+insecticide

26.66

22.33

11.00

10.33

13.33

12,00

7.66

6.33

Seed deterioration is a natural phenomenon that
can not be stopped; seeds even kept under
normal conditions tend to decrease in viability
and vigor with the increase of storage duration.
Analyzing the hybrids after the standard
germination parameter, for example in the,
after 24 months step in the standard version
(Table 1), we can say that all hybrids record
lower germination values than the initial lower

24
months

36
months

11.66
8.00
13.00
8.33
11.00
6.00
11.00
6.66
11.33
6.66
12.33
7.00
11.66
9.00
12.00
10.00
11.33

11.00
8.00
11.33
8.00
11.00
6.00
10.33
6.66
10.66
6.00
11.33
6.66
12,00
8.33
11.66
9.00
11.00

values, but these values do not restrict the seed
law, Law 266/2002-republished.
Analyzing seed quality in the stage after 24
months according to Vigor Index-I, it is noted
that there are large differences between the
initial values and the values recorded at this
stage for this indicator.
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Figure 4. Speed germination index (SGI)
Table 5. Variability of the distribution of results in the vigour - Index analysis
Treatment/hibrid

Untreated

Controlled env.

Fungicid

Fungicid +
Insecticid

initially
y
Īindex±t5%*

12 months
Īindex±t5%*

24 months
Īindex±t5%*

Turda 200

3425.3

3810.7

3312.2

3711.2

3132.5

Turda 165

3165.2

3521.4

3091.3

3518.7

2742

3258

Turda 201

4788.6

5137.8

3333.5

3735.1

2942

3458

2523

3110.4

T. Star

3368.3

3724.3

3518.5

3791.5

3079.9

3653.5

2928.5

3504.9

T.Favorit

3201.8

3580.2

3039.2

3627.4

2802

3398

2680.8

3225.2

Turda 200

3424.3

3811.7

2769.2

3246.8

1909.2

2455.4

1456.2

2051.4

Turda 165

3165.4

3521.4

2304.5

3012.3

954.9

1724.5

830.2

1623.2

Turda 201

3491.7

3841.7

2380.9

3075.7

1129.1

1898.9

639.1

1408.9

T. Star

3368.3

3724.3

2882.9

3356.1

1726,6

2406.8

1263.7

1936.3

T.Favorit

3201.8

3580.2

2207.7

2925.7

1009.3

1768.7

852.7

1647.3

Turda 200

3505.2

3864.8

3577.2

4017.6

3448,6

3885,4

3126,6

3573.4

Turda 165

3376.8

3769.8

3447.6

3884.4

2853.7

3337.1

2225.4

2746.6

Turda 201

3717.4

4104.6

3676.6

4130

3067.5

3638.5

2600.2

3171.2

T. Star

3638.2

3985.8

3572

3720

2797.9

3244.7

T.Favorit

3509.9

3946.7

3418.5

Turda 200

3663.5

3936.5

3544

Turda 165

3437.2

3834.4

Turda 201

3764.2

T. Star

3646.8

T.Favorit

3542

3994

3298

3567.5

36 months
Īindex±t5%*
3019.2

3447.4

2392

2908

3989.5

2810.6

3366.6

2718.1

3313.9

3966

2041.8

2631.6

1781.9

2387.5

2634.2

3239.8

996.1

1740.9

665.8

1460.2

4235.8

3099.7

3720.3

1448.5

2218.1

1043.4

1862.6

4019.2

3459.9

3906.7

2127.1

2722.9

1789.7

2410.3

3964

2607.5

3178.5

1222.7

1977.3

860.8

1672.6

Values of the variability coefficient, Cv, of
İndex, increase with the growth of the storage
duration, which explains the continuous,
cumulative deterioration process of the seed of
hybrids studied, in terms of physiological
manifestation.

However, most values of the coefficients of
variation, have values under 10%, which
shows that experimentation has been carried
out correctly, and the results have scientific
value. The evolution of Vigor Index-I during
storage, represented by its mean values, on
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each treatment, was graphically represented
(Figure 5).
We note, very low values, a drop, a "break" of
the values recorded for the Vigor Index-I
between the after 12 months and after 24
months stages for all variants.
The decline seed is a natural process that
involves changes in physical, biochemical and
physiological in the seed, with consequences
on the viability and vigor, and is carried out
with an intensity that depends on the genetic

particularities of each species, genotype or
variety. The mechanisms involved in the
deterioration of the seed and the possible
transformations, taking place differentiate
between the seed lots.
Therefore, the Vigor Index-I (SVI) and Speed
Germination Index (SGI), provides additional
information on the quality of the seed lot and
the recommendations on the use of the lot may
be altogether different from those outlined only
by the standard germination (G) indicator.

Figure 5. Variation of hybrids Vigour Index-I, during storage duration

CONCLUSIONS

+ insecticide, it is recommended to be used in
the current year.
Appreciating the seed quality of the hybrids
according to the standard germination
indicator, even after a 36 months storage, some
hybrids still have high germination values, but
taking into account the values of the indicators
that characterize seed vigor, in most cases it is
recommended to use the seeds until the 24
months storage period.
In practice and with wide use, the conservation
of the seed quality of hybrid maize (Zea maize
L.) seeds at a high level for a longer period of
time can be done if the seed at the time of
storage has moisture below 12%, and the
storage store is a dry, well-insulated building,
without special facilities, only with
the
possibility of aeration, thus ensuring an average
annual relative humidity below 55%, and an
average anual temperature below 18°C with a
variation between 0-35°C, depending on the
season.

High variability (almost 30%) of the
germination value recorded during storage for
the „orthodox” seeds belonging to studied
hybrids, indicates he different conservation
capacity of the initial seed features of each
genotype, and that this, is a genetic feature of
each, influenced differently by the duration and
storage conditions.
The intensity of seed decline may be reduced
by controlling and directing the fundamental
parameters that characterize the storage
conditions.
The results show that the fungicide treatment
of stored seeds reduces the rate of seed decline,
which means increasing the seed lot longevity,
for example by treating the hybrid Turda
Favorit with fungicide, the decline rate
decreases more than doubled, from d=4.5 x
10-4 decreases to 2.0 x 10-4
Through combined protection against both
diseases and pests, seed treated with fungicide
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Abstract
A model covering land registration and cadastre with its effects is required in these days, so this work will focus on
including 3D aspects of roads in the base cadastral model. We considered two important components of the 3D
Cadastre: the surface parcels represented in the Stereo’70 system and the parcels of volume and its overlapped
representation over the coordinates of the 2D cadastral system. Several countries in the world already have legislation
allowing the registration of volume parcels, sometimes even including detailed regulations for 3D survey plans. From
this idea of different parcel management, we have reached to the implementation of the 3D cadastre also to the linear
elements.
Key words: 3D cadastre, highway, parcels, roads.

INTRODUCTION

divided into "layers" above or below the earth
(Iordan, 2013).
The concept of how to secure rights in space
including the three-dimensional (3D) has been
increased interests in land use management and
research during the last years.
Mobility and transport are two essential components of a country's economic development
and human well-being (Gristina, 2016). The
need for space in urban areas leads to many
situations of physical overlap of real estate for
the real world (Figure 1) (Musceleanu, 2018).

We started from the definition of the land for
transport as the land plots occupied by the
"road" (roads, railways, etc.) and the bridges,
the legal regime of the land, the own transport
characteristics for the roads and the land under
the bridges, both with common features and
with specific features highlighted by
management differences.
From this idea of different parcel management,
we have reached to the implementation of the
3D cadastre also to the linear elements.
The concept of 3D Cadastre has been more and
more interested in the past 30 years. In some
countries this is already implemented, and it
can be study on an existed model. The purpose
of the 2D cadastre is also applied to the 3D
cadastre.
Registering the rights of 3Dcadastre should
provide property certainty, it is a system in
which parcels are positioned, providing
property security for 3D construction, and
protects the rights of owners.
It is important to clarify that the land parcels
can only have one owner or more owner’s
quota parties and the real property must be

Figure 1. Overlapping highway and railroad

There are special situations, such as metro
stations and constructions on the same surface,
but with different owners and different
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Introducing into the geo-portal Ettera, the
geometry of the passage is diminished with an
area of 2295 square meters.
This surface exists in reality. In the land book
there is mentioned a surface of 26992, but in
reality the surface of the entire passage is
29287 square meters (Figure 3).
The 2D extent of a 3D right-object is the actual
parcel-boundary.
The upper and lower limits of the 3D rightobject are the upper and lower limits of the
space to where the right applies (Von
Oosterom, 2005)

destinations. Other cases where the need for a
3D cadastre is required would be on roads
under construction, underground subway lines,
railway station and roads located on the same
surface, in this case with different owners and
different destinations (Figure 2).

Figure 2. Sagului Timişoara passage

Figure 3. The current situation in Eterra of the Sagului Timişoara passage
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By introducing the third dimension one could
better illustrate the situations encountered in
reality. Also, introducing the third dimension
and managing the information in a GIS the
clarification of proprietary rights in case of
overlapping is accomplished. The interest is for
the road cadastre that records existing road
data, which in turn provides information for
new road projects, road networks in three
dimensions and properties such as graphics,
height and their spatial relationships with other
objects.
Contrast between 3D real property implications
in legislation and its 2D registration and
documentation is becoming more emphasized
with the increasing development of urban areas
with complex structures, high-rise buildings
and underground infrastructures (Peter van
Oosteterom, 2018).
The purpose of this paper is to highlight the
importance of 3D cadastral works in the
development of modern infrastructures and
terrestrial communication ways.

a) Determine whether 3D GIS would improve
the advertising cadastre for better data
management through infrastructure projects;
b) Define a conceptual model for a 3D road
cadastral for linear elements.
The Road Cadastre records data on the
dimensions of roads, roads parcels must
provide information on new road projects and
the legal basis for the construction of highways.
Studying the possibility of completing the 2D
cadastre with 3D cadastre valences, especially
in the case of highway construction it is a
challenge. This project illustrates the first step
in a research that analyzes the theoretical and
practical implementation of 3D road cadastre
inventory in Romania.
We have started only by measuring and
implementing the 3D model, but the road
cadastral system has to be filled with properties
such as texture, graphics, height and their
spatial relationships with other objects.
The highway section, which is the subject of
this paper, is located between Făget and
Margina, Timiş County, a crossing over the
Lugoj-Ilia railway and the DN68 national road
(Figure 4).

MATERIALS AND METHODS
Road transport has always played an important
role in the growth of a country and to manage
road networks and to ensure a high standard of
road performance, public and private road and
road inventories have been implemented using
databases and geographic data. These allows
for the recording and the management of
significant amounts of different road
information, but so far, they do not focus on 3D
road information, data integration and
interoperability. In an increasingly complex
urban environment and in the age of smart
cities, applications including intelligent
transport systems, mobility and traffic
management, road maintenance and safety
require digital data infrastructures for road data
management models. This document presents
the first step towards implementing the road
inventories. 3D based on a case study of "road
cadastre" (road inventory established by law),
investigating current limitations and needed
improvements and compares the data structure
required by the law cadastral with the needs of
real users. The study follows 2 major
directions:

Figure 4. Cross over between highway and railway

Focusing on the case study, it can be define a
conceptual approach and a model for a 3D road
cadastre whose general principles can be
extended to other cadastres.
First, we made the necessary documentation for
the corridor registration and land expropriation,
which were submitted for approval by OCPI
Timisoara, and after that we realized the
representation of the 3D section to show the
valences of 3D cadastre.
At the base of the documentations prepared for
the establishment of the highway corridor and
the expropriation of the lands afferent to the
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corridor, stood the Law 255/2010, Government
Decision 680 of 19 August 2015 and the
Expropriation Decision no. 51 of 26 January
2016 (Moscovici, 2017).
The support for levelling network and for 3D
representation for volume calculations and the
interpretation of the boundary marking as a
cadastral area using the 3D spatial model was
made starting from the levelling mark of the
III-rd state geodetic network RN GARA
MARGINA and closed on the IV-levelling
mark RN SINTEŞTI (Figure 5).

Figure 7. The highway resulted

We initially only opened the points, that will be
processed. After that we used thematic layers
on the basis of which the important points were
joined.
RESULTS AND DISCUSSIONS
The 2D representation is displayed as a twodimensional dimension in which the length and
height on surfaces are expressed. Typically, 2D
forms are measured in square units such as cm2.
In 3D, all three dimensions are represented, the
objects being measured in cubic units such as
cm3. Creating a 3D model is essential for roads,
and this method should be applied in our
country. There are many peculiarities in which
national roads, motorways or other public
networks cross over or under other
communications or rivers, and these cannot be
highlighted in the 2D plan.
The representation of the cadastral system in
our country is a graphical one. In Romania it is
presents the limits and the official measures of
the property on a 2D digital map outline in
Annexe 1 of the land book. To be able to
represent superimposed properties like
condominium, the plan must have a vertical
profile of the properties and a detailed drawing
of each layer.
A solution for the land book where at present it
is the representation 2D would be the
representation for the image 3D (Figure 8) and
the replacement of the table where is the
distances between the points with the XYZ
coordinate table.

Figure 5.Levelling network

Data collection for such a system must be done
considering the ultimate goal. This will
consider the choice of collection tools to enable
the data processing and viewing in the threedimensional space. Among the many 3D
representation programs, we chose the TopoLT
(Figure6).

Figure 6. Processing the data

After the data processing and the transverse and
longitudinal profiles were made, the situation
plan was drawn up.
In the end, the outline of the highway section
has resulted, as shown in the following picture
(Figure 7).
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Figure 8. Solution for land book in 3 D representation

Some elements can be better outlined in the 3D
model because you can see all the major items.
We had the Lugoj-Deva highway section which
crosses a railway on the territory of the
Margina UAT, and this passage cannot be
highlighted in the 2D plane because it stops
between the highway and the railroad leaving
an empty space (Figure 9).
Thus, with the help of 3D modelling, it has
been shown that the highway has continuity

over the railway, the empty space between
them it will disappear.
By making the 3D cadastre, it is also possible
data processing, the minimum time and efforts
required to design complicated roads,
modelling and testing in a virtual environment
before construction, cross-sectional and
longitudinal
profiles
achievement,
and
calculation of filling and excavation volumes.
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not exist or it is possibly stratified on twodimensional representation. In addition, an
increasing number of tunnels, underground
networks and infrastructure objects under or
above land are not owned by the owner of the
land above or below.
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Figure 9. Detail of the 3D modelling

CONCLUSIONS
3D road cadastre has the potential to improve
road management for both the construction and
the maintenance. To simulate the landscape of
a road and 3D structures views such as
walkways and ramps, simplifying the communication of complex situations; improving the
planning, the construction and the maintenance
of roads and bridges.
Rights registration is possible on parts of the
considered area, however, the spatial representation of the extension of rights often does
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Abstract
This study aimed at developing some mathematical models for the estimation of achene weight in oak based on fruit
biometric parameters and at evaluating through principal component analysis (PCA) fruit size group affinity with
biometric parameters. We studied fruits of two oak species, Quercus petraea and Quercus robur. At achene level, we
determined such parameters as achene length (Al), middle achene diameter (MAD), achene basis diameter (Abd),
achene tip diameter (Atd), and achene weight (Aw). At cupule level, we determined such parameters as cupule height
(Ch), outer cupule diameter (Ocd), inner cupule diameter (Icd), cupule all thickness (Cwt), and cupule weight (Cw). We
also calculated fruit size index (FSI). Regression analysis was used to find out equations as achene weight prediction
models based on studied biometric parameters. The working process followed a logical pattern suggested a general
working model. We obtained a linear equation for the estimation of achene weight based on Atd in Q. robur; all other
achene weight prediction equations were of the second-degree polynomial type in both Q. robur and Q. petraea. The
level of statistic safety in the estimation of fruit size ranged between R2 = 0.720 and R2 = 0.962 in Q. petraea and R2 =
0.376 to R2 = 0.928 in Q. robur, respectively. Based on biometric parameters, the fruits of the two species studied were
grouped into seven size classes. The PCA analysis explained the variance based on PC1 as 92.573% and on PC2 as
6.2315% in Q. petraea and as 82.041% based on PC1 and as 16.032% based on PC2 in Q. robur. For size classes
Qp1-Qp3 in Q. petraea and Qr1 in Q. robur, the least variation of any size parameter leads to achene size, while size
classes Qp4 and Qr7, diameter variation significantly determines achene weight increase. In size classes Qp5-Qp7 and
Qr2-Qr6, fruit length variation induces a significant fruit weight increase.
Key words: achene, correlations, models, biometric parameters, PCA analysis, Quercus petraea, Quercus robur.

INTRODUCTION

(their germinating capacity), on penetration
strength and on the specific parameters, they
also evaluated sapling germination and vitality
in different oak species (Ashton and Larson,
1996; Isaeva et al., 2009; Xia et al., 2015).
Most studies on Quercus, regarding fruits or
fruits and leaves biometry, were conducted to
characterise species, hybridisation level, and
taxonomic differentiation (Dupouey and
Badeau, 1993; Diaz-Maroto et al., 2005;
Nikolić et al., 2010; Mijnsbrugge et al., 2011;
Tylek et al., 2015; Xia et al., 2016; Denk et al.,
2017).
The behaviour of Quercus species depending
on soil and climate conditions has also been
studied leading to the conclusion that some of
them tolerate poor, dry soils better (such as
Quercus petraea), while others need richer,

Plant fruits have generally been studied to
characterise the plant anatomically and
morphologically depending on both specific
biodiversity and crop biota, to select highquality seed material or for other practical or
economic reasons (Jacobs et al., 2014;
Boualem et al., 2015; Silva et al., 2017).
Studies on fruits in different oak species
(Quercus L.) were conducted for comparative
autecology evaluations between different
species and under different soil and climate
conditions (Diaz-Maroto et al., 2005;
Rodriguez-Campos et al., 2010).
To evaluate oak fruit vitality, they conducted
studies on fruit density, volume, and weight
(Tylek et al., 2015). Depending on fruit quality
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deeper soils (such as Quercus robur) (Lepais
and Gerber, 2011).

biometric parameters (length or height and
diameter). In oak fruits, we measured several
fruit sizes at the level of both achene and
cupule
The biometric parameters of the studied fruits
focused on achene and cupule: achene length
(Al), achene basis diameter (Abd), middle
achene diameter (MAD), achene tip diameter
(Atd), achene weight (Aw), outer cupule
diameter (Ocd), inner cupule diameter (Icd),
cupule wall thickness (Cwt), cupule height
(Ch), cupule weight (Cw), and fruit size index
(FSI), parameters considered representative and
use in characterising oak fruits in other studies,
as well (Anghel et al., 2017). Size parameters
of achenes and cupules (length, diameter, wall
thickness) were measured with a high-precision
(±0.001 mm) electronic callipers; weight as
measured with an ATS 60, Poland, scale with a
precision of ±0.001 g. Fruit size index was
calculated with the relation (1):

MATERIALS AND METHODS
The goals of this study were to identify achene
weight prediction models based on correlations
identified between fruit biometric parameters
and to evaluate fruit size group affinity with
biometric parameters through principal
component analysis (PCA).
The biological material studied was
represented by two oak species, Quercus
petraea (Matt.) Liebl. (sessile oak) and
Quercus robur L. (pedunculate oak) from the
Paniova Woods (ROSCI 0338), Timiș County,
Romania, a Natura 2000 site designated for
91M0 Habitat conservation (Mountford et al.,
2008). We harvested physiologically mature
fruits, at the beginning of October.
The fruit is a nut called an acorn or oak nut
borne in a cup-like structure known as a
cupule, developed from the concrescence of
female flower hypsophyl. In Quercus petraea,
fruits are, on the average, 15-25 mm long and
10-20 mm in diameter. They have very short
peduncles or they are sessile and are located at
the tip of the branches. The fruits can be
solitary or in groups of 2-5. The cupule has
outer scaly formations; scales are generally
non-pubescent, with non-concrescent margins,
ovate-lanceolate, plane, or little convex.
In Quercus robur, the fruit has a long peduncle
(30-70 mm), ovoid-elongated, 20-40 mm long.
Fruits are brown-yellowish, with olive-green
longitudinal stripes when not fully mature. The
cupule is small and it has plane triangular
scales, regularly imbricated, while basic ones
are pubescent, little dished, with concrescent
margins, and brown, detached tip. There are 15 achenes per peduncle (Clinovschi, 2005;
Tutin, 1993; Săvulescu, 1952; Eaton et al.,
2016).
During the study period (2017), fructification
in sessile oak in the Paniova Woods was
relatively abundant, with many acorns on each
mature tree, but the fruits had smaller sizes
than usually because of the poor climate
conditions (low precipitations and hydric
stress).
Most fruits are described and characterised bidimensionally from the perspective of

 Adb  Adt
Adm  
2

FSI 
3


  Al


(1)

Statistic processing. Experimental data were
analyses with regression analysis to obtain
models for the estimation of achene weight
depending on size biometric parameters. We
also used the Principal Component Analysis
that explains the existence of the variance in
the experimental data set and places the
variants in relation to the studied biometric
parameters (Biplop) to assess achene grouping
and to associate achene weight with size
parameters. Statistic safety parameters used
were the correlation coefficients R2, p, RMSEP
(Freedman and Pisani, 1978; Loftus and Loftus,
1988; Rujescu, 2015). The analysis followed
the steps presented in Figure 1. Statistical
analysis of trial data was don with a PAST soft
(Hammer et al., 2001) and with the statistic
calculus model in EXCEL, while the logical
scheme was done in VISIO.
RESULTS AND DISCUSSIONS
Mean data and statistic parameters are shown
in Table 1 for Q. petraea and in Table 2 for Q.
robur, respectively. Starting from the relations
of interdependence identified between fruit
parameters (Anghel et al., 2017) in Q. petraea
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and Q. robur, we analysed achenes depending
on the studied size biometric parameters.
Depending on the individual values of the
studied fruit lots and of specific descriptive

statistic elements as intervals in each species,
the fruits were grouped into seven value groups
shown in Figure 2 for Q. petraea and in Figure
3 for Q. robur, respectively.

Quercus fruits

Biometric parameters

Fruit weight

Regression
analysis

Fiind another
equation

Model prediction
equations

Compare
PW - RW

NO

Minimal error

R 2, p, RMSEP

YES

Model
validation

Figure 1. Logical scheme of steps in obtaining achene weight predictive models depending
on fruit biometric parameters in Quercus
Table 1. Mean data and statistic parameters of the fruits in Q. petraea
Descriptive statistics
elements

Al

Adb

Adm

Adt

Aw

Ocd

Icd

Cwt

Ch

Cw

FSI

Mean [mm]

18.58

9.19

10.90

7.43

1.33

10.81

9.32

1.35

7.07

0.18

12.60

Standard Error

0.859

0.289

0.331

0.237

0.153

0.231

0.248

0.037

0.182

0.008

0.46

Median

18.35

9.41

11.3

7.61

1.225

10.99

9.41

1.32

7.05

0.179

12.48

Standard Deviation

5.085

1.708

1.956

1.402

0.907

1.369

1.469

0.219

1.075

0.048

2.72

Largest (1)

27.45

11.25

13.68

9.64

2.834

13.12

11.76

2.01

9.06

0.275

16.68

Smallest (1)

9.22

5.18

6.82

4.42

0.173

7.57

6.01

0.91

5.02

0.072

7.78

Confidence Level (95.0%) 1.747

0.587

0.672

0.481

0.311

0.470

0.505

0.075

0.369

0.017

0.94
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Table 2. Mean data and statistic parameters of the fruits in Q. robur
Descriptive statistics
elements

Al

Adb

Adm

Adt

Aw

Ocd

Icd

Cwt

Ch

Cw

FSI

Mean [mm]

28.31

10.46

12.64

7.52

2.62

12.37

10.44

1.58

8.15

0.33

16.65

Standard Error

1.023

0.271

0.342

0.239

0.219

0.289

0.247

0.046

0.124

0.027

0.45

Median

30.18

10.16

12.35

7.41

2.461

11.91

10.12

1.52

8.15

0.258

17.37

Standard Deviation

6.050

1.605

2.024

1.413

1.294

1.711

1.464

0.271

0.736

0.160

2.66

Largest (1)

35.73

14.37

17.53

10.52

5.685

17.70

14.25

2.35

9.51

0.877

19.57

Smallest (1)

9.47

5.98

8.40

4.46

0.092

10.02

8.39

1.23

6.32

0.18

8.17

Confidence Level (95.0%) 2.078

0.551

0.695

0.485

0.445

0.588

0.503

0.093

0.253

0.055

0.91

weight estimation based on each size parameter
described for Q. petraea by polynomial
equations of the second degree, relation (3) for
Al (R2 = 0.962), relation (4) for Abd (R2 =
0.743), relation (5) for MAD (R2 = 0.922), and
relation (6) for Atd (R2 = 0.720).

Figure 2. Distribution of size classes in the fruits of
Q. petraea

y  0.0021x 2  0.2503x  2.5336

(3)

y  0.0246 x 2  0.0161x  0.96

(4)

y  0.0326 x 2  0.2508x  0.0717

(5)

y  0.0169x 2  0.2967 x  1.8345

(6)

where: y = Aw; x = Al in the relation (3), Abd
in the relation (4), MAD in the relation (5), and
Atd in the relation (6).
The distribution of predicted values in relation
with real values is shown in Figures 4-7.

Figure 3. Distribution of size classes in the fruits of
Q. robur

Regression analysis facilitated the development
of an achene weight prediction function
depending on their size parameters. In Q.
petraea, achene weight is described by
equation (2) in in statistic safety conditions:
y   2.64115  Al  0.11793  Adb  0.07616 
Adm  0.08965  Adt  0.01418

(2)
Figure 4. Graphic distribution of fruit weight depending
on achene length in Q. petraea

where: y = achene weight.
Regression analysis made possible achene
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relation (7) for - Al (R2 = 0.376), relation (8)
for Abd (R2 = 0.613), relation (9) for MAD (R2
= 0.928), and by a linear equation, relation
(10), for Atd (R2 = 0.817).
y  0.0053x 2  0.3571x  3.0877

(7)

y  0.0198x 2  0.9792 x  5.4019

(8)

y  0.0197 x 2  1.0617 x  7.5722

(9)

y  0.7383x  2.9292

(10)

where: y = Aw, x = Al for (7), Abd for (8),
MAD for (9), and Atd for (10).
The distribution of predicted values in relation
with real values is shown in Figures 8-11.

