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Abstract 
 
Sunflower (Helianthus annuus L.) is the most important oil crop in Romania. The grain yield is determined by the yield 
components, respectively those elements participating to the yield formation, such as: plant population (number of 
plants per hectare), head diameter (cm), number of grains per head, grain weight per head (g), weight of thousand 
seeds (g). Water deficit is considered to be an important yield-limiting factor of sunflower. However, sunflower is 
considered to be a crop well adapted to drought conditions, better adapted than maize.  
The aim of the paper was to present the results regarding yield components and grain yield obtained at an assortment 
of Romanian sunflower hybrids studied under drought conditions from South Romania. Also, it was aimed to evaluate 
the impact of drought on the sunflower yield components and grain yield compared to those values obtained under 
favourable conditions.  
The study was realised under field conditions in the year 2012, which was characterised as being a drought year. 
Researches were performed at an assortment of ten sunflower hybrids created in Romania, respectively: PRO 112, PRO 
111, PF 100, PRO 229, PRO 121, PRO 122, PRO 131, PRO 132, PRO 141, and PRO 142. The study was implemented 
in three different locations in South Romania.  
Under drought conditions of 2012, the most affected yield component at the studied sunflower hybrids was head 
diameter. Compared to values obtained in favourable climatic conditions, in average for the studied sunflower hybrids 
the grain yield represented 70.0%. Under the same conditions, in average for ten maize hybrids, the grain yield 
represented only 37.8% from the values obtained under favourable climatic conditions. This is showing that sunflower 
is a better adapted crop to water stress than maize. 
 
Key words: sunflower, hybrids, yield, yield components, drought. 
 
INTRODUCTION  
 
Water is the most important limiting factor for 
crop production (Barros et al., 2003; Farzad et 
al., 2013; Nazatiyan et al., 2009; Tabatabaei et 
al., 2012). 
Shortage of water, the most important 
component of life, limits plant growth and crop 
productivity, particularly in arid regions more 
than any other abiotic environmental factor 
(Boyer, 1982, cited by Alahdadi et al., 2011). 
Water deficit is considered to be the major 
yield-limiting factor of sunflower. Gholinezhad 
at al. (2009) showed that grain yield and yield 
components at sunflower decreased with 
increasing of water stress, this has been 
reported by many authors who have been cited, 
respectively: Ahmad et al. (2009); Ali Meo 

(2000); Anderia and Chiaranda (1995); Anwar  
et al. (1995); Daneshian et al. (2005); Erdem et 
al. (2006); Fereres et al. (1986); Jabary et al. 
(2007); Human et al. (1998); Kalamian et al. 
(2007); Karem et al. (2007); Nezami et al. 
(2008); Yegappan et al. (1982). Also, 
Nazatiyan et al. (2009) showed that grain yield 
and yield components at sunflower decreased 
with increasing of water stress, citing different 
authors, respectively Cox and Jolliffe (1986), 
Kamel and Khiyavi (2002), Mozzafari et al. 
(1996), Barros et al. (2004).  
Sunflower (Helianthus annuus L.) is the most 
important oil crop in Romania. In the last 
decade, the annual harvested area with 
sunflower was between 0.75 and 1.15 million 
hectares. As harvested area of sunflower, 
Romania ranges the first place in European 
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Union. Romania has favourable conditions for 
growing sunflower and has a real potential for 
developing the sunflower crop by increasing 
first of all the yield. South Romania, the most 
important Romanian growing area for 
sunflower, is very often affected by drought 
which limits the yields.  
Sunflower is considered to be a crop well 
adapted to drought conditions, especially 
because of its strong capacity to use water from 
the soil through a very well developed and very 
efficient root system (Vrânceanu, 2000), as 
well as through the leaves capacity to tolerate 
temporary water stress and the hairy stem and 
leaves ( tefan et al., 2008). However, 
sunflower is not resistance to reduction of soil 
water until 40% FC, which decreases the plant 
growth and yield (Ardiarini et al., 2013). 
Water stress in sunflower affects firstly the 
morphological characteristics of the plant, 
causing the reduction of plant height, above-
ground biomass, and leaf area, and secondly the 
productive characteristics of the plant, namely 
the number of seeds head-1, grain weight head-1 
and weight of 1,000 seeds (Ion et al., 2004).  
Ion et al. (2010) reported that in the specific 
conditions from South Romania, the less 
favourable climatic conditions from the years 
2006 and 2007 affected the sunflower yield 
components and seed yield. In addition to 
previous works, the aim of the present paper 
was to present the results regarding yield 
components and grain yield obtained at an 
assortment of Romanian sunflower hybrids 
studied under drought conditions from South 
Romania. Also, it was aimed to evaluate the 
impact of drought on the sunflower yield 
components and grain yield compared to those 
values obtained under favourable conditions.  
The study was realised under field conditions in 
the year 2012, which was characterised as 
being a drought year.   
 
MATERIALS AND METHODS  
 
Researches were performed in the year 2012 on 
an assortment of ten sunflower hybrids created 
in Romania, respectively: PRO 112, PRO 111, 
PF 100, PRO 229, PRO 121, PRO 122, PRO 
131, PRO 132, PRO 141, and PRO 142.   
The hybrids were studied in three different 
locations in South Romania, respectively: 

- Fundulea, which is located in C l ra i 
County, the area being characterised by: 
average altitude of 68 m; cambic 
chernozem soil; medium to heavy texture; 
pH between 6.4 and 6.8; humus content 
between 2.8 and 3.2%; average temperature 
of 10.4°C; sum of precipitation of about 
550 mm.  

- Vâlcelele, which is located in C l ra i 
County, the area being characterised by: 
altitude between 40 and 45 m; chernozem 
soil; clay-loam texture; pH between 7.2 and 
7.8; humus content between 2.2 and 2.8%;  
average temperature of 11.2oC; sum of 
precipitation of about 514 mm.  

- Vi ani, which is located in Br ila County, 
the area being characterised by: average 
altitude of 43 m; cambic chernozem soil; 
loamy texture; soil reaction from slightly 
acid to slightly alkaline; humus content 
between 2.1 and 3.0%; average temperature 
of 11.0oC; sum of precipitation of about 460 
mm.   

The year 2012 can be characterized as being 
warm and drought in early spring, summer and 
autumn. In all months till November except 
February, temperatures registered higher values 
than multiannual averages. In April and 
August, the monthly average temperature was 
higher by 3.1°C than multiannual average 
value, while in July, the monthly average 
temperature was higher by 4.7°C than 
multiannual average value. 
March and April registered a rainfall deficit, 
but May was very wet, having a rain rate of 
160 mm, which means more than double 
compared to the normal value. After May 
month, one followed a dry period which has 
been extended until autumn, period that 
culminated in July with only 2 mm 
precipitation (about 70 mm deficit). The lack of 
water affected the plant growth, respectively 
the yield components and grain yield. 
The crop technology was the usual one for 
cultivating sunflower in South Romania.  
For establishing the yield components and the 
grain yield, there were performed the following 
determinations: plant population (number of 
plants per hectare), head diameter (cm), 
number of grains per head, grain weight per 
head (g), weight of thousand seeds (g), grain 
yield at 9% humidity (kg per hectare).  
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In each location and for each hybrid, two plants 
in four replications (in total eight plants) were 
analysed for establishing the yield components. 
The analysed plants were representative 
(average plants) for the plant population in the 
crop. The heads and grains were detailed 
analysed in laboratory.  
Analysis of variance (ANOVA) was performed 
for the data obtained in each location where the 
sunflower hybrids were studied. 
 
RESULTS AND DISCUSSIONS 
 
Under the drought conditions of 2012, head 
diameter for all the studied hybrids and 
locations was in average of 14.9 cm (Table 1). 
The highest average value, for all the three 
areas in which the hybrids were studied, was 
obtained for PRO 121 hybrid (16.5 cm), while 
the smallest average value was obtained for 
hybrid PRO 142 (13.6 cm). The values for the 
head diameter are different according to hybrid 
and location, they varying between 11.3 and 
18.7 cm. 
 

Table 1. Average head diameter (cm) at the studied 
sunflower hybrids, in different locations from South 

Romania and in 2012 climatic conditions 

Sunflower 
hybrid 

Location Average 
(hybrid) Fundulea Vâlcelele Vi ani 

PRO 112 16.0 14.4 14.3 14.9 
PRO 111 18.7    15.5 * 14.5 16.2 
PF 100 16.9    11.3 o 13.6 13.9 
PRO 229 17.6 12.5 15.6 15.2 
PRO 121 18.0 14.3 17.3 16.5 
PRO 122 15.5 13.9 18.0 15.8 
PRO 131 13.7 13.0 15.7 14.1 
PRO 132 14.9 14.4 14.0 14.4 
PRO 141 16.4 12.0 - 14.2 
PRO 142 14.3 12.8 - 13.6 
Average 
(control) 16.2 13.4 15.4 14.9 
DL 5% 2.9 1.60 2.8 6.1 
DL 1% 3.9 2.18 3.8 8.3 
DL 0.1% 5.2 2.95 5.1 11.2 

 
The number of grains per head, for all the 
studied hybrids and locations, was in average 
of 1,130 (Table 2). The highest average value 
for all the three areas in which the hybrids were 
studied was obtained for PRO 121 hybrid 
(1,291), which means this is well correlated 
with diameter of the head. The smallest average 
value for all the three areas in which the 
hybrids were studied was obtained for hybrid 

PRO 132 (954), which was the only hybrid 
with less than 1,000 seeds. The values for the 
number of grains per head are different 
according to hybrid and location, they varying 
between 615 and 1590.  
As in the case of head diameter, the highest 
values for the number of grains per head were 
obtained in the location Fundulea, and for 
hybrid PRO 111. 
 

Table 2. Average number of grains per head at the 
studied sunflower hybrids, in different locations from 

South Romania and in 2012 climatic conditions 

Sunflower 
hybrid 

Location Average 
(hybrid) Fundulea Vâlcelele Vi ani 

PRO 112 1.265    964       933 o 1.054 
PRO 111 1.590    996 1.245 1.277 
PF 100 1.254    737 1.413 1.135 
PRO 229 1.432      615 o 1.056 1.034 
PRO 121 1.529    843 1.502 1.291 
PRO 122 1.282 1.012 1.449 1.248 
PRO 131 1.353    719 1.362 1.145 
PRO 132      936 o    922 1.005   954 
PRO 141 1.271    862 - 1.067 
PRO 142 1.137 1.046 - 1.092 
Average 
(control) 1.305    872 1.246 1.130 
DL 5% 360 246 303 564 
DL 1% 485 335 413 767 
DL 0.1% 643 454 552 1040 

 
The grain weight per head, for all the studied 
hybrids and locations, was in average of 
41.93 g (Table 3). The highest average value 
for all the three areas in which the hybrids were 
studied was obtained for PRO 121 hybrid 
(48.75 g), which means this is well correlated 
with diameter of the head and the number of 
grains per head. The smallest average value for 
all the three areas in which the hybrids were 
studied was obtained for hybrids PRO 132 
(34.62 g), which was the hybrid with the 
smallest value for number of grains per head, 
and PRO 141 (34.86 g), which was the hybrid 
with the smallest value for head diameter. It has 
to be underlined that for all the three areas in 
which the hybrids were studied, for the number 
of grains per head as average values, there were 
registered no values higher than 50 g. 
The values for grain weight per head are 
different according to hybrid and location, they 
varying between 19.87 and 68.41 g.  
The highest values of the grain weight per head 
were obtained in Vi ani location. 
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The weight of thousand seeds, for all the 
studied hybrids and locations, was in average 
of 36.78 g (Table 4). The highest average value 
for all the three areas in which the hybrids were 
studied was obtained for PRO 112 hybrid 
(44.9 g), the only hybrid with a value higher 
than 40 g. The smallest average value for all 
the three areas was registered by PRO 141 
hybrids (31.79 g).  
The values for grain weight per head are 
different according to hybrid and location, they 
varying between 26.69 and 53.96 g.  
As in the case of grain weight per head, the 
highest values for the weight of thousand seeds 
were obtained in Vi ani location. 
 
Table 3. Average grain weight per head (g) at the studied 

sunflower hybrids, in different locations from South 
Romania and in 2012 climatic conditions 

Sunflower 
hybrid 

Location Average 
(hybrid) Fundulea Vâlcelele Vi ani 

PRO 112 41.17    46.93 * 50.14 46.08 
PRO 111 62.57 40.52 42.62 48.57 
PF 100 48.96 21.02 52.38 40.79 
PRO 229 45.39 19.87 44.20 36.49 
PRO 121 56.77 30.27 59.22 48.75 
PRO 122 44.93 31.79     68.41 ** 48.38 
PRO 131 47.89 22.64 48.05 39.53 
PRO 132 30.98 29.18 43.69 34.62 
PRO 141 46.71 23.01 - 34.86 
PRO 142 45.55 36.97 - 41.26 
Average 
(control) 47.09 30.22 51.09 41.93 

DL 5% 17.82 12.88 10.45 24.05 
DL 1% 24.02 17.50 14.21 32.67 
DL 0.1% 31.89 23.73 19.03 44.29 

 
Table 4. Average weight of thousand seeds (g) at the 
studied sunflower hybrids, in different locations from 

South Romania and in 2012 climatic conditions  

Sunflower 
hybrid 

Location Average 
(hybrid) Fundulea Vâlcelele Vi ani 

PRO 112 32.58   48.15 ***     53.96 ** 44.90 
PRO 111 38.10    40.50 *   34.44 o 37.68 
PF 100 39.62   27.73 o 36.96 34.77 
PRO 229 31.49 31.78 42.51 35.26 
PRO 121 36.72 34.87 41.26 37.62 
PRO 122 35.26 31.43 47.23 37.97 
PRO 131 35.36 31.50 35.25 34.04 
PRO 132 32.49 31.69 43.34 35.84 
PRO 141 36.88  26.69 o - 31.79 
PRO 142 40.60 35.26 - 37.93 
Average 
(control) 35.91 33.96 41.87 36.78 

DL 5% 6.63 5.56 7.03 18.62 
DL 1% 8.93 7.56 9.55 25.30 
DL 0.1% 11.86 10.25 12.80 34.29 

 

The average plant population at the studied 
hybrids was in normal limits for sunflower 
cultivation in South Romania under rainfed 
conditions (no-irrigation), this varying between 
60.8 thousand plants per hectare in Fundulea 
area from C l ra i County and 62.3 thousand 
plants per hectare in Vi ani area from Br ila 
County (Table 5). 
 

Table 5. Average plant population (plants/ha) at the 
studied sunflower hybrids, in different locations from 

South Romania and in 2012 climatic conditions 

Sunflower 
hybrid 

Location Average 
(hybrid) Fundulea Vâlcelele Vi ani 

PRO 112    50,455 oo 61,791 57,778 56,675 
PRO 111 58,249 62,022 59,948 60,073 
PF 100 60,607 62,694 61,328 61,543 
PRO 229 62,121 62,731 59,318 61,390 
PRO 121 63,214 63,572 63,194 63,327 
PRO 122 60,607 63,500 62,474 62,194 
PRO 131 64,372 61,530 65,508 63,803 
PRO 132 63,519 59,264   69,349 ** 64,044 
PRO 141 63,305 65,566 - 64,436 
PRO 142 61,762   47,736 ooo - 54,749 
Average 
(control) 60,821 61,041 62,362 61,408 

 
Under the drought conditions of 2012, the 
average grain yield, for all the studied hybrids 
and locations, was of 2,649 kg/ha (Table 6). 
The highest average value for all the three areas 
in which the hybrids were studied was obtained 
for PRO 121 hybrid (3,207 kg/ha), while the 
smallest average value was obtained for 
hybrids PRO 142 (2,160 kg/ha).  
 

Table 6. Average grain yield at 9% humidity (kg/ha) at 
the studied sunflower hybrids, in different locations from 

South Romania and in 2012 climatic conditions 

Sunflower 
hybrid 

Location Average 
(hybrid) Fundulea Vâlcelele Vi ani 

PRO 112 2,175   3,017 * 3,012 2,735 
PRO 111 3,845 2,615 2,652 3,037 
PF 100 3,095 1,360 3,369 2,608 
PRO 229 2,934 1,292 2,746 2,324 
PRO 121 3,721 1,992 3,907 3,207 
PRO 122 2,841 2,082     4,453 ** 3,125 
PRO 131 3,236 1,421 3,288 2,648 
PRO 132 2,035 1,777 3,161 2,324 
PRO 141 3,077 1,567 - 2,322 
PRO 142 2,492 1,827 - 2,160 
Average 
(control) 2,945 1,895 3,323 2,649 
DL 5% 1,181 880 725 1,544 
DL 1% 1,591 1,196 986 2,099 
DL 0.1% 2,112 1,621 1,320 2,845
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The grain yield higher than 3 tons/ha as 
average for all the three areas were registered 
by the hybrids PRO 121, PRO 122, PRO 111. 
The values for grain yield are different 
according to hybrid and location, they varying 
between 1,292 and 4,453 kg/ha. 
The specific climatic conditions from South 
Romania in the year 2012, characterised as 
being a drought year, affected the values of the 
yield components and the grain yield (Table 8) 
compared to the values obtained under 
favourable climatic conditions (Table 7).  
 

Table 7. Values of the yield components and yield 
obtained in favourable climatic conditions,  

at the studied sunflower hybrids 

Sunflower 
hybrid 

Head 
diameter 

(cm) 

Grain 
weight  per 

head (g) 

Weight of 
thousand 
seeds (g) 

Grain yield at 
9% humidity 

(kg/ha)  
PRO 112 22 73 57 4,480 
PRO 111 24 55 63 3,680 
PF 100 22 64 68 3,910 
PRO 229 21 90 65 4,460 
PRO 121 26 72 60 4,250 
PRO 122 21 50 68 3,380 
PRO 131 22 59 69 3,370 
PRO 132 22 46 49 3,650 
PRO 141 21 51 57 3,380 
PRO 142 21 58 56 3,660 
 
Compared to values obtained in favourable 
climatic conditions, under drought conditions 
of 2012, as average value for all the three 
studied locations (Table 9), the head diameter 
represented between 63.2% (PF 100 hybrid) 
and 75.2% (PRO 122 hybrid), the grain weight 
per head represented between 40.5% (PRO 229 
hybrid) and 96.8% (PRO 122 hybrid), and the 
weight of thousand seeds represented between 
49.3% (PRO 131 hybrid) and 78.8% (PRO 112 
hybrid). 
The grain yield obtained under drought 
conditions of 2012, as average value for all the 
three studied locations from South Romania, 
compared to values obtained in favourable 
climatic conditions, it represented between 
52.1% at PRO 229 hybrid and 92.5% at PRO 
122 hybrid (Table 9).  
Hybrids PRO 122, PRO 111, and PRO 131 
which registered the smallest reduction of grain 
yield in 2012 compared to favourable 
conditions, they have a smaller yielding 
capacity under favourable conditions, but their 
yield is more stable from year to year, this 
being less affected by the climatic fluctuations.  

Hybrids PRO 229 and PRO 112 which 
registered the largest reduction of grain yield in 
2012 compared to favourable conditions, they 
have a high yielding capacity under favourable 
conditions, but they are less stable from year to 
year, which means these hybrids are not well 
adapted to water stress. 
 

Table 8. Percentages of yield components and yield 
obtained in 2012 from values obtained in favourable 
climatic conditions, at the studied sunflower hybrids 

Sunflower 
hybrid 

Head 
diameter 

Grain 
weight 

per head  

Weight of 
thousand 

seeds 

Grain yield at 
9% humidity

PRO 112 67.7 63.1 78.8 61.0 
PRO 111 67.5 88.3 59.8 82.5 
PF 100 63.2 63.7 51.1 66.7 
PRO 229 72.4 40.5 54.2 52.1 
PRO 121 63.5 67.7 62.7 75.5 
PRO 122 75.2 96.8 55.8 92.5 
PRO 131 64.1 67.0 49.3 78.6 
PRO 132 65.5 75.3 73.1 63.7 
PRO 141 67.6 68.4 55.8 68.7 
PRO 142 64.8 71.1 67.7 59.0 
 
Compared to values obtained in favourable 
climatic conditions, under drought conditions 
of 2012, as average value for all the ten studied 
hybrids and in all the three studied locations, 
the head diameter represented 67.1%, the grain 
weight per head represented 70.2%, the weight 
of thousand seeds represented 60.8%, and the 
grain yield represented 70.0%. So, under 
drought conditions of 2012 the most affected 
yield component was head diameter (Figure 1).  
 

 
Figure 1. Yield components and yield obtained in 2012 

as average percentage from values obtained in favourable 
climatic conditions 

 
It has to be underlined the fact that in the same 
locations and under the same drought 
conditions of 2012, in average for ten maize 
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hybrids, the grain yield was only of 37.8% 
from the yield obtained in favourable climatic 
conditions (Ion et al., 2013). Compared to 
maize, sunflower realised in average for the ten 
studied hybrids 70.0% of the yield obtained in 
favourable climatic conditions, which is 
showing the much better drought adaptability 
of sunflower compared to maize. So, for South 
Romania sunflower is a crop better adapted to 
water stress than maize, the grain yield at 
sunflower being more stable from one year to 
another.  
 
CONCLUSIONS  
 
The drought from the year 2012 affected the 
values of the yield components and the grain 
yield at the studied sunflower hybrids. 
Hybrids PRO 122, PRO 111, and PRO 131, 
with smaller yielding capacity under favourable 
climatic conditions, have a more stable grain 
yield from one year to another, they being less 
affected by the climatic fluctuations.  
Hybrids PRO 229 and PRO 112, with high 
yielding capacity under favourable climatic 
conditions, have a less stable grain yield from 
one year to another, which means these hybrids 
are not well adapted to water stress. 
Under drought conditions of 2012, head 
diameter was the most affected yield 
component at the studied sunflower hybrids.  
Compared to values obtained in favourable 
climatic conditions, under drought conditions 
of 2012, in average for the ten studied 
sunflower hybrids the grain yield represented 
70.0%. 
For South Romania, sunflower is a better 
adapted crop to water stress than maize.   
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Abstract 
 
Seed gal nematode (Anguina tritici  Stein.) has not been reported as a parasite of wheat and barley in Bulgaria for 
more than thirteen years. However, in 2012 it has been detected in two locations of southeastern Bulgaria. Regarding 
this, the aim of the present study was to focus on the nematode pathogenicity and its impact on wheat plants. In a 
laboratory experiments were tasted five varieties of wheat against A. tritici. None of them showed to be resistant to the 
nematode. Field experiment were carried out in infested farmer fields during the 2012/2013 growing season to evaluate 
the effect of seed gall nematode on grain yield. A. tritici severity corresponded both with a decrease in number of grain 
spike and with an increase of number of distorted and died spike. Nematode pathogenicity potential corresponded also 
with a decrease of grain weight spike and its affect on yield.  
 