Figure 5. Graphic distribution of fruit weight depending
on basal diameter in Q. petraea

Figure 6. Graphic distribution of fruit weight depending
on mean diameter in Q. petraea

Figure 8. Graphic distribution of fruit weight depending
on achene length in Q. robur

Figure 7. Graphic distribution of fruit weight depending
on tip diameter in Q. petraea
Figure 9. Graphic distribution of fruit weight depending
on basal diameter in Q. robur

In Q. robur, achene weight is described by
polynomial equations of second degree,
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By comparing the results obtained for the two
species, a higher correlation level in fruit
weight prediction depending on size parameters
was observed in the case of sessile oak that for
pedunculate oak. Trial data PCA for achene
weight depending on size parameters is shown
in Figure 12 for Q. petraea and in Figure 13 for
Q. robur, respectively. In Q. petraea, the value
groups Qp1, Qp2 and Qp3 do not associate
with size parameters, which means that, for that
size interval, fruit weight increase is influenced
by the least variation of any parameter. For the
fruits in group Qp4, was observed the
determinant influence of the diameter of achene
for increasing of their weight, while for the
fruits in the groups Qp6 and Qp7, fruit length
was determinant for fruit weight increase. In Q.
robur, there is separate positioning of the value
group Qr1, in which size increase of any
achene biometric parameter determines a
change in fruit weight.
Size groups Qr2-Qr6 were more associated
with fruit length, while group Qr7 was more
associated with fruit diameter – the group with
highest fruit weight mean, despite the fact that
depending on achene length it has another
position in the series. It is possible that
depending on growth conditions and specific
leaf area (Sala et al., 2015), the genetic and
metabolic specificity of the trees influenced
fruits development in a differentiated way
(Sala, 2011).

Figure 10. Graphic distribution of fruit weight depending
on mean diameter in Q. robur

Figure 11. Graphic distribution of fruit weight depending
on tip diameter in Q. robur

Qp3
2.4
Qp2

Qp4
Qp5
Adb

Qp3

PC2 (6.2315% variance)

1.8

Adm
Adt Qp5
Qp5

1.2

Qp1

Qp4

Qp2
Qp3
-18

-15

-12

-9

Qp6

0.6
Qp5

Qp2

-6

-3

Qp2Qp2

Qp4
-0.6

Qp7
Qp7
Qp7

Aw Qp4

3
Qp4

6

Qp6

Qp5

Qp6

-1.2
Qp3
Qp1

-1.8

Qp1
Qp1
Qp1

Qp7

Qp6
Qp7

Al

Qp3
-2.4
Qp6
-3.0

PC1 (92.573% variance)

Figure 12. Space distribution of value groups for oak achenes in Q. petraea depending on achene biometric parameters
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Figure 13. Space distribution of value groups for oak achenes in Q. robur depending on achene biometric parameters

CONCLUSIONS
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Regression analysis facilitated achene weight
prediction models based on fruit biometric
parameters in the two oak species - Quercus
petraea (sessile oak) and Quercus robur
(pedunculate oak). We obtained linear and
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Abstract
The use of dietary natural zeolites in dairy cows diets increased recently, with the purpose of improving animal
performance, health state, milk quality and to alleviate the adverse environmental effects. The purpose of our work was
to study the effects of the dietary volcanic tuff given to dairy cows, on the feeding quality of the milk. The 100 days
feeding trial used 80 Holstein Friesian dairy cows, with an average body weight of 545 kg, assigned to four groups (C,
E1, E2, E3). The basal diet (C) was a single mixture of corn silage, alfalfa hay, corn, triticale, soybean meal and
brewer’s grains. The experimental diets included additionally three levels of volcanic tuff: 200 g/cow/day (E1); 350
g/cow/day (E2) and 500 g/cow/day (E3). Milk samples were collected in the end of the trial and assayed for the main
nutrients. The results showed significantly (P<0.05) higher levels of: conjugated linoleic acid (CLA), 0.21% in group
E3, compared to 0.14% total FAME in group C; copper, 0.103 mg/kg in group E3, compared to 0.065 mg/kg in group
E1; iron, 1.56 mg/kg in group E3 and 1.44 ± 0.23 mg/kg in group E2, compared to 1.08 mg/kg in group C; zinc, 8.26
mg/kg in group E3, 7.64 mg/kg in group E2 and 6.11 mg/kg in group E1, compared to 3.24 mg/kg in group C. The use
of up to 500 g volcanic tuff/dairy cow/day improved the feeding quality of the milk due to the significant (P<0.05)
increase of CLA and trace elements: copper, iron, manganese, zinc, which are of major importance in human feeding.
Key words: volcanic tuff, dairy cows, milk quality, minerals.

INTRODUCTION

the past fifty years. The Structure Commission
of the International Association for Zeolites
recorded over 200 zeolites, among which over
40 are natural zeolites.
The purity and physical-chemical properties of
the natural zeolites, such as particle size,
dimension of the crystals and the level of
aggregation, as well as porosity of the
individual particles can influence their efficacy.
These characteristics show the access of the
ingested fluids to the zeolite surface within the
gastrointestinal tractus, which activates
strongly its ionic exchange and adsorption
properties (Papaioannou et al., 2005).
Given the properly defined chemical properties
of the zeolites, the expected beneficial effects
on dairy cows’ health state and productivity
have been confirmed (Bosi et al., 2002).
Furthermore, one of the zeolites, clinoptilolite,
modulates the endocrine, metabolic and
antioxidant state in dairy cows, improving thus

Due to the new alternative methods of
ecological farming, the use of zeolites in
agriculture,
animal
husbandry
and
environmental protection gained the attention
of the scientists. The environmental concerns
and the strong public demand for natural
products free of toxic residues encouraged the
research into prospective industrial applications
in this direction. It is estimated that the zeolites
will play a more important role in the
agricultural practice and food safety in the near
future (Eroglu et al., 2017).
Zeolites
are
crystalline
hydrated
aluminosilicates with outstanding physical and
chemical properties, they loose and receive
water in an inverse manner, they have
adsorbent molecules which act as molecular
sieves and replace the constitutive cations
without structural changes. The commercial
production of natural zeolites increased over
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their fertility and milk yield (Valpotić et al.,
2017).
Zeolites are widely used for agricultural
purposes, particularly after their classification
by the Food and Drug Administration (FDA) as
being „non-toxic” and „safe for human
consumption” (FDA, 2015). Furthermore, the
Codex Alimentarius Commission (2010)
mentioned the zeolites as substance authorized
for the production of ecologic food and for
plant protection. The European Food Safety
Authority (EFSA) for the materials, enzymes,
flavours and auxiliary products for food
processing (CEF) approved one of the zeolites
(clinoptilolite type) as being safe in feed
additives (EFSA, 2013a). It also declared that
zeolites used in animal feeding is safe for all
animal species and has no environmental risk
(EFSA, 2013b).
The use of natural zeolites in dairy cows
feeding increased recently, with the purpose of
improving animal performance and the milk
yield (Ural et al., 2013; Ural, 2014), higher
milk quality and higher milk protein (Katsoulos
et al., 2006), milk fat (Dschaak et al., 2010;
Cruywagen et al., 2015; Sulzberger et al.,
2016), and milk minerals (Akhmetova and
Lyubin, 2015), better health state (Panagiotis et
al., 2016), and alleviated environmental effects.
At the same time, improving milk quality by
increasing the milk nutrients, particularly the
milk micronutrients, is important for adequate
diets, which is an increasing global challenge
(IFPRI, 2016). The micronutrient deficiencies
are widely spread worldwide, the most
common ones being the iron, iodine, folic acid,
vitamin A and zinc deficiencies (Bailey et al.,
2015).
Within this context, our work studied the
effects of the dietary volcanic tuff given to
dairy cows on milk feeding quality.

The basal diet of the dairy cows was the same
for all four groups. Table 1 shows the
formulation of this basal diet. Unlike the
control diet, the experimental formulations
were supplemented with different amounts of
volcanic tuff: basal diet + 200 g tuff/cow/day
(E1), basal diet + 350 g tuff/cow/day (E2) and
basal diet + 500 g tuff/cow/day (E3).
Table 1. Basal diet formulation
Ingredients

%

Corn silage

55.50

Alfalfa hay

10.00

Soybean meal

8.00

Corn

7.00

Triticale

5.00

Brewers grains

8.00

Molasses

1.80

Urea

1.00

Calcium carbonate

1.20

Dicalcium phosphate

1.00

Salt

0.50

Vitamin-mineral premix

1.00

Total

100

Sampling and chemical analysis
Milk samples were collected throughout the
experimental period and assayed for dry matter,
crude protein, crude fat, ash and minerals:
calcium, phosphorus, iron, copper, manganese
and zinc.
The following standardized methods were used:
dry matter (DMr) was determined by the
gravimetric method according to Regulation
(EC) no. 152/2009 for raw materials,
respectively SR EN ISO 5537: 2005 for milk,
using
BMT
drying
oven
model
EcoCellBlueline Comfort model (Nuremberg,
Germany); the crude protein (CP) was
determined by the Kjeldahl method, in
accordance with Regulation (EC) 152/2009 for
raw materials, respectively IDT ISO/TS 17837:
2008 for milk, using a semiautomatic system
KJELTEC auto 2300 - Tecator (Sweden); the
ether extractives (EE) was determined by the
organic solvent extraction method, in
accordance with Regulation (EC) No. 152/2009
for raw materials, respectively SR ISO 8262-1:
2009 for milk, using a SOXTEC-2055 FOSSTecator system (Sweden); the ash (Ash) was
determined by gravimetric method, according
to Regulation (EC) no. 152/2009 for raw

MATERIALS AND METHODS
Animals and experimental design
The 100 days feeding trial involved 80 Holstein
Friesian dairy cows, grown at the farm of S.C.
ILYA AGRO S.R.L. The dairy cows, with and
average body weight of 545 kg, were assigned
to four groups: a control group (C) and three
experimental groups (E1, E2 and E3).
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materials, and SR ISO 1442: 2010 for milk,
using Caloris CL 1206 furnace.
For the fatty acids determination is performed
an extraction of fats from milk samples, which
is then subjected to a boiling saponification in
reflux in a solution of acidified methanol (2%
H2SO4 in methanol) to obtain fatty acid methyl
esters, extracting them in hexane and
concentrating on rotavapor. The fatty acids
were determined by gas chromatography,
according to standard SR CEN ISO/TS 17764 2: 2008, using Perkin Elmer-Clarus 500 gas
chromatograph, with capillary column injection
system, high polarity stationary phase (BPX70:
60 m x 0.25 mm inner diameter and 0.25 µm
thick film), and high polarity cyanopril phase,
which give similar resolution for different
geometric isomers (THERMO TR-Fame: 120
m x 0.25 mm ID x 0.25 µm film).
The calcium (Ca) was determined by the
titrimetric method, according to SR ISO 64911: 2006, the phosphorus (P) was determined
photometrically, according to Regulation (EC)
no. 152/2009, using the Jasco V-530
spectrophotometer.
Micronutrients (Fe), copper (Cu), manganese
(Mn) and zinc (Zn) were determined by atomic
absorption
spectrometry
according
to
Regulation (EC) No. 152/2009 for raw
materials comply with SR EN 13805 for milk
using an atomic absorption spectrometer with
Thermo Electron flame - SOLAR M6. The
apparatus is provided with a burner fed with a
mixture of air + acetylene (1 l/min acetylene
and 4.5-5 l/min air), corresponding to a specific
optimal spraying.
Gross energy (GE) was determined by
calculation, using the gross chemical analysis
data and the equations developed by Burlacu et
al. (2002).
The milk feed units, intestinally digestible
protein allowed by the energy level of the diet
(IDPE) and intestinally digestible protein
allowed by the nitrogen level of the diet
(IDPN), were calculated according to the
equations developed by Burlacu et al. (2002).

statistically significant at P≤0.05; SEM standard error of the means.
RESULTS AND DISCUSSIONS
Characterization of the volcanic tuff
The volcanic tuffs from Romania generally
have a high level of clinoptilolite. The
clinoptilolite (heulandite group) is the most
common and adequate type of natural zeolite.
Over 90% of the world production of zeolites is
of clinoptilolite type. Currently, most marketed
zeolites are of clinoptilolite type. The quality of
a zeolite depends entirely on its amount of
clinoptilolite, because this is the active
compound within the zeolite that can make the
exchange of cations.
The volcanic tuff used in our feeding trial came
from the Baia Mare quarry. Table 2 shows its
content of minerals and trace elements.
Table 2. Mineral and trace elements content of the
volcanic tuff
Item

Volcanic tuff

DM, %

90.49

Calcium, %

1.63

Phosphorus, %

0.09

Copper, mg/kg

0.75

Iron, mg/kg

1793.18

Manganese, mg/kg

143.77

Zinc, mg/kg

21.40

Characterization of the feed ingredients
The corn silage, which had the highest
contribution to the basal diet, had 1.47%
protein, 0.54% fat, 8.54% fibre and 5.14 MJ
gross energy/kg. The second ingredient, as
proportion, was the alfalfa hay, with 17.23 %
protein, 0.92 % fat, 27.86 % fibre and 15.74 MJ
gross energy/kg. Soybean meal, protein feed,
had 39.32% protein, 1.73% fat, 6.42% fibre and
17.06 MJ gross energy/kg. The corn had 8.24%
protein, 4.97% fat, 2.26% fibre and 18.83 MJ
gross energy/kg.
The highest proportion of calcium in the basal
diet came from the soybean meal, 3.29%,
followed by triticale, with 1.76%, and alfalfa
hay, with 1.25%. The highest proportion of
phosphorus in the basal diet came also from the
soybean meal, 6.76% followed by triticale, with
3.85% and corn, with 0.51%. The highest
proportion of copper in the basal diet came

Statistical analysis
Statistical analyses were performed using the
StatView program, variance analysis (ANOVA
and t test), the results being presented as mean
values, the differences being considered
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from the soybean meal, 19.75 mg/kg, followed
by the alfalfa hay, with 8.76 mg/kg, and
triticale, with 4.67 mg/kg. The highest
proportion of iron in the basal diet came from
alfalfa hay, with 765.35 mg/kg, followed by the
soybean meal, with 200.25 mg/kg, and triticale,
with 55.84 mg/kg. The highest proportion of
manganese in the basal diet came from alfalfa
hay, with 59.70 mg/kg, followed by the
soybean meal, with 35.69 mg/kg, and triticale,
with 21.75 mg/kg. The highest proportion of
zinc in the basal diet came from the soybean
meal, 47.26 mg/kg, followed by corn, with
42.22 mg/kg and triticale, with 16.34 mg/kg.
The corn silage had the lowest concentrations

of
minerals:
0.08%
calcium,
0.07%
phosphorus, 1.21 mg/kg copper, 38.05 mg/kg
iron, 11.40 mg/kg manganese, and 4.56 mg/kg
zinc.
Nutritive value of the basal diet
Table 3 shows nutritive value of the basal diet
expressed as milk feed unite (MFU/kg DM),
intestinally digestible protein allowed by
nitrogen level of the diet (g IDPN/kg DM),
intestinally digestible protein allowed by the
energy level of the diet (g IDPE/kg DM), as
calcium (g Ca/kg DM) and phosphorus (g P/kg
DM).

Table 3. Nutritive value of the basal diet
%

Item
Corn silage
Alfalfa hay
Soybean meal
Corn
Triticale
Brewers grains
Molasses
Urea
Calcium carbonate
Dicalcium
phosphate
Salt
Vitamin-mineral
premix

MFU

IDPN

IDPE

Ca

P

g/kg DM

g

g/kg DM

g

g/kg DM

g

g/kg DM

g

g/kg DM

g

55.5
10
8
7
5
8
1.8
1
1.2
1

1.02
0.76
1.4
1.43
1.21
1.03
1.28
-

0.57
0.08
0.11
0.10
0.06
0.08
0.02
-

51
105
326
96
103
294
27
-

28.31
10.5
26.08
6.72
5.15
23.52
0.49
-

59
73
174
116
81
162
78
-

32.75
7.30
13.92
8.12
4.05
12.96
1.40
-

4.2
16.3
3.7
0.3
0.3
2.2
9.3
380
418

2.33
1.63
0.30
0.02
0.02
0.18
0.17
4.56
4.18

2.5
2.6
7.2
2.9
3.4
5
0.9
360

1.39
0.26
0.58
0.20
0.17
0.40
0.02
3.60

0.5
1

-

-

-

-

-

-

-

-

-

-

At 1kg basal diet

1.02

100.76

The nutritive value of the basal diet is
expressed as: 1.02 MFU/kg DM; 100.76 g
IDPN/kg DM, 80.50 g IDPE/kg DM, 13.38 g
Ca/kg DM and 6.61 g P/kg DM.

80.50

13.38

6.61

synthetic zeolites in dairy cows diets increased
recently, mainly with the purpose of improving
animal performance, milk quality and the
health state of the animals.
Table 4 shows milk content of the main
nutrients in the milk samples collected from
experimental groups, compared to the control
group.

Milk quality evaluation
Milk quality is important for the dairy industry
and milk yield is mainly influenced by the diet
(Ilic et al., 2011). The use of natural and

Table 4. Content of the main nutrients in the milk samples*
Item
Real dry matter, %
Crude protein, %
Crude fat, %
Ash, %

Group C

Group E1

Group E2

Group E3

SEM

P value

13.51
2.62
2.73b
0.58

12.25
3.16
3.54a,c
0.72

11.71
2.63
2.36b
0.65

12.09
2.94
2.82
0.69

0.170
0.123
0.164
0.022

0.7435
0.3356
0.0252
0.1966

a,b,c- significant differences (P<0.05) between groups C, E1, E2
*results related to fresh sample
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Table 4 data show that the dry matter content
of the milk samples, the milk protein and ash
were not statistically different (P>0.05)
between groups. Some literature shows that the
milk protein was not influenced by the zeolite
(clinoptilolite) treatment (Katsoulos et al.,
2006), while other studies reported higher milk
protein concentrations (Dschaak et al., 2010;
Tucker et al., 1994) following the dietary
zeolites supplements for dairy cows.
The milk fat from group E1 (treated with 200 g
tuff/cow/day) was significantly (P<0.05) higher
than in the milk samples from group C (by
29.67%) and from group E2, treated with 350 g
tuff/cow/day (by 50.00%).

Khachlouf et al. (2018) compiled literature data
regarding the use of non-nutritional adsorbent,
zeolite, on dairy cows’ performance, milk
quality and environmental effects. They
reported that moderate levels (200-400 g
zeolite/cow/day) increased milk yield, but milk
fat and milk protein were not changed.
Garcia-Lopez et al. (1992) showed that 2%
zeolite added to the compound feeds for dairy
cows increased the milk fat and the acid-base
balance. Cruywagen et al. (2015) and
Sulzberger et al. (2016) studied the effect of the
dietary 1-2% clinoptilolite or sodium
sesquicarbonate and reported slight increases of
the milk fat.

Table 5. Fatty acids concentration in the milk samples, according to the level of unsaturation
(g/100 g total FAME)
Item

Group C

Group E1

Group E2

Group E3

SEM

P value

SFA
MUFA
PUFA, of which:
CLA, %
Ω3, %
Ω6, %
Ω6/Ω3, %

70.52
24.45
3.71
0.14d
0.30
3.27
10.90c,d

70.72
24.29
3.87
0.17
0.33
3.37
10.20c,d

71.21
24.27
3.50
0.17
0.33
3.00
9.10a,b

71.14
23.86
3.69
0.21a
0.34
3.14
9.23a,b

0.221
0.140
0.089
0.009
0.014
0.071
0.225

0.7346
0.6299
0.4938
0.0437
0.8694
0.2333
0.0044

FAME- total fatty acids methyl esters; SFA- saturated fatty acids; MUFA- monounsaturated fatty acids; PUFA-polyunsaturated fatty acids; UFAtotal unsaturated fatty acids; CLA- conjugated linoleic acid; Ω3- omega 3 polyunsaturated fatty acids; Ω6- omega 6 polyunsaturated fatty acids;
a,b,c,d- significant differences (P<0.05) from C, E1, E2, E3.

gland tumours (Shingfield et al., 2008). The
milk CLA concentration is basically
determined by animal feeding. The reports of
D’Urso et al. (2008) show that other factors
too, such as the stage of lactation, the breed and
the age of the animals can influence milk CLA
concentration.
The highest milk CLA concentration, 0.21%,
was noticed in group E3, treated with 500 g
tuff/cow/day, 50% higher than in the control
group, statistically significant (P<0.05). The
literature shows that dairy cows’ diet
supplementation with ruminal buffers will
increase the acetate/propionate ratio in the
rumen, increase the fat level, implicitly the
fatty acids in the milk. Bougouin et al. (2018)
showed that the dietary 1% sodium bicarbonate
added to dairy cows’ diets increased
significantly (P<0.05) PUFA and CLA
concentrations in the milk.
The omega 3 polyunsaturated fatty acids (Ω3)
also are reputed for their positive effects on
consumer health. The milk Ω3 concentration,

Table 5 shows that the concentration of fatty
acids of the milk samples, depending on the
level of saturation, was not statistically
different (P>0.05) for the saturated (SFA),
monounsaturated (MUFA) or polyunsaturated
fatty acids (PUFA). The polyunsaturated fatty
acids (PUFA) are known for their beneficial
effect on consumer health, being the most
valuable group, with a concentration of 3-5%
(Rodriguez-Alcala et al., 2009). Our study
showed that PUFA concentration in the milk
samples ranged between 3.87%, in group E1,
treated with 200 g tuff/cow/day and 3.50%, in
group E2, treated with 350 g tuff/cow/day,
values comparable with the literature reports.
The conjugated linoleic acid (CLA) is the most
valuable PUFA, due to its antioxidant and
anticancerogenic (anti-oncogene) properties.
The presence of this acid in the diet may reduce
the oxidative stress, the atherosclerosis, and can
improve the blood lipid profile, shielding
against the development of skin and mammary
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obtained in our study, increased proportionally
with the treatment, the highest value (0.34%)
being reported for group E3, treated with 500 g
tuff/cow/day, 142.82% higher than for the
control group.
On the other hand, the lowest milk Ω6
concentration (3.00%) was reported for group

E1, 8.25% lower than for group C. Thus,
Ω6/Ω3 ratio decreased in the experimental
groups, the lowest value (9.10%) being
reported for the experimental group E2, treated
with 350 g tuff/cow/day, 16.51% lower than in
the control group.

Table 6. Mineral concentration in the milk samples*
Group C
Group E1
Group E2
Group E3

Item
Calcium (%)

0.11

0.11

Phosphorus (%)

0.08

0.10

Copper (mg/kg)

BLD

0.065

Iron (mg/kg)

1.08d,c

1.24

Manganese (mg/kg)
Zinc (mg/kg)

0.04
3.24

b,d

b,c,d

0.09
6.11

d

a,c

0.12

0.12

0.09

0.10

P value

0.003

0.0504

0.003

0.0787

0.080

0.103

0.006

0.0061

1.44a

1.56a

0.070

0.0493

b

a

0.007

0.0338

a,b

0.544

<0.0001

0.05

a,c,d

b

SEM

7.64

a,b

0.08
8.26

a,b,c,d – significant differences (P<0.05) from C, E1, E2, E3; BLD- not traceable
*results related to fresh sample

Table 6 shows that the various treatments with
volcanic tuff (200 g, 350 g and 500 g/cow/day)
did not yield significant differences (P>0.05) in
the milk calcium, with values between 0.07g%,
in the experimental groups E2; E3 and 0.11g%,
in the control group (C). The phosphorus
concentration too, was not significantly
different (P>0.05) between groups, with values
of 0.08 g%, in group C and 0.10 g%, in the
experimental group E3.
The milk copper concentration increased with
the dietary tuff supplements, by 33.33%, in the
experimental group E2, and by 83.33%, in the
experimental group E3, compared to the
experimental group E1, statistically significant
differences (P<0.05).
Figure 1 shows this correlation very properly,
according to equation y = 0.00001x + 0.0386
and coefficient R² = 0.9871.

The values for copper concentration obtained in
our study are lower than those reported by
Akhmetova and Lyubin (2015), who used 2%
and 4% (on DM basis) in dairy cows’ diets,
reporting 0.55 mg Cu, in the group treated with
4% zeolite and 0.52 mg Cu/kg, in the group
treated with 2% zeolite.
The milk iron concentration increased
proportionally with the dietary tuff, the highest
value (1.56 mg), being recorded in group E3,
followed by 1.44 mg, in group E2, significantly
different (P<0.05) from 1.08 mg/kg, in the
control group.
Figure 2 shows the correlation between the
milk iron and the dietary tuff, according to
equation Y = 0.001x + 1.0673 and coefficient
R² = 0.9894.

Figure 2. Correlation between milk Fe
and the dietary tuff supplements

Figure 1. Correlation between milk Cu
and the dietary tuff supplements
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Abstract
In recent years, both in the field of veterinary and human medicine, there has been an increase in the incidence of
systemic mycosis infections, in particular, caused by Candida species. The mycoses of the genus Candida are
opportunistic pathogens and can colonize the mucosa of the gastrointestinal tract, mouth, esophagus and vagina;
causing infections of the mucous membranes and of the deep tissues. These fungal pathogens cause candidiasis in both
humans and animals, in fact Candida is the main cause of candidiasis in immunocompromised patients. The most
isolated species humans and animals are represented by, Candida albicans for a 70-75% of all cases of candidiasis. In
recent decades however seems that also non-albicans Candida (NAC) infections increase significantly with an average,
in both species, of 30-60% cases with candidaemia. This is rare disease. A fundamental aspect is the rapid and
accurate identification of Candida sp., with increasingly advanced methods, to allow establishing an effective
antifungal therapy and reducing the mycosis disease rates.
Key words: Candida spp., candidiasis, identification.