Key words: seed gall nematode, pathogenicity, Triticum aesitvum, susceptibility, grain yield. 
 
INTRODUCTION  
 
Seed gall nematode was the first plant parasitic 
nematode to be observed and described. The 
species was reported by Turbevill Needham in 
1743. This is thought to be the first recorded 
microscopic observation in which the observer 
associated a pathogenic organism as the causal 
agent of a plant disease (Lehman, 1979). 
Anguina tritici juveniles feed ectoparasitically 
on the tissues of growing points of the leaves. 
Later, the juveniles penetrate the flower buds at 
the time of flower bud initiation and start to 
feed endoparasitically. Finally, the nematodes 
convert wheat grains into galls, caused 
enormous yield loss (Evans et al., 1993). In 
India, the annual loss caused by A. tritici ranges 
from 1 to 9% representing financial loss of 
about 70 million rupees (Kaushal, 1998). In 
Turkey, the infection rates ranged from 1.5 to 
55.2% (Elmali, 2002).    
Seed gall nematode has been found in major 
wheat growing regions of the world and is 
easily disseminated in seed. Recent surveys of 
A. tritici have not provided any evidence that 
nematodes are still occurring in most of the 
countries where previously has been found 
(Nicol and Rivoal, 2008). The species is still 
occurring in several countries of Africa (Nicol 

and Rivoal, 2008), India (Kausar and Khan, 
2009), Iran (Bonjar et al., 2004) and Turkey 
(Imren, 2007). 
In Bulgaria, the first documented study on A. 
tritici was from surveys conducted in the mid 
twenties of the last century (Stoyanov, 1980). 
Over the next seven decades the nematode has 
been reported several times from different parts 
of the country (Gateva, 1999). Since the 
beginning of this century, damages causing by 
seed gall nematode have not been observed in 
any wheat producing regions of the country. In 
2012 seed gall nematode has been detected in 
two wheat fields of the southeastern Bulgaria. 
Ever since A. tritici was reported as a parasite 
of cereal crops, its morphological, biological 
and ecological features have been studied 
(Southey, 1972; Gokte and Swarup, 1987; 
Evans et al., 1993). Numerous issues have 
described the pathogenicity of this plant 
parasitic species and various aspects of its 
control strategies (Peterson et al., 1986; Galper 
et al., 1991; Singh et al., 2012). Despite all 
mentioned so far, information about seed gall 
nematode impact on the wheat plants growth 
and grain yield in Bulgaria is lacking. 
Therefore, the objective of the present study 
was to conduct a survey to determine the effect 
of A. tritici on the growth of several wheat 
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varieties under laboratory conditions. The study 
also was attempted to evaluate the damages of 
the nematode on wheat plants under field 
conditions. 
 
MATERIALS AND METHODS 
 
Pots experiment 
The experiment was carried out during 26th of 
June till 10th of October 2012. Fifty plastic pots 
of 15 cm diameter were filled with 1000 ml soil 
mixed with compost : manure (3:1). Then pots 
were autoclaved in order to sterilize the soil 
and make it free from any kind of pathogen. 
Certified seeds of five varieties of wheat, 
Triticum aestivum L. (Table 1) were pre-soaked 
in water for four hours separately and then five 
seeds of each variety were sown in each pot 
with ten replicates for each variety. Fifteen 
days after sowing five pots of each variety were 
inoculated with about 10000 second stage 
juveniles of A. tritici. The juveniles were 
obtained from the wheat galls collected from 
damaged plants at the end of precious growing 
season. The wheat galls were soaked in sterile 
distilled water for 24 hours and the inoculum 
was prepared by crushing the water soaked 
cokled seeds. Five non-inoculated pots of each 
variety served as control. After the inoculation 
the pots were placed in growth chamber which 
was programmed with 16°C day/12°C 
temperature regime, 12 hr day/night cycle and 
70% relative humidity. During the growing 
period of three months the plants were 
regularly inspected for visible symptoms of 
nematode damages. At maturity, the plants 
were uprooted and the length of root and shoot, 
the number of leaves, tillers and grains/plant 
and the number of galls/plant were recorded. 
The number of second stage juveniles per gall 
was counted as well. Mean value of each group 
of five plants were treated as a replicate. 
 
Field experiment 
Study was carried out in farmer fields nearby, 
in Yambol province during 2012/2013 wheat 
growing season where A. tritici infestation was 
first identified in the spring of 2012. The 
sowing was done during 15-20 October which 

period is the most appropriate sowing time for 
the region. Seeds of wheat variety Enola were 
sown by drill in total area of 16 ha at rate of 
550 seeds/m2. Fertilizers at the rates of N200, 
P150, K150 kg per ha were applied at sowing and 
stem elongation stages of crop growth, 
respectively. A broad leaf herbicide was applied 
at four leaves stage of weeds. All other 
agronomical practices for a healthy crop 
production were taken up. Crop was harvested 
on 27th of June 2013 by combine harvester. 
Experimental twin plots (1+1=2 m2 each) 
located 100 m apart were randomly selected at 
four different places in the field at maturity 
stage. Total number of spikes, number of 
distorted and totally dried spikes with empty 
spikelets (nematode damaged) in which plot 
were counted. Selected plots were harvested by 
hand and threshed for measuring of grain 
weight/spike. 
Analyses of variance were carried out using 
SPAS (Statistical package for agricultural 
scientists, available online at 
http://www.hau.ernet.in/link/spas.htm). 
 
RESULTS AND DISCUSSIONS 
 
Data summarized in Table 1 show that length of 
root and shoot and number of leaves, tillers and 
grains per plant of varieties Aglika, Crystal, 
Albena and Diamond were significantly 
reduced in inoculated pots compared to the 
control. There was no significant reduction in 
root and shoot length of the Enola plants 
compared to the control. The highest number of 
seed galls was occurred on the varieties Enola 
and Aglika followed by Albena and Diamond. 
The largest number of second stage juveniles 
per gall was counted in both Aglika and Crystal 
varieties followed by Enola, Albena and 
Diamond. 
The results presented in Table 1 show that two 
of the most grown wheat varieties in Bulgaria - 
Enola and Aglika can be considered as 
susceptible to A. tritici. This is important to 
note because in 2013/2014 growing season 
approximately 18% of wheat areas have been 
sown by grains of variety Enola (Annual 
agricultural statistic, 2013). 
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Table 1. Response of wheat varieties to the seed gall nematode Anguina tritici 

Variety Treatment Length (cm) Number/plant Galls/plant Juveniles/grain 
Root Shoot Leaf Tiller Grain 

Aglika Control 13.5 72.4 6 1.74 25 - - 
 Inoculated 11.6 66.3 6 1.38 24 24 10,000 
Enola Control 12.9 69.8 6 1.62 33 - - 
 Inoculated 11.5 67.2 5 1.44 27 27 7,500 
Crystal Control 13.0 73.0 7 1.72 24 - - 
 Inoculated 11.2 64.6 6 1.24 20 17 10,000 
Albena Control 11.8 62.0 7 1.32 30 - - 
 Inoculated 10.9 60.8 7 1.21 22 20 6,000 
Diamond Control 13.6 75.7 6 1.68 29 - - 
 Inoculated 12,0 66.4 5 1.30 19 19 5,000 
LSD at 5%  1.42 3.19 0.38 0.31 2.08   

 

Total number of spikes (m-1), the number of A. 
tritici damaged spikes (m-1) and yield (kg/ha-1) 
based on means of twin plots are presented in 
Table 2. The numbers of spikes (m-1) were 
almost homogenous for the four plots and 
ranged from 437 to 456 spikes (m-1) per plot. 
All the four plots except plot 4 have a quite 
similar number of distorted and died spikes 
varied from 38 to 59 and from 14 to 22 spikes 
(m-1), respectively. The infestation ratio 
excluding the rates of healthy looking spikes 
was 13.5 ([(44.75+15.5)/446]×100) in wheat 
variety Enola. 

 

Table 2. Yield obtained from healthy and infested by 
Anguina tritici wheat plants grown in 4 randomly 

sampled unit area in the infected field 

No. of 
twin plots NoS11 NoS22 NoS33 NoS44 Y5  

(kg ha-

1
1 456 53 17 336 4300 
2 441 59 22 360 3980 
3 450 38 14 398 4220 
4 437 29 9 399 4040 
      
Mean 446 44,75 15,5 385,75 4130,5 
±SD ±38.57 ±3.25 ±0.94 ±10.72 ±41.3 
      
  SW26 SW37 SW48  
Mean  0.681 0.00 2.053  
±SD  0.04  0.07  

1NoS1: average no. of spike (m-2), 2NoS2: average no. of distorted 
spikes (m-2), 3NoS3: average no. of dried spikes (m-2), 4NoS4: average 
no. of healthy looking spikes (m-2), 5Y: yield obtained from combine 
harvester, 6SW2: distorted spike weight (g-1), 7SW3: dried spike 
weight (g-1), 8SW4: healthy looking spike weight (g-1) 
 
The weight of distorted spikes (m-1) was three 
times lower than the weight of healthy looking 
spikes (m-1). Similarly Ozberk et al. (2011) 
reported 2.79 (g-1) average spike weight of 

healthy looking spikes (m-1) (variety Fuatbay 
2000) and 0.55 (g-1) of distorted spikes. 
It is interesting to note that affected by A. tritici 
plant showed visible basal swelling at the 
second half of April. Afterwards wrinkling, 
crinkling and twisting of leaves were observed 
(Figure 1). These symptoms were attributed to 
ectoparasitic feeding of the nematodes. 
Damaged spikes had tinner and deformed ear 
head, with broken and distorted awns. Totally 
dried spikes contained only galls, without any 
kernels.  
 

 
Figure 1. Distorted wheat plants with twisted and 

crinkled leaves due to Anguina tritici development 
 
In the present research average grain yield at 
the end of growing season was 4,130.5 (kg/ha1). 
It is quite lower than potential yield of the 
variety Enola, which is more than 6,500.0 
(kg/ha-1). This significant difference between 
actual and potential grain yield probably due to 
the seed gall nematode infestation. A. tritici 
infestation is a certain but not the only reason 
for the observed difference. According to many 
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research workers and farmers, the region 
(Yambol province) is not very appropriate for 
growing of common wheat (Triticum aestivum 
L.) (Delibaltova and Ivanova, 2006). Probably 
because of these two reasons the grain yield 
was lower than expected. 
The galls were green at the beginning and later 
become comparatively brown and black, full of 
second stage juveniles at maturity (Figure 2 
and Figure 3). 
 

 
Figure 2. Healthy wheat grains and grains converted  

into galls 
 

 
Figure 3. “Wool” of Anguina tritici second stage 

juveniles in gall seeds 
 
Recently in Bulgaria cereal crop production is 
the major and well developed branch of 
national agriculture. It is encouraging by 
government giving subsidy to farmers. Despite 
that some producers still using uncertified seed 
and do not take any seed hygienic measures. As 
a result plant pathologist and representatives of 
quarantine services are very much aware of the 
presence of the most important plant parasitic 
nematodes on wheat, such as Pratylenchus 
spp., Heterodera avenae and A. tritici in 
southeastern Bulgaria. 
The negative effect of seed gall nematode on 
grain yield should not be neglected and farmers 

have to be encouraged to monitor carefully A. 
tritici appearance and to take appropriate 
measures to control it. 
 
CONCLUSIONS 
 
Plants of all five wheat varieties screened in 
this study can be invaded by seed gall 
nematode. 
Differences among evaluated varieties allow 
choosing the variety Enola as a variety with the 
best plant growth parameters and using it in the 
further field experiments. 
The results of field survey indicated that A. 
tritici infestation ratio on the wheat plants 
reached a level of 13.5. Due to this grain yield 
was substantially reduced. 
The results of this study suggest that is 
extremely important to farmers not only to 
follow the crop rotation with non host plants 
but also to use certified seeds and to monitor 
permanently the cereal fields. 
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Abstract 
 
Total flavonoid and phenolic content, antiradical properties and external flavonoid profiles on extracts of six samples 
of flower heads of cultivated Arnica montana was assessed. The studied samples were compared in relation to location 
of cultivation, origin of the seeds, time of harvesting, method of propagation: in vitro and in vivo. Four flavonoid 
aglycones were detected of examined exudates by co-chromatography with known compounds - scutellarein-6-methyl 
ether (hispidulin), scutellarein 6,4’-dimethyl ether (pectolinarigenin), 6-hydroxyluteolin 6-methyl ether and kaempferol 
6-methyl ether. Quality differences in flavonoid composition were not observed between the studied samples while 
quantitative variations of total flavonoid and phenolic content were detected but in the most cases they a statistically 
not significant. The highest antioxidant properties displayed the samples from in vivo grown plants. As a result of the 
present preliminary study it was established that the best values of studied parameters showed the sample of in vivo 
grown plants, from seeds with Ukrainian origin, cultivated in Rhodope Mountain, collected at full flowering stage. 
 
Key words: DPPH, surface flavonoids, TLC. 
 
INTRODUCTION 
 
Arnica montana L. (Asteraceae) is a rare 
species under strict protection in several 
European countries and at the same time is 
medicinal plant with high commercial value 
(Lange, 1998). The alcohol extract of flowering 
heads are traditionally used for treatment of 
skin wounds, bruises and contusions 
(Smallfield and Douglas, 2008). The herb is 
rich in sesquiterpene lactones (e.g. helenalin), 
phenolic acids (caffeic acid derivatives), 
flavonoids and essential oils, that are 
determining its pharmacological properties – 
antiseptic, anti-inflammatory, antibacterial and 
antioxidant (Woerdenbag et al., 1994; Lyss et 
al., 1997; Smallfield and Douglas, 2008) 
In Bulgaria, Arnica montana L. has been 
reported to grow only in Rila mountain (Assov 
and Petrova, 2006), but its distribution has not 
been confirmed. So, breeding of the plant is 
becoming increasingly necessary. An in vitro 
propagation protocol for A. montana has been 
reported by several authors including our team 

(Petrova et al., 2005; Surmacz-Magdziak and 
Sugier, 2012; Petrova et al., 2012). Although in 
many countries such as Italy, Germany, Finland 
and others, studies on the cultivation of A. 
montana was carried out for years (Aiello et al., 
2012) in Bulgaria such kind of researches 
began only in recent years. 
Phenolic compounds and flavonoids are among 
the main components of A. montana but they 
are also the main components determining 
antioxidant properties, therefore we selected 
them as indicators of the quality of the 
material. The total polyphenol content and 
antioxidant activity of  A. montana extracts 
have been reported in several publications 
(H rm nescu et al., 2008; Fraisse et al., 2011; 
Moldovan et al., 2011). It has been shown that 
phenolic profiles of A. montana depends on 
environmental conditions (Albert et al., 2009; 
Spitaler et al., 2008). Therefore important point 
in the cultivation of the plant is to define the 
growing conditions and time of flower harvest 
for obtaining material with the best quality. 
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In the present preliminary study the effect of 
some factors (location of cultivation, harvesting 
stage, origin of seed, method of propagation: in 
vitro and in vivo) on qualitative and 
quantitative parameters (external flavonoids, 
total phenolic and flavonoids, antiradical 
properties) of cultivated plants of A. montana 
was studied. 
 
MATERIALS AND METHODS 
 
Plant material 
The used plant material was derived from seeds 
of both origins - natural habitat in the 
Carpathians, Ukraine (UO) and Botanical 
garden, Germany, cultivar “Arbo” (GO). The 
plants were grown in the experimental stations 
“Golden Bridge” of the Vitosha Mountain 
(VM) - 1404 m a.s.l. and “Beglika” of Rhodope 
Mountain (RM) - 1500 m a.s.l. The plant 
material was collected at full flowering (FFS) 
and end of flowering (EFS) stages. One of the 
samples represents in vitro adapted plant. 
Preparation of the extracts 
Acetone exudates. Air-dried (but not ground) 
plant material (1g) was briefly (2-3 min) rinsed 
with acetone to dissolve the lipophilic 
components accumulated on the surface. After 
evaporation of the acetone the dry extracts 
were dissolved in 250 L methanol and 
subjected on TLC.  
Methanol extracts. Dry, ground plant material 
(1 g) was extracted with 80% (3 x 30 mL) 
methanol by classical maceration for 24 h. 
After evaporation of the solvent the crude 
extract was subject to subsequent analysis. 
Thin layer chromatographic analysis of 
flavonoid aglycones 
The acetone exudates were screened for surface 
flavonoids by TLC analysis. Three TLC 
sorbents and three mobile phases were used for 
the analysis of the flavonoid exudates. 
Toluene-dioxan-acetic acid (95:25:4, v/v/v) 
was applied for the development of the 
aglycones mixture on silica gel plates Kiselgel 
60 F254 (10x20 cm, 0.2 mm layer).Toluene-
methylethylketone-methanol (60:25:15, v/v/v) 
was used for DC-Alufolien Polyamid 11 F254 
plates (10 x 20 cm, 0.15 mm layer). Acetic 
acid–water (30:70, v/v) was used for cellulose 
plates DC-Alufolien Cellulose 5552 (10 x 20 

cm, 0.1 mm layer). Chromatograms were 
viewed under UV light before and after 
spraying with ‘‘Natural product reagent A”, 1% 
solution of diphenylboric acid 2-aminoethyl 
ester complex in methanol. The identification 
of the compounds was achieved by co-
chromatography with authentic markers 
obtained from Prof. Eckhard Wollenweber. 
Determination of total phenolic content  
Total phenolic content of the methanol extracts 
was determined by employing the methods 
given in the literature involving Folin–
Ciocalteu reagent and gallic acid as standard 
(Giorgi et al., 2009; Ni iforovi  et al., 2010).  
Determination of total flavonoid content 
Total flavonoid content was determined using 
method described by Miliauskasa et al. (2004), 
using rutin as a reference compound.  
DPPH radical scavenging activity  
The effect of methanolic extracts on DPPH 
radical was estimated according to Stanojevi  
et al., (2009). The IC50 values were calculated 
by Software Prizm 3.00.  
Statistical analysis 
Statistical analysis was carried out using excel. 
All experiments were performed in triplicate. 
Results were presented as a value ± standard 
deviation (SD). Differences at P  0.05 were 
considered to be statistically significant. 
 
RESULTS AND DISCUSSIONS 
  
Six samples of cultivated plants of Arnica 
montana were analyzed for their external 
flavonoid profiles, total content of phenolics 
and flavonoids as well as for their antiradical 
properties. The plants were grown in different 
localities (Vitosha Mountain and Rhodope 
Mountain), were collected in different 
flowering stages (full and end of flowering 
stages) also they were derived from the seeds 
of various origin (German and Ukrainian), in 
one case it is a in vitro adapted plants. 
 
External flavonoid aglycones 
Four surface flavonoid aglycones were detected 
in the acetone exudates of the studied samples: 
scutellarein 6-methyl ether (hispidulin) (1), 
scutellarein 6,4'-dimethyl ether 
(pectolinarigenin) (2), 6-hydroxyluteolin 6-
methyl ether (3) and kempferol 6-methyl ether 
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(4). Tree of detected flavonoid structures 
belong to flavone class of flavonoids and one to 
flavonol class (Figure 1). Quality differences in 
flavonoid composition were not observed 
between the exudates of flower heads of 
studied samples. 
Total phenolic and flavonoid content 
The total flavonoid content was the highest in 
the samples collected at full flowering stage but 
the differences were not statistically significant 
(Table 1). With regard to total content of 
phenolics two samples showed statistically 
significant differences. The both samples with 
lower level of phenolics were collected at end 
of flowering stage, in terms of the other factors 
the meanings are multifaceted.  
 

OH
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HO
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(1-3)      
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                                                    (4) 
 
Figure 1. Structures of the identified flavonoid aglycones 

(1-4) 
 
 (1) R1=H; R2=OH scutellarein 6-methyl ether 
(hispidulin);  
(2) R1=H; R2=OCH3 scutellarein 6.4'-dimethyl ether 
(pectolinarigenin);  
(3) R1=OH; R2=OH6-OH luteolin 6-methyl ether 
(4) kempferol-6-methyl ether  
 
Antiradical properties 
Methanol extracts of studied samples were 
examined for their antiradical properties using 
a DPPH assay and expressed as IC50 value - 
extract concentration providing 50% inhibition 
of the DPPH solution. The highest antiradical 
properties were determined for the samples 
obtained from in vivo grown plants. Flower 
heads collected at full flowering stage, 
developed with seed with Ukrainian origin 
showed the strong antioxidant activity. 
From the testing factors (localition of 
cultivation, time of harvesting, origin of seed, 
method of propagation: in vitro and in vivo) the 

biggest impact on examined parameters 
(flavonoid composition, total phenolic and 
flavonoids, antiradical properties) have the time 
of harvesting and method of propagation of 
plant material: in vitro and in vivo. The best 
values of examined parameters are obtained for 
materials that were collected at full flowering 
stage. Method of propagation shows effect 
mainly on the antioxidant properties, less on 
phenolic and flavonoid content.  
The plant materials of in vitro adapted plants 
exhibited the lowest values of examined 
parameters - antiradical properties, total 
phenolic and flavonoids. Other authors have 
been reported higher antioxidant activity and 
poliphenolic content of in vivo developed 
plants compare to in vitro developing 
individuals too (Joshi et al., 2009; Taware et 
al., 2010). It will be interesting to study after a 
few growing seasons, whether in vitro and in 
vivo grown plants will show equal values of 
studied parameters.  
Regarding to the origin of the seed comparing 
the couples samples (EFS-UO-RM and EFS-
GO-RM; FFS-UO-RM and FFS-GO-RM) with 
better values for the studied parameters are 
those originating from Ukraine, but the 
differences were not statistically significant 
(Table 1). With regard to the locality of 
cultivation comparing couple samples EFS-
UO-RM and EFS-UO-VM no clearly outlined 
trend. 
 
CONCLUSIONS 
 
As a result of present preliminary study it was 
found that materials of A. montana with the 
best quality in terms of total flavonoids and 
phenolics, antiradical properties and external 
flavonoid profiles were obtained when it were 
collected at full flowering stage, in vivo 
developed from seed with Ukrainian origin and 
grown in Rhodope Mountain. 
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Table 1. Total content of flavonoids, phenolics and antiradical properties of methanol extracts of cultivated plants of 

Arnica montana 

Samples 
(time of harvesting, origin of seed, locality 

of cultivation, method of propagation) 

Total phenols* 
mg GAE/g extract 

Total flavonoids* 
(mg RE/g extract) 

DPPH scavenging 
activity 

IC50 (μg/mL) 
FFS-UO-RM: full flowering stage, 
Ukrainian origin, Rhodope Mountain, in 
vivo 

 
33.34±2.32565a 4.9965±1.75150a 

 

 
85.64 

FFS-GO-RM: full flowering stage, German 
origin, Rhodope Mountain, in vivo 

34.24±1.60724a 4.9695±1.82489a 105.7 

EFS-UO-RM: end of flowering stage, 
Ukrainian origin, Rhodope Mountain, in 
vivo 

31.97±1.13137a 4.77±1.24364a 130 

EFS-GO-RM: end of flowering stage, 
German origin, Rhodope Mountain, in vivo 

29.17±0.90423b 4.566±0.89304a 200 

EFS-UO-VM: end of flowering stage, 
Ukrainian origin, Vitosha Mountain, in vivo 

34.69±1.30615a 3.822±1.43244a 106 

EFS-UO-VM: end of flowering stage, 
Ukrainian origin, Vitosha Mountain in vitro 

28.47±1.38713b 4.12±1.32617a 274 

Legend: *Data are the means of three replications. Values within column followed by the same letter are not 
significantly different at P > 0.05 
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Abstract 
 
Breeding evaluation of 20 plum hybrids from three different populations was carried out in the period 2010 - 2012. 
The scoring was made on the base of leaves and fruits visual observation for Sharka symptoms as well as on the 
biometric and chemical analyses of the fruits. Summarizing all data and comparing with the standard ‘Stanley’ three 
hybrids were selected for the next step of the breeding programme.  

 
Key words: Prunus domestica, hybrids, evaluation.  
 
INTRODUCTION 
 
Plum is one of the major fruit species grown in 
Bulgaria, but cultivar diversity in the plum 
orchards is not quite rich. The most spread 
cultivar is ‘Stanley’, mainly because of its 
tolerance to Plum pox virus and its ecological 
plasticity. 
Due to the endemic character of Plum pox virus 
/PPV/ the major aim of Bulgarian plum 
breeding programme is the establishment of 
new cultivars resistant or tolerant to Sharka 
disease (Iliev, 1990; Iliev and Stoev, 2001). 
Plum breeding programme at Fruit Growing 
Institute – Plovdiv started in 1987 (Zhivondov 
and Djouvinov, 2001).The main objectives of 
this programme is the development of new 
plum cultivars resistant or tolerant to Plum pox 
virus (PPV), combined with good fruit quality 
and yield. In the beginning for obtaining of rich 
hybrid populations was used both methods - 
controlled crosses and open pollination of 
tolerant cultivars (Zhivondov and Djouvinov, 
2001). New programme started in 2008 is 
based only on controlled crosses, using donors 
of resistance. One important step of the 
breeding process is assessment of hybrid 
individuals for scoring the best ones for further 
investigations. 
 
MATERIALS AND METHODS 
 
Breeding is continual improvement process so 
every year new hybrid individuals are under 

evaluation. This study was carried out in the 
period 2010 - 2012 and included 20 hybrids 
from three different populations. All 
investigated individuals were planted in 2005 
in the breeding orchard at a distance 4 x1m. 
Hybrids 1-37, 1-42 and 1-53 were selected 
from a population obtained by open pollination 
of ‘Stanley’, hybrids 2-95,  2-100 and 2-111 
from open pollination of ‘Ruth Gerstetter’, 
hybrids 1-9, 1-13 and 1-14 from cross 
‘Althan’s gag’ x ‘Sineva’ and other 11 from 
open pollination of ‘Althan’s gage’, which fruit 
stones were irradiated with X-rays.  
This method aims to cause mutations and was 
applied by plum breeder Pencho Iliev, who 
delivered us the irradiated fruit stones. This 
observation presented data about the PPV 
symptoms on leaves and fruits, biometric 
analyses of the fruits, time of ripening, and fruit 
chemical composition.  
The Sharka symptoms on the leaves and on the 
fruits were estimated visually by the following 
five grade scale (Milusheva et al., 2012): 0 - no 
symptoms; 1 - very mild symptoms - up to 3 
little spots on the leaf; spots on the fruit skin; 2 
- medium symptoms - spots cover up to 1/2 of 
the leaf and 1 pox on the fruit; 3 - severe 
symptoms - spots cover up to 3/4 of the leaf; 
poxes on the fruits, prematurely fruit dropping; 
4 - very severe symptoms - spots cover more 
than 3/4 of the leaf; poxes and internal fruit 
damages, prematurely fruit dropping. 
Biometric analysis was performed using 
sample of 30 fruits per each hybrid. Data for 
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fruit chemical composition is one-year and is 
tentative for fruit quality.  
The dry matter of fruits was determined by 
Brix, sugars by the method of Schoorl - 
Regenbogen, the content of acids defined 
titrimetrically, active acidity (pH) - 
potentiometrically. On the base of the results 
were selected perspective hybrids for further 
investigations.  
The data of fruit and stone mass were 
statistically analyzed by Duncan’s test (Steele 
and Torrie, 1980). 
 
RESULTS AND DISCUSSIONS 
 
Summarized results of plum hybrids for PPV 
symptoms of leave and fruit for three 
consecutive years are presented in Table 1. 
Three of hybrids 1-53 (Figure 1), 1-75 (Figure 
3) and 1-99 (Figure 4) do not show PPV 
symptoms on leaves and fruits. Very good 
results were obtained and after artificial 
inoculation with PPV-M strain of Hybrid 1-53. 
The symptoms on leaves are very mild (Figure 
2). Six hybrids demonstrated mild typical PPV 
symptoms on leaves, two – mild to medium, 
nine – medium and one medium to severe. Only 
on fruits of two hybrids were observed 
symptoms. Medium symptoms like spot on fruit 
skin or single rings were observed on fruits of 
Hybrid 1-9, resulted by cross Althan's gage x 
Sineva and mild symptoms of flesh browning on 
fruits of Hybrid 1-69 (OP of Althan’s gage). 
Results from PPV screening are the most 
important base to discard or to select the 
individuals for the next step of the breeding 
programme.  
Concerning ripening season very attractive are 
hybrids with early and late ripening  
period. Three of hybrids - 1-37 (OP of 
‘Stanley’), 2-100 (OP of ‘Ruth Gerstetter’) and 
1-14 (‘Althan’s gage’ x ‘Sineva’) ripen in July 
(Table 2).Two of hybrids 1-83 and 1-99 both 
resulted from open pollination of ‘Althan’s 
gage’ plus X-rays, ripen late for Plovdiv region 
- in September. The other hybrids ripen 
predominantly during the first half of August. 
According Vitanov (1977) this property is 
inherited intermediately and more diversity can 
be obtained when the distinguish of ripening 
periods between parental cultivars is small. We 
obtained some idea about this assertion using 

as a model family of ‘Althan’s gage’ x 
‘Sineva’, but the number of hybrids is limited. 
For the other hybrids it is not possible to 
calculate this trend because they are resulted by 
open pollination and just one of the parental 
cultivars is known. As regards the preference of 
the consumers, monitoring of the market shows 
that early and late ripening plum cultivars get 
higher price, because in August there are rich 
abundance of fruits. It means that a new 
cultivar with ripening period in August have to 
surpass the ‘Stanley’ by quality, resistance to 
Sharka and yield to be attractive for the 
Bulgarian fruit producers.  
Biometric analysis of the fruit shows that the 
Hybrids 1-53 and 1-80 have the biggest fruit 
dimensions - length, width and thickness 
(Table 2).  
 

Table 1. Observation for PPV symptoms 

 
The fruit mass of the Hybrid 1-81 is 71.90 g or 
it is exceeded the standard ‘Stanley’ with 27.32 
g. Other two Hybrids 1-53 and 1-80 have fruit 
mass over 60 g and also surpass the standard 
which is proved statistically. Group of hybrids 
originated from OP of Althan’s gage 
demonstrates the biggest differences of fruit 

Hybrid/
Cultivar Origin PPV symtoms 

leaf fruit 
Stanley Agen x Grand Duke  medim to severe no 

1-37 OP Stanley medium no 

1-42 OP Stanley mild to medium no 

1-53 OP Stanley no no 

2-95 OP Ruth Gerstetter mild no 

2-100 OP Ruth Gerstetter mild no 

2-111 OP Ruth Gerstetter mild to medium no 

1-9 Althan's gage x Sineva mild medium 

1-13 Althan's gage x Sineva medium no 

1-14 Althan's gage x Sineva medium no 

1-69 OP Althan's gage mild mild 

1-75 OP Althan's gage no no 

1-76 OP Althan's gage medium no 

1-80 OP Althan's gage medium no 

1-81 OP Althan's gage medium no 

1-83 OP Althan's gage mild no 

1-90 OP Althan's gage medium no 

1-97 OP Althan's gage mild no 

1-99 OP Althan's gage no no 

1-110 OP Althan's gage medium no 

2-6 OP Althan's gage medium no 
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mass in comparing of the others. All 
investigated hybrids have smaller fruit stones 
compared to ‘Stanley’ and it is very suitable 
both for fresh consummation and process. 

According fruit biometric analyses the most 
attractive are Hybrids 1-53, 1-76, 1-80, 1-81 
and 1-99. 

 
Table 2. Biometric data for plum hybrids (2010-2012) 

*Means followed by the same letter do not differ at 5% of significance; Duncan’s multiple range test

For tentative evaluation of fruit quality was 
applied chemical analyses of fruits.  
According Dzhuvinov et al. (2012), dry 
matter of fruits of different plum cultivars 
varies between 14 to 26%. In our 
investigation five among analyzed hybrids 
have dry matter over 20%. Hybrid 1-14 shows 
26.8%, which is close to upper value for plum 
fruits (Figure 5). Other hybrids with high dry 
matter are 1- 53, 1-9, 1-99 and 2-6. It is 
known that dry matter content closely 
corresponding with total sugar of the fruits, 
but there are exceptions. Such exception is 
Hybrid 2-6- with 20.3% dry matter but 8.28% 
total sugar. Hybrid 1-14 shows the highest 
content of total sugar - 14.28%. Compared to 
‘Stanley’ eight hybrids have higher dry matter 
content but only six higher sugar content. For 

the fruit taste is important specific 
combination of sugar and acids. Acids give a 
sense of freshness to consumers. Generally 
plum fruits content low to moderate acids - 
between 0.38 to 1.30% (Dzhuvinov et al., 
2012). The fruits of standard ‘Stanley’ contain 
low acids. Within group of investigated 
hybrids three are with low acids content – 
Hybrids 1-83, 1-97 and 1-53. Fruits of Hybrid 
2-100 show high acids content - 1.37%, which 
surpass the standard almost 4 times but no 
difference was founded of fruit’s pH. Plum 
fruits are with pH from 2.5 to 4.5 but 
nevertheless they are known as a low acid 
food (data of www.pickyourown.org).  
The pH of the investigated hybrids is in the 
range of 2.98 to 3.95. 

Hybrid/ 
Cultivar 

Origin Date of 
ripening 

Fruit 
lengh 
(mm) 

width 
(mm) 

thickness 
(mm) 

fruit mass* 
(g) 

stone mass*
 (g) 

Stanley Agen x Grand Duke 07.09. 53.10 37.59 39.56 44.58 c 2.4 a 

1-37 OP Stanley 19.07. 37.88 36.90 37.52 32.01 f 1.27 d 

1-42 OP Stanley 09.08. 49.39 39.17 42.53 46.70 c 1.69 b 

1-53 OP Stanley 20.08. 51.49 45.46 48.06 63.62 b 1.72 b 

2-95 OP Ruth Gerstetter 10.08. 46.95 38.25 40.82 45.2 c 1.41 c 

2-100 OP Ruth Gerstetter 25.07. 44.63 31.76 34.314 27.14 f 1.24 d 

2-111 OP Ruth Gerstetter 10.08. 47.36 38.50 40.53 45.02 c 1.68 b 

1-9 Althan's gage x Sineva 20.08. 38.86 34.83 35.13 29.11 f 1.23 d 

1-13 Althan's gage x Sineva 10.08. 35.39 33.13 35.66 25.28 g 1.34 d 

1-14 Althan's gage x Sineva 25.07. 39.05 34.72 37.75 30.61 f 1.48 c 

1-69 OP Althan's gage 05.08. 39.36 32.63 35.09 27.98 f 1.55 c 

1-75 OP Althan's gage 09.08. 44.88 40.46 39.19 42.90 d 1.43 c 

1-76 OP Althan's gage 09.08. 47.36 40.07 41.79 47.61 c 1.56 c 

1-80 OP Althan's gage 09.08. 48.62 45.12 45.30 60.44 b 1.95 a 

1-81 OP Althan's gage 09.08. 60.88 44.29 48.88 71.90 a 2.17 a 

1-83 OP Althan's gage 01.09. 36.84 36.76 36.53 31.47 f 1.06 e 

1-90 OP Althan's gage 10.08. 42.27 35.74 37.73 35.08 e 1.25 d 

1-97 OP Althan's gage 10.08. 45.46 36.93 37.31 37.34 e 1.51 c 

1-99 OP Althan's gage 12.09. 42.62 43.57 41.60 48.59 c 1.52 c 

1-110 OP Althan's gage 10.08. 41.83 36.99 38.04 34.94 e 1.78 b 

2-6 OP Althan's gage 19.08. 39.73 30.73 34.76 25.96 g 1.0 e 
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Table 3. Chemical composition of plum hybrids 
Hybrid/ 
Cultivar Origin  Dry matter/

Brix 
Sugars % 

Acids %  
Total Invert sucrose 

Stanley Agen x Grand Duke 18.2 12.44 6.06 6.06 0.37 3.5 
1--37 OP Stanley 15.1 9.82 5.86 3.76 0.66 3.3 
1--42 OP Stanley 17.5 10.52 6.4 3.91 0.73 3.7 
1--53 OP Stanley 22.0 13.18 8.98 3.99 0.31 3.9 
2--95 OP Ruth Gerstetter 19 12.58 8.14 4.21 0.56 3.7 
2--100  OP Ruth Gerstetter 17.4 9.18 5.8 3.21 1.37 3.1 
2--111 OP Ruth Gerstetter 19.5 13.18 9.4 3.59 0.37 3.6 
1--9 Althan's gage x Sineva 21.8 9.88 6.68 3.04 0.57 3.5 

1--13 Althan's gage x Sineva 18.8 11.08 9.32 1.67 0.69 3.3 
1--14 Althan's gage x Sineva 26.8 14.28 12.06 2.10 0.76 3.5 
1--69 OP Althan's gage 19.5 13.18 6.2 6.63 0.40 3.6 
1--75 OP Althan's gage 16.6 10.8 7.92 2.73 0.50 2.9 
1--76 OP Althan's gage 14.8 10.24 4.3 5.64 0.56 3.3 
1--80 OP Althan's gage 14.4 8.42 6.68 1.65 0.38 3.6 
1--81 OP Althan's gage 16.9 12.66 7.64 4.77 0.38 3.8 
1--83 OP Althan's gage 15.9 10.8 6.48 4.10 024 3.6 
1--90 OP Althan's gage 15.6 10.02 8.76 1.19 0.38 3.3 
1--97 OP Althan's gage 17.5 11.52 7.78 3.55 0.24 3.5 
1--99 OP Althan's gage 20.1 11.6 8.56 2.88 0.50 3.6 
1-110 OP Althan's gage 15.3 9.04 6.96 1.97 0.66 3.0 
2--6 OP Althan's gage 20.3 8.28 5.52 2.62 0.53 3.4 

CONCLUSIONS 
 
Summarizing all data and comparing with the 
standard ‘Stanley’ after breeding scoring of 
20 plum hybrid individuals from three 
populations, as perspective for next step of 
the breeding programme were scored 1-53 
(no. PPV symptoms, big fruit, good chemical 
composition); 1-99 (no. PPV symptoms, good 
fruit size, good chemical composition) and 
partially 1-75 (no. PPV symptoms and good 
fruit size). 
 

 
Figure 1. Hybrid 1-53 

 

 
Figure 2. Reaction of Hybrid 1-53 after 
artificial inoculation with PPV-M strain 

 

 
Figure 3. Hybrid 1-75 
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Figure 4. Hybrid 1-99 

 

 
Figure 5. Hybrid 1-14 
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Abstract 
 
The experimental research regarding the cultivation of Benincasa hispida (commonly known like winter melon, wax 
gourd or ash gourd) in Romania was for the first time conducted in the ‘60s. Over time, the proprieties of this plant 
were analysed by various researchers but until present didn’t exist a scientific result regarding the commercial 
cultivation of this plant in our country. To support the research regarding the cultivation of BHS in Romania we 
conducted in the last two years an experimental field to observe the adaptation of this plant to the local 
agropedoclimatic conditions. The research was carried out in an ecological field from south of Romania from a plain 
area. The results obtain demonstrate that the plant has adapted to the climatic condition from the 2012-2013 period 
and our main conclusion is that BHS can be grown in our country with good technological performances.     
 
Key words: wax gourd, field cultivation, production. 
 
INTRODUCTION  
 
The higher temperature form last decades and 
the process of land degradation form south of 
Romania are phenomenon which demand the 
identification of new solutions to prevent the 
future dangers of desertification. One of these 
solutions can be the introduction in culture of 
plants that maintain the soil quality and which 
are resistant to drought like Benincasa hispida 
(BHS) (Morton J.F., 1971).  
In Romania this plant was for the first time 
mentioned in our literature by Maier in the ’50s 
(Maier, 1955) and the first experiments were 
conducted in the ‘60s (Chiril  et al., 1961). 
Also, in the ’90s a research regarding the 
animal wound healing proprietis of this plant 
(Ioni , 1994) was conducted. This research 
came to completes the present evidence from 
international literature regarding the important 
proprieties of fruit extracts that can be used in 
the treatment of gastric ulcer (Grover et al., 
2001), obesity (Kumar and Vimalavathini, 
2004) etc. 
BHS is originated from the Asian region and 
has been cultivated since ancient times in 
China, Japan, Java, Australia and Southeast 
Asia (De Candolle, 1959). In fact, some papers 

place this plant in China during the period 400-
500 BC and asserts that the characteristics of 
conservation (over six months) determined the 
wide spread of this plant (Walters and Decker-
Walters, 1989) so in the present it can be 
currently found in all tropical areas of Asia, the 
Caribbean, including the United States.  
BHS is a plant with a “very large fruit which by 
maturity lost its hairs and develops a waxy 
coat”, fruit which is known for his medicinal 
proprieties: “anti-inflammatory, demulcent, 
diuretic, expectorant, febrifuge, laxative and 
tonic, etc” (Dobre, 2013). The fruit is a delicate 
food, slightly and similar with cucumber (De 
Noter R., 1923) which can be preserved a long 
time due to the waxing coating (Vilmorin-
Andrieux, 1925). This fruit presents according 
to the National Nutrient Database for Standard 
Reference: carbohydrate factor – 3.57; fat 
factor – 8.37; protein factor 2.44; nitrogen to 
protein conversion factor – 6.25 (USDA, 2013).  
Regarding the general requirements for 
cultivation of this plant we mention the 
necessity for a soil with a pH of 5.5-6.8 and a 
medium temperature during the growth period 
of 25-300C (Morton, 1971). Actually, the 
agricultural technology is similar with those 
specific for melon or gourd, like cucumber or 
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zucchini which are the main plant from 
cucurbitaceous family cultivated in our 
country.  
 
MATERIALS AND METHODS 
 
The present paper makes a short review of the 
experiment conducted in the ‘60 in the 
greenhouses and glazing unit of Agronomic 
Institute “Nicolae B lcescu” and concentrate on 
the results obtained during the field research 
experiment from 2012-2013 of our team from 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest.   
The first experiment took in consideration 9 
plants, from which 3 were planted in 
greenhouse and 3 in a glazing unit (Chiril  et 
al., 1961). The second experiment consisted in 
the organic cultivation of 50 nests with 
approximately 6-8 seeds per nest, on a surface 
of 150 m2

 from NARDI Fundulea. Following 
the first experiment, in the field cultivation we 
didn’t use any fertilizers, we didn’t applied any 
irrigation measures and the pollination was 
made by the bees (like in the glazing unit). 
The experiment used a round variety of wax 
gourd, respectively Hybrid Wonder Wax seeds. 
These were sown in the both years of 
experiment on the same organic field and in the 
second year (2013) we utilized in addition the 
seeds resulted from 2012 (Table 1).  
 

Table 1. Soil proprieties 
Parameter  MU  Value 

pH  6.37 
Nt % 0.175 
Pmobile % 58 
Kmobile % 310 
Corganic % 1.86 
Humus  % 3.20 
Cu mg/kg 21 
Zn mg/kg 72 
Mn mg/kg 676 
Source: NARDI Fundulea 
 
The main characteristics of the experiment are 
the following: 

- the sown surface was of 150 m2 (100 m x 
1.5 m); 

- the day of sown in both years was 7 of 
May; 

- were formed 50 nests; in 2012 were 
utilized only purchased seeds; in 2013 in 
25 nests were utilized in addition seed 
from the production of previous year;   

- the germination period was of 14-21 
days, during which the climatic 
conditions were the following (Figures 1, 
2 and 3) (NARDI Fundulea Station): 
 

 
Figure 1. Daily temperature in the germination period - 

2012 
 

 
Figure 2. Daily temperature in the germination period - 

2013 

 
Figure 3. Precipitations in the germination period 

  
The paper includes the measurements and the 
analyses performed during and after the each 
experiment.   
 
RESULTS AND DISCUSSIONS 
 
Cultivation of BHS in greenhouses and 
glazing unit - review of the experiment from 
1960 
The experiment used an oblong variety of wax 
gourd with seed from south of China. The 
plants were sown in pots on 25 of March and 
were transplanted on 12 of May in greenhouse 
and on 19 of May in glazing unit. In the 
greenhouse the temperature was maintained at 
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30-350C, the flowers were artificially pollinated 
and the fruits were supported by racks.  
In the glazing unit the plants were affected by 
the climatic conditions, the pollination was 
made by bees and the vegetation period was 
lower than in greenhouse (Table 2). 
 