INTRODUCTION

esophagus, the gastrointestinal tract and the
genital apparatus (Sardi et al., 2013). Candida
lives as a commensal belonging to the human
and animal microbiota (Cordeiro et al., 2017).
These microorganisms can become potential
pathogenic agent when the mechanisms of host
defense
or
anatomical
barriers
are
compromised causing different types of
candidiasis (Cordeiro et al., 2017). Invasive
candidiasis has been widely studied to
immunecompromised patients (Delaoye and
Calandra, 2014; Sardi et al., 2013; Sachin et al.,
2014), representing 70-90% of all fungal
infections in hospitals (Delaoye and Calandra,
2014). In animals, instead, the rate of
colonization varies based on animal species and
breeding
conditions,
although
the
gastrointestinal tract is the most colonized.
Therefore, Candida species are also important
in veterinary medicine because can infect many
animal species such as horses, pigs, sheep,
birds, cats and dogs (Cordeiro et al., 2017;
Edelmann et al., 2005). The pathogenicity of
Candida is facilitated by virulence factors such
as the secretion of hydrolytic enzymes and the
formation of biofilms. The hydrolytic enzymes
most important in the virulence of the Candida
species
are
proteases,
phospholipases,

The term Candida comes from the latincandido
which means white (Williams et al., 2000). The
genus Candida belongs to the kingdom of the
Fungi (Neppelenbroek et al., 2014) and in
particular is part of the phylum of
Deuteromycota.
The genus Candida includes about 196-200
species (www.antimicrobe.org). It has been
observed that Candida species are the most
common causes of opportunistic mycoses
found worldwide (Sardi et al., 2013). In fact, in
recent years there has been an increase in
infections caused by Candida species
(Williams et al., 2000), in particular from
Candida albicans because it is the most
common species (www.antimicrobe.org; Ogata
et al., 2015) although in recently there has been
an increase in infections of non-albicans
Candida species. Indeed, has been observed
that C. parapsilosis, C. tropicalis are the most
yeast strains isolated in the clinical setting
(Deorukhkar et al., 2014; Sardi et al., 2013;
Cordeiro et al., 2017).
Candida species can colonize different parts of
the body such as the skin, mucous membranes,
the oropharyngeal tract as mouth and
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hemolysins
and
extracellular
lipases
fundamental in the colonization and
progression of infection of the host tissue
(Sardi et al., 2013; Deorukhkar et al., 2014;
Rodrigues et al., 2003).
Proteases degrade epithelial barrier and mucosa
barrier proteins such as collagen, keratin and
mucin. Moreover, the proteases help Candida
to resist cellular and humoral immunity by
degrading antibodies, complement and
cytokines (Deorukhkar et al., 2014).
Phospholipases are found in the ends of the
hyphae. Hydrolyze one or more ester bonds in
the glycerophospholipids of the host tissues
causing the rupture of cell membranes and
allowing the fungal cell to penetrate into the
cytoplasm (Deorukhkar et al., 2014; Arantes et
al., 2016).
Hemolysins are proteins produced by
microorganisms to destroy red blood cells
(Sardi et al., 2013). The haemolytic capacity
allows fungi of the genus Candida to acquire
iron from the host tissues, which is then used
by the fungus for metabolism, growth and
invasion during host infection (Rossoni et al.,
2013).
Extracellular lipases have putative roles which
consist of the digestion of lipids for nutrient
acquisition, adhesion to host cells and tissues
(Sardi et al., 2013).
In addition to these enzymes, another factor
that can induce pathogenicity is biofilm.
Biofilms are biological communities and can
grow on any wet surface (Sardi et al., 2013).
The knowledge of these virulence factors is
fundamental to understand the pathogenesis of
candidiasis (Deorukhkar et al., 2014).
Today, the molecular techniques are routinely
used as rapid, reliable, easy to perform methods
in the identification of yeasts that are clinically
isolated (Mohammadi et al., 2013).
Furthermore, molecular methods can lead to
the administration of an adequate specific
antifungal treatment of candidiasis (Khlif et al.,
2009).
The aim of this work is report the
epidemiological identification and distribution
of different cases of candidiasis diagnosed in
humans
and
domestic
animals
with
spontaneous
disease
in
a
scientific
collaboration work between University of
Agronomic Sciences and Veterinary Medicine

of Bucharest and University of Perugia in the
last years.
MATERIALS AND METHODS
Biological samples
Three samples were provided from a clinical
microbiology laboratory of a human hospital,
obtained from human blood cultures that
presented yeast fungal disease, while another
sample was provided by the veterinary hospital.
This last sample it was examined at
histopathological
level
with
specific
histochemical staining. The sample taken was a
skin biopsy of a male cat's ear canal. For this
reason, the four samples follow different
procedures.
Isolation and identification of fungal strains
The samples were obtained from human blood
cultures and re-isolated on Sabouraud agar
medium (Acumedia, USA) containing 0.02%
chloramphenicol and incubated at 30°C for 2448 hours. After that a single colony is taken
from each distinct isolate and inoculated into
the respective liquid media to obtain the
biomass. Three fungal strains have been
isolated. These isolates were first identified
bymicroscopic and macroscopic observations.
C. albicans ATCC 10231, C. parapsilosis
ATCC20019 and two clinically Candida
strains such as C. guilliermondii MI 40 and C.
krusei MI 41 were used as control strains where
required.
Molecular identification
The extraction of fungal DNA was performed
using the E.Z.N.A.® FUNGAL DNA KIT,
(Omega Bio-Tek, USA).
The molecular identification of the fungal
isolates was performed by the PCR-RFLP
method. 5.8S-ITS region has been amplified
using two universal primers ITS1 (5'TCCGTAGGTGAACCTGCGG-3') and ITS4
(5'-TCCTCCGCTTATTGATATGC-3').
The PCR mixture contained 5 μL of 10x
reaction buffer, 1.5 mM of MgCl2, 0.2
mMdNTP, 2.5 U of DNA Taq polymerase, 0.5
μmol of each primer and 10-30 ng of fungal
DNA extracted in a final volume of 50 μL. The
PCR conditions were follows: initial
denaturation at 94°C for 5 minutes, followed by
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35 denaturation cycles at 94°C for 1 minute,
seconds, annealing at 55°C for 1 minute and
extension at 72°C for 2 minutes, with a final
extension phase at 72°C for 10 minutes.
Then, the amplicons were subjected to
enzymatic digestion. An aliquot of 10 μL of
each ITS amplicon was digested with the
restriction enzyme MspI (Thermo Fisher
Scientific, USA).
Afterwards, the PCR amplicons and restriction
fragments were fractionated by 2% agarose gel
electrophoresis and observed at the UV
transilluminator. All fragment sizes were
approximated using the DNA ladder
(GeneRuler 100 bp Plus DNA Ladder, Thermo
Scientific, USA).

Identification of fungal isolates
Three fungal strains (denominate C1, C2 and
C3) supposed to belong to Candida species
were isolated and characterized using standard
conventional methods (macroscopic and
microscopic observations). The C1 isolate
showed colonies that had a cream color
conducive to yellow and the cells were shortellipsoidal, while the C2 and C3 isolates had
white circular colonies and the cells were
spherical-ovoid.
Subsequently, a molecular analysis such as
RFLP have been carried out to identify
different fungi using universal primers. PCRRFLP of 5.8S-ITS region using the restriction
enzyme MspI allowed to identify the yeast
strainsat specie level, according to technique
previously described by Mohammadi et al.,
2013.The size of allamplified PCR products
was estimated beetwen 540-600 bp (Figure 1
and Table 1).

Haemolytic activity of fungal isolates
Fungal isolates were streaked on the surface of
Columbia blood agar plates (Oxoid)
supplemented with sheep's blood and incubated
at 30°C. After 48 h of incubation, the blood
agarplates were examined for haemolytic
reaction.
Histopathological examination of animal
samples
A skin biopsy from a cat suspected of having a
fungal infection was detected at University of
the Department of Veterinary Medicine of
Perugia (DMV-UNIPG). The sample was fixed
in neutron buffered 10% formalin and
embedded in paraffin for histopathological
investigations.
The sample was dehydrated by effecting an
increasing series of alcohol till absolute alcohol
and then dipped in xylene. Then, the sample
was included in paraffin to obtain the paraffin
block containing the tissue sample to be
analyzed.
Subsequently the block was cut to the
microtome to create sections of 3-5 μm,
position them on the appropriate slides. Finally,
4 types of colors have been made which are
hematossilin-eosin (H&E), PAS, Grocott and
Mucicarminio.
These colors, observed by pathologist to
identify the fungal genus and to make a correct
and precise diagnosis.
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Figure 1. PCR products with primers ITS1 and ITS4;
1 - C. albicans ATCC 10231 (reference strain);
2 – C. parapsilosis ATCC 20019 (reference strain);
3- C. guilliermondii MI 40 (reference strain);
4 - C. krusei MI 41 (reference strain); 5 - C1 isolate;
6 - C2 isolate; 7- C3 isolate; C-negative control
L– GeneRuler 100bp Plus DNA Ladder

In this study, after the digestion of the ITS
products with MspI were visualized a single
band (250 bp) for the isolates C2 and C3, a
single band (520 bp) for C. parapsilosis ATCC
20019 (referance strain); two-band patterns
(240 bp +300 bp) for C. albicans ATCC 10231
(referance strain); three-band patterns (90 bp +
150 bp+ 380 bp) for C. guilliermondii MI 40
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(reference strain), C. krusei MI 41 (reference
strain) and isolate C1 (Figure 2 and Table 1).

L
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erythrocytes to release iron for use in the
growth and metabolism of these fungi in
systemic infections (Rossoni et al., 2013;
Pakshir et al., 2013).
Finally, we wanted to observe their hemolytic
capacity, so the hemolysis test was done of all
five inoculated Candida strains, including the
two reference strains. From this test it is
deduced that all 7 Candida species have not
hemolytic activity observed by the lack of halo
around the smears made on the specific culture
medium.

L

Figure 2. Restriction fragments of ribosomal DNA for
fungal strains after digestion with MspI:
1 - C. albicans ATCC 10231 (reference strain);
2 - C. parapsilosis ATCC 20019 (reference strain);
3 - C. guilliermondii MI 40; 4 - C. krusei MI 41;
5 - C1 isolate; 6 - C2 isolate; 7- C3 isolate;
L– GeneRuler 100bp Plus DNA Ladder
Table 1. RFLP analysis of 5.8S-ITS region with MspI
Candida isolates
C. albicans
ATCC 10231
C. parapsilosis
ATCC 20019
C. guilliermondii
MI 40
C. krusei MI 41
C1
C2
C3

Figure 3. Determination of haemolytic activity
of fungal strains:
1 - C. albicans ATCC 10231 (reference strain);
2 -C. parapsilosis ATCC 20019 (reference strain);
3- C. guilliermondii MI 40 (reference strain);
4 - C. krusei MI 41 (reference strain); 5 - C1 isolate;
6 - C2 isolate; 7- C3 isolate

PCR size(pb) Restriction fragments (pb)
540
240+300
600

520

600

90+150+380

600
600
540
540

90+150+380
90+150+380
250
250

Histopathological investigation of animal
samples
In addition, a different process was used for the
animal samples. In fact, for the animal samples
a
histopathological
investigation
was
performed. This is an effective method to
provide a definitive diagnosis of a fungal
infection. The histopathological examination of
the samples is very important to define the
invasion of tissues and vessels (Guarner et al.,
2011).
In our study to identify present of fungal we
made some specific staining that allow to
detect Candida. These staining are represented
by Hematoxylin-Eosine (H&E), PAS (periodic
acid-Schiff), Grocott and Mucicarmine.
Hematoxylin-Eosin is a routine staining
method that allows the pathologist to evaluate
the presence of fungi (Figure 4A), but it is not
sufficient to make a correct diagnosis. For this
reason, if a fungal infection is suspected, it is
also advisable to do the above-mentioned

The isolates C1 and C. krusei MI 41 presented
RFLP type appropriate to C. guilliermondii,
according to Mohammadi et al. (2013). Initial,
the reference strain C. Krusei MI 41 have been
mis-identified as C. krusei. By digestion of the
ITS region with MspI, C. krusei MI 41 have
been reidentified as C. guilliermondii MI 41.
The isolates C2 and C3 isolates gave RFLP
type appropriate to C. krusei, according to
Mohammadi et al. (2013).
Haemolytic activity
Haemolytic activity was tested because among
non-albicans Candida species, 86% showed
haemolytic activity (Rossoni et al., 2013).
In the present study, we performed the
haemolysis test to evaluate the production of
hemolysin, an important virulence factor for
Candida yeast. This enzyme degrades host
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histochemical staining, because when the fungi
are scattered there is the probability that are
neglected in the observation of the sample.
Morphological evaluation can be difficult,
when histoplasmas and blastomyces present
cytoplasmic artifacts (Palliola et al., 1979). In
this regard, in addition to the routine staining,
were effectuated the other staining to identify
Candida.
PAS and Grocott allow rapid visualization of
Candida in organ sections (Palliola et al.,
1979). In the histological sample, the
characteristic morphological structures of
Candida appear to be colored in a different way
because with PAS take on a purplish red color
(Figure 4B) while with Grocott take on a
brown-black color (Figure 4 C, D). Beyond the
specific color given by the coloring, in both,
the pathologist can distinguish different fungal
elements as the hyphae, pseudohyphae and
blastoconidia (Figure 4). In literature Candida
can be found in superficial epithelium such as
hyphae, pseudohyphae or blastoconids and
from data observed in literature and these
structures are often composed by oval to round,
3-6 μm diameter, pale-stained, thin-walled
blastospores and blastoconidia arranged in
short chains (pseudohyphae), and slender, 3-4
μm wide, septate, parallel-walled hyphae
(Kumar et al., 2009).
In our study, both PAS and Grocott staining
confirmed the initial hypothesis that it was
Candida demonstrated by a positive result, in
which all the Candida specific morphological
structures can be observed. In addition, can be
observed that the tissue is covered by a
stratified epithelium that rests on a lamina
propria expanded by a diffuse infiltration of
macrophages, neutrophils, lymphocytes and
plasma cells. Moreover, within the cytoplasm
of macrophages, are evident many rounds
yeast-like bodies of variable size with
bistratified reflecting wall and a not visible
cytoplasm, associated with the pseudohyphae
confirmed by PAS and Grocott.
In addition to the two staining mentioned,
which resulted positive for Candida, the
Mucicarmine staining was also made. In cases
where was made the Mucircamine staining,
were not found hyphae, pseudohyphae and
blastoconidia. In our case, the two stainings
that allow us to detect and make a correct

diagnosis are the PAS and the Grocott where
there is a better visualization of the hyphae,
pseudohyphae or bastoconidia.
Substantially our results have been confirmed
of the data found in the literature, which
support and confirm our initial hypothesis.
Finally, the histopathological examen must be
supported by other investigations such as
molecular or microbiological techniques such
as cultures for the identification of Candida
species.

A

B

C

D

Figure 4. Histochemical stainings.
A) H&E staining 20x; B) PAS staining 40x.
Pseudohyphae composed by oval to round a short chains
(arrow); blastoconidia that have a round shape (short
arrow) and hyphae that are represented by septa (arrow
head); C-D) Grocott staining 10x and 20x

CONCLUSIONS
In our study, three Candida strains have been
isolated and identified by ITS-RFLP patterns
obtained with MspI as being C. gluilliermondii
(1 isolate) and C. krusei (2 isolates). No C.
albicans or C. parapsilosis have been isolated.
The haemolytic activity of Candida isolates
was not reported. The histopathological
examination with the PAS and the Grocott
staining sconfirmed the presence of Candida in
animal samples. According with these results
can be deduced that Candida sp. were
presented in human and animal samples.
Therefore, rapid and reliable methods are
needed to detect this yeast in a short time, in
such a way as to administer an adequate
therapy and avoid a worsening of the patients.
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Abstract
Water is one of the most important natural resource, a social requirement and an important factor in the ecological
balance. Water from springs is good for direct consumption if the soil is not contaminated. The population, who is not
benefiting from the centralized water, is supplied in different area from springs. Water from springs is good for direct
consumption if the area around groundwater is not contaminated. Groundwater pollution, caused by human activities
related to the agriculture, industry and population growth, is a current problem with serious consequences to human
health. The aim of this paper was to assess the physico-chemical and microbiological qualities of springs water from
Abrud-Câmpeni area, Alba County, Roamnia. The water samples were taken in 2018 from 11 functional springs. Of
these, only three sources are potable, the rest of the springs are microbiologically contaminated. The average
concentration of NO3- in the investigated springs from Abrud-Câmpeni area is 6.1 mg/l. Monthly, between January and
December 2018, the variation of the nitrate content in the water from the spring Lucia (Sohodol village) was also
monitored. Fluctuations were observed with maximum in the cold season (February), 4.37 mg/l, and minimum in the
summer (August), 2.14 mg/l. In order to identify the factors that lead to the variation of the NO3- content in water,
statistical mathematical models were developed. The parameters studied were: atmospheric temperature, the amount of
precipitation, respectively the freeze/thaw cycle. The concordance indicators demonstrated a satisfactory correlation
between the variation of those factors and the variation of the NO3- content in water.
Key words: spring water, quality water, contaminants, nitrates, statistical analysis.

INTRODUCTION

from the springs is a new approach that has
been generated by the idea that it is healthier
than water from public system. Water from
springs is generally good for direct
consumption if the area around groundwater is
not contaminated.
Nitrate has been one of the dominant forms of
increased nitrogen loading since the 1970s
(Diseand Wright, 1995; Smith et al., 1999;
Vitousek et al., 1997). Nitrogen, nutrient of
great importance in aquatic ecosystems, enter
in several ways and is found in water in many
forms: molecular nitrogen, nitrogen oxides,
ammonia, ammonium, nitrites and nitrates.
Consequently, nitrogen biochemistry involves
the consideration of all nitrogen oxidation
states, from 5 to 0 and -3 (Lupea, 2003). In
ecosystem,
nitrogen
enters
in
the
biogeochemical cycle, determined by a
complex of interactional factors from aquatic

Under current conditions, the water resource at
planetary level has become increasingly
expensive because of human pressure.
Therefore, maintaining drinking water quality
is increasingly important (Smuleac et al.,
2017).
In different areas, that do not have distribution
of potable water through public supply systems,
the springs and wells that represent sources of
groundwater are very important. This water is
not treated and is often subjected to chemical
and
microbiological
pollution
from
anthropogenic sources (Jamshidzadeh and
Mirbagheri, 2011; Navarroand Carbonell,
2007).
In the Abrud-Câmpeni area, the springs still
represent a very important source of
groundwater because it is free. Drinking water
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ecosystems. Algae can use the free nitrogen
from water and salts ammonia and after their
exhaustion even the nitrate (Botnariuc and
Vădineanu, 1982).
Previous studies have shown that the quality
parameters of underground water may exhibit
large variations due to natural conditions and
anthropogenic activities (Zereg et al., 2018;
Bhurtun et al., 2019). According to Zereg et al.,
NO3- concentration is influenced by rainfall
events. Naclerio and the collaborators have
been studied the influence of freezing and
freeze/thaw cycles on the survival of
microorganism in soil, in a climate change
perspective. Their results revealed that in a
climate change perspective, taking into account
also the local trend in air temperature, a
different distribution of microbial pollution
over time is expected in spring waters, and a
higher risk of transmission of infections is
expected throughout the year (Naclerio et al.,
2012).
The quality of drinking water in Romania, is
regulated by Law no. 311/2004 who complete
the Law no. 458/2002. These laws transpose
the Directive 98/83/EC of drinking water
quality. The European community requires that
drinking waters should be analysed for several
bacteriological
parameters
as
total
coliforms/100
ml
water,
Streptococus
faecal/100 ml, E. coli and Pseudomonas
aeruginosa (Bushatia et al., 2009).
The present paper seeks ways of testing the
quality of drinking water from springs. The
study results show the values of physicochemical and microbiological parameters for
water,
in
the
Abrud-Câmpeni
area.
Microbiological indicators exceed the limits for
potable drinking water in most investigated
sources. The work also aims to monitor the
nitrates content of Lucia spring water in time
and to establish the influence of different
atmospheric parameters using mathematical
models.

coniferous and deciduous forests. The main
rivers crossing the area are the Aries River and
Abrudel River. The climate is moderate
continental, with milder shades in small
intramontane depressions. Annual average
temperatures are between 2-6°C. Winters are
generally frosty and long, with the average cold
season being within the isotherm of -3 and
-6°C. Frosty days are between October and
April and range from 100 to 150 days. Annual
average precipitation ranges from 900-1100
mm/year. The amount of precipitation in the
form of snow is significant and the duration of
it is about 4 months a year.
In Figure 1 is presented the map of AbrudCâmpeni area, Alba County, Romania and the
springs used for sampling the water.

MATERIALS AND METHODS
Study Area and Water Sampling Points
The Abrud-Câmpeni area is situated in a
depression, with an altitude of 600 m,
surrounded by mountains (Anghel and Anghel,
2006). In the area there are meadows,

Figure 1. The map of sampling -Abrud-Câmpeni area,
Alba County

In Figure 1, the springs from Abrud area used
for sampling the water were: A – Roşia
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Montana, B - Valea Săliştei, C - Bâdea,
D - Gura Cornei, E - Ciuta, F - Bucium,
G - Coleşeni, H - Dealu Mare. The springs
from Câmpeniare were: I - Lucia-Sododol,
K - Toplite, J - Detunata.
In 2018, eleven samples of spring water from
the Abrud-Câmpeni area, Alba County, were
analyzed. All samples were taken during the
same period of the year - March. Previously, in
2018, the water from Lucia spring, Sohodol
commune, was tracked monthly for NO3- (mg/l)
content.

until total dissolution. Reaction time: 10
minutes. In acid solution, nitrite ions react with
the sulphanilic acid resulting diazonium
compound; which then reacts with N-1naftiletilendiamine dihydro-chloride resulting
in a violet red nitro compound.
Determination of total number of bacteria
growing at 37°C, 22°C (mesophyll) (SR EN
ISO 6222:2004). The method consists in
inoculation, by including, of a quantity of 1-2
ml from the sample or decimal dilutions (10-1
and 10-2), into a Petri plate in 10-15 cm3
nutritive gellose (melted and cooled at 45°C);
after the solidification of the gellose the plates
are incubated 37±2°C, for 44±4 h. The colonies
are counted both those at the surface, and the
ones within the gellose.
Detection and counting of Escherichia coli and
coliform bacteria Part 1: Membrane filtration
method (SR EN ISO 9308-1, 2004, SR EN ISO
7889-2,2002). 100 ml from the water sample
are filtered through a membrane settled on
lactose TTC agar: the incubation is made at
36±2°C, 21±3 h. It is count as lactoso-positive
bacteria the colonies developing on yellow
medium. The confirmation: a) Oxidase test: 10
characteristic colonies are passed on
nonselective agar (TSA) and incubate at
36±2°C, 21±3h; then, from each Petri plates it
is take one colony and put it on filtering paper
impregnated with oxidase reagent. Positive
reaction: the occurence of purple blue
coloration in 30 sec. b) Indole test: is make
simultaneous inseminations in tryptophane
broth, which incubates at 44°C, 21±3 h, then is
added 0.2-0.3 ml of Kovac’s reagent. Positive
reaction: the occurrence of a purple red ring.
The colonies with negative reaction to oxidase
are counted as being coliform bacteria. The
colonies with negative reaction to the oxidase
and positive reaction with the indol are counted
as being E. coli.
Identification and counting of intestinal
enterococci Part 2: Membrane filtration method
(SR ISO 21528-1/2, 2004; SR EN ISO 6887-1,
2002). 100 ml or 10 ml from the sample and/or
dilutions is filtered through the membrane
placed on Slanetz Bartley medium and
incubated at 36±2°C, 44±4 h. The typical
colonies are pink or brown, in the middle or
totally. We transfer them on bile-esculin-azide
agar, pre-heated at 44°C. The incubation

Analysis methods
The pH values were obtained using the InoLab
pH-meter. Water samples were analyzed as
such, while soil samples were dried for 7 days
at 40°C, sieved to less than 2 mm in a plastic
sieve and ground to a fine powder using an
agate ball mill. Soil samples, treated as describe
above, were mixed with potassium chloride
solution 1 mol·L-1 in a 1:5 (g:ml) ratio and
shacked for 15 min before measuring (SR ISO
10390,1999).
The methods of rapid spectrophotometric
determinations involve the use of the
spectrophotometer Spectroquant NOVA 60
(SQ) and SQ specific kits (with reagents and
reaction tubes). Following the work pattern
from the kit, we read the SQ. The value appears
on the screen in 2 seconds (IDSA, 2004).
Ammonium: Kit SQ, domain 0.010-2 mg/l
NH4-N or 0.01-2.58 mg/l. 0.5 ml from the
sample is drop in the reaction tube and
homogenised. A dose of NH4-1K is added,
closed, shake, and, after 15 min read. In high
alkaline solutions, the nitrogen ammonia is
present almost totally as ammonia, reacts with
hypochlorite ions resulting in monochloramine,
which reacts with substitute fenol and forms a
blue indocarbolitic derivative.
Nitrates: Kit SQ, domain 1.0-50.0 mg/dm3
NO3-N or 2.2 - 79.7 mg/dm3 NO3-. 0.5 ml of
test is putted in the tube. 1 ml NO3-1K is
added, shacked for a minute and let aside for 10
minutes. In sulphuric acid solution nitrate ions
react with a derivative of benzoic acid to form a
red nitro compound.
Nitrites: Kit SQ, 0.02-1.00 mg/dm3 NO2-N or
0.07-3.28 NO2- NO2 10 mm tube. 5 ml of
sample are drop in the tube. A micro palette
knife of NO2 -1 reagent is added and shake
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48 hours (SR EN 12780, 2003; SR EN ISO
8199, 2008).

conditions are: 44°C, for 2 h. The characteristic
colonies which are bronze-black are counted,
and the calculus method from SR EN ISO
8199:2008 is applied. Note: The preparation of
culture medium is performed according to The
Guide of Preparation and Obtaining the
culture medium.
The methods of rapid spectrophotometric
determinations involve the use of the
spectrophotometer Spectroquant NOVA 60
(SQ) and SQ specific kits (with reagents and
reaction tubes). Following the work pattern
from the kit, we read the SQ. The value appears
on the screen in 2 seconds (IDSA, 2004).
For isolation and counting of Pseudomonas
aeruginosa in water samples, 250 ml of sample
was filtered. The membrane was introduced on
selective growth medium consisting of acetate
as a source of carbon and ammonium sulfate as
a source of nitrogen and incubated at 37°C for

RESULTS AND DISCUSSIONS
The results of physico-chemical and
microbiological analyzes of the samples taken
from the 11 springs located in Abrud-Câmpeni
area, Alba County, Romania are presented in
Tables 1 and 2. These are compared to the
maximum admissible values provided by the
national and European legislation in force. The
quality of drinking water is regulated by Law
no. 458/2002 (transposing the Directive
98/83/EC on the quality of drinking water),
respectively by H.G. no. 1020/2005 regarding
the Technical Norms for exploitation and
commercialization of natural mineral waters
(HG 1020, 2005).