Table 2. Development of plants - greenhouse and  
glazing unit 

 Greenhouse Glazing 
unit 

Number of plants 3 3 
Vegetation period (days) 196 167 
Stem’s growth rate until the first female 
flower (cm/day) 7.86 0.77 

Number of days between sowing and the 
moment of the first female flower  65 69 

Stem’s length at harvest (m) 12 3 
Source: Chiril , 1961 
 
The plants from glazing unit were affected by 
climatic conditions and only two vines had 
fruits, respectively 5 fruit with an average 
weight of 3.596 kg. In greenhouse were 
obtained 11 fruit with an average weight of 
4.509 kg. All the fruit were harvested between 
8th of September and 7 th of October. The fruits 
harvested later than others resisted only 30-45 
days more.  
The main results of the experiment are 
presented in the following table:  
 

Table 3. Development of plants - greenhouse and  
glazing unit 

 Greenhouse Glazing unit 
Number of fruits 11 5 
Total weight of fruits (kg) 49.600 17.980 
Average production per plant (kg) 16.533 5.993 
Average weight of fruits (kg) 4.509 3.596 
Maximum weight of fruits (kg) 7.850 6.510 
Average dimension of fruits (cm) 
-length 
-diameter 

 
46.86 
15.55 

 
36.70 
13.00 

Maximum dimension of fruits (cm) 
-length 
-diameter 

 
55.00 
18.00 

 
53.00 
18.00 

Source: Chiril , 1961 
 
The main observations of the experiment are: 

- in the first period of growth the fruit had 
a higher growth rate (2 cm in length in 24 
hours);  

- when the fruit reach over 30 cm in length 
there are around 7 days in which they are 
covered with wax (after that the growth 
rate was slower);  

- from a 40 cm length fruit the wax 
quantity collected reach 1.050 g at 

harvest time and at 2.420 g after one 
month from harvest;  

- the insects that attacked the fruits 
perished in contact with the wax; 

- the edible part of fruit was at harvest time 
of 68% and at 104 days from harvest of 
63%; 

- after 104 days after harvest the lost in 
weight was of 14%; 

The fruits presented the following chemical 
characteristics: 94.6-96% water; 1.28-1.84% 
sugar; 3.05-3.4 grades acidity; the presence of 
vitamin C at 100-150 days after harvest (2.2-
2.3 mg/100 g). 

 
Cultivation of BHS in an open field - 
experiment during 2012-2013 
Both experiments were commenced at the same 
date, namely on 7th of May of each year. The 
important dates in our experiment during the 
vegetation period are (Table 4, Figure 3):    
 

 
Figure 3. Pictures from the field experiment 
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Table 4. Development of experiment 
 2012 2013 
Day of sowing  7 of May 7 of May 
First germination 21 of May 18 of May 
The first flower 17 of July 20 of July 
Day of first fruit observed 23 of August 27 of August 
Day of harvest 8 of October 28 of Septembre 

 

The development rhythm of plants was almost 
similar during the vegetation periods: 2012 - 15 
days germination period, 57 days until the first 
flower, 37 days until the first fruit and 46 days 
until harvest; 2013 - 12 days germination 
period, 63 days until the first flower, 38 days 
until the first fruit and 32 days until harvest. 
We must mention that in 2013, due to the lower 
temperatures expected for October, we decided 
to harvest before the fruits be affected by frost.   
During the experiment, we observed that the 
drier conditions from 2012 were better suitable 
for the plant growth until the first fruit was 
observed (Table 5). For example, in 2013, only 
80.4% from the nests developed full grown 
plants and the number of plants was lower.  
However, the precipitations permitted a better 
development of fruits, in 2013, the number of 
plants without fruits or with immature fruits 
being of only 30.4% compared to 2012 when 
this percentage reached 46.6%. The fruits 
obtained have a cucumber flavour, only 13 
kcal/100 g, sugar 1.93 g/100, glucose 0.95%, 
fructose 0.97% and protein 0.23 g/100 g (ICA 
Research and Development Laboratory). 
 

Table 5. Measurements in the field 
 2012 2013 
Number of nests that sprung 43 46 
Dimension of flower at 75 days after 
germination (approx.) 

8 cm female 
6 cm male 

8 cm female 
6 cm male 

Number of nests with growth plants 43 37 
Number of plants  163 115 
-nests with 1 plant 5 3 
-nests with 2 plants 3 10 
-nests with 3 plants 10 42 
-nests with 4 plants 16 60 
-nests with 5 plants 1 0 
-nests with 6 plants 4 0 
-nests with 7 plants 3 0 
-nests with 8 plants 1 0 
Minimum length of a vine (m) 1.86 2.1 
Maximum length of a vine (m) 5.8 6.7 
Number of immature fruits 17 0 
Number of nest without fruits (mature 
of immature)  10 13 

Number of nest with only immature 
fruits  4 0 

Number of plants without fruits or 
with immature fruits 46.6% 30.4% 

 

Actually, in 2013, there were obtained almost 
the same amount of fruits, but they had a higher 
average weight (with 23.8%) and the total 
production reached 155.76 kg, compared to 
2012 when the production was of only 120.6 
kg. In these conditions we estimate a possible 
yield for BHS of 8-10 tonnes per hectare (Table 
6):   

Table 6. Production of wax gourd 
 2012 2013 
Number of mature fruit 70 73* 
Total production (kg) 120.6 155.76 
Minimum weight of a fruit (kg) 0.28 0.56 
Maximum weight of a fruit (kg) 5.18 5.05 
Average weight of a fruit (kg) 1.723 2.134 
Estimation of yield per hectare (kg) 8040 10384 
Estimation of production value for 
export (FOB price - 5$/kg) (USD) 40200 51920 

Estimation of production value on 
internal market (average price – 6 
RON/kg) (RON) 

48240 62304 

*in addition were 7 fruits that were damaged by rabbits  
 
These productions permitted us to estimate that 
on the vegetable market, the value production 
can vary from 40 to 52 thou USD at FOB price 
(if we decide to export) and between 48-62 
thou RON (if we decide to sell on internal 
market).    
 
CONCLUSIONS 
 
The main conclusion of our field experiment is 
that the Benincasa hispida can be cultivated on 
the open fields from south of Romania with 
good technical and economical performances. 
We want to point out that in the growth period 
the lack of precipitations has to be compensated 
with irrigation measures to assure a better yield 
per hectare. BHS is not a pretentious culture 
and can be growth like cucumber or melons, 
and is resistant to drought and insect attacks. 
Also, the plant didn’t developed any disease 
specific to cucurbitaceae family from our 
country.         
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Abstract  
 
Avoiding damage to fruit species the permissible falling height and permissible static pressure are of great importance. 
The shape of fruits is important in planning harvesting and handling operations, the latter in selecting the height of 
transport containers. Fruit is generally transported in containers. The static and dynamic forces which then act on the 
fruit will cause damage if they exceed the given value. The static force may be calculated from the weight of the fruit 
column being transported while the dynamic load is a consequence of vibration caused by transport. The permitted 
static load for a given fruit may be determined experimentally. In this study, physical properties of interest were 
determined for fresh kiwi fruit, then calculations for the design of a suitable height were conducted based on the 
measured properties using Ross and Isaacs’s theory. Maximum height for packing and storing of fresh kiwi fruit in the 
box was determined to be less than 93 cm based on a rupture force of 21 N. 
 
Key words: kiwi fruit, static force, height box, physical properties. 
 
INTRODUCTION 
 
Kiwi fruit originated from indigenous plant of 
Southern China (Actinidia chinensis) which 
was first developed commercially in New 
Zealand at the beginning of the 20th century 
(Luh & Wang, 1984). Nowadays, it is 
commercially cropped in many countries such 
as Italy, New Zealand, Chile, France, Iran and 
Greece. Based on FAO statistics, Iran produced 
about 69400 Mt of kiwi fruit in 2012, which is 
approximately 5.7% of the world’s kiwi fruit 
production and is ranked as 5th among other 
producers (FAO, 2012). The kiwi fruit is not 
only consumed fresh, but also used to produce 
dried kiwi, frozen kiwi, jam, jelly, marmalade, 
juice, nectar etc.  
The physical and mechanical properties of kiwi 
fruit are important for the design of equipment 
for post harvesting technology transporting, 
harvesting, sizing, storing, separating, cleaning, 
packaging and processing it into different food. 
Since currently used systems are designed 
without taking these criteria into consideration, 
the resulting designs lead to inadequate 
applications. These designs result in a reduction 
in work efficiency and a rise in product loss. 
Thus, determination and consideration of these 

criteria play an important role in designing of 
this equipment (Stroshine, 1998). 
There were a lot of studies on physical 
properties and mechanical behavior of some 
agricultural products such as physical 
properties and mechanical behavior of olive 
fruit (Kilickan and Guner, 2008), physical and 
mechanical properties of Egyptian onion 
(Bahnasawy et al., 2004), physical and 
mechanical properties of aonla fruit (Goyal et 
al., 2007), okro fruit (Owolarafe and Shotonde, 
2004), kiwi fruit (Lorestani and Tabatabaeefar, 
2006), mechanical properties of Tarocco 
orange fruit under parallel plate compression 
(Pallottino et al., 2011), also some Physical 
properties of date fruit (Keramat Jahromi et al., 
2008). But no detailed study concerning the 
mechanical damage of kiwi fruit was found in 
the literature. 
The mechanical resistance to the damage of 
fruit and seeds among other mechanical and 
physical properties plays a very important role 
in the design of harvesting and other processing 
machines (Baryeh, 2002). The value of this 
basic information is necessary, because during 
operations, in these sets of equipment, products 
are subjected to mechanical loads which may 
cause damage. Mechanical damage of fruit and 
seeds depends on different factors such as 
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products structural features, product variety, 
products moisture content, stage of ripeness, 
fertilization level and incorrect settings of the 
particular working subassemblies of the 
machines (Shahbazi, 2011). 
Damage can occur during harvesting and 
handling as a result of impact loads or shear 
forces produced by contact with the hard 
surfaces of machinery or storage containers. 
Fruit and vegetables can be deformed during 
storage as a result of static or quasi-static forces 
at points of contact with other fruit or storage 
containers. Static forces are applied on 
individual fruit, vegetables grains and seeds 
when they are in piles or storage containers 
because they interact with each other at the 
points where they make contact (Bilanski, 
1962).  
The mechanization of various harvesting and 
subsequent manipulation operation has an 
unfavorable consequence in that it leads to an 
increase in damage to the material processed. 
In every case the quality of the product is 
directly decreased as a result, and in numerous 
cases mechanical damage is followed by rapid 
spoiling, whereby the biological material 
deteriorates completely.  
In the course of longer storage, spoiled material 
also endangers sound material which is in 
contact with it. Thus it is understandable that 
the reduction of mechanical damage is of high 
economic importance. Experimental results for 
peaches indicating that peaches can support 
about 15 N static loads without damage. This 
corresponds to the weight of a column of fruit 
approximately 70 cm height. The deeper the 
container, the lower the volume ratio 
represented by the upper layer. Thus the 
proportion of fruit damaged may be reduced 
significantly by increasing the depth of the 
container up to a certain point (Sitcki, 1986; 
Stroshine, 1998). 
In light of above facts, the objectives of this 
study were to: 1- Determination of some 
physical and mechanical of kiwi fruit. 2- 
Calculation of maximum height of box for kiwi 
fruit storage and handling. This information 
could be used to design and to optimize post 
harvesting mechanisms. 
 
 
 

MATERIALS AND METHODS 
 
Sample preparation 
Mature fresh kiwi fruit of Hayward variety 
were collected from Mazandaran province of 
Iran, in October 2012. The fruit were cleaned 
manually to remove all foreign material and 
defective fruit. Then 100 healthy fruit were 
stored in the refrigerator at temperature of 4˚C 
until the experiments were carried out. Before 
each test, the required quantity of samples was 
taken out of refrigerator and allowed to warm 
up to ambiental temperature (25˚C). Moisture 
content of the samples was determined 
according to AOAC approved vacuum oven 
(Memmert-ULE500, Germany) method 
(AOAC, 2005). All the physical properties 
were determined at the moisture contents of 
82.9% (w.b.). All the experiments were 
replicated at least of five times and the average 
values were reported. 
Theoretical Principles and Experimental 
design 
In bins or shipping containers, only a portion of 
the surfaces of individual fruit, vegetables, 
grains and seeds are in contact. If the force 
acting at a point can be determined, then the 
area of contact and the maximum stress at the 
point of contact can be estimated using the 
contact stress theory. The forces at points of 
contact can be estimated using the approach 
described by Ross and Isaacs (1961). This 
requires several assumptions. The particles are 
assumed to be spherical with a uniform 
diameter Dg. Their contact is assumed to be 
inelastic, which has the following two 
implications: 1- The particles do not deform 
appreciably and therefore the distance between 
particles does not change. 2- The inter particle 
forces act at the points of contact. The particles 
are assumed to be arranged in the rhombic 
stacking model shown in Figure 1.  

 
Figure 1. Rhombic stacking model for fruit 
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The individual particles are in contact along a 
line which makes an angle  with the 
horizontal one. In this model, the angle  is 
dependent on N, the number of particles per 
unit volume, and Dg, the characteristic diameter 
of the particles. These three variables are 
related by the following equation (Stroshine, 
1998): 
 

sincos4
1

23
gD

N       (1) 

 
Number of particles per unit volume is obtained 
from ratio of bulk density to mass of each 
particle multiplied by its unit volume.  
The maximum static force occurs in the last 
layer of fruit (Figure 2). There are four forces 
acting from above on the particle in contact 

with the floor (Figure 3). They will sum to 
(Stroshine, 1998): 
 

wnF                       (2) 
 
Where F is the total force on fruit in the last 
layer (rapture force) and w is fruit weight. 
Angle of the fruit and number of layers is 
calculated from Eq. (1 and 2), respectively. 
Thus box height is calculated from Eq. (3) 
(Stroshine, 1998): 
 

singnDh                (3) 

 
Where, h is height of box, Dg is geometric 
mean diameter, n is number of layers and  is 
angle of contact line with horizontal. 

 

 
Figure 2. Diagram of stack of samples having n layers and confined by a vertical wall and a floor 

 

 
Figure 3. Static forces on the last layer of fruit 

 
Physical properties 
Measurements of the three major perpendicular 
dimensions of the fruit were carried out with a 
digital caliper (AND GF-600. JAPON) to an 
accuracy of 0.01 mm. The geometric mean 
diameter, Dg of the fruit was calculated by 
using the following relationship (Mohsenin, 
1980): 
 

3/1)(abcDg                   (4) 

 
Where the length, width and thickness are in 
mm as shown in Figure 4. 
The bulk density ( b) was determined using the 
mass/volume relationship, by filling an empty 
plastic container of predetermined volume (75 
cm3) and tare weight with the grains by pouring 
from a constant height, striking off the top 
level and weighing (Gupta and Das, 1997; 
Aydin and Ozcan, 2007; Paksoy and Aydin, 
2004): 
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Where: mb is the total mass of fruit in container and Vb is 
the volume of container.  
 

 
Figure 4. Dimensions of kiwi fruit; a, b and c are the 

length, width and thickness 
 
 
Mechanical properties 
Maximum force (Fmax= rapture force) of fig 
fruit was determined by the testing machine 
(H50 K-S, Hounsfield, England), equipped 
with a 100 N compression load cell and 
integrator. The measurement accuracy was 
±0.001 N in force and 0.001 mm in 
deformation. The individual seed was loaded 
between two parallel plates of the machine and 
compressed along with thickness until rupture 
occurred as is denoted by a rupture point in the 
force–deformation curve. The rupture point is a 
point on the force-deformation curve at which 
the loaded specimen shows a visible or 
invisible failure in the form of breaks or cracks. 
This point is detected by a continuous decrease 
of the load in the force-deformation diagram. 
While the rupture point was detected, the 
loading was stopped. These tests were carried 

out at the loading rate of 0.1 mm/min for all 
moisture levels (Aydin and Ozcan, 2007).  
 

 
Figure 5. Universal testing machine 

 
RESULTS AND DISCUSSIONS 
 
A summary of the descriptive statistics of the 
various physical dimensions is shown in Table 
1. The average of major, intermediate and 
minor diameters for kiwi fruit at moisture 
content of 82.9% (w.b) was 68.1, 50.25 and 
46.38 mm, respectively. The geometric mean 
diameter of kiwi fruit in this research was 54.07 
mm. With a geometric mean of 54.07 mm, the 
kiwi fruit were thus smaller than cactus pear 
with reported average principal dimensions of 
71.93, 57.57 and 52.08 mm, respectively 
(Kabas et al., 2006), and also smaller than the 
cantaloupe fruit with principal dimensions of 
147, 140, 134 mm (Rashidi and Seyfi, 2007). 
The importance of these and other 
characteristic axial dimensions in determining 
the aperture size of machines, particularly in 
separation of materials, as discussed by 
Mohsenin (1980) and highlighted by other 
researchers (Omobuwajo et al., 2000). 

 

Table 1. Selected some physical and mechanical properties of kiwi fruit 
Mean ±SD Observations Property 
82.93±0.8 5 Moisture content, (% w.b) 

100.22±12.62 100 Fruit mass, (g) 
68.1±3.76 100 Fruit length, (mm) 

50.25±3.65 100 Fruit width, (mm) 
46.38±2.88 100 Fruit thickness, (mm) 
54.07±3.81 100 Geometric mean diameter, (mm) 
563.2±19.49 5 Bulk density, (kg/m3) 

21±1.63 5 Rupture force, (N) 
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The average fruit mass of the kiwi was 100.22 g 
compared with 109.8 g in cactus pear fruit, 
1397 g in cantaloupe fruit and 171.5 g for wild 
mango fruit.  
Thus, the kiwi fruit has a mass smaller than 
wild mango fruit, cactus pear fruit and 
cantaloupe fruit (Ehiem and Simonyan, 2012; 
Rashidi and Seyfi, 2007; Kabas et al., 2006). 
The bulk density of kiwi was 563.2 kg/m3. This 
value was close to the corresponding values of 
515.27 kg/m3 reported for orange (Topuz et al., 
2005). This property could prove useful in the 
separation and transportation of the fruit by 
processing machines.  
The average rupture force for kiwi fruit was 21 
N compared with 9.75 N in apricot, 22.39 N in 
mango fruit and 57.38 N for olive fruit.  
 

Thus, the kiwi fruit has a bigger rupture force 
and more firmness than apricot but smaller than 
the mango fruit and olive fruit 
(Haciseferogullari et al., 2007; Jha et al., 2006; 
Kilickan and Guner, 2008). 
The maximum height of box and estimated 
parameters of kiwi fruit to calculate the 
maximum height of box is shown in Table 2.  
According to these results, the maximum height 
of storage and handling box for kiwi fruit was 
obtained 93 cm. Then for caution this fruit 
should be not stored in containers with over 93 
cm height.  
This value is higher than the value reported for 
peach fruit (70 cm) because rupture force of 
kiwi fruit is greater than the force required to 
break the peach fruit (15 N) (Sitkei, 1986). 
 

Table 2. Estimated parameters to calculate the maximum height of box for kiwi fruit storage 

Mean±SD Observations Parameter 
5630±13.17 5 N 
53.7±3.12 5 , (deg.) 
0.98±0.1 100 W, (N) 
21±1.81 5 n 
93±4.34 5 h, (cm) 

 
CONCLUSIONS 
 
Measuring maximum height of box for kiwi 
storage and handling was performed in this 
study. Also some physical and mechanical 
properties were measured. The following 
conclusions may be made based on statistical 
analysis of the data: Length, width, thickness, 
geometric mean diameter, bulk density and 
mass of kiwi fruit were 68.1 mm, 50.25 mm, 
46.38 mm, 54.07 mm, 563.2 kg/m3 and 100.22 
g, respectively. Rupture force for kiwi fruit was 
21 N that equal with 21 layers of fruit. 
Consequently, it is recommended for 
transporting and storing of kiwi fruit that use 
less than 93 cm of box until the fruit not broken 
due to the weight force of fruit bulk during 
handling and storing. 
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Abstract 
 
Fruit samples of 20 yellow-fleshed peach of the variety “Collins” were collected from the experimental orchards of. 
“Surinmih”, Ltd (Rezina region, Lalovo village, Republic of Moldova) in July 2013, and stored frozen at -20ºC for one 
month. These were tested for pH, soluble solids and total titratable acidity before being used in fruit filling production. 
The same physicochemical characteristics were determined in fillings prepared from these peaches, and the difference 
between the quality parameters of raw material and the final product was established. 
This study also addresses the impact of adding heat-stable complex containing gellan gum and amylopectin starch in 
the peach filling prepared in open kettles on the total polyphenol content. We investigated how total polyphenols from 
the unpeeled peach puree thawed after one month of freezer storage were affected by short-time concentration during 
fruit filling preparation and how heat-stable complex was able to save a part of these essential compounds. Our results 
indicate that processing peach puree into fruit fillings resulted in decreasing the total polyphenols, but the finished 
products could still be considered excellent sources of these bioactive compounds after adding heat-stable complex 
containing gellan gum and amylopectin starch. 
 
Key words: peach, heat-stable filling, complex, polyphenols. 
 
INTRODUCTION  
 
Peaches (Prunus persica) belong to the 
Rosaceae family. This fruit is a very important 
food product for customers owing to its 
pleasant sensory characteristics and various 
health benefits. Peaches are best eaten fresh 
and unpeeled, because they contain high 
quantities of water soluble vitamins (C, A, 
thiamin B1, riboflavin B2) and bioactive 
compounds such as polyphenols and 
carotenoids (Byrne et al., 2007). However, they 
are also widely used frozen, canned or in a 
variety of ways such as juice, jam, jelly, fillings 
and baby food, while providing the finished 
food products with essential minerals (iron, 
potassium, phosphorus, calcium) which are not 
significantly damaged during thermal 
treatment. There is also a strong correlation 
between total phenolics and the antioxidant 
activity of fresh peaches and food products on 
their base (Gil et al., 2002). Fresh peach puree, 
peach pulp and peel extracts may have benefits 
on various chronic diseases as they demonstrate 

the capacity to inhibit LDL oxidation (Chang et 
al., 2000). 
Phenolic compounds are natural components of 
peach fruit that not only contribute to overall 
quality and nutritional value in terms of 
modifying flavour, aroma and colour, but also 
serve in plant defense mechanisms to prevent 
oxidative damage and damage by 
microorganisms, insects, and herbivores 
(Stevenson et al., 1993; Kwok et al., 1997; 
Vaya et al., 1997; Duval et al., 1999). A 
growing number of scientific reports indicate 
that plant polyphenols also play a very 
significant role in human health and disease 
prevention (Block et al., 1992; Ness et al., 
1997; Chang et al., 2000). 
Peach peel has been found to hold high 
concentrations of these compounds which are 
often removed during fruit peeling prior to 
canning. Nowadays, not much information is 
available about how postharvest and processing 
conditions impact the levels of total 
polyphenols in food products. In regard to 
increased recognition of the polyphenols role in 
human health, it has become increasingly 
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important to study the influence of postharvest 
and processing conditions on the total 
polyphenol levels in foods. The composition of 
polyphenolic compounds in peaches is 
influenced by both internal and external factors. 
They comprise genetic variation in the species 
and subspecies (cultivar) level, maturity degree 
during the harvest period (Amiot et al., 1995; 
Bostock et al., 1999; Kabuto et al., 2000), 
preharvest agronomic conditions and 
postharvest processing conditions (Tomas-
Barberan et al., 2001). Moreover, polyphenols 
are not uniformly distributed within the fruit 
tissue (Macheix et al., 1990). The distribution 
of polyphenolic compounds is highly essential 
with respect to the antioxidant capacity of 
industrially processed foods. While 
mechanically harvested peaches must be 
processed quickly in order to prevent softening 
and tissue decay, hand-harvested ones which 
are destined to produce high quality food 
products (especially baby food) may be stored 
under refrigeration conditions for days. 
Of all the existent tree fruit crops, apples and 
peaches are among the best adapted to the 
Moldavian conditions and mostly processed 
into fruit jams, jellies, juices and fillings. 
Apples bloom later and are less sensitive to 
spring frosts than peaches but, with the right 
selection of a proper variety for each region, 
peaches can give rather regular crops and are 
favoured over apples by the Moldavian 
consumers. 
The peach cultivar selection is of greater 
importance for further processing and should 
not be neglected. The peach variety “Collins” 
gives early season crops. Its fruit has medium 
size, but with nicely balanced sweet and tart 
flavour. This peach cultivar was first developed 
in the USA and then was zoned in the Republic 
of Moldova in 1980. The fully-ripe peach has 
yellow flesh, but the seed does not come off. 
The peach cultivar “Collins” has high 
productive potential and has performed well 
under the Moldavian conditions.  
Moldavian peaches are generally preserved 
using thermal processing methods such as 
canning. The most popular manufactured 
canned foods in the Republic of Moldova are: 
peach juice, jam, bakery fillings and baby food. 
The thermal treatment applied in the canning 
technology is usually greater than the treatment 

required for microbiological destruction, 
because the processing goal is related more to 
the concentration up to the required level of 
soluble solids, homogenization and texture 
modification. However, part of the essential 
compounds (including polyphenols) are lost 
during the traditional open kettle canning 
method.  
Peach filling is a type of filling made with 
peaches as a fruit base. In fruit fillings, 
structure stability is one of the most significant 
properties because these food products obtained 
generally from fruit purees may easily be 
separated into several phases without adding 
stabilizer systems, due to the damage of the 
structure after freezing/thawing and blending. 
Therefore, in order to stabilize peach fillings 
and to provide high bake-stability to the 
finished food product, heat-stable food 
complex containing low acyl gellan gum and 
amylopectin starch was added to the initial 
peach puree. It was clearly observed that 
control samples of peach fillings prepared from 
peach puree without adding the heat-stable 
complex created in the Functional Foods 
Laboratory of the Practical Scientific Institute 
of Horticulture and Food Technology for 
bakery-stable fruit fillings (Cropotova & Popel, 
2012) displayed an unstable structure, easy to 
damage during preparation due to the intensive 
mixing of recipe ingredients and thermal 
treatment.  
The nutritional value of fresh fruit is highly 
important for modern food manufacturers 
owing to the constantly growing interest in the 
“health-providing” properties to some food 
products based on the observation and 
scientifically proved postulates that their 
regular consumption beneficially influences 
human health by strengthening the body’s 
defense against several chronic diseases (Peri, 
2006). Antioxidants, such as phenolic 
compounds, carotenoids and tocopherols, 
which can protect the human body from 
reactive oxygen species that are responsible for 
chronic diseases, are present in high 
concentrations in peaches (Dalla Valle et al., 
2007) and may provide beneficial health effects 
to the food products prepared on their base, 
such as fruit fillings. 
Investigations on the influence of postharvest 
and processing conditions on the total 
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polyphenol content in processed foods are 
becoming crucial as a result of the health 
effects of fruit-based polyphenols and their role 
in disease prevention. Establishing the 
relationships between the processing conditions 
and the polyphenol levels in fruit (particularly 
in peaches) and the food products prepared 
from peaches is important to know how to 
optimize and maintain levels of useful 
polyphenols in commercially processed foods.  
Numerous studies have demonstrated that 
polyphenol oxidation could be induced 
chemically (Jensen et al., 1983; Young et al., 
1987), enzymically by using polyphenoloxidase 
(Goodenough et al., 1983; Rouet-Mayer et al., 
1990), and by peroxidase (Weinges et al., 1971; 
Richard-Forget et al., 1997).  
Most investigations were conducted in aqueous 
solutions. Therefore, another objective of the 
research was to study the influence of the heat-
stable food complex consisting in two 
hydrocolloids (low acyl gellan gum and 
amylopectin starch) on the chemical stability of 
polyphenols from peach puree during fruit 
filling preparation in open pans. 
 
MATERIALS AND METHODS 
 
Our study describes the impact of common 
postharvest processing practices on the levels 
of total polyphenols in peaches of the variety 
“Collins” and heat-stable fruit fillings prepared 
from these peaches after freezer storage and 
thermal treatment. We present the influence of 
freezer storage of peaches at -20°C during one 
month and three different time-temperature 
concentration during peach filling preparation 
on the total polyphenols. 
 
Raw materials 
Peaches of the variety “Collins” variety were 
hand picked in July, 2013, from the 
experimental orchards of “Surinmih” Ltd. 
(Rezina region, Lalovo village, Republic of 
Moldova). Aiming to obtain homogeneous 
trials, peach fruit was harvested randomly from 
both the external and internal parts of the 
selected trees. Peaches were frozen at -20°C 
and stored in deep freezer for one month, for 
further processing purposes. Sugar was 
acquired from a local supermarket (Chisinau, 
Republic of Moldova). Amylopectin potato 

starch Eliane BC-160 (AVEBE) was kindly 
supplied by the Trading House AVERS (Sankt-
Peterburg, Russian Federation). Low acyl 
gellan gum powder (KELCOGEL F) was 
purchased from the Moscow International 
Exhibition for Food Ingredients, Additives and 
Flavourings - “Ingredients Russia-2013” 
(Moscow, Russian Federation). 
 
Chemicals 
Folin and Ciocalteu’s phenol reagent, sodium 
hydroxide solution (0,1n) and citric acid 
solution (50%) were prepared in the Laboratory 
of Functional Foods at the Practical Scientific 
Institute of Horticulture and Food Technology 
(Chisinau, Republic of Moldova).  
 
Peach processing into heat-stable fillings  
Peaches were washed, dried, sliced, pitted and 
frozen by experienced personnel in the 
Functional Foods Laboratory of the Practical 
Scientific Institute of Horticulture and Food 
Technology (Chisinau, Republic of Moldova). 
Prior to filling preparation, unpeeled peaches 
were thawed after freezing and pureed with a 
portable blender up to homogeneous mass. 
Peach filling samples having the same pH value 
and soluble solids content were produced 
locally from peach puree obtained in a previous 
phase, sugar, citric acid and heat-stable 
complex containing amylopectin starch and 
gellan gum. For further preparation of bakery-
stable peach fillings in the first phase, a heat-
stable complex was prepared by the complete 
dissolution of gellan gum and amylopectin 
starch in hot distilled water under intensive 
mixing. In the second phase, sugar was blended 
with peach puree and heated up to complete 
concentration up to requested dry matter. After 
adding the heat-stable complex and citric acid 
solution into peach filling compositions and 
complete homogenization under intense 
blending, the total soluble solids were 
determined by using an ABBE benchtop 
refractometer in order to reach the required 
ºBrix according to the best selected bakery-
stable filling formulations established in our 
previous studies.  
All peach fillings were prepared on the basis of 
90% peach puree for every formulation, having 
the same pH and soluble solids, but different 
quantity of citric acid added in each 
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formulation. The effects of introducing heat-
stable complex and different doses of citric acid 
solution into the peach filling compositions on 
the stability of the total polyphenols from the 
initial peach puree were studied using the 
Folin-Ciocalteu method as an accurate method 
for the determination of the total phenolic 
content.  
 
Physicochemical analysis 
The physicochemical analysis of peach puree 
and the fillings prepared from it was conducted 
in the Laboratory of Functional Foods of the 
Practical Scientific Institute of Horticulture and 
Food Industry of the Republic of Moldova. The 
soluble solids of the prepared fruit fillings were 
measured by using the ABBE benchtop 
refractometer and expressed in °Brix. Their pH 
was determined byy the potentiometric method, 
introducing the electrode directly into the 
analyzed fruit fillings.  
To determine the amount of acids in the peach 
products, we used titration as the most common 
chemical process with the standard laboratory 
solution of 0.1M sodium hydroxide as counter-
active reagent. 1% w/v solution of 
phenolphthalein in 95% v/v ethanol was used 
as indicator, while the point of neutrality was 
reached when the indicator changed from 
colourless to pink. We also calculated the 
sugar/acid ratio for both peach puree and 
fillings, as this parameter is a very important 
indicator of the commercial and organoleptic 
quality of the raw material and fruit-based 
products. The total polyphenols content in 
peaches and peach fillings was determined by 
the spectrophotometric method (Singleton et 
al., 1999) using the Folin-Ciocalteu reagent. 
The reaction is based on the reduction of 
phosphomolybdic acid by phenols in aqueous 
alkali. The method detects the total free 
phenolic groups and thus establishes the total 
soluble phenolic compounds in a sample. The 
total content of polyphenols was measured in 
peach puree before preparing peach fillings, 
and subsequently in the filling samples 
prepared with heat-stable complex and 
separately without it (control samples) by 
short-term concentration of the peach puree. 
The difference between the initial content of 
polyphenols in peach puree and their remaining 
content in peach fillings showed the total 

polyphenol loses in each sample. Samples were 
duplicated for each analysis and the mean value 
of absorbance was obtained. All experimental 
measurements were expressed as the average of 
conducted analyses ± standard deviation. 
 
RESULTS AND DISCUSSIONS 
 
Total polyphenols were measured in both 
unpeeled thawed peaches and the prepared 
heat-stable fillings. We used freezing/thawing 
before peach analysis and filling preparation 
because these processes result in the disruption 
of the cellular matrix and an easier extraction 
of the polyphenols and other beneficial 
compounds, especially the colour and aromatic 
ones. The polyphenol levels ranged between 
375.4 and 370.48 mg/kg in the unpeeled 
peaches (Table 1).  
Studies of the total polyphenol content in 
peaches processed into fruit filling composition 
at 90°C for 10 minutes indicated that the 
addition of the heat-stable complex containing 
gellan gum and amylopectin starch may 
decrease the total polyphenol loses up to 15-
16%, compared with the control samples of 
peach fillings prepared without the heat-stable 
complex. 
 
Table 1. Quality characteristics of peach puree obtained 
from unpeeled peaches variety “Collins” immediately 

after thawing and peach fillings prepared from this puree 
 

Product 
type 

SSC, 
ºBrix 

TA, 
% 

SSC/ 
TA, 

ºBrix/
% acid 

pH TPC, 
mg/kg 

“Collins” 
peaches 

12.25
±0.35 

0.67 
±0.01 

18.28 
±0,25 

3.8 
±0.01 

372.94
±3.48 

Peach 
filling 
nr. 1 

47.85
±0.21 

0.49 
±0.01 

96.86 
±0.14 

3.8 
±0.01 

246.8 
±0,99 

Peach 
filling 
nr. 2 

47.75
±0.35 

0.59 
±0.01 

80.93 
±0.25 

3.8 
±0.01 

209 
±2,83 

Peach 
filling 

(control) 

47.85
±0.07 

0.59 
±0.01 

81.10 
±0.05 

3.8 
±0.01 

150.78
±0.96 

Data are expressed as mean ± standard deviation (n=2) 
SSC – soluble solid content, TA – titratable acidity, 
SSC/TA – sugar/acid ratio, TPC – total polyphenol 
content. 
 
Moldavian peaches are usually thermally 
processed at the canning cultivars using 
standard conditions that guarantee commercial 
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sterility under normal conditions of 
transportation and storage. However, it was 
demonstrated that thermal processing may lead 
to the polymerisation of phenolic compounds 
(Howard et al., 1996). This item should be 
futher investigated, as it is not clear whether 
polymerised phenolics possess the same 
biological activity as lower-molecular-weight 
phenols and at what specific size their 
effectiveness as antioxidants declines.  
The results presented in Table 1 display less 
total polyphenol loses in peach fillings 
prepared with heat-stable food complex after 
thermal treatment, compared with the initial 
content of these compounds in peach puree and 
control samples of peach fillings. 
All prepared peach filling had the same value 
of pH – 3.8. However, the value of titratable 
acidity for each filling was different. It was 
clearly noticeable that the acid content 
influenced the polyphenol loses – in peach 
puree and peach fillings having more acidic 
profile with the same pH value and soluble 
solids, the total polyphenol content was 
somewhat higher, because organic acids protect 
plant phenols from oxidation.  
 
CONCLUSIONS 
 
After presenting the final results of the study, 
we may freely postulate that heat-stable food 
complex containing low acyl gellan gum and 
amylopectin starch influences the chemical 
stability of polyphenols from fruit-based raw 
material. The results show a slower decrease in 
the total polyphenol content in the peach 
fillings prepared with heat-stable food complex 
after thermal treatment, compared with the 
initial content of these compounds in the peach 
puree. It may also be assumed that the 
presented hydrocolloid complex affects the 
oxidation rate of the polyphenols if they are 
incorporated in or closely interacting with the 
hydrocolloids. However, the protective 
mechanisms of the complex are still unclear 
and further investigation is necessary in order 
to discover them. 
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Abstract 
 
The study describes the development of complex groups containing iron under various forms in order to combine the 
latter with vitamins. The complex compositions include ferric sulphate, ferrous fumarate, elemental iron, vitamins from 
the B group and niacin. Flour was used as ‘excipient’ and was fortified with these complexes in two steps: autumnal, 
consisting of freshly-harvested raw material and stored when temperatures decrease; springtime, consisting of grains 
stored for a long time when temperatures are high.  
Sensory parameters of bakery products manufactured from fortified flour made of various premixes and having passed 
through all different storage periods did not present any variations between one another, nor compared to control 
samples made of flour to which nothing was added. 
 
Key words: wheat flour, ferric compounds, vitamins. 
 
 
INTRODUCTION  
 
Research carried out worldwide with the aim to 
fortify food-stuff with vitamins, macro- and 
micro-elements for enhancing the food 
situation of populations has allowed for the 
following principles to be formulated: 

1. Wisely fortifying mass-consumption 
food-stuff (available to all wider population 
groups, from children to adults consuming 
food-stuff on a daily basis and in all conditions) 
and articles of food that are refined and 
undergo various technological processes 
leading to substantial losses in micro-nutrients.  

2. To fortify food-stuff, it is necessary 
to use vitamins and mineral matters that are 
known to be insufficiently consumed and/or 
grossly lacking. 

3. The criteria for choosing a certain 
fortifying nutrient, its quantity and form, are: 
security, practicality and efficiency for 
enhancing the food situation of populations. 

4. The amount of vitamins and mineral 
matters added to the products they fortify is to 
be considered with their natural presence in the 
original raw material.   

5. It is essential to consider possible 
chemical reactions occurring when mixing 
various fortifying matters with the components 
of the fortified product; attention should be 
paid when choosing combinations, forms, 
means and steps of introducing such fortified 
products to ensure maximal preservation during 
the production and conservation processes. 

6. Fortifying food-stuff with vitamins 
and mineral matters should not have a negative 
effect on the consumer properties of original 
products.  

7. Overall consumption over 24 hours 
of vitamins and mineral matters should not 
overtake the maximum admissible amount of 
consumption. 

8. The efficiency of adding fortifying 
products should receive approval and 
demonstrate full safety, good assimilability and 
capacity to substantially enhance body health 
through vitamins and mineral matters (Codex 
General Principles for the Addition of Essential 
Nutrients to Foods & Spirichev, 2000). 
The most important micro-nutrient is iron; 
deficiency in iron also goes hand in hand with 
lack of vitamins B1, B2, B6, B9 (group B), PP. 
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The latter concur, at various steps, to the 
sorption and the metabolisation of iron in the 
human organism in order to ensure efficient 
iron assimilation (Nechaev et al.). 
Flour, bread and bread-making products are 
food-stuff consumed on a daily basis and by all 
age categories of the overall population. Bread-
making products are a valuable source of 
vitamins and mineral matters.  
Wheat is the most common cereal crop: it holds 
PP vitamins of group B and mineral matters. 
The majority of vitamins and mineral matters 
are concentrated in the cereal external sheath 
but those vitamins are lost during grinding. The 
lesser the flour yield is, the bigger losses in 
vitamins and mineral matters are.  
Using more superior quality flour-based bread-
making products leads to less necessary micro-
nutrients (contained in such products) being 
assimilated by the human organism.   
The most appropriate and effective way to act 
for ensuring enough iron to the overall 
population is to ‘shore up’ wheat flour using 
this micro-element. This kind of shoring-up is 
carried out through combining introduction of 
vitamins necessary for iron assimilation. Iron 
and vitamins quantities added to raw material 
need to be fixed and to be equal to 
physiological needs of the human organism. 
This allows for creating a product with 
guaranteed doses of vitamins and mineral 
matters.   
Fortifying food-stuff with iron is far from being 
an easy task. This metal presents aliovalent 
impurity; it is easily catalysed through 
oxidation process and, especially, by processes 
of anti-peroxidant activity of lipids, which 
accelerates fats rancidification, waste flour 
when stored and destroy a whole series of 
vitamins (Suvorov et al., 2012). 
Around the world, practice has led to using a 
vast series of vitamins and mineral matters 
additives for fortifiying flour and bread-making 
products. The following sources of iron are the 
most used:  Fe0 electrolytic iron; Fe2+ ferric 
sulphate and FeSO4·H2O monohydrate; Fe2+ 

ferric sulphate and FeSO4·7H2O heptahydrate; 
Fe( 4 2O4) iron fumarate, FePO4×H2O ferric 
orthophosphate; Fe4(P2O7)3·9H2O ferric 
pyrophosphate. 
Bioavailability of iron mostly depends of its 
solubility in gastric juice during digestion, of 

the inhibitors presence in food or the 
concentration of absorption-enhancing 
substances and of individual content in iron.  
Water-soluble compounds (ferric sulfate) are 
instantly diluted in gastric juice and present the 
highest level of bioavailability. Compounds 
indissoluble in water (ferric fumarate) are 
easily absorbed because they are entirely, 
though slowly, diluted in gastric juice. 
Insoluble compounds, such as electrolytic iron, 
may be ill-suited to adsorption.  
A repressible impact on iron absorption is 
exercised by compounds such as phytic acid, 
phenolic compounds and calcium.  
To fortify flour it is necessary to select the 
ferric compound with the highest 
bioavailability, a compound that does not cause 
any physic-chemical and organoleptic changes 
in quality indicators and does not affect 
storage.  
The objective of the present work was to focus 
on the impact of various forms of ferric 
compounds when introducing combined 
vitamins in fortified flour.  
 
MATERIALS AND METHODS 
 
A complex group was created, comprising iron 
under various forms in order to combine with 
vitamins.  
The complex composition consisted in the 
following compounds: FeSO4×H2O ferric 
sulphate; Fe(C4H2O4) ferric fumarate; Fe0 

elemental iron; vitamins from the B group (B1, 
B2, B6, B9); niacin (PP). Flour was used as 
‘excipient’. 
Three types of complexes were elaborated 
which were stored under industrial conditions 
at a later stage in order to have a clear idea 
about the quantitative content, the compounds 
integrity during the storage process and to 
define a clear ‘best-before date’ for the 
compounds. These complexes aimed at 
vitaminizing flour during its making and to 
fortifying it when kneading dough. 
Once obtained, complexes were used to fortify 
flour and ensure quality indicators showing a 
guaranteed storage life. Flour was fortified in 
two steps: in autumn, consisting of freshly-
harvested raw material and stored when 
temperatures decreased; in spring, consisting of 
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grains stored for a long time when temperatures 
were high. 
The technological process of flour fortification 
consisted of the following: sieving; flour 
mixing to create a uniform batch; balancing; 
fortifying using the above-mentioned quantity 
of vitamins and mineral matters; mixing; 
packing into a tare; picking out of flour 
samples for monitoring storage. Storage was 
carried out in warehouses special chambers 
suitable for keeping bread-related products 
between 12°C and 28°C.  
The formulas of premixes and dosage for flour 
fortification were carefully chosen in order to 
ensure that 30% to 40% of the human body 
needs were met for every 200 to 250 g of 
fortified-flour bread eaten.  
The criteria used to evaluate the impact of 
those various forms of iron and vitamins on the 
quality of products were indicators of oxidative 
stability during storage on premixes and on 
fortified flour.  
The quality of premixes during storage was 
monitored through the acidity index of fats 
contained in flour. Since flour was an integral 
part of premixes, it was possible to induce a 
degrading quality level by flour acidifying fats.  
The quality indicators of the premixes and flour 
were determined by standard methods.  
Physic-chemical and organoleptic indicators 
were monitored over a one-year period. 
Organoleptic characteristics were defined using 
bread that had been prepared using premixes 
taken out directly from dough being kneaded 
and fortified flour.  
 
RESULTS AND DISCUSSIONS 
 
The native content in iron and vitamins present 
in wheat grains and in flour of miscellaneous 
qualities (Skurikhin, 1987) is shown in Table 1.  
Over the course of experimentation, iron 
content in mg/100 g: in a full wheat grain, 4.8 
to 4.9; in siftings, 10.2 to 10.4; in low-quality 
wheat flour, 2.0 to 2.1; and in superior-quality 
wheat flour, 1.0 to 1.1. The results were in 
concordance with the reference data of the 
grain chemical content and the products 
derived from processing grains (Mccance and 
Widdowson's, 2002). 
 