Table 1. Result of physico-chemical and microbiological analyzes
of the samples taken from spring waters located in the Abrud area
Source of water
Parameter
pH
NO2- [mg/l]
NO3- [mg/l]
NH4+ [mg/l]

A

B

C

D

E

F

G

H

7.07
<0.02
1.5
<0.025

6.67
<0.02
1.5
<0.025

6.77
< 0.02
9.0
0.2

7.63
<0.02
2.8
<0.025

7.39
0.05
21.0
0.37

7.19
<0.02
0.4
<0.025

6.93
<0.02
22.0
0.15

6.55
<0.02
0.4
<0.05

UFC/ml at 22°C

3

87

1

Absent

120

1

160

190

UFC/ml at 37°C
Total coliforms/100 ml
E. coli/100 ml
Enterococi/100 ml
P. aeruginosa

23
absent
absent
4
absent

23
absent
absent
4
absent

abs
absent
absent
absent
absent

4
Absent
Absent
2
Absent

8
absent
absent
absent
absent

22
absent
absent
absent
absent

25
absent
absent
absent
absent

22
absent
absent
absent
absent

Table 2. Result of physico-chemical and microbiological analyzes of the samples taken
from spring waters located in the Câmpeni area
Maximum allowed values for
mineral waters according to
Parameter
government decision 1020/2005 - at
source
according to the natural state of the
pH
7.14
7.06
7.21
6.5÷9.5
water
NO2- [mg/l]
<0.02
<0.02
<0.02
0.50 mg/l
0.1 mg/l
NO3- [mg/l]
3.34
3
2.14
50 mg/l
50 mg/l
NH4+ [mg/l]
<0.025 <0.025 <0.025
0.50 mg/l
0.50 mg/l*
UFC/ml at 22°C
absent
absent
absent
100
20
absent
4
2
20
5
UFC/ml at 37°C
Total coliforms/100 ml
absent
absent
absent
absent
70
E. coli/100 ml
absent
absent
absent
absent
50
Enterococi/100 ml
absent
absent
absent
absent
absent
P. aeruginosa
absent
absent
absent
absent
absent
*Valid value considering ammonium as an indicator of water pollution from surface sources. As long as the endogenous origin of ammonium is
scientifically demonstrated, values up to 5 mg/l can be accepted.
Source of water

I

K

J

Maximum allowed values according to law 458/2002 for
bottled water

It has been found that in the mountain area, the
spring water located in different areas – Abrud
and Câmpeni - have different but close values.
Data obtained from the investigation of the
quality of spring waters are aimed at detecting

specific impurifiers, areas and sources of
pollution.
The physico-chemical parameters of the spring
waters are within the limits of the potability.
However, exceedances of the admissible limits
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monthly in 2018, and the nitrate content was
measured. The results are shown in Table 3.
In the mean time, in order to identify the
meteorological factors (monthly during 2018)
that may lead to the variation of the NO3content of water, the average monthly values of
those factors for Romania, Abrud-Câmpeni
area were used (average temperature, amount
of precipitation, frosty days, sunny days)
(Meteoblue, 2019).

for microbiological parameters are observed in
the analyzed water samples. Thus, only the
Bâdea, Lucia - Sohodol and Detunata springs
are drinkable.
In order to test the factors that can lead to
variation in the NO3- content of spring waters,
the Lucia Spring from the Sohodol commune
was selected. The sampling was carried out on
a regular basis, so the monitoring of water
quality from Lucia - Sohodol source was done

Table 3. Content of nitrate in the Lucia - Sohodol spring water and the meteorological parameters of the area
Month
NO3- [mg/l]
Average temperature [°C]
Amount of precipitation [mm]
Frosty days
Sunny days

I
3.68
0
53
25.6
4.2

II
4.37
4
50
22.3
3.3

III
3.16
13
60
16.3
4.4

IV
3.34
21
87
3
4

The value of NO3- content during one year has
not exceeded the value of 44 mg/l, recommended by the World Health Organization
standard or the 50 mg/l limit set by European
and national legislation.
Further, the experimental results were subjected to a multiple correlation analysis to
compare the effect of the studied parameters on
the nitrate content of the spring waters.
The investigated parameters were: monthly
average temperature, monthly amount of
precipitation, frosty days, sunny days.
Using Matlab, statistical models were generated. The equations of the models are as
follows:

V
3.15
23
116
0.1
3.8

VI
3.15
26
124
0
3.9

VII
2.71
30
100
0
7.4

VIII
2.14
29
88
0
8.7

IX
3.21
23
74
0
6.9

X
2.83
15
59
3
9.5

XI
3.34
8
56
11.1
6.4

XII
3.52
1
64
23.5
5.4

The equations above are valid on the studied
values range. After calculating the model
coefficients, it is necessary to make a comparison between model predictions and data from
the actual process.
The values of adequacy indicators are
presented in Table 5.
Table 5. Indicators of adequacy of statistical models
determined
Situation

Variance,

2

a)
b)
c)
d)

0.1015
0.1848
0.1318
0.1408

Standard
deviation, 
0.3186
0.4299
0.3631
0.3753

Correlation
coefficient, R
0.8099
0.6111
0.7438
0.7229

The values of adequacy indicators show
satisfactory
correlation
between
the
experimental values and those generated by the
first-order polynomial model.
The experimental results versus the theoretical
ones are presented in Figure 2.

y  a 0  a 1  x1  a 2  x 2
where:
a0, a1 and a2 - model coefficients;
y - NO3- content [mg/l];
x1 - time [months];
x2 - a) monthly average temperature [°C];
b) monthly amount of precipitation [mm];
c) monthly frosty days [days];
d) monthly sunny days [days].
By performing the statistical correlation, the
equations from Table 4 were obtained:
Table 4. Equations of mathematical statistical models
Type of x2 variable
a)
b)
c)
d)

Equation
y = 4.1083 – 0.0495 ∙x1 – 0.0354 ∙x2
y = 4.3779 - 0.0612 ∙x1 - 0.0098 ∙x2
y = 3.1387 - 0.0335∙x1 +0.0339∙x2
y = 4.2736 + 0.0187∙x1 - 0.2083∙x2

a)
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monthly average temperature

CONCLUSIONS
The chemical parameters of waters from the
investigated springs are in the legal limits, but
the microbiological indicators in some of the
spring waters sources are higher than the
maximum allowed limits. These results indicate
a poor hygienic quality of certain spring water
sources and the need for permanent monitoring
in order to identify possible contamination
sources.
Variations of NO3- content at Lucia spring
source were observed during time – monthly,
for a year. Thus, although the current nitrate
levels is safe for the moment, in the future, the
nitrate concentration could exceed the drinking
limit due to anthropogenic pollution. In
addition, the equations of statistical models can
approximate the nitrates content in the water
from Lucia spring knowing the month of the
year when the sample was collected and the
weather conditions (monthly average temperature, monthly amount of precipitation, monthly frosty days, monthly sunny days).
Correlation parameters show a satisfactory
prediction capacity of the mathematical
statistical models. Also, the model predictions
can constitute a control criterion for assessing
the quality of water from springs.

b) monthly amount of precipitation

c) monthly frosty days
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Abstract
Cryptosporidium is an enteric protozoan parasite that causes gastrointestinal disorders in humans and in a wide range
of animals, mainly in calves. As there is no available efficient treatment for cryptosporidiosis, in this study we evaluated
the effect of Auranta 3001, a natural feed additive on animal growth, number of days with liquid diarrhoea and oocyst
excretion, mean oocysts/gram faeces and on biochemical and physical parameters. The study showed that calves fed
with Auranta 3001 as a feed additive administered prior to infection with C. parvum, significantly reduced (P < 0.05)
the number of days with liquid diarrhoea, the number of days with oocyst excretion, the number of days of antibiotic
administration and mean oocysts/gram faeces. Moreover, the prophylactic administration of Auranta 3001,
significantly (P < 0.05) reduced the percentage of calves with fever and increased the body weight at day 56. However,
significant differences were not seen between IgG, total protein intake and haematocrit percentage. This study showed
the efficacy of Auranta 3001 in reducing cryptosporidiosis manifestations in calves.
Key words: Cryptosporidium, calves, natural antimicrobial

INTRODUCTION

Once ingested, C. parvum oocysts release
sporozoites that initially attach to the
membrane of the epithelial cells, then it
penetrates the small intestine wall where it
resides for most of its life cycle. The ongoing
infections can lead to increased intestinal
damage and secretory diarrhoea (Yang et al.,
2015; Cho and Yoon, 2014). The severity of
the disease manifestation in humans and
animals can vary depending on the C. parvum
isolate as well as host predisposing factors
(Enemark et al., 2003). In calves,
cryptosporidiosis is mostly endemic, with more
than 90% of dairy farms and 40% of beef farms
being contaminated (Chako et al., 2010). The
prevalence of C. parvum varies between
countries, regions and farms. For example, in
the UK, cryptosporidiosis in cattle dairy farms

The protozoan parasite Cryptosporidium sp. is
the worldwide leading cause of diarrhoea in
young calves of less than 6 weeks old,
alongside with Rotavirus, Coronavirus and
enterotoxigenic
Escherichia
coli
K99
(Arsenopoulos et al., 2017; Cho and Yoon,
2014; Smith et al., 2014). During the first
month of life, diarrhoea causes the syndrome of
maldigestion and malabsorption which leads to
delayed growth, increased morbidity and
mortality, which can be up to 50% of weaning
calves, having a direct and indirect negative
economic impact in the farming industry (Cho
and Yoon, 2014; Bartels et al., 2010; Gulliksen
et al., 2009).
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range between 28% and 80% (Thomson et al.,
2017; Smith et al., 2014). C parvum is reported
to prevail among pre-weaned calves from 3.4%
to 96.6% in different parts of the world
(Thomson et al., 2017). In calves, the European
Medicines Agency has approved only
halofuginone lactate as an effective drug
against Cryptosporidium spp., though it does
not treat the disease and shows limited and
temporary benefits in reducing infection or
animal production (Connor et al., 2017; Chavez
and White, 2018; Caccio and Chalmers, 2016).
In contrast to chemotherapeutics, the use of
natural antimicrobials as feed supplements,
active against Cryptosporidium spp. could
represent a new and safe approach in
pharmacotherapy
of
cryptosporidiosis
(Valigurova et al., 2018). The aim of the
present study was to investigate the efficacy of
a combination of natural extracts for the
prophylaxis and treatment of cryptosporidiosis
in calves.

starting from day 1 after their arrival at the
farm. On day 0, nine calves were randomly
assigned to three additional experimental
groups and inoculated with 1x107 C. parvum
oocysts (three calves per group). In the
prophylactic group, Auranta 3001 was
administered prior to infection and then on a
daily basis for a period of 20 days. The
therapeutic group, was provided with Auranta
3001 starting at the time point of the first
manifestation of diarrhoea and then daily for a
period of 20 days. The calves of the infection
control group (3rd group), were left untreated.
Preparation of inoculum and viable oocysts
count was done as previously described
(Anguish and Ghiorse, 1997; Jenkins et al.,
1997). The feed additive was provided to the
animals at a concentration of 25 ml/day for the
first 5 days and 10 ml/day after day 5. Auranta
3001 was fed through a suckling bottle with
milk replacer twice daily.
Sample analysis
Analysis of C. parvum oocysts in faecal
samples was performed according to Bellosa et
al. (Bellosa et al., 2011). On days 0, 28 and 56,
blood was taken from the jugular vein, using
collection tubes without anticoagulant. The
whole blood was centrifuged at 3500 rpm × 10
min. Supernatants (serum samples) were stored
at - 20°C until analysis. We measured plasma
levels of total protein, albumin, urea,
cholesterol, glucose and triglycerides using
commercial kits using a BioPlus 2000® device.
The levels of serum globulin was determined
as total serum protein minus serum albumin.
Rectal faecal samples were collected from the
calves and faecal consistency was determined
according to Grinberg et al. (Grinberg et al.,
2002). Comparison between treated and control
groups was done using Student’s t-test, with a
significance level of 0.05.

MATERIALS AND METHODS
Parasites
Cryptosporidium parvum oocysts were
obtained from the American Type Culture
Collection. Oocysts were stored in phosphatebuffered saline (PBS) at 4°C until use. Before
use, they were incubated for 15 min in sodium
hypochlorite (4%) at 4°C and washed (3x) with
cold D-PBS (Dulbecco’s phosphate buffered
saline, Sigma, UK) followed by centrifugation
for 10 min at 2500×g. Subsequently, the pellet
was suspended in 1 ml D-PBS and the number
of oocysts was determined using a
haemocytometer.
Phytochemicals
The novel feed additive (Auranta 3001) was
supplied by Auranta-Envirotech Innovative
Products Ltd and contains lactic and citric acid,
glycerine-based emulsifying agent, sodium
hydroxide, sodium chloride, citrus extract
(6%), grape seed extract (2%), oregano extract
(1%).

RESULTS AND DISCUSSIONS
Cryptosporidium sp. is a major cause of
gastroenteritis in humans and animals. The
protozoan parasite represents a highly
problematic target for drug development
(Checkley et al., 2015; Farthing, 2006; Tzipori
et al., 1982). The only licensed drug for
treatment of cryptosporidiosis in calves is

Artificial infection
The feed additive, Auranta 3001, was provided
to three calves, later included in the uninfected
treatment group, for a period of 20 days
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halofuginone lactate which is extremly toxic to
multiple organs and systems at effective doses
(Tzipori, 1998; Yvore and Naciri, 1989).
Besides this, numerous substances like,
paromomycin and nitazoxanide have been
screened for potential anti-cryptosporidial
activity in calves, but they showed no
therapeutic effect (Fayer and Ellis, 1993;
Grinberg et al., 2002; Theodos et al., 1998;
Schnyder et al., 2009; Ollivett et al., 2009).
Recently, the attention has been drawn towards
plant extracts as an alternative remedy with
anti-cryptosporidial activity. Punica granatum,
Allium sativum extracts and curcumin have
been shown to reduce faecal oocyst count,
diarrhoea intensity and duration in neonatal
calves and BALB/c mice (Weyl-Feinstein et
al., 2014; Al-Mathal and Alsalem, 2012;
Gaafar, 2012; Asadpour et al., 2018). In vitro,
Auranta 3001 has been shown to reduce the
invasiveness of C. hominis and C. parvum
against HCT-8 and bovine primary cells and to
reduce the virulence by downregulating
CpSUB1 gene expression (Ch Stratakos et al.,
2017). The efforts to explore the in vivo
efficacy of Auranta 3001 were undertaken.
Auranta 3001 is a natural feed supplement
consisting of a mixture of organic acids and

plant
extracts.
Therefore,
its
anticryptosporidial potential was examined in the
present study in calves by assessing the number
of days with liquid diarrhoea, number of days
with oocyst excretion, mean OPG, biochemical
and physiological parameters.
The effect of the novel additive (Auranta
3001) on calves naturally infected with
Cryptosporidium parvum
We have started with 61 calves in the control
group and 58 calves in the treatment group
enrolled in the study. By the end of the
experiment (56 days), 4 calves from the control
group died due to severe diarrhoea and
exhaustion. However, no mortalities were over
the entire 56 days study in the treatment group.
By comparing the indices of animal health in
the naturally infected calves, control and
treated with the novel feed supplement, we can
observe that overall the values of those treated
were lower than those which were not given
Auranta 3001. Specifically, the percentage of
scouring calves and the number of days with
scours during the study was significantly lower
(P < 0.05) in the treated group when compared
to the control group (Table 1).

Table 1. Comparison of physiological and biochemical parameters between the control
and treatment group of naturally infected calves
Control group
Scours (percentage of calves)
78.2
Scours (duration in days)
7.2
Faecal scores
2.44
Fever (percentage of calves)
45.8
IgG (g/L)
8.1
Haematocrit (percentage)
31.0
Total protein (g/L)
58.3
Antibiotics (percentage of calves)
46.7
* indicates significance (p < 0.05); SD: standard deviation

The growth performance analysis of the
calves indicated that initial body weights
(BW) at day 0 were similar. On day 56 a
significantly higher BW difference (P < 0.05)
was observed in calves fed with Auranta 3001
(79.3 ± 0.5 kg) compared to the control group
(72.7 ± 1.22 kg). The average daily weight
gain in the period of acute infection (day 0day 28) was twice as high in animals from the
treatment group. In the convalescence period
(day 29-day 56) the animals from both groups

SD
6.5
0.5
0.08
0.2
0.5
1.0
0.8
0.1

Treatment group
16.2*
4.8*
1.28
14.3*
8.5
32.8
59.6
21.2

SD
0.3
1.7
0.2
7.1
0.6
1.0
0.05
0.1

gained similar body weight. In the treatment
group, the calves had a bigger affinity
towards protein and glucose intake and hence
increased levels of IGF-1 and urea. Plasma
concentrations of TNF-α and growth hormone
were unaffected by the dietary supplement (P
> 0.05).
Effect of the Auranta 3001 on artificially
infected calves
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Altered faecal consistency and particularly
diarrhoea was observed in all animals, though
different in duration and severity (Table 2)
between prophylactic, therapeutic and control
groups. Prophylactic administration of
Auranta 3001 has had more beneficial effect
in reducing the number of days with liquid
diarrhoea in calves hence it helped to
significantly avoid the complications (p <
0.05). The effect of Auranta 3001 was further
investigated on the number of days with
oocyst excretion and number of oocysts shed
[sum of the daily OPG (oocysts per gram of
faeces) per calf] in all groups. The

prophylactic administration of Auranta 3001
has had the most beneficial effect upon
reducing the number of oocysts shed
(0.04x102 OPG) and also the number of days
(2 days) of oocyst excretion compared to the
therapeutic (12.33 days) and the control
groups (12 days). The number of oocysts shed
and the daily mean OPG value was
significantly lower (P < 0.05) in the
prophylactic group compared to therapeutic
and control groups. All calves tolerated
Auranta 3001 treatment without compound
related abnormalities.

Table 2. Effect of Auranta 3001 on the parameters of faecal consistency, number of days with
observed oocyst excretion and mean OPG of calves artificially infected with Cryptosporidium oocysts
No. of animals

Uninfected*

Prophylactic
group**

Therapeutic
group***

Control group****

Animal 1
Animal 2
Animal 3
Average
Animal 4
Animal 5
Animal 6
Average
Animal 7
Animal 8
Animal 9
Average
Animal 10
Animal 11
Animal 12
Average

No. of days where
semi-solid faecal
consistency
4
4
5
4.33
11
15
9
11.66
3
4
3
3.33
1
2
1
1.33

No. of days
were diarrhoea
was observed
6
6
5
5.66
2
1
1a
1.33
8
9
6
7.66
12
9
11
10.66

No. of days with
observed oocyst
excretion
0
0
0
0
3
1
2
2
11
14
12
12.33
13
11
12
12

Oocysts/gram of
faeces
0
0
0
0
0.015x102
0.012x102
0.1x102
0.04x102b
4.2x106
3.4x106
5.1x106
4.23x106
1.2x108
2.4x108
3.1x108
2.23x108

a

p<0.05: paired t test with control group
*Animals not infected but Auranta administered
**Auranta administered prior to inoculation (day 1) and then daily for 20 days
*** Calves received Auranta at the time point of the first manifestation of diarrhoea and then daily for a period of 20 days
****Infected but NO Auranta administered
- On day 0 animals were inoculated with 1x107 C. parvum oocysts

The results of the study showed that
prophylactic administration of Auranta 3001
significantly (P < 0.05) increased the number of
days with semi-solid faecal consistency. In
contrast with a study conducted by Schnyder et
al. (Schnyder et al., 2009) on nine calves, the
effect of nitazoxanide administered as a
therapeutic and prophylactic treatment showed
an increased number of days with liquid
diarrhoea when compared with the infected but
untreated control group.
The number of days with oocyst excretion and
the mean OPG value were significantly lower

(P < 0.05) in the prophylactic group when
compared to the therapeutic and control groups.
The number of days with oocyst excretion in
the therapeutic group was similar to the
untreated control group. Our findings showed
that the prophylactic administration of the
novel feed supplement could stop oocyst
shedding without recurrence within 3-4 days
after the infection.
Similar findings were described with
halofuginone lactate administration as a
prophylactic and therapeutic treatment, where
the shedding of oocysts and the number of
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scours (expression of diarrhoea) were
significantly reduced at 4 and 7 days of age, but
higher after 21 days of age, when compared to
control (Trotz-Williams et al., 2011). The
opinions on halofuginone lactate are
controversial, as some researchers have found
that a concentration of 0.1 mg/kg BW is
increasing the number of scours per day (De
Waele et al., 2010) and some have found that
calves who are reared in good hygienic
conditions, such as disinfected individual calf
pens, halofuginone lactate was effective in
delaying the onset of Cryptosporidium
infection and diarrhoea, in reducing the number
of calves that become infected and exhibit
signs of enteritis, and decreasing the level of
oocysts excretion (De Waele et al., 2010,
Klein, 2008). In this study, the plasma urea
concentration did not differ between the control
and treatment groups, as the protein intake was
similar in both of the tested groups.
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Abstract
The article focuses on the original approach to the division of woody plant populations into the intrapopulation
structural groups – cohorts. It is shown that the distinctive features of the natural reforestation process are indicative of
the six generalizing models. The essence of vitality analysis is revealed and the expediency of its application to the
assessment of cohorts of forest-forming species is justified. The authors’ approaches to the study of the dynamics of
vitality structure of cohorts by the stages of natural reforestation are proposed. It is shown that on the territory of LeftBank Polissia of Ukraine the cohorts of Quercus robur differ significantly in the diversity of vitality structure. In most
phytocoenoses the Quercus robur cohorts are characterized by the trend towards a decrease in values of the quality
index that is often manifested during their transition to the next stage of natural reforestation. On the whole, the facts of
steady gradual increase in values of the cohort quality index by the stages of natural reforestation have been registered
in neither group of associations. In addition, the undergrowth of Quercus robur is often missing in forests, where this
species is represented as part of the parent forest stand, and even where the generative cohorts of Quercus robur are
characterized by high values of the quality index. This indicates a significant complexity of the process of self-renewal
of oak forests in the conditions of Left-Bank Polissia of Ukraine and the actual lack of habitats, where there would be a
complex of ecological and coenotic conditions optimal for the sustainable existence of Quercus robur as part of forest
phytocoenoses. This may result in a decrease in the area of pure oak forests and forests with the participation of this
species in the region under study and lead to the loss of a number of both sozological valuable forest communities and
populations of rare species. These facts indicate the need to carry out the systematic monitoring of the state of oak
forests and their natural reforestation in the region and, if required, to use balanced and science-based means to
facilitate the natural reforestation of Quercus robur.
Key words: vitality analysis, Left-Bank Polissia of Ukraine, natural reforestation, population, Quercus robur L.

INTRODUCTION

forming species in phytocoenoses (Spurr and
Barnes, 1980; Shirer and Zimmerman, 2010).
The effectiveness of natural reforestation is
determined by the number of individuals of the
young generation of forest-forming species that
are formed under the forest canopy, as well as
the level of their vitality. Vital analysis is an
effective and informative method of assessing
the latter characteristic. Its theoretical basis and
algorithm have been formulated by Zlobin
(1989, 2018). This method provides for the
assessment of vitality of individuals by their
morphological characteristics, followed by the
establishment of the ratio of the shares of plants
of different vitality level in a population and
the definition of the general population quality
index (Q). The undeniable advantage of vitality
analysis is that it excludes a subjective
approach and enables to obtain unified data on

Common oak (Quercus robur L.) is one of the
leading forest-forming species in Europe
(Zanetto et al., 1994; Brewer et al., 2002;
Ducousso and Bordacs, 2004; Kremer, 2015).
Currently, groups with its participation are the
centers of peculiar biodiversity and powerful
suppliers of ecosystem services (White, 2005;
Boczon, 2010; Oliver Tomаs, 2011; Rousakova
and Tzonev, 2018). Under such conditions, the
problem of the conservation and long-term
existence of these forests, which is directly
related to the question of the progress and
effectiveness of natural reforestation in them, is
of particular importance. It is this process that
ensures the sustainable functioning of forest
communities, primarily due to the formation of
a constant flow of generations of forest233

the vitality of individuals and populations as a
whole. Today, vitality analysis is extensively
used to assess the condition and progress of
natural reforestation of leading forest-forming
species in Ukrainian Polissia.
The goal of the article is to assess the state and
determine the characteristics of natural
reforestation of Quercus robur under the
conditions of Left-Bank Polissia of Ukraine
based on the methodology of vitality analysis
and approaches to the determination of the
dynamics of vitality parameters.

4. Medium undergrowth. The plants of this
cohort „emerge” from the herbaceous and
subshrub layer and „are embedded” in the
undergrowth layer. The individuals of the
middle undergrowth are mainly from 0.5 m to
2.5 m in height. By the calendar age they are
very different: 10-11 and more years. These are
predominantly immature, less commonly,
virginile plants. All of them are characterized
by a fairly rapid growth in height.
5. Large undergrowth. Individuals of a cohort
of large undergrowth are in the undergrowth
layer. Compared with small and medium
undergrowth, their root system is located in the
deeper soil layers. They are mostly plants with
a height of 2.5 to 8.0 m. Their calendar age is
usually more than 20-25 years (depending on
species).
6. Young trees of the upper layer of the forest
are in a state of „being embedded” in a tree
layer of the forest stand. These are the virginile
individuals, which are a little lower than the
main canopy of the forest stand.
7. Generative trees of the upper layer of the
forest (mature trees). This cohort consists of
plants of g1 - g3 states. It also includes the
subsenile individuals, which still retain
reproductive ability. The height and age of
trees are determined by their species.
When making the general characterization, the
cohorts 1-6 were considered as the young
generation of a particular forest-forming
species, and the cohorts 3-5 as its undergrowth.
According to the vitality analysis algorithm, the
cohorts of Quercus robur were originally
covered by morphometric studies. 7-26
dimensional
indicators
were
assessed
depending on their belonging to a particular
cohort. In the next stage the key indicators, that
is, those indicators, which were the objective
quantitative reflection of the level of vitality,
were selected from among the specified
morphometric parameters. In this case, the
following stages of the calculation procedure
were implemented: 1. The selection of the
number of morphometric parameters with the
highest level of variation; 2. The application of
these indicators to a factor analysis; 3. The
assessment of the level of correlation between
all dimensional indicators and the formation of
correlation pleiades; 4. The comparison of the
results of factor and correlation solutions;

MATERIALS AND METHODS
The studies were carried out based on the
original system of the division of woody plant
populations into intrapopulation structural
groups - cohorts (Skliar and Zlobin, 2013):
1. Seedlings. These are the plants that appear in
spring of the current year. A characteristic
feature of individuals of the species with
epigeal germination is the presence of
cotyledons, and with hypogeal germination cataphylls. These plants are most commonly
found in the above-soil layer below the main
canopy of leaf cover of the herbaceous and
subshrub layer. In some of phytocoenoses,
seedlings are at the level of a moss layer. In the
generally accepted system of discrete
description of ontogenesis they correspond to
the category „p”.
2. Plantlets. These are mostly 1 to 3-years-old
plants. They have true leaves, predominantly of
a juvenile type. Depending on a tree species,
they are mostly found under a canopy of leaf
cover of the herbaceous and subshrub layer or
occupy its lower part. By the ontogenetic state
this group is mixed and may include
individuals of the category „p” and juvenile
individuals of the category „j”.
3. Small undergrowth. This is a cohort of
plants, which is located entirely in the
herbaceous and subshrub layer of forest
phytocoenosis. Individuals are up to 50 cm,
rarely - up to 60-70 cm in height. Their root
system is surface. The calendar age ranges
from 3-5 years to decades. By the ontogenetic
state these are juvenile or immature
individuals, and in adverse environmental
conditions, even the so-called quasi-senile
(„stump plants”).
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5. The interpretation of the data obtained on the
basis of biological and ecological rules and
regularities.
In terms of the theoretical generalization, the
vitality analysis for the trees of Quercus robur,
as well as its large and medium undergrowth
was carried out in our work based on such key
morphometric parameters as the height of
individuals and the diameter of their trunk. This
analysis was applied to trees taking into
account the belonging of plants to a certain age
class.
According to the results of implementation of
the vitality analysis algorithm, for small
undergrowth of Quercus robur, the indicators
of absolute growth rate of phytomass (AGRW),
absolute growth rate of height (AGRH) and
total leaf area (A) were chosen as the key
morphological
parameters.
The
key
morphological parameters for seedlings and
plantlets were the height and phytomass of
individuals.
On the final stage of calculations, the
proportion of plants with different levels of
vitality (high - class „a”, intermediate - class
„b” and low - class „c”) as part of cohorts was
determined based on the key morphological
parameters. According to the ratio as part of
cohorts of plants of these three classes, the
belonging of a cohort to one of the three quality
types (prosperous, balanced or depressed) was
established by the quality index value (Q = 1/2
(a+b)).
In order to unify the studies on the dynamics of
cohort vitality parameters, in light of scientific
studies in this area (Pasternak and Romanov,
1975; Connel, 1989; Seymour and Hunter,
1999; Ward et al., 2006), we have distinguished
the three main phases in the process of natural
reforestation:
1. Іnitial phase;
2. Phase of undergrowth formation, growth and
development (Undergrowth phase);
3. Phase of transition of the young generation
of forest-forming species to the tree stand
(Tree stand phase).
The first of the above phases corresponds to the
stage of appearance and enshrinement of
cohorts of seedlings and plantlets in the forests.
The second phase is characterized by the
development of the cohorts of undergrowth:
small, medium and large. The third phase is

final in the natural reforestation cycle. It may
provide for two sub-stages: the formation of
cohorts of young and mature trees.
Depending on diversity of the above phases
and stages, natural reforestation may be either
complete or incomplete. We consider it
possible to indicate the first of them as the IspUsml-Tym model or its shortened version - IU-T. The above mentioned model corresponds
to the natural reforestation that begins with the
formation of seedlings of forest-forming
species, which gradually reach the level of
forest stand and generative state in the forests.
In the incomplete option, „cyclicity” in the selfrenewal of forest phytocoenoses is not
achieved. The degree of incompleteness may
vary. The specified peculiarity of natural
reforestation is illustrated by means of the
special models given below.
 I-Usml-Ty - young generation of a forestforming species from the initial phase
undergoes all stages of recovery, reaches the
level of forest stand, but ceases to develop and
often exist, at the level of a cohort of young
trees;
 I-Usml - natural reforestation terminates
when the young generation of forest-forming
species reaches the state of large undergrowth;
 I-Usm - natural reforestation terminates
when the young generation of forest-forming
species reaches the state of medium
undergrowth;
 I-Us - natural reforestation terminates when
the young generation of forest-forming species
reaches the state of small undergrowth;
 I - natural reforestation terminates when the
young generation of forest-forming species is at
the initial phase (at the level of seedlings or
plantlets) of this process.
When studying the dynamics of vitality
parameters, we preceded from the fact that
under natural reforestation, in the transition of
plants from one stage to another the following
options may be implemented: a) improvement
in the vitality structure of cohorts and increase
in their quality index; b) deterioration in the
vitality structure of cohorts and decrease in
their quality index; c) lack of changes in the
vitality structure of cohorts and, consequently,
in the quality index value.
The results of the analysis of all theoretically
conceivable options for change in the vitality
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structure of cohorts of various categories of
young generation and forest stand that
correspond to different stages of natural
reforestation provide the evidence of the
implementation of different vitality tactics by
certain groups of individuals. They manifest
themselves in the spatial and temporal
flexibility of vitality characteristics and their
spatial and temporal variability. The spatial and
temporal vitality flexibility is manifested in the
change of values of the quality index of certain
cohorts (populations) of different categories of
young generation and forest stand by different
habitat or in time. The spatial and temporal
vitality flexibility is implemented through the
change of the ratio in the composition of a
cohort (population) of individuals of different
vitality classes („a”, „b” and „c”).
Both quantitative and qualitative aspects of the
vitality flexibility implementation may be
expressed by means of a specially developed
index of vitality dynamics (IVD - index of
vitality dynamics), calculated according to the
following formula (1):
IVD = (Qn - Qp) / 0.166
where: Qn - value of the cohort (population)
quality index at the next stage of reforestation
(development or gradient degree);
Qp - value of the cohort (population) quality
index at the previous stage of reforestation
(development or gradient degree);
0.166 - value of the quality index, at the level
of which populations are transferred from one
quality type to the other (according to the
provisions of the classical vitality analysis, a
population is depressed if the value of quality
index Q is 0 - 0.166; balanced if Q is 0.167 0.332; prosperous if Q is 0.333 - 0.50).
In general, values of the index of vitality
dynamics (IVD) range from -3.012 to +3.012.
If IVD = 0, cohorts are characterized by a lack
of changes in the value of the quality index Q
by the stages of natural reforestation.
If IVD (in absolute value) is less than 1,
changes are insignificant.
If IVD (in absolute value) is from 1 to 2,
changes are significant.
If IVD (in absolute value) is greater than 2,
changes are dramatic.

If value of IVD is with a minus, there is
deterioration in the condition of a cohort
(population), with a plus - its improvement
(Skliar, 2013).
A complex of the applied methods has enabled
to obtain the detailed information on the
vitality structure of cohorts, their belonging to
the corresponding quality types, as well as on
the dynamics of vitality parameters by the
stages of natural reforestation.
RESULTS AND DISCUSSIONS
The generalized information on the vitality
structure of individual cohorts of Quercus
robur in different groups of associations of
Left-Bank Polissia of Ukraine is given in
Tables 1 and 2. It is established that the
Quercus robur cohorts of pine, pine-oak and
oak forests are characterized by a high level of
vitality structure diversity. A distinctive feature
of the groups of such associations as Pineta
(sylvestris) franguloso (alni) - vacciniosa
(myrtilli), Pineta (sylvestris) vacciniosa
(myrtilli), Pineta (sylvestris) hylocomiosa and
Querceto (roboris) - Pineta (sylvestris)
vacciniosa (myrtilli) is that the Quercus robur
cohorts, which by their vitality structure
correspond to all three quality types: from
depressed to prosperous are formed within
them. Within the groups of such associations as
Pineta (sylvestris) franguloso (alni) vacciniosa (myrtilli), Pineta (sylvestris)
hylocomiosa and Querceto (roboris) - Pineta
(sylvestris) vacciniosa (myrtilli), the quality
index in some cohorts varies from minimum
values (0) to maximum possible (0.5).
The least diverse vitality structure is inherent in
the cohorts of Q. robur formed under the
conditions of maple-oak, lime-oak, birch and
aspen forests. They are mainly represented by
the Quercus robur cohorts of high quality,
belonging to the category of balanced or
prosperous cohorts. Although, sometimes,
depressive cohorts occur in them. In general,
the most diverse vitality structure is
characteristic of small undergrowth cohorts,
and the least diverse vitality structure - of the
Quercus robur cohorts of large undergrowth.
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Table 1. Vitality structure of the cohorts of small undergrowth Quercus robur
Association groups
Pineta (sylvestris) hylocomiosa
Pineta (sylvestris) calamagrostidosa
(epigeioris)
Pineta (sylvestris) coryloso (avellanae) vacciniosa (myrtilli)
Pineta (sylvestris) asarosa (europaei)
Pineta (sylvestris) pteridiosa (aquilinі)
Pineta (sylvestris) franguloso (alni) - vacciniosa
(myrtilli)
Pineta (sylvestris) vacciniosa (myrtilli)
Pineta (sylvestris) moliniosa (caerulеae)
Pineta (sylvestris) sphagnosa
Querceto (roboris) - Pineta (sylvestris)
vacciniosa (myrtilli)
Betuleto (pendulae) - Pineta (sylvestris)
vacciniosa (myrtilli)
Querceta (roboris) majanthemosa (bifolii)
Querceta (roboris) convallariosa (majalis)
Querceta (roboris) coryloso (avellanae) convallariosa (majalis)
Betuleta (pendulae) vacciniosa (myrtilli)
Betuleta (pendulae) stellariosa (holosteae)

Small undergrowth (Us)
share of individuals of different classes
а
b
с
0.07-0.89
0-0.40
0-0.88
0.2-0.22
0-0.04
0.74-0.80

quality index
(Q)
0.06-0.5
0.1-0.13

0-0.04

0-0.02

0.94-1.0

0-0.03

0.54-0.56
0.28-0.31
0.20-0.60

0.12-0.16
0.10-0.13
0-0.3

0.28-0.34
0.52-0.62
0.3-0.80

0.33-0.36
0.19-0.22
0.1-0.35

0.07-0.33
0.10-0.13
0.01-0.05
0.20-0.43

0.01-0.29
0.43-0.52
0.27-0.29
0.15-0.16

0.64-0.66
0.38-0.44
0.68-0.70
0.42-0.64

0.17-0.18
0.28-0.31
0.15-0.16
0.18-0.29

0.44-0.5

0.25-0.28

0.5-0.51

0-0.05

0.40-0.41
0.05-0.08
0.08-0.11

0.18-0.19
0.05-0.20.
0.08-0.09

0.40-0.42
0.72-0.90
0.80-0.84

0.29-0.30
0.05-0.14
0.08-0.10

0.27-0.29
0.16-0.17

0.05-0.09
0.09-0.12

0.64-0.66
0.72-0.74

0.17-0.18
0.13-0.14

Table 2. Vitality structure of the cohorts of generative trees Quercus robur
Association groups
Pineta (sylvestris) vacciniosa (myrtilli)
Pineta (sylvestris) moliniosa (caerulеae)
Pineta (sylvestris) sphagnosa
Querceto (roboris) - Pineta (sylvestris) corylosa
(avellanae) sparsi herbosa
Querceta (roboris) majanthemosa (bifolii)
Querceta (roboris) aegopodiosa (podagrariae)
Querceta (roboris) convallariosa (majalis)
Querceta (roboris) coryloso (avellanae) convallariosa (majalis)
Acereto (platanoiditis) - Querceta (roboris)
coryloso (avellanae) - aegopodiosa
(podagrariae)
Acereto (platanoiditis) - Querceta (roboris)
stellariosa (holosteae)
Tilieto (cordatae) - Querceta (roboris)
stellariosa (holosteae)

Generative trees of tree layer (Tm)
share of individuals of different classes
quality index
(Q)
а
b
с
0-0.10
0-0.10
0.9-1.0
0-0.05
0.42-0.50
0.08-0.10
0.4-0.5
0.25-0.30
0.10-0.12
0.08-0.12
0.78-0.80
0.10-0.11
0.12-0.18
0.10-0.14
0.72-0.74
0.13-0.14
0.20-0.25
0.32-0.4
0.01-1.0
0.94-1.0

0.73-0.80
0-0.06
0-0.32
0-0.04

0-0.02
0.60-0.62
0-0.67
0-0.02

0.49-0.5
0.19-0.2
0.17-0.50
0.49-0.5

0.47-0.50

0.23-0.26

0.24-0.30

0.35-0.38

0.60-0.62

0.16-0.20

0.20-0.22

0.39-0.4

0-0.02

0.96-1.0

0-0.02

0.49-0.5

On the territory of Left-Bank Polissia of
Ukraine, the natural reforestation of Quercus
robur takes place against the background of its
correspondence to various models. In a small
number of association groups, in particular
Querceta (roboris) convallariosa (majalis) and
Pineta (sylvestris) vacciniosa (myrtilli), there is
the complete natural reforestation of Quercus
robur. It corresponds to the I-Usml-Tym

model, which is incomplete in these groups due
to the absence of some cohorts (medium
undergrowth or young trees) under the
reforestation (Figure 1).
In the Isp-Usml-Tym model by the stages of
natural reforestation cohorts show both vitality
flexibility and variability. The only exception is
the stage of transition from medium
undergrowth to large in a group of the
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the stages of natural reforestation in some cases
are significant: the value of the index of vitality
dynamics (IVD) (in absolute value) is in the
range from 1 to 2. There is the transition of
cohorts from one quality category to another.
On the territory of Left-Bank Polissia of
Ukraine, Quercus robur is widely represented
by incomplete natural reforestation, the course
of which corresponds to the I-Usm model. Its
implementation is carried out along with a
decrease in the quality index of cohorts in the
transition from small to medium undergrowth.
Only in 11% of cases these changes are
dramatic, while in others they are minor or
significant. In 63.2% of cases, a change in the
quality index is accompanied by a change in
the quality category of cohorts (Table 5).

Querceta (roboris) convallariosa (majalis)
association. At this stage, the quality index
value does not change, while the ratio in the
cohorts of individuals of classes „a”, „b” and
„c” is not the same. The transition from the
previous stage to the next is mainly
accompanied by a decrease in the quality index
value. This occurs against the background of
changes in the quality type of cohorts and the
constancy of this feature.
The natural reforestation of Quercus robur,
which corresponds to the models I-Usml-Ty, IUsml, is accompanied by both an increase and
a decrease in the quality index during the
transition from the previous to the next stage of
reforestation, as well as maintenance of the
constancy of values of this indicator (Figure 2,
Tables 3, 4). Changes in the quality index by

Figure 1. Changes in the quality index of Quercus robur under the complete natural reforestation (I-Usml-Tym model).
Association groups: 1. Querceta (roboris) convallariosa (majalis), 2. Pineta (sylvestris) vacciniosa (myrtilli)

Figure 2. Changes in the quality index of Quercus robur under the incomplete natural reforestation (I-Usml-Ty model).
Association groups: 1. Pineta (sylvestris) franguloso (alni)–vacciniosa (myrtilli), 2. Querceto (roboris) Pineta
(sylvestris) vacciniosa (myrtilli)
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Table 3. Value of the index of vitality dynamics (IVD) and change in the qualitative type of the cohorts Quercus robur
by the stages of incomplete natural reforestation (I-Usml-Ty model)
Phytocenoses of association groups

Pineta (sylvestris) franguloso (alni)vacciniosa (myrtilli)
Querceto (roboris)-Pineta (sylvestris)
vacciniosa (myrtilli)

Transition by the stages of natural reforestation
UsUm
0.1807
В-В
1.8675
ВP

UmUl
-1.8072
ВD
0
P-P

UlTy
0
D-D
-0.6627
P-P

Note: In this and similar tables for each group of associations (groups), values of the index of vitality dynamics (IVD) are given in the first line, data
on changes in the qualitative type of cohort - in the first line. Letters denote: D - depressed cohort, B - balanced, P - prosperous.

Table 4. Value of the index of vitality dynamics (IVD) and change in the qualitative type of the cohorts Quercus robur
by the stages of incomplete natural reforestation (I-Usml model)
Phytocenoses of association groups

Transition by the stages of natural reforestation
UsUm

Pineta (sylvestris) hylocomiosa
Pineta (sylvestris) hylocomiosa
Betuleto (pendulae)-Pineta (sylvestris)
vacciniosa (myrtilli)

UmUl

1.626506

-1.98795

ВP

PD

1.686747

-3.01205

ВP

PD

0

0

В-В

В-В

Table 5. Value of the index of vitality dynamics (IVD) and change in the qualitative type of the cohorts Quercus robur
by the stages of incomplete natural reforestation (I-Usm model)
Phytocenoses of association groups
Pineta (sylvestris) calamagrostidosa (epigeioris)
Pineta (sylvestris) franguloso (alni)-vacciniosa (myrtilli)
Pineta (sylvestris) franguloso (alni)-vacciniosa (myrtilli)
Pineta (sylvestris) moliniosa (caerulеae)
Querceta (roboris) majanthemosa (bifolii)
Querceta (roboris) coryloso (avellanae)-convallariosa
(majalis)
Pineta (sylvestris) hylocomiosa

Transition by the stages of natural reforestation
Us  Um
0.903614
DВ
0.180723
В-В
-1.50602
ВD
-1.0241
ВD
1.26506
ВP
-0.48193
D-D
-1.14458
ВD

Pineta (sylvestris) hylocomiosa

-1.14458
ВD

Pineta (sylvestris) hylocomiosa

-2.466988
PD
0
P-P
0.421687

Pineta (sylvestris) hylocomiosa
Pineta (sylvestris) hylocomiosa

DВ

The small undergrowth of Quercus robur,
available in the phytocoenoses of oak forests,
where the natural reforestation corresponds to
the I–Us model, basically does not have a high
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level of vitality (Q=0.04-0.13), which is often
much less than the vitality of the parent forest
stand cohorts (Q=0.17-0.50). Subject to the
implementation of the I–Us model of natural

reforestation in the forests, the forest stands of
which do not contain Quercus robur, the small
undergrowth of this type mostly has the quality
index value of 0.14–0.30, which corresponds to
the level of depressive and balanced cohorts.
However, 10% of phytocoenoses are
characterized by the formation of prosperous
cohorts of the small undergrowth of Quercus
robur, which have a very high value of the
quality index (Q=0.5).
In the I-Us model of natural reforestation, the
highest values of the quality index were
registered in the Quercus robur cohorts,
formed in a group of associations of Pineta
(sylvestris) hylocomiosa, and the lowest – in a
group of associations of Pineta (sylvestris)
sphagnosa.
In some groups of such associations as
(Acereto (platanoiditis) - Querceta (roboris)
coryloso
(avellanae)
aegopodiosa
(podagrariae), Acereto (platanoiditis) Querceta (roboris) stellariosa (holosteae),
Tilieto (cordatae) - Querceta (roboris)
stellariosa (holosteae), Querceta (roboris)
aegopodiosa (podagrariae)), despite the
availability of the Quercus robur cohorts of
generative ontogenetic state of high vitality
(Q=0.38-0.50) within their forest stand, the
undergrowth of this species is missing.
However, the seedlings and plantlets of
Quercus robur are formed there. In the cohorts
of the latter a significant proportion (55-95%)
is the individuals of low vitality (class „c”),
therefore, the cohorts of seedlings are
predominantly depressed (Q < 0.17) or
balanced (0.17 < Q < 0.23).

decrease in values of the quality index by the
stages of natural reforestation. On the whole,
the facts of steady gradual increase in values of
the cohort quality index by the stages of natural
reforestation have been registered in neither
group of associations. In addition, the
undergrowth of Quercus robur is often missing
in forests, where this species is represented as
part of the parent forest stand, and even where
the generative cohorts of Quercus robur are
characterized by high values of the quality
index (0.38-0.50).
These negative facts about the vitality structure
of cohorts are observed against the background
of a wide representation of incomplete natural
reforestation. This indicates a significant
complexity of the process of self-renewal of
oak forests in the conditions of Left-Bank
Polissia of Ukraine and the actual lack of
habitats, where there would be a complex of
ecological and coenotic conditions optimal for
the sustainable existence of Quercus robur as
part of forest phytocoenoses. The only
exception is a group of associations of
Querceta (roboris) convallariosa (majalis).
However, in its groups, as in a vast majority of
other groups of associations, different models
of natural reforestation are manifested against
the background of low density of undergrowth,
which in each of its cohorts usually does not
exceed 2 000 individuals/ha.
The persistent long-term manifestation of these
negative trends may result in a decrease in the
area of pure oak forests and forests with the
participation of this species. This, in turn, may
lead to the loss of a number of both sozological
valuable forest communities and populations of
rare species. These facts indicate the need to
carry out the systematic monitoring of the state
of oak forests and their natural reforestation in
the region and, if required, to use balanced and
science-based means to facilitate the natural
reforestation of Quercus robur.

CONCLUSIONS
The results of vitality analysis applied to
various cohorts of Quercus robur indicate that
in the conditions of Left-Bank Polissia of
Ukraine, they differ in diverse vitality structure,
which in most cases is the integrated reflection
of ecological and coenotic conditions of each
habitat.
Among the undergrowth and mature trees there
are prosperous cohorts, including those, in
which the quality index value reaches the
maximum value (0.5).
In most phytocoenoses, the Quercus robur
cohorts are characterized by the trend towards a
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Abstract
Previously, we have isolated a Lactococcus lactis UTNElla8, a native strain originated from wild-type fruits of humid
mesothermal region of Esmeraldas province, Ecuador and demonstrated its antimicrobial activity. Nonetheless, its
mode of action remain unknown. This study was aimed to elucidate the mode of action of peptides of Ella8 against
foodborne pathogens. The addition of partial purified Ella8 peptides (PPElla8) at the final concentration 1 MIC to the
E. coli suspension cells at exponential (OD605 = 0.7) growth phase resulted in a decrease with 1.2 (log) order of
magnitude compared to the control in the absence of the peptide. PPElla8 has marginal activity (>1 log difference)
against Salmonella cell culture (0.79 log difference). No effect on cell viability was observed when the peptides were
combined with EDTA suggesting that the presence of a chelating agent does not interfered with the antimicrobial
activity. The membrane of E. coli was disrupted by the PPElla8 causing the release of -galactosidase by the target
cell. Moreover, we showed that the integrity of the target cell membrane was affected by PPElla8 leading to the leakage
of DNA/RNA molecules and cellular death. The positive effect of PPElla8 towards the delay on rottenness and molds
forming on tomato fruits stored at the room temperature demonstrated its bioprotective potential.
Key words: antimicrobial peptides, Lactococcus, preservation, food spoilage, bacteriolytic, tomatoes.