 

Table 1. The native content in iron and vitamins 
 

 
Product 

Content, mg/100 g product 

Fe B1 B2 PP 

Wheat grain  5.4 0.43 0.15 5.32 

Second-quality wheat flour 3.9 0.37 0.12 4.55 

First-quality wheat flour 2.1 0.25 0.08 2.2 

Superior quality wheat flour 1.2 0.17 0.04 1.2 

 
When milled wheat grains lost iron from its 
native content; loss may reach accordingly: 
second-quality flour, 25%; first-quality flour, 
60%; superior-quality flour, 77%. Losses in 
vitamins from the superior-quality flour 
oscillate from B1, 60%, B2, 70%, to , 66%. 
Data analysis showed substantive losses of 
native iron compounds and vitamins in the 
superior quality flour, which represented more 
than 60% of all bread-related items consumed.  
To obtain the ideal quantity of easily-
assimilable iron and vitamins from bread items 
made from first or superior quality wheat flour 
at a level that would not be lower than the 
content of a second-quality flour was possible 
only by using fortified flour.  
Fortification of flour through adding micro-
elements consisted essentially in restoring 
vitamins and micro-elements in the food-stuff 
after their elimination in the processes grains 
must pass through.  
The composition of vitamin and mineral-matter 
complex is shown in Table 2. 
First and superior quality flours fortified 
through these complex contain for every 100 g: 
iron, 4.1 to 5.0 mg; vitamin 1, 0.39 to 0.47 
mg; vitamin 2, 0.12 to 0.16 mg; vitamin 6, 
0.29 to 0.31 mg; vitamin 9, 0.040 to 0.050 
mg; vitamin , 4.0 to 5.0 mg. 
When stored, premixes present an increase in 
the acidity index of fats. Over 12 months, the 
acid index, when using elemental iron, 
increased by a factor of 1.6; when using ferric 
fumarate, by a factor of 1.1; ferric sulphate, by 
1.1. Besides, the increases for both ferric 
sulphate and fumarate are very close; the 
acidification pace of a premix with elemental 
iron is much higher (Figure 1). Acid index of 
fats in all samples of premixes with various 
iron forms, at the outset of 12 months, is much 
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lower than the maximal admissible value, 
which, for flour, is established at 50 mg/100 g 
of product.  

 
Table 2. Composition of vitamin and  

mineral-matter complex 
 

 
 

 
Compounds list  

Quantitative 
composition, 

g/100g 
premix 

Compounds 
content 

calculated 
for 1000 kg 

flour 

Complex  1 consumption of 104 g/1t of flour 
1 Electrolytic iron (Fe0) 28.00 29.12 
2 Thiamine (B1) 2.10 2.18 
3 Riboflavin (B2) 2.40 2.50 
4 Pyridoxine (B6) 3.00 3.12 
5 Folic acid (B9) 0.40 0.42 
6 Niacin (PP) 26.96 28.04 
7 Carrier – flour  37.14 – 

Complex  2 consumption of 200 g/1t of flour 

1 Ferric fumarate 
(Fe(C4H2O4) ) 

44.18 88.36 

2 Thiamine (B1) 1.09 2.18 
3 Riboflavin (B2) 1.25 2.50 
4 Pyridoxine (B6) 1.56 3.12 
5 folic acid (B9) 0.21 0.42 
6 Niacin (PP) 14.04 28.08 
7 Carrier – flour 37.63 – 

Complex  3 consumption of 200 g/1t of flour 

1 Ferrous sulphate 
(FeSO4×H2O) 

39.50 
 79.00 

2 Thiamine (B1) 1.09 2.18 
3 Riboflavin (B2) 1.25 2.50 
4 Pyridoxine (B6) 1.56 3.12 
5 folic acid (B9) 0.21 0.42 
6 Niacin (PP) 14.04 28.04 
7 Carrier – flour 42.36 – 
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Figure 1. Changes in acid index of fats in the premixes 
during storage 

 

The PP vitamins level decreased over 12 
months of storage in premix with elemental 
iron (from 26.2% to 20.7%), with ferric 
fumarate (from 13.1% to 12.7%) and with 
ferric sulphate (from 13.2% to 12.0%). PP 
vitamins level of preservation with elemental 
iron was 79%; with ferric fumarate, 97%; with 
ferric sulphate, 91%. The sharpest decrease in 
PP vitamins level was observed in the premix 
with elemental iron (Figure 2).  
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Figure 2. Changes in nicotinic acid content in the 

premixes during storage 
 
Folic acid content during storage (Figure 3) 
remained almost unchanged when laying 
premix with elemental iron; folic acid level 
decreased by 19% with ferric fumarate; and by 
24% with ferric sulphate.  
Organoleptic indicators in the bread made of 
premixes directly added when kneading dough 
showed that the bread quality did not depend 
on how many months the premixes were stored; 
besides, there was no change in flavour, taste, 
aroma, crumb condition. Bread samples were 
not marked by any change according to physic-
chemical indicators.  
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Figure 3. Changes in folic acid content in the premixes 

during storage 
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Hence the present research allowed establishing 
that the various forms of iron used for creating 
compounds presented a negligible impact on 
quality indicators and components preservation 
when the product was stored for one year. This 
allows for the use of the said iron forms aiming 
at flour fortification over a one-year period.  
The autumnal-stored flour was kept for 12 
months; the spring-stored flour, for 6 months. 
The humidity change in flour was not 
identified. Over the first 6-month storage 
period, humidity decreased and then (for 
fortified autumnal flour) increased (Figure 4). 
In this regard, it was necessary to emphasize 
that all samples analysed during the storage 
process met the requirements (Codex Standard 
FOR Wheat Flour), namely a maximum of 
15.5%: samples displayed 12.0% to 13.0% for 
autumnal fortified flour and 13.6% to 14.4% 
for spring flour (Figure 5).  
In the autumnal (spring) fortified flour, the 
water impact over the course of storage was the 
following: control, 0.46 to 0.57 (0.54 to 0.55); 
with elemental iron, 0.47 to 0.57 (0.57 to 0.61); 
with ferric fumarate, 0.55 to 0.57 (0.58 to 
0.60); with ferric sulphate, 0.43 to 0.57 (0.59 to 
0.60) and then the characteristic modifications 
were correlated with the modifications caused 
by product humidification (Figure 6).  
Acidity index of fats for wheat flour, in 
conformity with (Codex Standard for Wheat 
Flour) was standardised at 50 mg potassium 
hydroxide /100 g of dry substance.  
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Figure 4. Humidity of the autumn-fortified flour during 

storage  
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Figure 5. Humidity of the spring-fortified flour during 

storage 
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Figure 6. Water activity of the autumn-fortified flour 
during storage 

 
The acidity index present increased fat levels in 
the experimental samples and control samples 
(Figure 7 and Figure 8).  
Over 12 months of storage the acidity index of 
fats showed increased indicators for autumnal 
fortified flour: the control sample increased by 
2.5 times, experimental samples by 2.2 to 2.3 
times. Moreover, a lesser increase was noticed 
in terms of the fats acidity index of premixes 
with ferric sulphate and elemental iron 
(respectively, 34 mg of potassium 
hydroxide/100 g of flour and 35.9 mg/100 g); a 
bigger increase is noticed in the control sample 
and in the premix with ferric fumarate 
(respectively, 36.9 mg of potassium 
hydroxide/100 g of flour and 37.4 mg/100 g).  
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Figure 7. Acid index of the autumn-fortified flour during 

storage 
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Figure 8. Acid index of the spring-fortified flour during 

storage 
 
Concerning spring-fortified flour of the 
beginning of the storage period, when 
temperatures increased rapidly, the fats acidity 
index also rapidly increased from 24.1 to 42.7 
mg of potassium hydroxide/100 g of dry 
substance; besides, this indicator increased in 
the control sample, as well as in all other 
experimental samples.  
In all samples, the potassium hydroxide levels 
were much lower than the regulatory standard 
applied to autumn fortified flour, and lower 
than the admissible value for spring-fortified 
flour. As for the control sample, the fats acidity 
index did not exceed 65% (85%) of the 
regulatory standard. For autumn-fortified and 
spring-fortified flours, respectively: ferric 
sulphate, 66% (86%); ferric fumarate, 65% 
(82%), elemental iron, 68% (81%).  
The nicotinic acid mass fraction presented 
negligible variations during the storage process; 
it remained at the same level in experimental 
and control samples. 
Organoleptic characteristics in bread-making 
items produced from fortified flour made of 
various premixes and having passed through all 

different storage periods presented no 
variations, compared to one another and the 
control samples made of flour to which nothing 
was added.  
Fortification of flour using premixes enriched 
with vitamins and mineral matters may be 
carried out in flour-milling plants, as well as 
while kneading dough during the bread-making 
process. 
Flour production in milling plants included 
magnetic traps as the last step before 
prepacking. Consequently, premixes with 
elemental iron could not be used; nevertheless, 
other kinds of premixes could replace them 
successfully.  
When fortifying flour at the kneading-dough 
step, all kinds of premixes can be used. 
Economy is a crucial factor when choosing 
which premix to use for fortifying flour.  
Our point of view on fortified flour storage in 
unregulated conditions is that storing term 
should not exceed 12 months in the case of 
autumn-fortified flour and 6 months in the case 
of spring flour.  
 
CONCLUSIONS 
 
The results of our experiments are the 
following: 
1. Elaboration of three kinds of compounds 
aiming at fortifying flour through the use of 
various forms of iron and vitamins that concur 
to enhance their assimilation by the human 
body.  
It has been established that the studied forms of 
iron used for creating compounds have a 
negligible impact on quality indicators and 
preservation of premix compounds when stored 
for about one year.  
- a negligible increase in the fats acidity index 
is observed; this increase has no impacts on 
organoleptic indicators of fortified flour and the 
products based upon it.  
- the highest preservation rate of folic acid is 
observed in premixes with elemental iron and 
the lowest rate, with ferric sulphate.  
- a high preservation rate of PP vitamin is 
observed in all kinds of premixes during the 
storage process.  
2. Fortification of flour has been carried out, 
including its following storage in unregulated 
temperature conditions over a two-step period: 
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autumn (beginning with a fall in temperatures 
and then a rise) and spring (with a rise in 
temperatures in the beginning followed by a 
fall).    
It has been established that acidification 
processes happening in flour are more active 
during spring fortification, not only in fortified 
flour but also in control premixes devoid of 
additions: 
- the acidity index of fats rate exceeds 12% to 
19% correspondent values of fortified flour 
when stored in autumn.  
- the lowest rate of acidity index of fats is 
observed in the flour fortified using elemental 
iron.  
- over one year of storage of autumn-fortified 
flour and 6 months of spring flour no essential 
changes are observable in terms of quality and 
organoleptic indicators; those fortified flours do 
not differ from one another, nor from control 
flour devoid of additions. This shows that it is 
possible to fortify flour using the elaborated 
said compounds.  
3. The choice of a premix may be conditioned 
by technological processing of grains, the 
production of flour and economic 
considerations.  
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Abstract 
 
Research has been conducted to determine the effectiveness of lignocellulolytic fungi biodegradation, either single or 
consortium, as well as the effective dose of inoculum in the process of biodegradation of waste oil palm empty fruit 
bunches. This research used experimental methods to Completely Randomized Design (CRD) 4 x 3 factorial in three 
replications. The first factor were species of fungi, Rhizopus oryzae (j1), Penicillium citrinum (j2), Aspergillus nidulans 
(j3) and consortium of Rhizopus oryzae, Penicillium citrinum and Aspergillus nidulans (j4). Second factor was 
inoculum dosage (D), 0% (d0), 5% (d1) and 10% (d2). The results showed that Rhizopus oryzae, Penicillium citrinum 
and Aspergillus nidulans singly gave the result by decreasing 35.78%, 27.02% and 21.60% C/N ratio, while a 
consortium of Rhizopus oryzae, Penicillium citrinum and Aspergillus nidulans gave the result by decreasing 23.40% 
C/N ratio. Decrease in C/N ratio suggests that Rhizopus oryzae and Penicillium citrinum either single or consortium is 
more effectiveused in the process of palm oil empty fruit bunches waste biodegradation. In addition, 5% was the most 
effective inoculums dosage during the biodegradation process by decreasing 33.73% C/N ratio 30 days. 
 
Key words: biodegradation, palm empty fruit bunches waste, Rhizopus oryzae, Penicillium citrinum, Aspergillus 
nidulans, C/N ratio. 

 
INTRODUCTION 
 
Lignocelulolytic fungus is one of a group of 
microorganisms that have an important role in 
the process of biodegradation of lignocellulose 
components. The ability of fungi to degrade 
lignocellulosic materials lignoselulolitik due to 
its lignocelulolitik enzyme system, so it can 
degrade lignocellulosic materials into more 
simple compounds (Zabel and Morell, 1992). 
Fungus of the class Basidiomycetes are the 
main group of degrading lignocellulose 
(Wymelenberg, 2006). Lignocellulose is an 
organic material which is abundant in nature 
and consists of three types of polymers, namely 
cellulose, hemicellulose and lignin. Empty fruit 
bunches of oil palm is a type of solid waste 
with lignocellulosic as the largest component 
which is difficult to degrade. Oil palm empty 
fruit bunches (TKKS) consists of cellulose (40-
60%), hemicellulose (20-30%) and lignin (15-
30%) (Dekker, 1991 in Wardani, 2012). 
In 2005, oil palm empty fruit bunches 
generated by the palm oil industry is estimated 
at 9.9 million tonne. Utilization of oil palm 

empty fruit bunches at the moment is still very 
limited and almost no economic value. During 
the oil palm empty fruit bunch burned in 
incinerator for ashes and taken as a potassium 
fertilizer. This way will be banned in the future 
because it raises the problem of pollution, in 
addition to the high cost of treatment 
incinerator. Darnoko et al. (1993) explains that 
the oil palm empty fruit bunches have a C/N 
ratio is high, ie > 45, if the material is added 
directly to the soil, N in the soil will be reduced 
due to mobilize on the reform process of 
organic matter by soil microorganisms). One 
alternative in the treatment of oil palm empty 
fruit bunches are biodegradable solid waste into 
compost bioactive oil palm empty fruit 
bunches. The application of composting 
systems palm empty fruit bunches has technical 
and economic opportunities are sufficient to 
control the organic solid waste and increase the 
carrying capacity of oil palm plantations 
(Goenadi, 1997). According to Rao (1994), the 
biological activities such as root growth and 
microbial metabolism in soil plays a role in 
shaping the texture and fertility of the soil. One 
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of the lignocellulolytic fungi that can help the 
process of soil formation is Trichoderma sp.  
Suhartatik et al. (1998) explained that the 
inoculation of Trichoderma sp. in the 
biodegradation process of rice straw, can 
reduce the ratio of C/N to C/N less than 20 in 
the fourth week. Based on the above, it is 
important to do research on the ability of the 
fungus lignoselulolitik either single or 
consortium in the biodegradation process waste 
oil palm empty fruit bunches. The purpose of 
this study is to obtain stren lignoselulolitik 
fungus that can decompose lignocellulosic oil 
palm empty fruit bunches and get a dose of 
inoculum that can effectively and quickly lower 
the C/N ratio of waste oil palm empty fruit 
bunches. 
 
MATERIALS AND METHODS  
 
Equipment and Materials 
Apparatus and materials used include kjeldahl, 
flask, micropipette, microscope phosphoric 
acid (H3PO4) acid, sulfuric acid (H2SO4) acid, 
distilled water, CMC (Carboxy Methyl 
Cellulose), CuSO4, diphenynilamine, phenol 
sulfate 1N, 1N FeSO4, standard HCl, potassium 
dichromate (K2Cr2O7) 1N, KMnO4, 
lignocellulolytic fungal cultures isolated from 
oil palm empty fruit bunches, lignin, 
fermentation medium include: waste oil palm 
empty fruit bunches (TKKS); starter medium 
include: rice, soy flour, flour oil palm empty 
fruit bunches flour and corn cobs; methyl red, 
10% NaOH, and Potato Dextrose Agar (PDA) 
of OXOID®. 
The method used in this research are 
descriptive and experimental. This study is 
divided into three stages, namely stage 
isolation, selection and identification; 
manufacturing phase inoculum (starter); stages 
of biodegradation of waste oil palm empty fruit 
bunches by using solid fermentation. 
Experimental methods used in the third stage, 
the stage of the biodegradation of waste oil 
palm empty fruit bunches by solid fermentation 
process with completely randomized design 
(CRD) 4 x 3 factorial pattern, which consists of 
three factors. The first factor is a type of fungus 
(J), the fungus Rhizopus oryzae (j1), the fungus 
Penicillium citrinum (j2), the fungus 
Aspergillus nidulans (j3) and a consortium of 

Rhizopus oryzae fungus, Penicillium citrinum 
and Aspergillus nidulans (j4). Factor II was 
inoculum dose (D), ie 0% inoculum dose (d0), 
5% (d1) and 10% (d2). The main parameters 
measured include the number of fungi (Total 
Plate Count Method) and the measurement of 
the ratio of C/N (total carbon content by the 
Walkley and Black method, total nitrogen 
content by Kjeldahl method. The data obtained 
were statistically tested using analysis of 
variance test (ANOVA). Apabila berbeda nyata 
maka dilanjutkan dengan uji jarak berganda 
Duncan dengan taraf nyata 5% (Gomez dan 
Gomez, 1995). 
If there are differences, then continue with 
Duncan's multiple range test with a significance 
level of 5%. 
 
RESULTS AND DISCUSSIONS 
 
Lignocellulolytic fungi isolated from Waste 
Oil Palm Empty Fruit Bunch 
Three fungal isolates were selected because 
they have the highest index of lignolitik and 
cellulolytic which would then be used in the 
process of biodegradation of waste oil palm 
empty fruit bunches. Identification is done 
macroscopically and microscopically. 
Identification results, known as Rhizopus 
oryzae, Penicillium citrinum and Aspergillus 
nidulans. 
 
Growth of Rhizopus oryzae, Penicillium 
citrinum and Aspergillus nidulans during 
Biodegradation Process Waste Oil Palm 
Empty Fruit Bunch 
Fermentation is an activity of various microbial 
action under controlled conditions. Presence of 
the metabolic activity of microorganisms in the 
end will lead to a change on the substrate. 
The changes that occur during the process of 
fermentation include physical and chemical 
changes (Buckle et al., 1987 in Darmawan, 
2008). Fungal colony populations during 
biodegradation of waste oil palm empty fruit 
bunches were statistically analyzed using 
analysis of variants (ANOVA).  
ANOVA results showed that there were 
interaction between type of fungus and 
inoculum dose factor in provide population of 
fungus colonies during the empty bunch 
biodegradation process. 
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The Duncan Multiple Range Tes at 5% 
significant level has been made to determine 
the numbers between colonies fungus 
population (Table 1).  
It was known that the population of the fungus 
inoculum dose 10% of the population fungal 
equal to inoculum dose of 5%. This indicated 
that the inoculum dose 5% was as effective as 
inoculum dose of 10%. While the fungus 
Penicillium citrinum and Aspergillus nidulans 
both single and consortium produced by the 
same population. This indicated that the two 
species of fungi are synergies for growth and 
biodegradation. 
C/N ratio during the process of 
Biodegradation of Waste Oil Palm Empty 
Fruit Bunch  
There is a species of fungus interaction factor 
and inoculum dose produces a decrease in the 
C/N ratio of waste oil palm empty fruit 
bunches. I ANOVA results were analyzed by 
Duncan's Multiple Range test at 5% 
significance level. 
Duncan test results (Table 2), shows that the 
biodegradation by Rhizopus oryzae with a 5% 
inoculum dose, Penicillium citrinum inoculum 
dose of 5% and a consortium of Rhizopus 

oryzae, Penicillium citrinum and Aspergillus 
nidulans inoculum dose of 10% can reduce 
larger percentage of the ratio C/N.  
However, biodegradation by Rhizopus oryzae 
and Penicillium citrinum singly with 5% 
inoculum dose of its equally effective to reduce 
the ratio C/N in the waste oil palm empty fruit 
bunches by a consortium of Rhizopus oryzae, 
Penicillium citrinum and Aspergillus nidulans 
inoculum dose of 10%.  
Decrease in C/N ratio due to carbon 
compounds in the fermentation substrate or 
compost is used as an energy source by 
decomposer microorganisms and subsequently 
released into the air in the form of CO2. This 
resulted in the organic carbon content in the 
substrate continues to decline. According to 
Sa'id (1996), composting depends on the 
activity of microorganisms that require carbon 
as a source of energy and cell formation, as 
well as with nitrogen for the formation of cell 
protein. Graph C/N ratio of oil palm empty 
fruit bunches at the beginning and end of 
biodegradation can be seen in Figure 1. C/N 
ratio of waste oil palm empty fruit bunches at 
the start of biodegradation is at 99.06 (Figure 
1). 