INTRODUCTION

legislation linked with food safety and quality
standards clearly indicates that the processed
products must be free of contaminants when
used for human consumption (NTE INEN
1529-8, 2015-xx, Ecuador).
For more than a decade the lactic acid bacteria
have been used by humans as health benefits as
probiotics (Baradaran et al., 2012) including
their capacity to combat the spoilage growth,
due to the production of small peptides
(bacteriocins o bacteriocin-like molecules) and
metabolites (hydrogen peroxide) that actuate as
potential natural preservative (Yang et al.,
2014; Angmo et al., 2016; Rai et al., 2016;
Özoguland
Hamed,
2018).
But,
the
effectiveness of individual bacteriocinsis direct
related on the producer LAB strain. Among
them, Lactococcus was identified as producer
of nis in, the only bacteriocin recognized by
FDA to be used as food additive (Cotter et al.,
2013; Punyaunppa-path et al., 2015). Recently,
we reported the antimicrobial potential of some
lactic acid bacteria from wild-type fruits of
different subtropical niches of Ecuador (Tenea
et al., 2018). Several Lactococcus lactis strains

The food industry is experiencing increased
pressure from consumer demands to develop
minimally processed food products with a long
shelf life without the use of chemical
preservatives.
Nowadays, at global level, many families eat
outside their home, and, in this context,
Ecuador is not an exception, many artisanal
ready-to eat foods are sold on the street by
ambulatory vendors. Thus, most foods are
prone to contamination due to inadequate
handling and storage, poor cooking,
contaminated equipment or improper personal
hygiene, therefore, the risk of sickness is higher
(Cortese et al., 2016; Rios et al., 2016;
Castellano et al., 2017; Perez-Parra et al., 2017;
Tenea et al., 2018). For example, according
with the epidemiological studies, reported by
the Ministry of Health for 2015, 39% of
reported cases of hepatitis A correspond to
people aged between 5 and 9 years and 54%
correspond to male people (Pérez Parra et al.,
2017). On the other hand, the current
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Effect of PPElla8 on indicator cells viability
The PP (1MIC determined as previously
reported by Garzon et al., 2017) was added to
the indicator strain culture (100 ml) at
exponential growth phase (OD605 = 0.7)
followed by incubation at 37°C for 6 hours and
the plate-agar method was used to determine
the viable cell counts at certain incubation time
intervals (Tenea et al., 2018). The effect of
EDTA (20 mM) on bacteriocin activity was
tested as previously described by Chopra et al.
(2015). Log reduction was calculated as the
difference between log10 (CFU) of the
untreated cells (no bacteriocin, no EDTA) and
the treated cells (bacteriocin added). Log
reduction of < 1 was considered insignificant.
The experiments were repeated three times and
untreated indicator strain culture has been used
as control.
Cell membrane integrity
If the bacterial membrane is compromised, the
release molecules can be monitored by
measuring the absorbance at 260 nm. Briefly,
the E. coli bacterial suspension was grown
overnight in LB medium, harvested by
centrifugation and washed twice with 1X PBS
(phosphate buffered saline, pH 7.5). The cells
were treated independently with Ella8 and Lac
peptides at the final concentration 1 MIC
following by incubation at 30°C. One flask was
maintained as control (untreated with peptides).
Cell culture were centrifuged after 1, 2, 4 and
24 h of incubation, the supernatants filtered,
and optical density was measured using the
spectrophotometer (Nova60, Millipore, Merck).
Cytoplasmic membrane permeabilization
Inner membrane permeabilization of E. coli
was investigated by using ONPG (o-nitrophenyl-L-D-galactoside, # N1127, Sigma,
USA) as substrate as previously described
(Patra et al., 2015). Briefly, bacteria grown to
logarithmic phase in LB medium containing
2% lactose were collected and washed twice
with 10 mM sodium phosphate buffer (pH 7.5)
and 100 mM NaCl. PP of Ella8 and Lac were
added to bacterial suspension at optical density
0.6, incubated 5 min at 30°C, then ONPG at
final concentration of 30 mM was added to
each cell suspension. The hydrolysis of ONPG
to O-nitrophenol (ONP) over time (120 min)
was monitored at 420 nm (Patra et al., 2015).

producing antimicrobial substances with wide
range capacity to inhibit foodborne pathogens
were identified; their activity was not linked
with the presence of nis in encoding genes. One
strain, L. lactis subsp. lactis Ella8, harbored the
lacticin 3147, a two peptide lantibiotic
bacteriocin, showing a wide spectrum activity
against both Gram-positive and Gram-negative
targets (Tenea et al., 2018). In order to
understand its mode of action, in this research
the effect of peptides produced by Ella8 against
some common ubiquitous microorganisms
founded in local food was evaluated along with
its protective effect in fresh tomatoes fruits for
further use as self-life extender.
MATERIALS AND METHODS
Bacterial strains
Lactococcus lactis subsp. lactis Ella8
(registered at Gen Bank with annotation No.
MG675578.1) was isolated from tropical wildtype fruits of Morus nigra of Esmeraldas
Province, a forest of semiarid climate in a
costal Northeast of Ecuador (Tenea et al.,
2018). As standard, Lactobacillus fermentum
CNCM1-2998 (Lac) recovered from an
available commercial probiotic, Lacteol Fort
(Lactobacillus LB, AxcanPharma, France) was
used as reference (Coconnier et al., 2000). The
indicator strains were: E. coli ATCC 25922,
Salmonella enterica ATCC 51741 and Shigella
sonnei ATCC 25931.
Isolation of peptides
The peptides (PP) were obtained as previously
described (Garzón et al., 2017). Briefly, the
LAB strains grown in MRS broth at 37°C for
24 h were used to extract cell free supernatant
(CFS) by centrifugation at 13,000 x g for 30
min (4°C) followed by filtration using 0.22 µm
porosity syringe filter (# STF020025H,
ChemLab Group, USA). To obtain PP, the 60%
ammonium sulfate was added to CFS,
incubated overnight with refrigeration without
stirring and centrifuged at 8,000 x g for 30 min
at 4°C. The PP were recovered in 25 mM
ammonium acetate (pH 6.5), desalted by using
a midi dialysis kit (cat # PURD10005-1KT,
Sigma-Aldrich, USA) pre-equilibrated with
phosphate buffer (pH 7.0) and stored at - 20°C
before use.
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Ella8 peptide mass determination
The dialyzed Ella8 peptide weight was
estimated relative to molecular marker (Takara
Clearly protein ladder, # 3454A, Takara, Bio
Company). Tricine-SDS-PAGE method using
pre-casted acrylamide gels (12%) and Thermo
Fisher OWL (10 x 10) vertical electrophoresis
system were used. The gel was stained with
Takara CBB Safe Stain (cat # T9320A, Takara,
Bio Company) for 4 h then distained with a
solution of 30% methanol (v/v) and glacial
acetic acid, 10% (v/v) until the bands become
clear.

Figure 1. Effect of peptides on E. coli cell density. Bars
represent log reduction calculated as difference between
cells with and without bacteriocin; Log reductions <1
were considered insignificant

Effect of Ella8 peptides on tomatoes fruit
during storage
The tomato fruits chosen at the stage four
according with the color chart of tomato
ripening (USDA standards) were purchased by
a local vender, washed with 5% bleach solution
for 5 min, then twice with distillate water and
left to dry under laminar flow cabinet before
treatment. Each tomato was immersed for 5
min in peptide solution of Ella8 and Lac (final
concentration 1 MIC), manually rotating each
fruit for 5 min to assure complete cover age
and contact of surface with the wash solution,
and then left to dry overnight under the safety
cabinet.
The fruits were packed in trays covered with
plastic alimentary film. For each treatment two
tomatoes were used. Tomatoes without any
treatment were used as control. The treated and
no treated samples were stored at room
temperature (18-24°C) and refrigeration (5°C).
After regular interval of storage, the
appearance of visible signs of rottenness or
molds were monitored during storage. The
experiment was repeated three times at one
month interval with tomatoes purchased from
same distributer.

Similarly, the viability of E. coli and
Salmonella decreased with 1.71 and
respectively 1.27 log at 6 hours when PPLac
was added to the suspension cells. No effect
was registered against Shigella indicated that
the inhibitory effectiveness depend on the
peptide potential. Previously, we showed that
the PPGt28 secreted by Lactococcus lactis
Gt28 strain totally inhibit the E. coli and
Salmonella cells at the exponential growth and
the addition of EDTA enhanced the inhibitory
effect (Tenea et al., 2018). In the current study,
the peptides of Ella8 strain had the capacity to
diminish the cell population of E. coli at
exponential stage of growth without combining
with an extra destabilizing membrane factor.
Cell membrane integrity of indicator strains
The release of cellular components with strong
UV absorption at 260 nm indicates that occur
when cells are exposed to drugs (e.g.
antibiotics, antimicrobial peptides) applied in
different doses and exposure time indicating
the membrane damage (Patra et al., 2015).
When E. coli suspension cells were treated with
PPElla8 and PPLac, DNA/RNA molecules
were detected in agarose gel electrophoresis at
different incubation time (Figure 2), indicating
that the damage of the target cell membrane
occurred.
Early study indicated that some bacteriocins are
able to interact with the bacterial membrane
forming ion channels, leading to the increase of
cytoplasmic membrane permeability and hence
to bacterial death (Miao et al., 2016).

RESULTS AND DISCUSSIONS
The addition of PPElla8 and PPLac to growth
phase of E. coli suspension cells resulted in a
decrease with 1.2 (log) order of magnitude
compared to the control in the absence of the
peptide (Figure 1). A significative decrease of
1.07 log towards Shigella while minor effect
(0.79 log difference) was detected against
Salmonella (data not shown).
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Figure 2. Detection of DNA/RNA molecules released
when E. coli was treated with peptides. Legend: gDNA:
positive control of E. coli gDNA; (-) negative control
(no DNA/RNA molecules); Ella8, Lac: treatment with
peptides at 1, 2, 4 and 24 h of incubation

30
Figure 3. SDS-PAGE peptides release by
Lactococcus lactis Ella8 M: molecular marker
(Clearly protein ladder, Takara Bio USA)

However, our results indicated that the
bacteriocin Ella8 damaged the cellular
membrane of target Gram-negative bacteria
leading to leakage of cytoplasmic molecules
and then cellular death. Previously we showed
that the bacteriocin produced by Ella8 is
similar to lacticin 3147, a two peptide
bacteriocin, however, the mechanism of action
requires the interaction of Ltnα and Ltnβ, for
optimal bactericid al activity in contrast with
single peptide nisin. When using Tricine-SDSPAGE analysis a larger peptide product of 70
kDa was identified (Figure 3). According with
previous research, lacticin 3147 two peptide
were estimated to 33 kDa and 28 kDa (Ryan et
al., 1999). In our study, the protein was larger.
Up to now no such larger peptides has been
identified in L. lactis strains. It might be linked
with posttranscriptional modification that can
slow the migration in SDS gel or was not fully
denatured being more stable at high
temperature, therefore we shall further
investigate its amino-acid composition.
Inner membrane permeabilization of E. coli
The ability of Ella8 to permeate the membrane
of E. coli was evaluated as a function of
cytoplasmic -galactosidase release, with
bacteria grown in lactose containing medium.
In general cytoplasmic -galactosidase cannot
pass through the integral cell membrane of
bacteria, however, when compromised the
endoenzyme -galactosidase, could permeate
the cytoplasmic membrane.

When cells were treated with Ella8 it was a lag
time of 30 min followed by a progressive
release of -galactosidase up to 120 min to
reach unvarying condition (Figure 4). A
progressive increase was observed when PPLac
was used, no-galactosidase activity was
detected in culture medium of bacterial cells
that does not contained peptides. Alike, the
peptide F1 produced by Lactobacillus
paracasei increased the cell membrane
permeability of S. aureus (Miao et al., 2016).

Figure 4. Time dependence of permeation of E .coli cells
treated with peptides; Abbreviation: Ella8: peptides
produced L. lactis Ella8; Lac: peptides produced by
L. fermentum

Our results indicated that peptide Ella8
increased the cell membrane permeability of E.
coli which led to the leakage of cytoplasmic
content to cell culture medium. This result was
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in concordance with the study of Ibrahim et al.
(2000) implying that ovotransferr in peptide
(OTAP-92)
induced
the
cytoplasmic
permeability of E. coli cells.
Ella8 peptides protect tomato fruits and
delay its deterioration
In general vegetables without any preventive
treatment are easily perish. The storage with
refrigeration, freezing and canning techniques
have been developed for the preservation and
prolongation of the shelf life of vegetables. The
common tomatoes fruits are daily consumed in
Ecuador, but, due to the template climate and
inappropriate storage conditions they are
susceptible to contamination by various
microorganisms, therefore, in this research the
protective effect of bacteriocins produced by
Ella8 and Lac strain was evaluated during
storage.
The fruits were coated independently with
peptides and no treated samples (control) were
packed and stored at room temperature or
refrigeration and evaluated for the delay in
rottenness, wrinkles and visible molds forming.
However, the first visible sign of the rottenness
was observed in the control tomatoes after 7
days of storage at the room temperature, while
in the treated peptides no signs of deterioration
was observed (Table 1).

Figure 5. Appearance of tomato at 7 days after storage
with refrigeration. Control: untreated; Ella8: tomato
treated with PPElla8

The edible coatings and biopolymers films
forming a barrier between the food and the
environment, improve the safety, quality, and
functionality of food products without
changing organoleptic and nutritional properties (Valdés et al., 2017). In other study,
application of pentocin MQ1 to bananas fruits
indicated the improvement of microbiological
quality as well as the shelf-life of fruit in both
room temperature and refrigeration (Wayah
and Philipe, 2018). In the current study the
tomato fruits were dipped in the peptidecontaining solution, dried for 24 hours to assure
that the covered the fruit, thus we suggested
that the delay on the forming of spoilage was
related with the presence of active component
that might penetrate the fruit membrane.
Covering or coating the fruit with active
component might be a promising approach for
active protection but at this point we don’t
know exactly the concentration of active
substance that was adsorbed by the fruit. A
direct interaction of active component with the
surface of the food matrix might be a suitable
alternative of biofilm as the bacteriocin can
diffuse better to the surface of food and
protected for further contamination.

Table 1. Effect of peptides on tomatoes fruits after
refrigeration

Treatment
PP Ella8

1
Ideal

9
Normal

17
Normal

21
Normal

28
Normal

PP LAC

Ideal

Normal

Wrinkles

Wrinkles

Wrinkles

Control

Ideal

Rootness

Rootness,
Wrinkles

Rootness,
Wringkes,
Rootness

Total
contamination
Molds

The samples stored at the refrigeration were
preserved up to 20 days, but the fruits treated
with peptides became softer and showed
superficial skin damage, leading to a dry, dull
appearance and the formation of wrinkles.
Figure 5 showed the visible damage of tomato
skin in control sample no peptide treated in
comparison with the tomato Ella8 treated.
Early research on tomato covered with a food
packaging biofilm containing the bacteriocin
sonorensin indicated the protective effect up to
day 7 with refrigeration (Chopra et al., 2015).

CONCLUSIONS
Altogether, our results indicated that the
peptides produced by L. lactis Ella8 displayed a
bacteriolytic mode of action. The membrane of
E. coli was disrupted by the PPElla8 causing
there lease of -galactosidase by the target cell.
Moreover, we showed that the integrity of the
target cell membrane was affected by PPElla8
leading to the leakage of DNA/RNA molecules
and cellular death. The positive effect of
PPElla8 towards the delay on rottenness and
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molds forming on tomato fruits stored at the
room
temperature
demonstrated
its
bioprotective potential.
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Abstract
Antimicrobial agents have been in use for therapeutic purposes for over a century, with most of the development
occurring in the latter half of the twentieth century. Penicillin was the first of the naturally occurring antimicrobials to
be used in medicine and its structure includes a beta-lactam ring. Further compounds, such as the cephalosporins, were
discovered and these also included beta-lactam structures. Subsequently bacteria which were resistant to these
compounds were found, and their resistance was due to their production of enzymes, beta-lactamases, which hydrolysed
the beta-lactam ring. Synthetic derivatives of the beta-lactam antimicrobials were developed to render them recalcitrant
to beta-lactamases but enzymes with a broader substrate range evolved, and were categorised as extended substrate
beta-lactamases (ESBL). Since the antimicrobials had a significant role to play in human medicine the emergence of
ESBL caused significant concerns. Further, similar antimicrobials were used by veterinarians, raising the prospect that
bacteria in the commensal flora of livestock could acquire ESBL resistance properties and exchange them via genetic
exchange. Thus, pathogenic bacteria present in livestock could become resistant to antimicrobials with adverse
consequences should zoonotic infections occur. In this review we consider the emergence of ESBL, the problems
involved in detecting and reporting such properties, and consider the consequences for consumers of potentially
contaminated food products.
Key words: beta-lactamase, emerging, Escherichia coli, foodborne, pathogen.

INTRODUCTION

structure of this compound is characterised by
the presence of a beta-lactam ring.
Subsequently other beta-lactam antibiotics
were discovered, such as the cephalosporins.
The range of beta-lactam like compounds
available was subsequently expanded by
further discovery and by chemical modification
of naturally occurring compounds.

Therapeutic antimicrobial agents have been
used in human health care for over a century
following the discovery of the antisypohilitic
activity
of
the
synthetic
compound
arsphenamine in 1909. Subsequently a wide
range of therapeutic compounds was
discovered,
including
the
penicillins,
cephalosporins and other naturally occurring
compounds. The first of the antibiotics to be
used in medicine was penicillin, synthesised by
a fungus (Penicillium spp.) and the chemical

Antimicrobial resistance to beta-lactams
At present there is a wide range of penicillins,
cephalosporins,
monobactams
and
carbapenems available for therapeutic use.
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Broadly speaking, all of the compounds act by
the inhibition of bacterial cell wall biosynthesis
but may be vulnerable to inactivation due to
being cleaved by one of the beta-lactamase
class of enzymes. To maintain the
antimicrobial activity of the therapeutic agents,
beta-lactam agents may be combined with
compounds such as clavulanic acid, which can
inhibit the activity of some beta-lactamases.
However, restoring the clinical activity of betalactams is very complex due to the very large
number of such compounds in use, the small
number of specific enzyme inhibitors available,
and large number of beta-lactamase enzymes
known to exist.
Beta-lactam antimicrobial agents were widely
applied in human and animal healthcare but
resistance to them soon emerged as a clinical
problem, being reported within two years of
their widespread use. For several decades new
beta-lactam agents with enhanced activity were
regularly developed and introduced, however,
this stream of new products has slowed, almost
to a halt, in recent years. The most important
mechanism conferring bacterial resistance to
beta-lactam antibiotics is the production of one
or more enzymes capable of hydrolysing, i.e.
breaking open, the beta-lactam ring, rendering
the antibiotic ineffective. In view of their
properties these enzymes are termed betalactamases.
In 1965 Datta and Kontomichalou reported in
Nature that Escherichia coli isolated from a
patient named Temoneira, in Athens, could
hydrolyse penicillin due to production of a
beta-lactamase. The enzyme was designated
TEM-1, from the patient’s name, and other
TEM enzymes were discovered in due course
(Bush et al., 1995). The genes coding for betalactamases were subsequently named by using
the abbreviation bla with the specific gene type
being added. In the case above the gene was
denoted as TEM, hence this group of enzymes
were referred to as blaTEM. In addition, the
abbreviation was followed by a number
denoting the specific enzyme, in the format
blaTEM-1. The blaTEM genes were found to be
carried on transposable elements (Blanc et al.,
2006; Partridge and Hall, 2005) i.e. sections of
DNA, and these elements can be readily
transferred between members of the
Enterobacteriaceae (the family of enteric, or

gut, bacteria to which E. coli belongs)
(Bradford, 2001; Partridge and Hall, 2005;
Sirot et al., 1991; Thong and Modarressi,
2011). Further, transposons are also known to
be transferred between unrelated species of
bacteria (Bradford, 2001).
Less than ten years after TEM-1 was
discovered a different lactamase enzyme was
reported, and was later named SHV-1, derived
from sulfhydryl variable because it was thought
that the inhibition of SHV activity by pchloromercuribenzoate was variable according
to the substrate used for the assay (Paterson and
Bonomo, 2005). The beta-lactamase SHV gene
is denoted blaSHV. Again, numbers are
appended to the definition to define specific
enzymes within this group.
A key feature of the first TEM and SHV
enzymes was that they hydrolysed penicillins,
such as ampicillin, but not the newer
cephalosporin beta-lactams such as cefotaxime.
Consequently, they can be regarded as having a
narrow substrate range. Also, they could be
inhibited by compounds such as clavulanic
acid, which acts as a competitive inhibitor of
beta-lactamases.
Emergence of extended spectrum betalactamase (ESBL)
Third generation cephalosporins (3GC), were
introduced in the 1980s (Paterson and Bonomo,
2005) and were also referred to as extended
spectrum cephalosporins. Due to their efficacy
they were widely used from the early 1980s
onward (Bryan, 1991).
However, soon after the 3GC were introduced
resistance to them was reported in species such
as E. coli. The mechanism for this resistance
was based on beta-lactamase enzymes able to
hydrolyse a wider (or extended) range of
substrates than seen previously, including new
cephalosporins. The term ‘extended spectrum
beta-lactamase’ was coined (Philippon et al.,
1989) to describe the beta-lactamases
conferring resistance to 3GC, normally
abbreviated to ESBL.
The first ESBLs were seen to be encoded by
variants of the widely disseminated blaTEM and
blaSHV genes (Bradford, 2001; Partridge and
Hall, 2005). Derivatives of the blaTEM and
blaSHV genes are now numbered in their
hundreds, and differ subtly in their properties
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(Bourouis et al., 2015; D'Andrea et al., 2013).
For most of the 1980s and 1990s these enzymes
were the main focus of concern in relation to
ESBLs.
In Germany Knothe et al. (1983) studied 3GC
resistant Klebsiella pneumoniae and Serratia
marcescens, isolated from patients in a
Frankfurt clinic, and showed that the resistance
to cefotaxime in K. pneumoniae was plasmid
based. Further, laboratory studies showed that
the plasmid in K. pneumoniae was readily
passed to Escherichia coli, Proteus mirabilis
and Salmonella typhimurium suggesting that it
was mobile within the Enterobacteriaceae
family. The resistance noted in S. marcescens
was also carried on a plasmid, which could also
be transferred to the other Enterobacteriaceae
studied, but some elements were lost in
transfers to E. coli. The ESBL enzyme was not
equally efficient in its hydrolysis of 3GC,
conferring significantly greater resistance to
cefotaxime than ceftazidime, hence it was
designated a „cefotaximase” and the gene
designated blaCTX. The work of Knothe et al.
(1983) therefore raised the prospect of nonpathogenic organisms transferring 3GC
resistance on a plasmid to pathogenic
organisms, e.g. S. typhimurium.
Briefly, the history of ESBL enzymes can be
summarised as progressing from infrequent
reports of ESBL enzymes, mainly blaTEM and
blaSHV variants, through to the reporting of
widespread dissemination of this resistance in
hospital settings. Early dissemination was
probably due to a widespread failure of
authorities to identify this resistance
phenomenon because of deficiencies in clinical
laboratory detection procedures. Subsequently
the blaCTX ESBLs emerged with near
worldwide dissemination through hospitals
(Paterson and Bonomo, 2005), nursing homes
(Rooney et al., 2009), the general community
and the environment, including food animals
(Blanc et al., 2006).
In human healthcare the dissemination of this
resistance is linked specifically to that of E.
coli clonal group ST131 (ST indicates DNA
sequence type) (Clermont et al., 2009) which
frequently carries this resistance (Morris et al.,
2012; Rooney et al., 2009). More than 10% of
all E. coli isolated from blood culture in Ireland

carry ESBL (http://www.hpsc.ie/AboutHPSC/
AnnualReports/File,15139,en.pdf).
Antimicrobial resistance in the food chain
Therapeutic antimicrobial agents were not only
applied in human medicine, but also in
veterinary medicine. In addition, antibiotics
were found to be effective growth promoters,
especially with poultry, and supplemented
feeds were used from the 1950s onwards (Jones
and Ricke, 2003). This later led to concerns
that antimicrobial resistance (AMR) could
become widespread in the microflora of
animals, and subsequently consumers could be
exposed to these organisms via meats. A
seminal work in this regard was the UK Report
on the Use of Antibiotics in Animal Husbandry
and Veterinary Medicine, aka the Swann
report, published in 1969 (Soulsby, 2007).
Others have also highlighted concerns (Bensink
and Bothmann, 1991), especially the possibility
of foodborne pathogens, such as Salmonella
spp., acquiring AMR and compromising
normal antimicrobial therapy.
ESBLs have been extensively reported in
Salmonella enterica where this type of
resistance significantly complicates the clinical
management of cases of invasive salmonellosis
which require systemic treatment. Although
antimicrobial use in animals is accepted as
selecting for resistant bacteria in animals, noted
in the Swann Report, and although it is
apparent that antimicrobial resistance is found
in zoonotic pathogens such as Salmonella and
Campylobacter, there is great uncertainty
regarding the overall extent to which
antimicrobial resistance found in human
isolates can be attributed to antimicrobial use in
animals (Torneke et al., 2015). One element of
this uncertainty relates to the extent to which
antimicrobial resistant E. coli (AREC), and
other Enterobacteriaceae from the gut of
animals, are transferred to humans in the food
chain, and to what extent, if any, this may
contribute to AMR problems in relation to E.
coli associated urinary tract infections, blood
infections and other associated invasive
infections in people.
The use of antimicrobials for growth promotion
in healthy animals was banned by the European
Union, with effect from 1st January 2006
(http://europa.eu/rapid/press-release_IP-05250

1687_en.htm). However, this ban does not
apply in many other parts of the world which
export foodstuffs to the EU (Maron et al.,
2013). This was highlighted in late 2015 when
extensive colistin use in pig production in
China, led to the associated emergence of
transferrable
colistin
resistance
in
Enterobacteriaceae, with subsequent reports of
worldwide dissemination (Liu et al., 2016).
Furthermore, antimicrobial agents continue to
be used in very large quantities for the
prevention, and treatment, of infection in food
producing animals. The EU also enforces
‘washout’ periods following antimicrobial
administration to animals but it is important to
note, however, that whilst washout of the
antimicrobial agents will occur, this does not
apply to the AMR bacteria, which can be much
more persistent (Soulsby, 2007).
In the longer term the removal of
antimicrobials from use in food animals can
have benefits: Agersø and Aarestrup (2013)
reported that a voluntary ban on cephalosporin
use in Danish pig production had effectively
reduced the numbers of extended-spectrum
cephalosporinase-producing Escherichia coli
detected in slaughter pigs.
The potential problems arising from antibiotic
resistant zoonotic infections was addressed by
the EU over ten years ago, in Zoonosis
Directive 2003/99/EC, which requires member
states to undertake monitoring of antimicrobial
resistance. The document also stated:
„The alarming emergence of resistance to
antimicrobial agents (such as antimicrobial
medicinal products and antimicrobial feed
additives) is a characteristic that should be
monitored. Provision should be made for such
monitoring to cover not only zoonotic agents
but also, in so far as they present a threat to
public health, other agents. In particular, the
monitoring of indicator organisms might be
appropriate. Such organisms constitute a
reservoir of resistance genes, which they can
transfer to pathogenic bacteria.“
In consequence both the European Food Safety
Authority (EFSA) and the European Centre for
Disease Prevention and Control (ECDC) work
together to produce an annual report on AMR
in key zoonotic pathogens isolated in member
countries from animals and humans:
Antimicrobial resistance surveillance in Europe

(Available
from
http://ecdc.europa.eu/en/healthtopics/antimicro
bial_resistance/Pages/publications.aspx). The
gravity of the problems associated with AMR
in food animals was further underlined when
EFSA and ECDC combined with the European
Medicines Agency (EMA) to produce the
‘ECDC/EFSA/EMA first joint report on the
integrated analysis of the consumption of
antimicrobial agents and occurrence of
antimicrobial resistance in bacteria from
humans
and
food-producing
animals’
(Available
at:
http://ecdc.europa.eu/en/
publications/Publications/antimicrobialresistance-JIACRA-report.pdf).
The report cited results based on indicator
organisms which were seen to be carrying
resistance genes, which could then be passed to
pathogenic organisms. This is significant since
traditionally food microbiology sought
primarily to isolate and identify specific
pathogenic bacteria from foodstuffs. The
presence of antimicrobial resistance genes,
carried on mobile genetic elements which can
be readily exchanged between members of the
Enterobacteriaceae, means that the AMR of
zoonotic bacteria, such as salmonellas, could be
enhanced by genetic material supplied by other
Enterobacteriaceae. Hence, should indicator
organisms carrying a plasmid with an ESBL
gene be present in the same foodstuff, then
there is the potential for an ESBL Salmonella
spp. arising in an infected host (Carattoli,
2009), which could be resistant to the normal
therapy.
ESBL E. coli
E. coli is a very complex heterogeneous species
of bacteria and a variety of typing methods
have been used to sub classify members of the
species. Traditionally phenotypic methods were
used, such as serotyping (based on O and H
antigens), phage typing (based on susceptibility
to panels of bacteriophage) and antibiotic
resistance patterns. More recently molecular
methods based on DNA have been developed
to allow different levels of discrimination
(Thakur et al., 2010; Leverstein-van Hall et al.,
2011). E. coli is used as an indicator organism,
since it is ubiquitous in the gastrointestinal tract
of humans (Sedgley and Samaranayake, 1994)
and farm animals (Pointon et al., 2012). This
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ubiquity means that the use of antibiotic
therapy in animals and humans will expose the
E. coli of the host to the drugs. It is therefore
unsurprising that antibiotic resistant E. coli
have arisen since virtually all cases of
antibiotic therapy will lead to the host’s gut
flora being exposed to the agent, with a
consequent
evolutionary
pressure
to
develop/acquire drug resistance (Chelariu et al.,
2017). Since E. coli is also a pathogen
(Schroeder et al., 2003) studies into its drug
resistance have been undertaken (Bush, 2013;
Kluytmans et al., 2013) but approaches have
differed, leading to a lack of consistent data.

investigated E. coli isolates which had been
obtained as a result of previous surveys or
statutory analytical work. This approach was
taken in China (Xia et al., 2011) and Germany
(Kaesbohrer et al., 2012). Other workers have
taken samples of foodstuffs and prepared an
initial suspension which was then directly
plated onto a selective and diagnostic medium
from which presumptive E. coli could be
obtained (Alvarez-Fernandez et al., 2013;
Chaisatit et al., 2012; Lyhs et al., 2012;
Schwaiger et al., 2012). The isolates were
confirmed as E. coli prior to being studied to
determine their antibiotic resistance, but it
should be noted that these four studies all used
different selective media.
Direct plating has the advantage that organisms
representative of the total flora will be chosen
for detailed study, because the isolates selected
should be those most common in the target
population. However, should the AREC not be
the dominant E. coli, then they may not be
detected. When initial culture is on media
containing the antimicrobial of interest (e.g. a
cephalosporin) the intention is to maximise
detection of such organisms in a sample, in the
event that they are present as a minority of the
population, by suppression of susceptible
organisms which would otherwise mask their
presence.
Since the significant property of AREC is their
resistance to antimicrobials then this property
can be exploited in the isolation procedures. In
a study to detect ESBL E. coli in chicken meat
(Leverstein-van Hall et al., 2011) samples were
incubated overnight in BPW, then streaked
onto a commercial diagnostic ESBL medium.
Mesa et al. (2006) also incubated samples in
BPW then streaked directly onto a solid
selective medium, in this case MacConkey agar
supplemented with 2 mg/l cefotaxime, to
isolate ESBL E. coli. Egea et al. (2011) used a
similar BPW recovery incubation, the solid
selective medium was MacConkey agar
supplemented with 1 mg/l cefotaxime or
ceftazidime. Overdevest et al. (2011) applied a
two-step enrichment when detecting ESBL E.
coli; samples were incubated overnight in nonselective broth (in this case tryptone soy broth,
TSB), then a subculture was placed in TSB
supplemented with 8 mg/l vancomycin and
0.25 mg/l cefotaxime before being streaked

Types of ESBL
Classification schemes to categorise the myriad
of beta-lactamase enzymes were elaborated
some decades ago. These classification
schemes are continuously evolving in the light
of new discoveries, and have been moved to
websites accessible online, as have AMR
definitions (see http://www.eucast.org/). As
early as 1995 18 types of TEM and 5 types of
SHV had been described as ESBL (Bush et al.,
1995), but by 2012 more than 1,300 distinct
beta-lactamase enzymes had been identified
(Bush, 2013). This proliferation is greatest
within the TEM and OXA families (Bush,
2013). OXA lactamases were named for their
ability to hydrolyze oxacillin. In relation to
antimicrobial resistance in the food chain, and
its link with human data, one challenge is that
many studies of ESBL carrying organisms do
not fully characterise the ESBL. This is
illustrated in a review of the antimicrobial
resistance of emerging foodborne pathogens,
where Koluman and Dikici (2013) considered
two Enterobacteriaceae, Salmonella and
verotoxin producing E. coli, but could not
indicate the prevalence of ESBL in these
organisms due to limited information in the
source material.
Detection of ESBL in foodstuffs
Studies to determine the presence of ESBL E.
coli in foods, or in animals destined for
foodstuffs, have taken many different
approaches (Mateescu et al., 2014; Sala et al.,
2012). Some of the methods applied for the
isolation of ESBL E. coli from foodstuffs, or
livestock, are considered here. Some studies
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onto a chromogenic ESBL agar. Thus, a repair
stage was followed by enrichment of
presumptive ESBL bacteria which were then
selected from the diagnostic medium.
Agersø et al. (2012) combined a selective
enrichment with a selective diagnostic medium
to obtain ESBL from meat. Presumptive ESBLproducing E. coli were isolated by adding the
meat
to
MacConkey
broth
medium
supplemented with 1 mg/L ceftriaxone. After
incubation an aliquot was streaked on
MacConkey agar supplemented with 1 mg/L
ceftriaxone, incubated overnight at 44°C, and a
maximum of three colonies were subcultured.
Costa et al. (2010) adopted a simpler approach
by only using one medium onto which
homogenised samples were plated directly.
Levine agar medium, which is diagnostic for E.
coli, was used and supplemented with 2 mg/l
cefotaxime. Growth in the presence of the
antibiotic
indicated
presumptive-ESBL
organisms were present, hence presumptive
ESBL E. coli could be detected.
Overall, no single methodology has emerged as
the most appropriate procedure for isolating
ESBL E. coli from foodstuffs. Several of the
studies noted above were designed to
investigate the total flora of E. coli, and
characterise representative examples of the
population. Thus if ESBL comprised a minority
of the population they might not be detected.
However, as for any study, the method chosen
must be fit for the specific purpose of the study
to be undertaken. Since cost will always be a
significant factor in research a three step
process involving repair in a non-selective
broth, selective enrichment, then detection on a
diagnostic medium will be at a disadvantage.
However, the standard procedures for isolating
Campylobacter spp. from foodstuffs (ISO
10272-1:2006) are based on a two-step
procedure: the sample is incubated in a
selective enrichment broth, i.e. Bolton broth,
then streaked onto modified charcoal
cefoperazone deoxycholate agar (mCCDA). It
should be noted that Bolton broth contains 5
mg/l
cefoperazone,
a
third-generation
cephalosporin to which ESBL organisms are
resistant and mCCDA contains 32 mg/l
cefoperazone. ESBL E. coli have been reported
as proliferating during these isolation
procedures (Jasson et al., 2009; Moran et al.,

2009) despite the fact that both the broth and
plates are incubated under low oxygen, high
CO2 conditions at 41°C. This suggests that a
simplified selection procedure for AREC could
be based on the use of an enrichment broth
containing an appropriate antibiotic, and an
appropriate selective/diagnostic solid medium.
Confirmation of ESBL
Whilst study of the isolation procedures used to
obtain ESBL E. coli shows that a wide range of
methodologies have been applied, the
characterisation of the antimicrobial resistance
of these organisms is more consistent. This is
due to the fact that standard procedures for
determining the antimicrobial susceptibility of
bacteria have been developed for use in
medicine. The Clinical and Laboratory
Standards Institute (CLSI) has promulgated
standardised
methods
to
determine
antimicrobial resistance (AMR). Nowadays,
however, in Europe the methods and
interpretive criteria of the European Committee
on Antimicrobial Susceptibility Testing
(EUCAST; http://www.eucast.org) is the most
widely accepted approach and it informs the
joint EFSA/ECDC summary report. Following
revisions in interpretive criteria in recent years
there is now very close agreement between
CLSI and EUCAST in relation to antimicrobial
susceptibility testing of E. coli and methods for
confirming ESBL production in E. coli.
The use of CLSI defined methodologies to
detect AMR is seen to be relatively common,
Table 1. Disc diffusion was applied in 38% of
cases whilst automated broth dilution systems
were used in 25% of cases, i.e. Agersø et al.
(2012) (Cook et al., 2011), Xia et al. (2011)
and Zhao et al. (2012). Since disc diffusion
analysis can be undertaken with minimal
equipment, and hence capital costs, its more
frequent use is not unexpected. Specific discs
which combine amoxicillin with clavulanate
were commonly applied to allow the
confirmation of ESBL. Clavulanate inhibits
ESBL and therefore increased sensitivity to
amoxicillin should then be observed, in
comparison to exposure to amoxicillin alone, if
ESBL is present. This effect can also be
observed using other methodologies noted for
the AMR test (Table 1). It is important to note
that the AMR tests, and ESBL confirmation
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sequencing

methods, listed in Table 1 are indicative of the
work undertaken and not exhaustive.
When E. coli are confirmed as producing ESBL
then further studies to define the specific type
of beta-lactamase may be undertaken.
However, this cannot be done by phenotyping,
due to the very similar properties of some
ESBL, and DNA-based studies are required.
Characterisation of ESBL
The costs of the work required to define
precisely which ESBL is being produced by an
organism is significant, and it should be noted
that only 25% of the studies listed in Table 1
undertook this task, even in part.
This is due to the diversity of the enzymes
within each group. Using DNA amplification, it
is possible to differentiate between the main
groups: blaTEM, blaSHV and blaCTX-M, and to
some degree differentiate within the subgroups,
e.g. blaCTX-M groups 1-9 but DNA sequencing
of their genomes is often required to
specifically differentiate them. Working with
E. coli isolated from eggs, Egea et al. (2011)
used specific primers to identify ESBL as
belonging to the CTX-M-9, SHV and CTX-M1 groups.

Schwaiger et al.,
2012
Shahada et al.,
2013
Xia et al., 2011
Zhao et al., 2012
1

AMR
test

CLSI

ESBL
confirmation

Agersø et al., 2012

Broth

+

Am/clav4,
discs, PCR,
microarray,
sequencing

Alvarez-Fernandez
et al., 2013
Chaisatit et al.,
2012
Cook et al., 2011
Costa et al., 2010

Disc1

+

Am/clav

Disc

+

Am/clav

Broth2
Disc

+

Broth

+

Egea et al., 2011
Kaesbohrer et al.,
2012
Leverstein-van
Hall et al., 2011
Lyhs et al., 2012
Mesa et al., 2006
Obeng et al., 2012
Overdevest et al.,
2011

Previous
studies
Disc
Disc
Agar2
Chromo
genic
agar

Disc

+

PCR

Broth
Broth

+

Am/clav
Am/clav
3
Agar
dilution.
performance liquid

The amplicons produced by the primers were
then sequenced to more narrowly define the
ESBL. Shahada et al. (2013) isolated
Salmonella spp. and E. coli from broilers, then
used ten primer pairs to identify ESBL as
TEM, TEM-52, SHV, CMY-2 or one of six
CTX groups. For the latter groups, organisms
carrying the genes blaTEM, blaCTX-M-1,
blaCTX-M-2, and blaCTX-M-9 were identified using
primers that amplified a partial sequence of the
target genes in the initial screening. Specific
primers to amplify the entire sequence of the
target genes were then used to obtain
amplicons for the DNA sequencing analysis.
Thus the identification of specific ESBL
requires
sophisticated
technology,
and
ultimately is based on DNA sequencing. Some
of the different approaches which can be
applied to the identification of ESBL are
illustrated in the study of Overdevest et al.
(2011) where all E. coli isolates were tested for
blaCTX-M by using PCR (with amplicons being
identified using denaturing high-performance
liquid chromatography), then screened for other
ESBL genes by using a micro-array test that
was designed to detect single nucleotide
polymorphisms in essential blaTEM and blaSHV
genes, variant genes, and blaCTX-M group genes
(blaCTX-M-1,
blaCTX-M-2,
blaCTX-M-9,
and
blaCTX-M-8/25). On the basis of microarray
results, organisms carrying blaSHV, blaTEM, and
blaCTX-M genes were identified and the genes
amplified using specific primers and PCR. PCR
amplicons were then selected and sequenced
after purification.
Agersø et al. (2012) also used microarray,
PCR, and sequencing technology, but initially
genotyped their E. coli isolates into two groups
based on AMR. Two ESBL phenotypes were
commonly found in the reservoirs studied (pigs
and pork) and isolates were characterised as
one of these: ESBLM (resistant to cefoxitin and
cefepime), and ESBLA (resistant to cefoxitins
and reduced in susceptibility to cefepime;

Am/clav
Am/clav
PCR,
sequencing
Implicit in
AMR results
Microarray

+
+

Am/clav

2
Disc
diffusion,
Broth
dilution,
Amoxicillin+clavulanate, 5denaturing high
chromatography.
4

Table 1. Methods used to define the antimicrobial
resistance (AMR) of Escherichia coli isolates obtained
from foodstuffs. Where Clinical and Laboratory
Standards Institute (CLSI) methodology was specifically
mentioned in the article this is denoted by +. The E-test
is a commercial product to determine AMR, sold by
bioMérieux
Reference

Broth

Am/clav
E-test
E-test
E-test,
dHPLC5,
microarray,
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resistance to ceftazidime and/or cefotaxime and
synergy to clavulanic acid) or unclear
interpretation. ESBLM isolates were first
screened for blaCMY-2 by PCR and sequencing;
if negative, the isolates were further screened
for up-regulated ampC by PCR and
sequencing. The rest of the ESBLMs were
screened using two different microtube DNA
array systems and based on the array result,
PCR and sequencing were done. ESBLA
isolates were screened for blaCTX-M by PCR and
further sequenced for determination of the
blaCTX-M type. If the isolates were negative for
blaCTX-M, they were screened for blaTEM and
blaSHV by PCR followed by sequencing.
Isolates negative for these two PCRs were
examined by DNA array and, based on the
result, PCR and sequencing were done to
determine the exact gene responsible for
resistance to cephalosporins. Isolates with an
unclear phenotype were screened for upregulation of the ampC gene and for the
presence of blaCTX-M genes. For isolates
negative for up-regulated ampC or blaCTX-M
genes, the DNA array system was used
followed by PCR and sequencing.
Agersø et al. (2012) recommended that
standard surveillance methods should be
supplemented with methods based on selective
enrichment when monitoring ESBLs. They also
noted that the detection of ESBL genotypes in
pigs or broiler meat which were also found in
humans indicated that food-producing animals
may be the origin, in at least part, of human
cases. Hence information on ESBL genotype
may be valuable for source attribution.
It is of interest to note that when Shahada et al.,
(2013) studied the distribution of ESBL in
Salmonella and E. coli isolated from broilers in
Japan, they found three groups: TEM, SHV and
CTX, but they also screened for seven plasmids
associated with ESBL (IncP, IncI1-Iy, IncFIB,
IncFIC, IncK, IncB/O and IncY). Thus, the
phenotypic property was defined, but also the
genotypic means of dissemination was
identified.
From the studies of (Agersø et al., 2012 and
Overdevest et al., 2011) reported above, in a
simplified fashion, it can be seen that the
identification of ESBL is complex and requires
considerable resources. Once phenotyping has
confirmed the presence of ESBL then

genotyping, in some form or another, will be
required to identify the specific ESBL. Such an
identification may be to the level of group, i.e.
TEM, SHV or CTX, or continue to the
identification of the precise gene carried by the
organism, such as blaCTX-M-1. In view of the
costs and complexity of the procedures
involved, detailed characterisation of ESBL is
unlikely to be commonly undertaken until
inexpensive tools are available. A consequence
of this is to limit the number of studies
providing detailed information on ESBL
isolated. Further, it is important to define the
transferable DNA element carrying the
resistance gene, in order to fully understand the
risk posed by the bacterial host, and be able to
attribute its source.
Determining that E. coli carrying ESBL are
present in foodstuffs does not in itself confirm
a risk to people. The potential for such foods to
act as vectors and carry the resistant bacteria, in
a viable state, to humans where they cause
infection must be determined. Even if the
E. coli is unable to colonise transference of
resistance to the resident gut flora must be
considered. Hence detailed characterisation of
both foodborne and human E. coli with ESBL
must be undertaken, in order to allow
comparison. The study of (Leverstein-van Hall
et al., 2011) undertook such a comparison and
concluded that their findings were suggestive
for transmission of ESBL genes, plasmids and
E. coli isolates from poultry to humans, most
likely through the food chain.
Tracing the appearance of foodborne ESBL
E. coli
The evolution of an organism and its ability to
proliferate or persist in certain environments
can normally be discovered by reviewing the
literature relevant to the specific organism. For
example, Franz and van Bruggen (2008)
reviewed the ecology of E. coli O157:H7 and
Salmonella enterica in the primary vegetable
production chain. In principle, this would
require a literature search to find publications
in which the target organisms were associated
with the vegetable production chain. However,
E. coli O157:H7 is a specific sub-group with a
species whilst most of the pathogenic
salmonellas considered were also subspecies:
Salmonella enterica subsp. enterica. In marked
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contrast to obtaining studies of specific
bacterial groups in a given environment, the
study of ESBL is a study of the property of
specific antibiotic resistance due to the ability
of bacteria to produce enzymes. The genes for
these enzymes may be on plasmids (Shahada et
al., 2013) or transposable elements (Partridge
and Hall, 2005). As noted above, studies can
vary widely in terms of the information
reported on ESBL, which may be produced by
a wide range of different species, and genera.
For example, Taguchi et al. (2012) simply
reported the prevalence of ESBL and AmpC
phenotypes of Salmonella enterica, collected
from retail chicken over a five year period,
whilst Mateescu et al. (2014) studied both
E. coli and S. enterica.
Also, as new ESBL enzymes arose the
nomenclature was changed (Bush et al., 1995),
hence synonyms exist for some enzymes,
complicating the search for specific ESBLs.
Overall, the history of foodborne ESBL is
complicated by the restrictions under which
studies were undertaken, often leading to
relatively limited information on the type of
ESBL being published.

http://amr-review.org) indicating that the
potential for zoonotic infections must be
addressed. Amongst other conclusions the
report noted that ‘countries need to come
together and agree to restrict, or even ban, the
use of antibiotics in animals that are important
for humans. Hence zoonotic transfers are
considered probable, and in 2015 a Food Safety
Authority of Ireland report (available at
https://www.fsai.ie/publications_AMR)
concluded that ‘use of antimicrobials in food
production and the potential for spread of
bacteria from host-to-host through the food
chain are areas of concern.
Hence the potential for foodborne infections is
accepted as a threat, but the complex nature of
the routes of transmission, and the manner in
which both the bacteria, and the resistance
elements, require characterisation at the
molecular level to allow identification has
limited progress in this field. However, the
rapid strides made in DNA sequencing
technology mean that whole genome
sequencing can provide definitive information
on bacteria, which could be used to track
resistant strains (Koser et al., 2014). Relating
sequence data to phylogenetic properties of
pathogens has been described (Gordon et al.,
2014; Tyson et al., 2015; Zhang et al., 2015)
Thus the tools to define the types of zoonotic
transfer which can occur, and therefore allow
the risks to be assessed, are available and it
remains for appropriate studies to be
undertaken to allow the risks posed by
antimicrobial resistant E. coli in foodstuffs to
be defined.
Overall, in the preparation of this review
almost all of the scientific articles referring to
the study of antimicrobial resistance in
foodstuffs contained terms referring to meats.
Thus, there has been a preponderance of study
on potential zoonotic transfers.
Milk was only cited in two articles, as a source
of antimicrobial resistant bacteria. Thus the
majority of antimicrobial resistant bacteria are
associated with the meats of chicken, beef and
pork, and these were the subject of study in the
study of retail meats on retail sale on the island
of Ireland, in the project of which this report is
a part. However, salads have yielded AREC
(Egea et al., 2011), and, as noted above, (Franz

Foodborne infections
As noted above, the confirmation of zoonotic
transfer requires that both the E. coli genotype,
and the specific ESBL enzyme(s) must be
confirmed as occurring both in animals and
people. This imposes a high burden of proof,
requiring more detailed research (Young et al.,
2009) and few examples exist in the literature.
However, such infections have been suggested
as possible by several studies (Jakobsen et al.,
2011; Jakobsen et al., 2010; Lyhs et al., 2012;
Obeng et al., 2012). Further, carriage of such
antimicrobial resistance will compromise
treatment of the animals themselves (Olsen et
al., 2014), and the elimination of ESBL would
benefit animals as well as reducing the
possibility of zoonotic infection.
Whilst data from previous studies indicates
similarities between ESBL in animals and man,
the transmission routes have yet to be defined
(Sharp et al., 2014). However, the subject is of
great significance with the UK Government
producing a report in 2015: „Antimicrobials in
agriculture and the environment: reducing
unnecessary use and waste“ (Available at
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cephalosporinase-producing Escherichia coli in
slaughter
pigs.
Journal
of
Antimicrobial
Chemotherapy 68, 569-572.
Agersø Y., Aarestrup F.M., Pedersen K., Seyfarth A.M.,
Struve T., Hasman H., 2012. Prevalence of extendedspectrum
cephalosporinase
(ESC)-producing
Escherichia coli in Danish slaughter pigs and retail
meat identified by selective enrichment and
association with cephalosporin usage. Journal of
Antimicrobial Chemotherapy 67, 582-588.
Alvarez-Fernandez E., Cancelo A., Diaz-Vega C., Capita
R., Alonso-Calleja C., 2013. Antimicrobial resistance
in E. coli isolates from conventionally and
organically reared poultry: A comparison of agar disc
diffusion and Sensi Test Gram-negative methods.
Food Control 30, 227-234.
Bensink J.C., Bothmann F.P., 1991. Antibiotic-resistant
Escherichia coli isolated from chilled meat at retail
outlets. New Zealand Veterinary Journal 39, 126-128.
Blanc V., Mesa R., Saco M., Lavilla S., Prats G., Miro
E., Navarro F., Cortes P., Llagostera M., 2006.
ESBL- and plasmidic class C beta-lactamaseproducing E. coli strains isolated from poultry, pig
and rabbit farms. Vet. Microbiology 118, 299-304.
Bourouis A., Ben Moussa M., Belhadj O., 2015.
Multidrug-resistant phenotype and isolation of a
Novel SHV-beta-Lactamase variant in a clinical
isolate of Enterobacter cloacae. J. Biomed. Sci. 22, 7.
Bradford P.A., 2001. Extended-spectrum beta-lactamases
in the 21st century: Characterization, epidemiology,
and detection of this important resistance threat.
Clinical Microbiology Reviews 14, 933-951.
Bryan J.P., 1991. Cephalosporins and carbapenems.
Current Opinion in Infectious Diseases 4, 727-741.
Bush K., 2013. Proliferation and significance of
clinically relevant beta-lactamases, In: Bush, K. (Ed.)
Antimicrobial Therapeutics Reviews: The Bacterial
Cell Wall as an Antimicrobial Target. Blackwell
Science Publ, Oxford, 84-90.
Bush K., Jacoby G.A., Medeiros A.A., 1995. A
functional classification scheme for beta-lactamases
and its correlation with molecular-structure.
Antimicrob. Agents and Chemoth. 39, 1211-1233.
Carattoli A., 2009. Resistance Plasmid Families in
Enterobacteriaceae. Antimicrobial Agents and
Chemotherapy 53, 2227-2238.
Chaisatit C., Tribuddharat C., Pulsrikarn C., Dejsirilert
S., 2012. Molecular Characterization of AntibioticResistant Bacteria in Contaminated Chicken Meat
Sold at Supermarkets in Bangkok, Thailand. Japanese
Journal of Infectious Diseases 65, 527-534.
Chelariu M., Grosu M., Gheorghe I., Gradisteanu G.,
Picu A., Petcu L., Popa M., Chifiriuc M.C., Ditu
L.M., Lazar V., Vassu Dimov T., 2017. Host
metabolic syndrome can disrupt the intestinal
microbiota and promote the acquisition of resistance
and virulence genes in Enterobacteriaceae stains.
Rom Biotech Lett, 22 (3): 12643-50.
Clermont O., Dhanji H., Upton M., Gibreel T., Fox A.,
Boyd D., Mulvey M.R., Nordmann P., Ruppe E.,
Sarthou J.L., Frank T., Vimont S., Arlet G., Branger
C., Woodford N., Denamur E., 2009. Rapid detection
of the O25b-ST131 clone of Escherichia coli

and van Bruggen, 2008) vegetables can be
vectors for pathogenic Enterobacteriaceae.
CONCLUSIONS
Since people are homoeothermic, then bacteria
which can colonise them must be mesophilic,
and such organisms are normally found
associated with other homoeothermic animals,
such as those farmed to provide meats. The use
of antibiotics in animal husbandry will be one
of the factors leading to antimicrobial resistant
bacteria being present on, or in, food animals.
During the slaughter of these animals the
bacteria can be transferred to edible products,
and subsequently obtain access to the
consumers homes. There is also the possibility
of direct transfer of such organisms to those
involved in farming, slaughtering, and
processing such animals (Sharp et al., 2014).
Although Escherichia coli is considered
ubiquitous, isolates from different meats are
seen to have different phenotypes (Johnson et
al., 2009). Thus demonstrating a zoonotic
infection in people requires a detailed
knowledge of E. coli from people, and food
animals. Given advances in the sequencing
entire bacterial genomes this will be possible.
Further, the specific mechanisms which confer
antimicrobial resistance properties are many
and varied, as discussed above, but these can be
defined using whole genome sequencing. Thus
the risks posed to people by foodborne bacteria
carrying antimicrobial resistance factors will be
ultimately defined, given sufficient study.
Currently, however, there is a need to define
the prevalence of organisms such as ESBL
E. coli in retail meats and other foodstuffs, and
undertake characterisation of the bacterial
phenotype, and define, as far as resources will
allow, the type of ESBL carried. Such study
will allow more detailed future work to be
targeted at the E. coli which appear to
constitute the greatest risk to the human
population. This in turn will allow prophylactic
measures to be aimed at the foodstuffs of
greatest concern.
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Abstract
The study was conducted in order to determine the effects of the dietary flax and grape seeds meals and of the pumpkin
waste in pig diets (60-100 kg) on the production parameters and nutrient digestibility. The 40-day feeding trial used 9
pigs assigned to 3 groups (C, E1, E2), housed in individual metabolic cages. The average initial body weights of the
pigs were 65.25±14.49 kg (C), 65.33±3.78 kg (E1) and 65±10.03 kg (E2). Group C diet (19.59% crude protein; 7.16%
fibre and 3232 kcal metabolisable energy/kg) was conventional, with corn meal, wheat and soybean meal. Differently
from group C formulation, the E1 diet included 5% flax meal and 1% grape seeds meal, while E2 diet included 5%
pumpkin waste. The average daily feed intake was significantly (P≤0.05) higher in group E2 (3.394±0.36 kg
feed/pig/day) compared to groups C (3.034±0.44 kg feed/pig/day) and E1 (3.332±0.36 kg feed/pig/day). There were no
significant (P≥ 0.05) differences in the feed conversion ratio (kg feed/kg gain). Fibre absorption coefficient was
significantly (P ≤ 0.05) lower in group E2 (pumpkin waste), by 24.83% compared to group C and by 17.60% compared
to group E1.
Key words: pigs, by-products, feeding quality, digestibility, meat development.