 
Tabel 1. Duncan's multiple range test factor interactions fungi type and dose of inoculum on the number of fungi for 

biodegradation process waste oil palm empty fruit bunch 
 

Type of Fungus Inoculum Dose (D) 
(d1) 0% (d2) 5% (d3) 10% 

Rhizopus oryzae 4.72 x 107   a 6.79 x 107      a 11.76  x 107   b 
Penicillium citrinum 4.72 x 107   a 16.78 x 107   c 24.29 x 107     e 
Aspergillus nidulans 4.72 x 107   a 18.62 x 107   cd 22.17 x 107  de 
Consortium of R. oryzae,                    
P. citrinum and  A. nidulans 4.72 x 107   a 22.53 x 107   de 27.33 x 107    e 

Note: small letter read all directions and the small letter indicates no different at 5% level 
 

Tabel 2. Duncan's multiple range test factor interactions fungus type and dose of inoculum to the decrease in c/n ratio 
waste oil palm empty fruit bunch after biodegradation process 

 
 

Type of fungus and inoculum dose 
 

Percentage of reduction of C/N ratio 
(%) 

Control 15.13 abc 
Rhizopus oryzae 5% 53.71 d 
Rhizopus oryzae 10% 38.50 bcd 
Penicillium citrinum 5% 50.37 d 
Penicillium citrinum 10% 15.55 ab 
Aspergillus nidulans 5% 24.22 abc 
Aspergillus nidulans 10% 25.45 abc 
Consortium of R. oryzae, P. citrinum and A. nidulans 5% 6.62  a 
Consortium of R. oryzae, P. citrinum and A. nidulans 10% 48.46  cd 

Note: small letter read all directions and the small letter indicates no different at 5% level 
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Figure 1. Graph C/N ratio of oil palm empty fruit bunches at the beginning and end of biodegradation 

 
C/N ratio of waste oil palm empty fruit bunches 
at the start of biodegradation is at 99.06 (Figure 
1). Biodegradation by species of Rhizopus 
oryzae and Penicillium citrinum singly with a 
dose of 5% and a consortium inoculum 
Rhizopus oryzae, Penicillium citrinum and 
Aspergillus nidulans 10% inoculum dose 
affecting the percentage decrease in C/N ratio 
compared to other treatments, i.e. each - 
amounting to 53.71%, 50.37%, and 48.46%. It 
shows that Rhizopus oryzae and Penicillium 
citrinum either single or consortium has a high 
ability to degrade waste oil palm empty fruit 
bunches. C/N ratio of waste oil palm empty 
fruit bunches at the start of biodegradation is at 
99.06 (Figure 2). Biodegradation by species of 
Rhizopus oryzae and Penicillium citrinum 
singly with a dose of 5% and a consortium 
inoculum Rhizopus oryzae, Penicillium 
citrinum and Aspergillus nidulans 10% 
inoculum dose. Increased the percentage 
decrease in C/N ratio compared to other 
treatments, i.e. each - amounting to 53.71%, 
50.37%, and 48.46%. It shows that Rhizopus 
oryzae and Penicillium citrinum either single or 
consortium has a high ability to degrade waste 
oil palm empty fruit bunches. 
According Karmakar and Ray (2011) Rhizopus 
oryzae produce extracellular enzymes endo - 
glucanase ith high activity for bioconversion of 
various agricultural waste such as orange peel, 

sugar cane bagasse, coconut shells and dried 
flowers. Saccharification percentage is very 
high, especially in the orange peel and 
sugarcane bagasse. Rhizopus oryzae is also 
known to produce extra cellular endoglucanase 
with relatively high activity when nurtured in 
both liquid and solid fermentation with CMC as 
the sole carbon source. As we know that a 
cellulase enzyme complex consisting of 
extracellular endo - -1.4 - glukonase 
(CMCase, Cx cellulase endoselulase, or 
carboxymethyl cellulase), complex exo - -1.4 - 
glukonase (aviselase, selobiohidrolase, C1 
cellulase), and -1.4 - glucosidase or selobiase. 
Endoglucanase (EC3.2.1.4) is a beta cellulase 
cuts randomly and generally in the amorphous 
parts. Penicillium citrinum isolated from soil 
also produces cellulase alkali tolerant and 
resistant to high temperature (Duta et al., 2008).  
Penicillium citrinum is one of the species of 
fungi that has the ability to degrade cellulose 
Based Kuhad research and Singh (1993), 
Penicillium citrinum used in the fermentation 
process of rice husk to produce cellulase 
enzyme activity 37 unit/g maximum that can 
decompose cellulose content of 70 rice husk % 
within 12 days. Cellulase enzyme produced by 
Penicillium citrinum is thermostable. 
Penicillium citrinum is a fungus that can 
produce endoglucanase and Fpase. 

Percentage of 
reduction  of 
C/N ratio (%) 

(%) 

15.13 53.71 38.50 50.37 15.55 24.22 25.45 6.62 48.46 

Percentage of reduction
R.o : Rhizopus oryzae P.c : Penicillium citrinum A.s : Aspergillus nidulans

K : Konsorsium R. oryzae, P. citrinum dan A. nidulans
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Based on the research Dutta et al. (2008), 
Penicillium citrinum can produce 1.89 ± 0.12 
IU/ml endoglucanase after 168 h and 1.72 ± 
0.14 IU/ml FPase after 72 hours, with wheat 
bran is used as a substrate in the SSC (Solid 
Substrate Culture).  
Penicillium citrinum can also secrete enzymes 
lignin peroxidase (LIP) that plays a role in the 
overhaul of lignocellulose components (Bhende 
and Dawande, 2010).  
Rhizopus oryzae and Penicillium citrinum on 
5% inoculum dose also has the ability to adapt 
better compared with 10% inoculum dose. This 
is due to the lower inoculum dose, the microbes 
does have a chance to gain more nutrients with 
a low level of antagonism.  
Penicillium citrinum is a microorganism that 
has a relatively rapid growth, and has the ability 
to suppress other microorganisms (Cayanto, 
2010). 

 
CONCLUSIONS 
 
Based on the research results, it was concluded 
as follows:  
1. Lignocellulolytic fungus can be obtained 
from waste oil palm empty fruit bunches are 
Rhizopus oryzae, Penicillium citrinum and 
Aspergillus nidulans. 
2. Rhizopus oryzae, Penicillium citrinum and 
Aspergillus nidulans singly waste in the process 
of biodegradation of oil palm empty fruit 
bunches can lower the C/N ratio of each - 
amounting to 53.71%, 50.37% and 24.22%, 
while the three consortia to reduce the ratio of 
C/N of 48.46%. 
3. Inoculum dose effective solid waste in the 
process of biodegradation of oil palm empty 
fruit bunches are 5% inoculum dose that can 
lower C/N ratio with a percentage of 33.73% 
for 30 days. 
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Abstract 
 
In the light of new and relevant scientific information regarding the increased risk of association of OTA hazard with 
food commodities such as meat and organs, on one hand and considering the documented update available through the 
scientific data freshness indicating the appropriateness of HPLC for increased performance in OTA testing in such food 
commodities, on the other hand, we assessed the need of re-validation and re-verification of OTA control measures in 
two example food products. The results of this assessment indicated that re-validation and rethinking of verification are 
strongly needed from the perspective of FBOs responsibility in guaranteeing the safety of their final products The 
results of re-validation and re-verification processes for “toba” meat product and for generic pork ham, as dried cured 
meat product, as presented in verification charts and discussed, were proven appropriate for the considered case study. 
 
Key words: validation, verification, scientific data, food safety management. 
 
INTRODUCTION 
 
Control measures have been used as basic 
instruments for the management of hazards 
potentially associated with foods, being applied 
through the food safety management systems 
all throughout the food chain, starting from the 
primary production, and ending with the 
consumption of the finished product. As stated 
by the Codex Alimentarius guidelines of 
HACCP system application (CAC/RCP 1-
1969, Rev 3, 1997), flexibility is crucial when 
applying HACCP, due to the high variety of 
food business operations (FBO). This 
flexibility is also available in the selection of 
specific control measures, which is the reason 
why their validation and verification acquire 
increasing significance especially when the 
safety of the final product is the responsibility 
of the industry. 
Validation, as defined by Codex Alimentarius 
(Codex Alimentarius Food Hygiene Basic 
Texts. Food and Agricultural Organization of 
the United Nations, World Health 
Organization, Rome, 2001), means obtaining 

evidence that the control measures managed by 
the HACCP plan and by the operational PRPs 
are capable of being effective. Verification is 
confirmation, through the provision of 
objective evidence that specified requirements 
have been fulfilled [ISO 9000:2000, definition 
3.8.4]. Validation brings evidence that the 
HACCP plan is effective, while verification 
brings evidence that the HACCP plan is 
followed as designed and implemented. 
Validation, on one hand, is performed at the 
time a control measure or a food safety control 
system is designed, whenever possible, 
performed before their full implementation, or 
when changes indicate the need for re-
validation. It is through the validation process 
that the food business operators prove that the 
selected control measures are actually capable, 
on a consistent basis, of achieving the intended 
level of hazard control. Verification, on the 
other hand, uses methods, procedures and tests, 
other than those used in monitoring, to 
determine if HACCP procedure results are in 
compliance. Verification is performed after the 
full implementation of the food safety system, 
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as an after-the-fact check of the system, to 
assure that the controls are appropriate and 
have been correctly implemented, meaning that 
the system is operating according to the plan. 
Validation is focused on the collection and 
evaluation of scientific, technical and 
observational information to assess the 
capability of selected control measures of 
achieving their specified purpose in terms of 
hazard control. Validation involves measuring 
performance against a desired food safety 
outcome or target, in respect of a required level 
of hazard control (CAC/GL 63-2007; CAC/GL 
21-1997). 
The industry and the competent authorities 
have different roles and responsibilities in 
validating control measures. While 
governments ensure that FBOs have effective 
systems for validation and control measures are 
appropriately validated, sometimes providing 
guidance in performing validation studies, in 
support of risk management decisions to be 
made by the industry, industry holds the 
complete responsibility for the correct 
validation of control measures applied within 
the food safety management system. 
It is a fact that among the numerous methods of 
validation (review of prerequisite program, 
review of HACCP plan, and review of 
customer complaints), scientific data 
consultation and updating is the most important 
and, sadly, the most overlooked element. 
Science is strongly connected with the hazard 
and the control measure. Therefore, since 
validation needs scientifically based answers, 
validation and consequently, verification may 
need rethinking along with science updates. 
This study aimed to bring into the spotlight of 
public interest, food scientists and food safety 
managers in the industry, the relevance of 
scientific findings in the design and application 
of validation and verification within the 
management of food safety. 
 
MATERIALS AND METHODS 
 
The paper illustrates a case of new scientific 
information related to ochratoxin A (OTA) 
contamination of pork organs and the 
performance of OTA testing methods in these 
particular food commodities, with special focus 
on the effect of these scientifical findings over 

the food safety management system, in a 
regular meat processing plant. Based on the 
diagram flow of an example meat product 
manufactured from potentially OTA 
contaminated raw material, we discuss the new 
approaches of validation and verification that 
are the responsibility of the FBO in this 
context. 
 
RESULTS AND DISCUSSIONS 
 
In the case of new scientific data brought to 
light by articles that documented higher 
prevalence of OTA in pork kidneys and the 
recommendation of choosing HPLC over 
ELISA in OTA testing in pork kidneys 
(Georgescu M. et al, 2013), we evaluated the 
need to perform revalidation of OTA control 
measures of the HACCP plan for two different 
products, based on the diagram flow of their 
technological process.  
The maximum residue limits (MRL) were 
documented from Regulation no.1881/2006 (as 
amended by both Regulations 1126/2007/EC 
and 105/2010/EU), as well as from the former 
Romanian legislation (Ord. 975/98), which was 
repealed after implementation of European 
legislation. Since Regulation 1881/2006 does 
not contain maximum limits for ochratoxin in 
meat or organs, we considered for discussion 
the limits established for ochratoxin A in meat, 
by Ord. 975/98: 20 g/kg for meat and organs 
(5 g/kg in foods for children under the age of 
three).  
An effective HACCP system requires 
verification that application of the CCPs is 
achieving the goal of appropriate mycotoxin 
levels in the commodity. The HACCP system 
must be documented and a system of recording 
developed for the monitoring of CCPs and 
corrective actions. Thus, it is the responsibility 
of the FBO to have his products controlled for 
mycotoxin content at the point of sale. 
Sampling and analysis should be carried out in 
accordance with the principles outlined in 
Commission Directive 98/53/EC, which refer 
both to official controls and to sampling and 
analysis carried out by FBOs. Laboratories 
selected by the FBO should be accredited and 
should be able to comply with the requirements 
of Regulation 401/2006. 
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The statutory sampling procedures for 
commodities likely to be contaminated by 
mycotoxins have been set out in Commission 
Regulation 401/2006, laying down the methods 
of sampling and analysis for the official control 
of the levels of mycotoxins in foodstuffs, which 
is a consolidated version of previous sampling 
and analysis Directives for the individual 
mycotoxins. Nevertheless, no methods for 
sampling mycotoxins in meat and organs are 
available in the enforced Directives and 
Regulations. 
In addition to the overall responsibility placed 
on FBOs by the General Food Law (Directive 
178/2002) to supply safe food, FBOs must also 
ensure that their products comply with the 
legislative limits for mycotoxins as laid down 
in Commission Regulation (EC) No 1881/2006 
as amended. It is important that FBOs identify 
CCPs in their processes that may result in 
mycotoxin contamination, such as storage 
conditions that may lead to the development of 
mould. The identification of appropriate CCPs 
along their process chain will enable them to 
develop and apply proper HACCP systems 
which will ensure that there are no unforeseen 
sources of mycotoxin contamination in their 
products. If moulds capable of producing 
Ochratoxins A are contaminating the dry-cured 
meat products, the level should not expose the 
consumers to a point that exceeds the 
maximum tolerable daily intake of OTA, as set 
by the European Food Safety Authority (1.2-14 
ng/kg b.w. per day, EFSA, 2010). 
Recent studies (Georgescu M. et al, 2013) 
indicated unusually high levels of OTA in pork 
kidneys, namely  20 g/kg sample. This level 
of contamination is high when compared to 
other average contamination levels of the same 
product, communicated by different authors: 
0.36 g OTA/kg, with values ranging from 
0.11 to 0.67 g OTA/kg, as reported by the 
Hong Kong Centre for Food Safety (2006). 
Moreover, the same authors indicated that in 
certain conditions, this level of contamination 
would pose a serious threat to exceeding the 
maximum tolerable daily intake of OTA, as set 
by the European Food Safety Authority. 
Also, more relevant new information is brought 
to attention by the same authors, which 
compare the performance of two analytical 
methods for OTA testing in pork kidney 

samples: results of analysis of two naturally 
contaminated kidney samples using ELISA and 
HPLC indicate that the OTA content is close to 
the MRL (Ord. 975/98), without exceeding, 
using ELISA, while the HPLC revealed 
exceeding of the MRL, with almost 4 g/kg 
sample (Georgescu M. et al., 2013). After a 
detailed assessment of performance parameters 
of HPLC and ELISA for OTA testing in pork 
kidneys, they conclude that on the background 
of extensive scientific debate over choosing the 
best OTA testing method in foods, HPLC 
adapted for animal derived foods is more 
indicated for OTA detection in pork kidney 
samples, than ELISA, as it has more precise 
results and a better repeatability. HPLC should 
be used for testing meat and organs, instead of 
ELISA, due to its better accuracy (Georgescu 
M. et al, 2013). 
According to the CAC/GL 69–2008, re-
validation may be needed if the hazard 
associated with a food or ingredient changes as 
a result of (1) higher concentrations of hazards 
than originally encountered and accounted for 
in the design, (2) a change in response of a 
hazard to control (e.g. adaptation), (3) 
emergence of a previously unidentified hazard, 
(4) new information indicating that the hazard 
is not being controlled to the level specified 
(e.g. new epidemiological findings or new 
validated and internationally accepted 
analytical technologies) or (5) a new food 
safety outcome. 
In the light of this new information, on one 
hand it is reasonable to consider the need for 
re-validation of the control measures 
implemented within the food safety 
management plans for products manufactured 
from prime materials including pork kidney, 
now associated with the potential of being 
OTA contaminated. On the other hand, re-
validation and re-verification is to be 
considered for the steps of the diagram flow 
that imply OTA analysis. 
The case study presented in this paper 
approaches two example-final products that 
would cover both situations: (1) “toba”, which 
is a traditional Romanian meat product 
manufactured from pork meat and organs and 
(2) pork ham, a dried cured meat product. The 
assessment of appropriateness for re-validating 
and re-verifying of the steps which provide or 
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should provide measures for controlling the 
OTA contamination hazard were performed 
using the diagram flow of “toba” illustrated in 
Figure 1 and that which describes the 
technology of ham manufacturing, as shown by 
Figure 2. 
The following tasks were followed prior to re-
validation: 

 Identification of the hazards that are 
intended to be controlled in the 
commodity taking into account all 
relevant information, including 
information from a risk assessment if 
available: the hazard was identified as 
OTA in the fresh organs (kidneys) used 
for “toba” manufacturing and 
production and accumulation of OTA at 
Drying/Ripening stage of ham diagram 
flow, in case of contamination of meat 
with toxigenic moulds. 

 Identification of the food safety 
outcome required: maintaining OTA 
contamination below the critical limit of 
15 g/kg sample.  

 
 

 
Figure 1. Diagram flow for “toba”  
(courtesy of Fox Com Serv S.R.L.) 

 
It is reasonable that industry should determine 
if there are existing food safety outcomes or 
targets, established by the competent authority, 
relevant to the intended use of the food. 

 
Figure 2. Diagram flow for ham  

(example generic product) 
 

In the absence of food safety outcomes or 
targets established by the competent authority, 
targets were, consequently identified by 
industry, as appropriate. As stated by CAC/GL 
69 – 2008, industry may also set stricter targets 
than those set by the competent authority. 
Considering that FBOs have the freedom of 
lowering the critical limits in the available 
regulations and in the light of the new relevant 
information discussed above on the tolerable 
daily intake set by EFSA and on the 
background of lack of MRL for OTA in meat 
and meat products, the critical limit of 15 g/kg 
sample was considered the most appropriate for 
the best possible food safety guarantee. 

 Identification of the measures that are to 
be validated/re-validated, taking into 
account the importance of the control 
measure in achieving control of the 
hazard to a specified outcome.  

The control measures were the following: (1) 
zero tolerance for OTA contaminated organs at 
reception for “toba” and (2) special 
drying/ripening parameters in terms of water 
activity, visual observation and temperature for 
ham, as follows: aw < 0.9, zero tolerance for 
crack formation on product surfaces and 
temperature lower than 20°C. While for “toba”, 
there is no documented information on 
verification of OTA contamination of the prime 
material, the parameters used for the prevention 
of OTA formation at drying/ripening stage for 
ham production have already been validated as 
indicated by the literature (Dereje A.T. et al., 
2011). 
It is well known that validation activities may 
be resource intensive. Particular validation 
activities, such as testing for a contaminant in 
all prime materials at receiving, particularly 
when applied in an appropriate statistical 
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fashion, require significant resources. The 
extent to which sufficient resources are 
available and such activities can be undertaken 
will place limits on the ability to develop and 
validate food safety control measures that 
would be adopted by the industry in general. 
Therefore, until specific regulation are 
developed, OTA testing at receiving step for 
“toba” and similar products is to be considered 
by each FBO from the point of view of risk 
assumed versus financial resources invested. 
CAC/GL 69 – 2008 offers a wide range of 
approaches for validating control measures, 
among which are: reference to scientific or 
technical literature, previous validation studies 
or historical knowledge of the performance of 
the control measure, scientifically valid 
experimental data that demonstrate the 
adequacy of the control measure, collection of 
data during operating conditions in the whole 
food operation, mathematical modeling or 
surveys. 
After completing the tasks needed prior to 
validation, the process of validating control 
measures includes the following steps 
(CAC/GL 69 - 2008): 

1. Decide on the approach or combination 
of approaches. 

2. Define the parameters and decision 
criteria that will demonstrate that the 
control measure, if properly 
implemented, is capable of consistently 
controlling the hazard to the specified 
outcome. 

3. Assemble relevant validation 
information and conduct the studies 
where needed. 

4. Analyze the results. 
5. Document and review the validation. 

Results of the validation are therefore expected 
to demonstrate that the chosen control measure 
is capable of controlling the hazard to the 
specified outcome if properly implemented, 
and thus, could be implemented. In case the 
control measure is proven not to be capable of 
controlling the hazard to the specified outcome, 
it should not be implemented. In this case, a re-
evaluation of product formulation, process 
parameters, or other appropriate 
decisions/actions should be performed. 
The validation process of control measures for 
OTA contamination in case of “toba” based on 

the diagram flow illustrated in figure 1, resulted 
in the following validation chart: 
1. Pre-validation Tasks. 
a. Hazard: OTA in the fresh organs (kidneys) 
used as prime material. 
b. Food safety outcome required: maintaining 
OTA contamination below the critical limit of 
15 g/kg sample. 
c. Control measure to be validated: zero 
tolerance for OTA contaminated organs at 
reception for “toba”. 
2. Approach: based on the new scientific 
information (Georgescu M. et al., 2013), 
sampling of pork kidneys at receiving for OTA 
analysis using HPLC. 
3. Parameters and Decision Criteria: 
a. Parameters: OTA contamination of sample 
should be lower than 15 g/kg sample, 
measured by HPLC. 
b. Decision Criteria: samples that exceed the 
limit of 15 g OTA/kg sample will be rejected 
and the supplier should be contacted. 
4. Assemble relevant validation information 
and conduct the studies where needed. 
a. Confirm incoming level of OTA in pork 
kidneys at receiving, for all batches. 
b. Document all relevant information according 
to which no public health hazard will be posed 
by OTA levels of contamination below the 
limit of 15 g OTA/kg sample (discussed 
above). 
5. Analyze the results. 
a. Data acquired by HPLC analysis of OTA 
levels in incoming pork kidneys (receiving 
step) should be analyzed and documented to 
ensure key operating parameters are being 
followed and the desired food safety outcome 
is achieved. 
b. As appropriate, statistical analyses should be 
performed to assess the variability of the OTA 
level in pork kidney samples received at the 
facility for “toba” manufacturing. 
6. Document and review the validation. All 
analyses, data, and decisions should be 
documented. 
The validation process of control measures for 
OTA contamination in case of pork ham based 
on the diagram flow illustrated in figure 2, 
resulted in the following validation chart: 
1. Pre-validation Tasks. 
a. Hazard: accumulation of OTA at 
Drying/Ripening stage of ham diagram flow, in 
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case of contamination of meat with toxigenic 
moulds (the step is usually CCP for 
accumulation of toxigenic compounds due to 
the high risk of contamination with toxigenic 
moulds). 
b. Food safety outcome required: maintaining 
OTA contamination below the critical limit of 
15 g/kg sample or preventing if possible the 
formation of OTA in this stage. 
c. Control measures to be re-validated: aw < 
0.9, no crack formation on product surfaces, 
temperature lower than 20°C.  
2. Approach: the parameters used for the 
prevention of OTA formation at 
drying/ripening stage for ham production have 
already been validated as indicated by the 
literature (Asefa D.T. et al., 2011). Verification 
will be performed by OTA analysis through 
HPLC, according to the new scientific 
information (Georgescu M. et al., 2013), on 
method performance for OTA testing in meat 
and organs. 
3. Parameters and Decision Criteria: 
a. Parameters:  
i. aw <0.9, no crack formation on product 
surfaces, < 20°C.  
ii. OTA contamination of sample should be 
lower than 15 g/kg sample, measured by 
HPLC. 
b. Decision Criteria: facilitate a correct drying 
and ripening temperature, hold all suspected 
products and test aw below 0.9, zero tolerance 
for crack formation while pressing; the meat 
samples that exceed the limit of 15 g OTA/kg 
sample will be rejected and the supplier should 
be contacted. 
c. Studies indicate that the applied control 
measures manage to maintain the OTA 
contamination under the maximum established 
limit of  15 g OTA/kg sample (using the 
scientifically proven most appropriate method 
for OTA testing in terms of analytical 
performance). 
4. Assemble relevant validation information 
and conduct the studies where needed. 
a. monitor the performance of pressing machine 
in salting room, monitor the parameters for 
drying and the ripening temperature. 
b. Document all relevant information according 
to which no public health hazard will be posed 
by OTA levels of contamination below the 

limit of 15 g OTA/kg sample (discussed 
above). 
c. Verification will be performed by checking 
aw of the products, by checking the temperature 
in the drying chamber and by random sampling 
for HPLC OTA testing, to control the type of 
moulds growing on the products periodically 
and if toxigenic test selected products for the 
occurrence of potential toxic secondary 
metabolites. 
5. Analyze the results. 
a. Data acquired by HPLC analysis of OTA 
levels in samples. 
6. Document and review the validation. All 
analyses, data, and decisions should be 
documented. 
 