INTRODUCTION

why they should have priority relative to all the
other utilisations. In these recent years, the
practice of introducing functional foods into
human diets gained momentum, and part of
these food industry by-products can be valuable
sources of nutrients which bestow functional
properties to the foods. Thus, the oil industry
meal has nutraceutic and therapeutic properties,
which make it a food ingredient with high
added value (Goyal et al., 2014). The flax can
be given to pigs in different forms (seeds, oil,
cakes, meal), given the increasing interest to
produce meat enriched in polyunsaturated fatty
acids (PUFA) (Mathews et al., 2000;
Olomuand Baracos, 1991). Various studies on
meat animals aimed to increase the level of
PUFA, of the alpha linolenic (omega 3) fatty
acids, particularly, in the meat and meat
products (Enser et al., 1996; Raes et al., 2004;
Pogurschi et al., 2009). Romans et al. (1995a)
gave ground flax seeds to finishing pigs and
obtained significant increases of omega-3
PUFA levels in the muscle tissue, without

The food industry by-products are residues
produced in large amounts worldwide. They
account for more than 50% of the total residues
produced in some countries, 60% of them being
organic matter. Food industry by-products
storage and management cause serious
environmental and sustainable development
problems (Brenes et al., 2016). In Romania, the
food industry accounts for 17% of the
industrial GDP, and its turnover increases
continually, exceeding 10 billion Euro/year.
Using it as animal feed is the most efficient
way of using the food by-products, but there
are legal restrictions and limits generated by
the nature of these by-products. Thus, the
compound feeds industry plays an important
role in the policy of reducing the food residues
(Romans et al., 1995b). Furthermore, animal
feeding with these food industry by-products
allows their transformation, through animal
metabolism, into animal products, which is
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affecting pig performance. Matthews et al.
(2000) fed pigs with diet formulations which
included 0.5 or 10% flax (whole plant) and
didn’t notice any change in pig performance. A
high PUFA content of the fat may affect
adversely the quality of the meat and of the
meat products because of the lower oxidative
stability (Daza et al., 2005; Musella et al.,
2009). Antioxidants can be used to counter this
effect, introduced either directly in animal
diets, or in the processed products (Arteel and
Sies, 1999). The presence of phenolic
compounds with antioxidant activity in grapes,
winery by-products and extracts, was
confirmed by the studies of Rotava et al., 2009.
The main phenolic compounds in the winery
by-products (grape peels and seeds) are
catechins, epicatechins and gallic acid, together
with other phenolic acids (Lafka et al., 2007;
Shi et al., 2003). Therefore, the grapes and their
by-products are an important source of
antioxidants for the food processing industry
and for the animal industry. Carpenter et al.
(2007) confirmed the antioxidant effect of the
grape seeds extract when added directly to
rawor cooked pig meat. A study by Gessner et
al. (2013), noticed that feeding grape seeds and
grape marc extract improved the feed
conversion ratio of the weaned piglets (Gessner
et al., 2013). The pumpkin is another vegetal
source for pig feeds, due to significant
concentration of minerals, vitamins and
betacarotene, particularly (Gwanama et al.,
2001). However, only the flesh of the pumpkin
isused, which means that some 24,000 tons of
pumpkin seeds are discarded yearly, which
have about 94% dry matter and a lot of
proteins, amino acids and lipids (Martínez et
al., 2008). The pumpkin grounds result from
the cold extraction of pumpkin oil from
pumpkin seeds, and studies are investigating
whether they can be used as animal feed.
Thisby-product is the least processed form of
protein from pumpkin seeds and it has 63%
protein, 12% carbohydrates, 4.5% gross fibre,
8.4% oils and 13% other components (Pericin
et al., 2007). This by-product might be a good
substrate for fermentation (Pericin et al., 2007)
and a source of bioactive phenolic acids
(Pericin et al., 2009) given its high level of
proteins (60-65%), which make it an attractive
and promising source of plant proteins (Pericin

et al., 2008). Within this context, we conducted
an experiment to evaluate the digestibility of
the basic nutrients and the quality of meat from
pigs (60-100 kg) fed on diets which included
flax meal, grape seeds meal and pumpkin
grounds.
MATERIALS AND METHODS
The efficiency of the diet formulations which
included food industry by-products (flax meal,
grape seeds meal and pumpkin grounds) was
assessed in a feeding trial on fattening pigs (60100 kg) conducted in the experimental hall of
the Laboratory of nutrition physiology of the
National Research Development Institute for
Animal Biology and Nutrition - IBNA. The 40days feeding trial was conducted on 9,
TOPPIGS pigs assigned to three groups (C, E1
and E2) with an average initial weight of
65.25±14.49 kg/pig (C), 65.33±3.78 kg/pig
(E1) and 65±10.03 kg/pig (E2). The pigs were
housed in individual digestibility cages which
allowed the daily recording of the compound
feeds intake and of the excreta. The
experimental hall had controlled microclimate
conditions, according to the management guide
of the hybrid pigs: 22.04±1.23oC temperature
and 42.18±1.60% humidity. The pigs had free
access to the feed and water. Group C received
a conventional diet (Table 1) based on corn
flour, wheat and soybean, with 19.59% crude
protein, 7.16% crude fibre and 3232 kcal/kg
metabolisable energy. Differently from group
C, the diet formulation for group E1 included
5% flax mealand 1% grape seeds meal
(19.36%, 7.84% and 3200 kcal/kg), while the
diet formulation for group E2 included 5%
pumpkin grounds (19.13%, 6.43% and 3200
kcal/kg). The studied by-products (flax meal,
grape seeds meal and pumpkin grounds) were
purchased from a local SME from Teleorman
County (2ePROD.SRL), which produces food
supplements. The diets were formulated using
the mathematical model for energy and protein
metabolism simulation (Burlacu, 1983). To
facilitate nutrient digestibility and provide a
healthy gut, the experimental diet were
supplemented with 15 g pre/probiotic feed/kg
and 10 g organic acids/kg feed (Table 1). The
pro/prebiotic feed is a combination of four
active ingredients with synergic action:
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probiotic - Enterococcus faecium; prebiotic fructo-oligosaccharide - inulin; cell wall
fragments and phicophytic substances such as
sea weeds extracts). The other product is a
synergic combination of organic acids,
inorganic acids and their salts which, by the
combination with the plant extracts prepare the
gut improving digestibility and inhibiting the
proliferation of Gramm-negative bacteria. It
contains: formic acid (19.2%); propionic acid
(19.2%); lactic acid; citric acid; sorbic acid,
with pH 4.0.

The pigs were weighed weekly to determine
the rate of growth. Two, 5-days balance periods
were conducted during the experimental period.
Ingesta and faeces samples were collected on a
daily basis from each pig, on the experimental
weeks 3 and 6, and assayed to determine the
coefficients of nutrient apparent absorption.
The daily samples of ingesta and faeces were
used to form average weekly samples, which
were died for 48 h at 65°C in a drying closet.
The samples were assayed for dry matter,
protein, fat, fibre and ash.

Table 1. Diet formulation
C

E1
%

E2

32.85

36.54

54.78

Flax meal

-

5

-

Grape seeds meal

-

1

-

Pumpkin grounds

-

-

5

Specification
Corn

Barley bran

10

8.23

10

Wheat

30

25.38

5

Canola meal

12

12

12

Soybean meal

11.93

8.27

8.62

Monocalcium phosphate

0.82

0.87

0.77

Calcium carbonate

0.63

0.5

1.57

Salt

0.43

0.43

0.46

Methionine

-

0.04

0.09

Lysine

0.26

0.41

0.38

Choline

0.08

0.08

0.08

Vitamin-mineral premix

1

1

1

Biomin IMBO

-

0.15

0.15

Biotronic Se Forte

-

0.1

0.1

Total ingredients

100

100

100

Assayed
Dry matter,%

89.52±0.075

89.63±0.22

89.61±0.08

Crude protein, %

19.59±0.37

19.36±1.85

19.13±0.10

Ether extractives, %

3.32±0.71

3.46±0.39

5.16±0.33

Fibre, %

7.16±1.75

7.84±1.03

6.43±0.12

Ash, %

5.70±0.58

5.73±0.57

6.48±0.31

Linolenic acid (g/100 g fatty acids)

2.16±0.20

11.03±0.50

1.65±0.07

*1 kg premix contains: (1500000 IU/g vitamin A; 500000 IU g vitamin D3; 500 IU/kg vitamin E; 200 mg/kg vitamin K; 200 mg/kg vitaminB1; 480 mg/kg vitamin B2; 1485
mg/kg pantothenic acid; 2700 mg/kg nicotinic acid; 300 mg/kg vitamin B6; 4 mg/kg vitamin B7; 100 mg/kg vitamin B9; 1.8 mg/kg vitamin B12; 2500 mg/kg vitamin C;
7190 mg/kg manganese; 6000 mg/kg iron; 600 mg/kg copper; 6000 mg/kg zinc; 50 mg/kg cobalt; 114 mg/kg iodine; 18 mg/kg selenium.

In the end of the feeding trial, the pigs were
taken to an authorised slaughter house. The
pigs were electrically stunned; following
exsanguination, the carcasses were scalded,
dehaired and eviscerated. Live weight at
slaughter and hot carcass weight were recorded.
Meat samples were collected (leg, tenderloin,
chop and neck) to evaluate the feeding value of
the pork (basic chemical composition and fatty

acids profile). Samples of the studied products
(flax seed meal, grape seed meal, pumpkin
waste) and of the compound feeds were
collected and assayed for the basic chemical
composition: dry matter, crude protein, crude
fibre and ash, using the chemical methods from
Regulation (CE) no. 152/2009 (Methods of
sampling and analysis for the official
inspection of feeds). The crude protein of the
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meat was determined using a semiautomatic
classical Kjeldahl method using a Kjeltek auto
1030 - Tecator (SR ISO 973, 2007). The meat
fat was extracted using an improved version of
the classical method by continuous extraction
in solvent, followed by fat measurement with
Soxhlet after solvent removal (SR ISO 1444,
2008). The meat ash was determined by
calcinations at 550°C (SR ISO 936, 2009). The
meat fatty acids composition was determined
by gas chromatography. After lipid extraction
from the samples, the fatty acids were
transformed
into
methyl
esters
by
transmethylation, and the components were
separated in the capillary chromatograph
column. The fatty acids were identified by
comparison with blank chromatograms and
were subsequently determined quantitatively as
percent for 100 g fat.
The analytical data were compared by variance
analysis (ANOVA) using STATVIEW for
Windows (SAS, version 6.0). The difference
between the means was considered significant
at P<0.05. The results were expressed as mean
± standard deviation.

Table 2. Chemical composition of the studied products*
Grape
Flax
Pumpkin
Items
seeds
meal
grounds
meal
Dry matter, %
92.47
92.98
94.43
Organic matter, %
87.38
90.13
89.83
Crude protein, %
31.95
13.26
20.62
Ether extractives, %
15.52
8.00
36.31
Crude fibre, %
12.94
34.04
12.64
Nitrogen-free
26.98
34.82
20.26
extractives, %
Ash, %
5.09
2.85
4.60
Gross energy, kcal/kg 1515.23 1763. 55
1366.86
Linolenic acid,
(g/100 g total fatty
60.80
0.18
0.41
acids)
*Chemical composition on dry matter (DM) basis

The basic chemical composition of the
compound feeds (Table 1) shows differences in
the fat content of the compound feeds for
groups C and E2. The higher dietary fat level
was given by the use of pumpkin grounds,
which is highin fat, 36.31% (Table 2).
However, the compound feeds manufactured
according to the new formulations have a
feeding value comparable to that of the control
compound feed.
The concentration of linolenic acid (C18: 3n-3)
determined in the compound feeds samples
(Table 1), was highest in the compound feed
for groups E1 (11.03%), as expected, because
of the high level of this omega 3
polyunsaturated fatty acid in the flax meal
(Table 2).
Pig performance values showed significant
differences
(P≤0.05)
between
groups
concerning the average daily feed intake (Table
3). In group E2, the average daily feed intake
(3.394±0.36 kg feed/pig/day), was significantly
P˂0.05) higher compared to groups C
(3.034±0.44 kg feed/pig/day) and E1
(3.332±0.36 kg feed/pig/day). During the
experimental period, final weight and average
daily gain, were slightly increased (P>0.05), for
C group (Table 3), but the difference was not
statistically significant.
There was no effect on overall growth
performance of pigs. A study of Romans
(1995), conducted on fattening pigs, showed
that the use of flax meal didn’t affect any
production parameter or carcass measurements.

RESULTS AND DISCUSSIONS
Table 2 shows the basic chemical composition
of the meals. The highest level of crude protein
was found in the flax meal (31.95%) followed
by the pumpkin grounds (20.62%) which also
had a high level of fat (36.31%). Because of the
high fibre level, 34.04%in the grape seeds
meals and 12.64% in the pumpkin grounds,
these plant by-products must be used in
moderate levels in the compound feeds. In pigs
the influence of fibre is given both by the
properties of the fibre and by its origin
(Lindberg, 2014).
Furthermore, the extent of fibre utilization is
influenced by the animal age, breed or hybrid.
It was shown that in pigs, the microbial
degradation of the fibre in the cecum and colon
yields fatty acids, which can supply 5-28% of
the energy requirement for growing pigs (Krass
et al., 1980; Marin et al., 2010). The fatty acids
profile of the studied products showed, as
expected, the highest concentration of α
linolenic acid (PUFA omega 3) in the flax meal
(Table 2).
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Table 3. Pig performance (average values/group)
Item
C
E1
Initial weight (kg/pig)
65.25±14.49
65.333±3.78
Final weight (kg/pig)
105.75±18.03
105.00 ±0.86
Average daily weight gain (kg gain/pig)
1.015±0.092
0.993±0.091
Average daily feed intake (kg CF/pig/day)
3.034±0.446bc
3.332±0.365a
Feed conversion ratio (kg CF/kg gain)
2.971±0.592
3.378±0.325
*where a, b, c show significant (P≤0.05) differences from C, E1 and E2

Table 4 shows the basic chemical composition
of the average weekly samples of faeces

E2
65.00±10.03
104.66±11.13
0.993±0.035
3.394±0.361 a
3.428±0.255

collected from each pig during weeks 3 and 6
of balance.

Table 4. Basic chemical composition of the faeces (average values/group)
Items

C

Dry matter,%
Crude protein,%
Ether extractives,%
Fibre, %
Ash, %

28.79±3.22
5.57±0.66
1.52±0.36
5.28±0.68
5.56±0.52

E1

E2

27.45±2.04
5.56±0.54
1.70±0.34
5.30±0.66
4.73±0.62

26.67±4.65
4.90±0.78
1.77±0.58
4.99±0.87
4.93±0.98

*where a, b, c show significant (P≤0.05) differences from C, E1 and E2

On the basis of the daily recording of
theingested feeds and excreted faeces,
corroborated with the analytical data on the

concentration of nutrients in the feeds
andfaeces, we calculated the coefficients of
apparent absorption of the nutrients (Table 5).

Table 5. Coefficients of apparent absorption of the nutrients (average values/balance)
Specification
Dry matter,
%
Organic
matter, %
Crude
protein, %
Ether
extractives,
%
Fibre, %
Nitrogen-free
extractives,
%
Asf, %

Item
Ingesta, g
Excreta, g
Absorption coef. %
Ingesta, g
Excreta, g
Absorption coef. %
Ingesta, g
Excreta, g
Absorption coef. %
Ingesta, g
Excreta, g
Absorption coef. %
Ingesta, g
Excreta, g
Absorption coef. %
Ingesta, g
Excreta, g
Absorption coef. %
Ingesta, g
Excreta, g
Absorption coef. %

C
2785.07±483.38
318.88±52.86
88.57±0.03
2463.96±427.65
242.12±41.87
90.19±0.11
585.29±101.58
59.09±8.12b
89.83±0.33c
80.25±13.93c
15.53±0.57bc
79.93±2.58b
269.27±46.73c
56.57±13.03
79.09±1.24c
1529.13±265.40
110.93±20.15
92.82±0.23
174.62±30.30
59.92±10.97
65.93±0.62

E1
3041.16±1.05
414.33±14.93
86.41±0.48
2676.39±0.93
317.43±6.72
88.17±0.24
690.47±0.24c
84.96±7.78ac
87.75±1.11
99.19±0.03
27.45±1.27ac
72.48±1.34ac
284.40±0.09c
79.25±0.18
72.15±0.06c
1602.32±0.55
125.76±2.53
92.17±0.16
204.79±0.07
71.01±3.86
65.39±1.80

*where a, b, c show significant (P≤0.05) differences from C, E1 and E2

The data on the coefficients of apparent
absorption of the nutrients (dry matter, organic
matter, crude protein, ether extractives, fibre,
nitrogen-free extractives and ash) absorbed in
the intestine by the animals from the
experimental groups (E1 and E2) were

E2
2208.61±0,001
334.63±58.39
85.01±2.50
1929.65±0.001
253.80±45.62
86.98±2.23
426.08±0.01b
61.68±5.39b
85.71±1.17a
114.63±0.01a
21.35±1.39ab
80.99±1.06b
152.92±0.01ab
62.59±10.24
59.45±6.45ab
1236.02±0
108.17±28.59
91.38±2.18
159.69±0
61.98±12.81
61.64±7.83

comparable with those from group C (Table 5).
The fat absorption coefficient was significantly
(P≤0.05) higher in groups E2 (pumpkin
grounds) compared to group E1. This
difference is justified by the high fat level of
the raw materials (Table 2), but also of the
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compound feeds, which was 5.16% in the
compound feed for group E2 (Table 1). The
fibre absorption coefficient was significantly
(P≤0.05) lower in group E2 (pumpkin
grounds), being 24.83% lower than in group C
and 17.60% than in group E1. This decrease of
the fibre absorption coefficient is correlated
with the fact that both in the chemical
composition of the compound feed for group

E1 (Table 1), and concerning the pumpkin
grounds (Table 2), the fibre was lower
compared to groups C and E1.
All pigs were slaughtered in the end of the
feeding trial and samples of leg, tenderloin,
chop and neck were collected and assayed for
the basic chemical composition and fatty acids
profile (Table 6).

Table 6. Slaughter measurements
Item
Final carcass weight (kg)
Slaughter yield (%)
Fat layer thickness (mm)
Muscle depth (mm)
Average meat percent (%)

C
79.00±13.72
74.7
17.150±1.344
45.800±3.818
54.850±1.626

E1
80.63±2.97
76.79
13.867±2.558
51.433±9.018
58.267±2.950

E2
80.80±8.48
77.2
16.867±1.365
51.333±4.110
55.967±0.586

Table 7. Basic chemical composition of the pig meat samples (average values/group)
Specification
Leg

Tenderloin

Chop

Neck

Dry matter, %
Crude protein, %
Ether extractives, %
Ash, %
Dry matter, %
Crude protein, %
Ether extractives, %
Ash, %
Dry matter, %
Crude protein, %
Ether extractives, %
Ash, %
Dry matter, %
Crude protein, %
Ether extractives, %
Ash, %

C

E1

E2

38.15±3.889
21.145±4.674
14.04±0.566
1.195±0.247
38.63±4.554
21.592±2.488
13.76±2.164
1.135±0.064
30.525±0.29
22.75±0.834
6.43±0.693
1.195±0.106
36.66±6.375
19.19±3.608
15.53±4.755
0.67±0.266

30.753±1.873
17.423±1.336
12.093±0.866
0.943±0.147
43.317±3.489
23.403±3.107
15.757±1.079
1.247±0.429
29.457±1.25
22.047±0.853
6.157±0.976
1.213±0.038
37.94±3.934
18.41±2.474
16.82±3.676
0.89±0.095

33.92±6.241
19.153±2.634
13.157±3.167
1.243±0.326
40.867±3.508
22.188±1.617
16.047±1.664
1.00±0.044
31.927±4.598
23.427±3.853
6.863±0.708
1.303±0.199
38.42±4.935
19.35±1.532
17.15±4.212
1.00±0.107

Table 6 data show that the slaughter yield was
higher in the experimental groups (E1 and E2)
compared to the control group, but the
differences were not statistically significant.
Both for muscle depth and for the average meat
yield, the values recorded for the two
experimental groups are higher than in group
C. The fat layer was higher in group C (17.15
mm) compared to E1 (13.87 mm) and E2
(16.87 mm). Bertol (2013) showed that in a
feeding experiment on males and females of the
same hybrid, the lowest proportion of fat was
recorded in the pigstreated with a diet
formulation based on canola oil and flax oil.
Kloareg et al. (2007) reported that different

fatty acids profiles in the diets might lead to
different levels of fat retention between
genotypes, because they differ in their fat
retention capacity. Bertol (2017) reported that
the inclusion of grape pomace in the diet did
not affect (P>0.10) the backfat fatty acid
profile, apart from the C18: 3 (n-3) content,
which was slightly reduced compared to the C
group diet without grape pomace.
Table 7 data show that there are no statistically
significant differences in the basic chemical
composition of the meat samples. However, the
fat from E2 meat samples showed the highest
concentration of fat/sample in the tenderloin
sample, being 16.62% higher than in group C.
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This is due to the fat of the dietary pumpkin
grounds (Table 2) and to the fat level of the
compound feed (Table 1). The increase of
10.43% compared to group C, for the neck

samples and just 1.8% in the tenderloin
samples and 1.96% for the neck samples,
compared to group E1 (5% flax meal and 1%
grape seeds meal).

Table 8. Fatty acids profile in the meat samples
C

Specification

Leg

Tenderloin

Chop

Neck

E1

E2

g/100 g total fatty acids
SFA

41.01±1.27

41.06±0.45

40.74±0.62

MUFA
PUFA, of which:
Ω3
Ω6
Ω6 / Ω3

48.16±0.35
10.65±0.97
1.32±0.14
9.33±0.89
7.06±0.07

46.63±1.57
12.19±1.05
2.12±0.54
10.07±0.50
4.75±1.10

48.30±0.71
10.78±0.31
1.38±0.11
9.40±0.19
6.81±0.42

SFA

45.31±1.27

42.82±4.43

45.33±0.17

MUFA

42.67±0.20

45.78±3.74

42.81±0.27

PUFA, of which:

11.69±1.03

11.17±0.74

11.25±0.08

Ω3
Ω6
Ω6 / Ω3
SFA
MUFA

1.37±0.14
10.32±0.67
7.53±0.30

1.42±0.54
9.75±0.22
6.87±3.99

1.12±0.10
10.13±0.24
9.04±0.60

40.99±0.12
48.63±0.16

40.84±0.53
48.98±0.22

40.84±0.03
48.91±0.23

PUFA, of which:

10.01±0.006

9.98±0.38

10.25±0.19

Ω3

1.57±0.10

1.66±0.20

1.62±0.02

Ω6

8.53±0.17

8.32±0.22

8.63±0.18

Ω6 / Ω3
SFA
MUFA

5.43±0.44
42.49±0.06
45.83±0.22

5.01±0.55
42,46±0.24
45.97±0.11

5.32±0.07
42.31±0.24
46.18±0.26

PUFA, of which:

11.58±0.29

11.57±0.14

11.45±0.08

Ω3
Ω6
Ω6 / Ω3

1.25±0.04
10.33±0.27
8.26±0.29

1.39±0.02
10.18±0.12
7.32±0.03

1.19±0.21
10.26±0.13
8.62±1.51

Where: PUFA = polyunsaturated fatty acids; MUFA = monounsaturated fatty acids; SFA= saturated fatty acids

that the sum of MUFA was lower (P<0.01) and
the sum of n-6 fatty acids was higher (P<0.01)
in the tenderloin and in the backfat of pigs in a
diet formulated with soybean oil, while the sum
of PUFA and the n-6/n-3 ratio was lower
(P<0.01) in the canola− and canola + flax oilfed pigs. The lowest n-6/n-3 ratio was obtained
with the canola + flax oil diet.

The meat fatty acids profile (Table 8) show
higher omega 3 PUFA values in the leg
samples from group E1 (flax meal). This is due
to the dietary 5% flax meal, high in omega 3
PUFA. The results of the present study are in
agreement with Romans et al. (1995a), Romans
et al. (1995b), Enser et al. (2000), Kouba et al.
(2003), and Juárez et al. (2010), who found that
including flax seed in diets for pigs results in
an increased n-3 fatty acid content in body fat.
Yan L. (2011) reported, regarding the fatty
acids composition in longissimus muscle, that a
significant differences was noticed on for the
arachidic fatty acid (C: 20: 0), which was lower
(p<0.05) in the grape seeds diet compared to
group C diet. No differences in the total SFA,
MUFA, PUFA and PUFA/SFA ratio in the
tenderloin. On the contrary, Romans (1995)
reported higher values for the alfa-linolenic
acid and eicosapentaenoic acid in the tenderloin
and liver samples. Also, Bertol (2013) reported

CONCLUSIONS
In the end of the feeding trial, no statistically
significant differences of the performance were
noticed between the groups. In the
experimental groups (E1 and E2), thes laughter
yield was higher than in group C, but not
statistically significant. Muscle depth and the
average meat yield from both experimental
groups were higher than in group C. Because of
the dietary pumpkin grounds, the absorption
coefficients for the fat were significantly
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(P≤0.05) higher in group E2 compared to E1,
while the absorption coefficient for the fibre
was significantly (P>0.05) lower in group E2,
decreasing by 24.83% compared to group C
and by 17.60% compared to group E1. The sum
of the omega 3 polyunsaturated fatty acids was
higher ingroup E1 (5% flax meal and 1% grape
seedsmeal) than in groups C and E2. The use of
vegetal by-products (flax seed meal and
grapeseed meal) improved the feeding quality
of the pigs meat. Therefore, the vegetal by
products rich in nutrients can be used in
pigsfeeding (with limits), which can improve
the feeding quality of the pork meat.
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