CONCLUSIONS 
 
The results of assessment for the 
appropriateness of re-validation and rethinking 
of verification steps for the control measures of 
OTA hazard in two example meat products, in 
the light of new and relevant scientific 
information, revealed that thorough re-
validation and rethinking of verification are 
strongly needed from the perspective of FBOs’ 
responsibility in guaranteeing the safety of their 
final products. For “toba” meat product, OTA 
contamination was identified as a new hazard 
associated with the prime material at receiving 
stage, for the control of which re-validation 
assumed HPLC testing for OTA of all pork 
kidney received to an acceptance of OTA level 
up to, but not exceeding 15 g OTA/kg sample. 
For pork ham the re-validation of already 
existing CCP for OTA at drying/ripening stage 
indicated the appropriateness of the control 
measures regarding water activity, crack 
formation and temperature in the context of 
applying verification through HPLC testing. 
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Abstract 
 
The study was conducted in a hunting reserve in northeastern areas, Albania, in animals and wild birds such as stock 
dove, partridges, turtledoves and boars. The Institute of Food Safety and Veterinary (IFSV) Tirana, Albania, conducted 
the test in 158 samples taken from animals and birds. In order to achieve the analytical procedure of isolation and 
identification of Salmonellas the Standard method (ISO) was used, whereas for the serological identification, antiserum 
salmonele were used according to the White-Kayffmann scheme. The latest was mainly used to determine the exact 
species that used salmonelare antisera, Kauffmann-White scheme. After checking, the total positive samples resulted 
49.31%, from which the E. coli 20, or 12.6% and salmonella 29, or 18.4%. Positive samples from poultry meat resulted 
in E. coli 13.3% and salmonella 10%, positive samples of pork resulted in E. coli 5% and salmonella 25%. Positive 
samples of eggs: E. coli 11.1%, salmonella 22.1%. The results also show that the samples with higher positivity result 
were turtle eggs, and less positive were doves and quails. Tests were also conducted from stool samples the results 
show as follows: Birds E. coli 8% and salmonella 16%, whereas pork with E. coli 10% and salmonella 30%. From the 
examined samples 5 strains of Salmonella spp were isolated and identified, the larges affected was that in birds i.e stock 
dove, partridges, turtledoves. Due to this 4 types of Salmonela were isoleted and detected: Salmonella agony, 
Salmonella entertidis, Salmonella infantis, from birds and also one from boar Salmonella typhimurium. 
 
Key words: food safety, wildlife, production, Salmonellas, Escherichia coli.  
 
INTRODUCTION  
 
Salmonellas and Escherichia coli are 
organisms that colonize the gastrointestinal 
tract of a wide range of animals, including wild 
animals and household animals (Sofos et al., 
2008). They are part of the normal intestinal 
flora and are quite isolated in birds, including 
pass.,erinet, stock dove, pheasants, partridges 
and water birds, ausing them to occasionally 
even sporadic damage, and can also cause 
serious injuries to birds. Salmonellas are part of 
the Enterobacteriaceae family which are rod-
shaped microorganisms and vary in size from 
0.7 to 1.5x2.0 - 5.0 , gram negative, oxidase 
negative, catalase positive. They ferment 
glucose, produce H2S, and are able to transform 
amino acids lysine and ornitin (FAO and 
WHO, 2002). Over many decades Salmonella 
spp has been a major cause of food 
intoxications in humans, but in the last 10-year 

Salmonella enteriditis has the highest incidence 
in poultry products (Chapman et al., 2001) and 
E. coli has played the same role in food 
pathologies. Food contamination by 
Salmonellas and E. coli is general created in 
many ways, which are associated with many 
factors and their epidemiology is complicated. 
The daily movement and the constant contact 
with animals, people, food and the environment 
remain permanently a source of contamination. 
As pathogens in animals and in humans these 
microorganisms cause diseases, which in many 
cases, especially in young people, is followed 
by the loss of human life or animal. Today 
there are more than 2,500 Salmonellas serovars 
circulating in the nature, where most are 
serogrupet hasurit Salmonella enteritidis, 
typhimurium and she Heidelberg (Bell et al., 
2000), where all groups of isolated strains are 
pathogenic to humans. Controling the animals, 
be these domestic or wild, people and food, 
remains a priority for the prevention of food 
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intoxications, to prevent endangering the 
publics health. Risk assessment of salmonellas 
and E. coli remains one of the main tasks of 
protecting public health. Many authors stress 
that poultry is the main source and route of 
transmitting salmonellas whilst other cases are 
encountered by other foods, the main food are 
those with animal origin. Since the 1970 is 
proved that serovari S. enteritidis, colonizes 
bird ovaries which gets transmitted to humans 
through their shells and eggs, although at a 
lower effect than when these pathogens are 
present in poultry carcasses (Cox et al., 2002). 
Even foods like meat are the source of many 
species salmonelars intoxications. Salmonellas 
and the pathogenicity of E. coli is dependent on 
the cell number and virulence of the strains 
circulating in nature. The incidence of food 
Salmonellas differentiates and depends on the 
food type. Poultry and its by-products have 
higher incidence of which in some cases 
amounts to 60% of samples contained. The 
content of Salmonellas and E. coli found in 
meat also depends on the way the animal is 
slaughtered, preserved, storaged, and 
transported if the meat is intended for human 
consumption. A small number of salmonella 
cells can cause infections in food, and the 
infectious dose suggested by some authors is 
considered to be between 15-20 cells 
(Wooldbridge M., 2005). The Isolation and 
identification of their biochemical nowdays is 
accomplished by performing a series of 
biochemical tests made possible by using the 
API 20E system. To increase the accuracy of 
serological identification the molecular biology 
methods are used (PCR, PFGE, etc.). 
Serological identification performed based on 
somatic O antigen which is the presence in the 
cell membrane and also in flagellar H antigens 
of two stages H1 and H2. We have to bear in 
mind that for some strains that form the antigen 
capsules V. Modern methods can be used for 
serological identification, characterization of 
strains by the fagëve or those DNA 
fragmentation help to find the genetic 
relatedness of different strains circulating in 
nature Salmonellas and to clarify the 
epidemiology of food toxins, infections caused 
by them. 
 
 

MATERIALS AND METHODS  
 
Food samples were used for the study and the 
conclusion of this material, meat and eggs 
obtained from stock doves, turtledoves, 
partridges and boars. Also in association with 
seasonal hunters feaces were use from damaged 
animals and birds. Samples were sent to the 
laboratory with the accompanying 
documentation, which were stored at 0-8 °C for 
a time no longer than 6 hours from the time the 
sample was taken. Tests were conducted at the 
Institute of Food Safety and Veterinary (IFSV) 
Tirana as the average sample units were used 
not less than 5 units sampled. The standard 
methodology (ISO) was used, and a sample of 
25 g taken as an average of analytical 
procedures performed isolation and 
identification of Salmonellas (Millán J., 2009). 
Isolation and identification of Salmonella spp 
was conducted using the ISO standard 
methodology. Pepto water was used to dilute 
25 g food sample with 225 ml (peptone water). 
The pre cleaning phase was conducted by 
incubating the above mixture at 37oC for 24 
hours. After the incubation period the 
subculture method hapened by taking 2 times 
of 5ml mixure, which was passed respectively 
in 50 ml Selenite and Rappaport Vassiliadis 
Cistine brotha in temperatures 37 oC (SCB) and 
42 oC (RV). The Incubation lasted 24 hours, 
which coincides with the phase enrichment 
culture prepared. By SC cultures and RV Bujon 
moved with microbial material with Anze 
respectively shtrimje every two terrain tiles 
selective Hektoen agar, XLD agar and BPLS 
agar. Tablets were planted treated in the 37 oC  
for 24-48 hours. Suspekt colonies determined 
by the type of terrain used in terrain was passed 
in which the thieves were tested H2S 
production and fermentation with acid reaction 
(Bolton et al., 1996). Suspekt colonies were 
tested with polyvalent anti-sera salmonelar 
performing agglutination reaction on glass 
(Allen et al., 1998). In positive cases conducted 
biochemical were identified using API 20E 
biochemical system. To determine the 
Serological identification in the exact species 
the SLI Kauffmann-White scheme was used. 
The determination of Coliforms and E. coli was 
performed by standard methodology of 
counting the colonies formed by microbial cells 
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in the samples raised in a dish with agar solid 
ground.  
This increase may be due to the different 
requirements of certain microorganisms, thus 
resulting that the the number is not deffinite, 
whereas the interpretation of the results was 
conducted using a special formula. 
 
RESULTS AND DISCUSSIONS   
 
From the analytical control of the samples 
taken from 158 positive samples the following 
results (Tables 1 and 2) were recorded from a 
total of 49.31%, E. coli 12.6%  and  Salmonella 
18.4%, samples of meat pigeon, quail and 
turtledove: E. coli 13.3% and Salmonella 10%, 
of pork samples: E. coli 5% and Salmonella 
25%, samples of bird eggs: E. coli 11.1%, and 
Salmonella 22.1%, faeces samples from birds: 
E. coli 8% and Salmonella 16%, samples of pig 
faeces: E. coli 10% and Salmonella 30%. In the 
examined samples were isolated and identified 
five strains of Salmonella spp samples with 
different kind of meat and its derivatives. With 
greater incidence was confirmed in the flesh of 
a dove, doves and patridges at 42.8%, which 
were isolated from four strains such as 
Salmonella agony, Salmonella entertidis, 
Salmonella infantis, and the pork just a strain, 
Salmonella typhimurium. The izolated strains 
used during the analitic control with VRI were 
identified in SLI with antisera salmonelar 
Kauffman White scheme. Many literatures 
mention that Salmonella entertidis, often found 
in meat and poultry (Centers for Disease 
Control and Prevention, 2001) and Salmonella 
typhimurium is more isolated in the flesh of 
swine carcasses (Casoli et al., 2005). Facts that 
are known in processes such as water rinsing, 
cooling and implementation of good conditions 
of hygiene can significantly decrease the 
incidence of poultry meat Salmonellas in 2.5-
4% of the carcasses and other animal less than 
1% (Duffy et al., 2001).  
On the other hand to increase the probability of 
detection in foods Salmonellas samples 
required to be taken as representative. If a 
sample will be the deputy of a large number of 
carcasses, the probability of detection is greater 
Salmonellas. The life spam of Salmonella in 
food depends in many factors these affect cell 
damage and replication of the pathogen. 

Factors such as temperature, sunshine, 
humidity, water free active in the food product, 
thermal treatment, washing, treatment with 
different radiation etc., reduce the minimum 
number of cells per unit weight or volume. 
Identification of fecal Coliforms and E. coli, 
among other factors have also been correlated 
to the lack of sanitary conditions during 
handling hygjieno meat. Salmonella and E. 
coli, have been associated and is evident in 
about 50% of cases, therefore increasing the 
probabilty of complications in animals (Lutful 
Kabir S.M., 2010). High values shown in warm 
weather, are a function of the existence of 
several factors favorable climatic, 
environmental, and increased activity of 
creatures such as turtles and other reptiles, 
which have served as vectors for transmitting 
infection. Also the high increase of these values 
are due to seasonal factors such as increased 
humidity, and stay in the group of animals, 
mainly of young in the nest.  
In the nest were found 26 birds and 5 heads of 
dead piglets with the following symtoms: a 
change in colour of the liver, kidneys spleen, 
pancreas hypertrophic, necrotic foci due to the 
effect of the septicemia (Hanninen et al., 2000). 
Some of the factors related to the sustainability 
of these agents are: their rural and urban life, 
the migrating birds are not effected by these 
factors, reproduction and growth of offspring in 
stable habitats. Some birds like dove, partridge, 
turtle, and several other wild animals have the 
instinct of preserving not only theei territory, 
but also nests for a relatively long time. But the 
location of these agents in the intestinal tract 
and elimination of faeces, enabling their 
continuous activation: nest-egg-bird-bird-egg 
(Brooks et al., 2001). The development cycle is 
enabled through circulation sustainability in 
these pathogens in animals and their products 
and by several citations in the literature, can 
reach up to 90% of cases. 
 
CONCLUSIONS   
 
Salmonella and E. coli remains a major 
problem in food products originating from wild 
animals. Despite control and measures taken to 
reduce their presence in these foods, there are 
enough customers whom prefer these foods, 
there are enough customers whom prefer these  
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Table 1. The positivity according to the species

 
Table 2. Data of the epidemiologic situation of the E. coli  and Salmonellas 

Samples according 
to the animal and bird 

Spring Summer Autumn Winter Annual 
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Stock 
Dove 

Poultry heads - 20 20 - 10 10 20 10 13.3 10 
Birds-3M damaged - - 20 20 20 - 33 - 20 6,6 

Egg 25 25 - - - 33 - - 10 20 
Faeces - 20 - 20 - - 20 - 5 10 

Positive samples 6.25 18.7 13.3 13.3 8.69 8.69 19.1 4.76 12 10.6 
 
 

Partridge 

Poultry heads 20 - 14.2 14.2 16.6 16.6 16.6 - 16.6 2 
Birds-3M damaged - - 20 20 - - - 33.3 12.5 25 

Egg - 20 - - - - - - - 20 
Faeces - 20 - - 20 20 - - 10 20 

Positive samples 6.66 13.3 16.6 16.6 182 18.2 11.1 11.1 12.7 14.8 
 

Turtle 
Doves 

Poultry heads - 15.1 - - 25 - - - 10 10 
Birds-3M damaged - - - 33.3 - - - - - 33.3 

Egg 33.3 33.3 - - - - - - 33.3 33.3 
Faeces - - - 20 - - 20 - 10 10 

Positive samples 11.1 22.2 - 25 25 - 20 - 11.5 15.3 
 
 

Boar 

Fledgling-3m.damaged - - - 50 - 50 - - - 40 
Pork meat 20 20 - 28.4 5.5 25 - - 5 25 
Faeces 25 25 - 33.3  33.3 10.5 8.2 10 30 

Positive samples 22.2 22.2 - 33.3 5.5 30.7 10.5 8.2 6.71 9.57 

 
Samples taken 
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St
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k 
 d
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Poultry heads 5 - 1 5 1 - 10 1 1 10 2 1 30 4 3 
Birds-3M damaged 2 - - 5 1 1 5 1 - 3 1 - 15 3 1 

Egg 4 1 1 - - - 3 - 1 3 - - 10 1 2 
Faeces 5 - 1 5 - 1 5 - - 5 1 - 20 1 2 

Positive samples 16 1 3 15 2 2 23 2 2 21 4 1 75 9 8 

Pa
rt

ri
dg

e 

Poultry heads 5 1 - 7 1 1 6 1 1 6 1 - 24 4 2 

Birds-3M damaged - - - 5 1 1 - - - 3 - 1 8 1 2 
Egg 5 - 1 - - - - - - - - - 5 - 1 

Faeces 5 - 1 - - - 5 1 1 - - - 10 1 2 
Positive samples 15 1 2 12 2 2 11 2 2 9 1 1 47 6 7 

T
ur

tle
do

ve
s 

Poultry heads 6 - 1 - - - 4 1 - - - - 10 1 1 
Birds-3M damaged - - - 3 - 1 - - - - - - 3 - 1 

Egg 3 1 1 - - - - - - - - - 3 1 1 
Faeces - - - 5 - 1 - - - 5 1 - 10 1 1 

Positive samples 9 1 2 8 - 2 4 1 - 5 1 - 26 3 4 

B
oa

r 

Fledgling-8m. Damaged - - - 2 - 1 2 - 1 1 - - 5 - 2 
Pork meat 5 1 1 7 - 2 8 - 2 - - - 20 1 5 
Faeces 4 1 1 3 - 1 3 - 1 - - - 10 1 3 

Positive samples 9 2 2 12 - 4 13 - 4 1 - - 35 2 10 
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foods, which are often a source toxi-infection 
for them. From the isolated examined samples 
Salmonella spp was identified and all 5 of the 
large incidence were confirmed in poultry 
such as: pigeons, partridges, doves. These 
were isolated from four strains as Salmonella 
agony, Salmonella entertidis, Salmonella 
infantis, and boars had just a strain 
Salmonella typhimurium. Despite the 
incidence of these pathogens, prevention can 
be achieved by carrying out regular testing of 
animal products and to keep up with the 
implementation of hygiene when handling 
food products made from them 
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Abstract  
 
In recent years the use of rabbits and chinchillas as experimental model both in human and veterinary medicine and as 
pets is gaining ground detriment to the carnivores. Moreover, major human intervention in their diet, leading to the 
artificiality of a major part of the food, justifies the acquisition of specific morphological knowledge to each organ. 
Changing the composition of nutrients increases the risk of many digestive disorders, especially digestive organs 
themselves. The aim of this study is achieving morphological and topographic description of the first important 
component of post diaphragmatic digestive tract - the stomach. 
We used 10 rabbits and 10 chinchillas. The subjects were clinically healthy and of different weights and ages. Gross 
dissection was perform in all subjects. 
In both species the stomach is simple. The transition from the esophageal mucosa to the gastric mucosa is clearly 
marked. The gastro esophageal sphincter is very visible, placed in the middle of the small curvature.  The distal 
esophageal mucosa has a serrated pattern, making a strong gastro esophageal sphincter. In rabbit, the stomach shows 
thin walls with well individualized cardia and pilor orifices. The fornix is visible, located dorsal of the cardia orifice. 
Before the pyloric opening a narrow segment is visible - the pyloric antrum (Antrum pyloricum). The pylorus is mostly 
compressed by the duodenum and the left lobe of the liver. The gastric mucosa presents itself as a glandular type on its 
entire surface. At chinchillas, the stomach is oriented transversally and lies mainly caudal to the rib cage, slightly left 
deviated.  The angular notch is sharpest and the dorsal region of the stomach is at the same level with the pylorus. The 
gastric folds are much more obvious in the stomach body than in the juxtacardial region. 
Both in rabits and chinchillas, the stomach present numerous similarities regarding the topography, divisions, pattern 
and relationships with adjacent organs. Significant differences exist in the mucosa, and the presence of an 
individualized fornix and a well-developed pyloric antrum in rabbits, compared with chinchilla. 
 
Key words: chinchilla, morphology, rabbit, stomach.   
 
INTRODUCTION 
 
The anatomy of digestive tract is widely 
studied among mammals and well represented 
in the scientific literature (Barrone, 1976; 
Brewer and Cruise, 1994; Girling, 2002). In 
recent years, interest in small animals of 
various categories has increased, not only as 
experimental model but also as pets. Growing 
number of rabbit, guinea pigs and chinchilla 
which needed medical care is constantly 
increasing. Under this condition, a good 
medical care required a proper knowledge of 
the biology of these animals. Most studies that 
address the digestive tract of Lagomorphs and 
Rodents, make a unitary description of 
gastrointestinal tract, without defining the 
particularity of each segment (Richardson, 
2000; Hristov et al., 2006; Meredith et al., 
2002; Davies and Davies, 2003; Brooks, 2004). 

Moreover, comparative studies are relatively 
few (Stan et al., 2013), and some aspects 
neither are nor fully clarified. Given the 
comparative anatomical investigations of the 
digestive tract of the two species, it can be said 
that the level of development of each segment 
is directly related to the living environment, 
nutritional and metabolic needs (Cheke, 1994; 
deBlas and Wieseman, 1997; Pinheiro et al., 
2009; Kotze et al., 2010; Stan et al., 2013). 
Both species are true herbivores, non ruminant, 
which have a particular type of digestion, so-
called hind gut fermentation (Shakagachi, 
2003; Brooks, 2004; Quesenberry and 
Carpenter, 2012). The stomach, the first 
important post diaphragmatic digestive organ 
act like a reservoir from which the digestion 
begins. Located caudal to the visceral liver, its 
relations with the abdominal organs will be 
detailed in the following. Equally important are 
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the differences related to the anatomy of the 
digestive tract in the two species. Therefore, 
this research, part of an ongoing study about 
the anatomy of the digestive tract in the rabbit 
and chinchilla, wants to make a detailed 
anatomical description of first important post 
diaphragmatic segment - the stomach. 
 
MATERIALS AND METHODS 
 
We have used a total of 20 subjects, 10 rabbits 
and 10 chinchillas of different ages and 
weights, clinically healthy. Rabbits were 
brought from private households and 
chinchillas from a chinchilla’s fur farming. 
Euthanasia was performed in accordance with 
current requirements by IV administration of 
potassium chloride, 2 meq/kg/bw after prior 
administration of ketamine 10 mg/kg/BW. 
Using appropriate tools regional gross 
dissection was performed of each specimen. 
All subjects were promptly dissected fresh, 
without fixation. An abdominal incision along 
the white line was carefully performed, because 
the abdominal organs were visible immediately 
after removal of the lateral abdominal wall. 
Topography of abdominal organs was noted 
and photographed in situ, followed by removal 
of visceral peritoneum and ligaments of 
connection. Total digestive tract was removed; 
each component was isolated by cutting the 
mesenteric folds. It was perform a linear 
incision along the greater curvature to opening 
the stomach. Gastric content was removed 
carefully in order to visualize the content and 
the internal feature. The anatomical differences 
were noted and photographed. 
 
RESULTS AND DISCUSSIONS  
 
In rabbit, the stomach has a transversal 
arrangement, continuing the last rib cage, 
slightly left deviated (Figure 1). Caudally, its 
projection was made until near the second 
lumbar vertebra. The stomach was covered by 
the liver in almost all its anterior region We 
note the stomach enclosure by a complete 
serous coat (the visceral peritoneum), similar in 
appearance to the membrane covering the body 
wall, and the extension of this coat into a 
mesentery for the attachment of the stomach to 
the dorsal body wall. 

Displacing the postero lateral portion of the 
liver forward, we exposed the ventral surface of 
the stomach, making in this way a better 
exposure of its contour and divisions. It has a 
pouch-like shape, with thin walls. Greater 
curvature (curvatura ventriculi major), located 
posterior (caudally) have a convex appearance, 
while the small curvature (curvatura ventricoli 
minor) was anterior situated (cranial), concave 
arrangement and slightly contracted (Figure 2).  
 

The esophagus enters into the stomach via the 
middle of the small curvature The cardial 
orifice is covered by the lesser omentum which 
makes an attachment fold with the caudat lobe 
of the liver - hepatogastric ligament, closer by 
hepatoduodenal ligament. Both of these 
ligaments are parts of lesser omentum, with 
their gastric insertion located on the small 
curvature. Dorsal and to the left of the 
esophageal entrance, we visualized the 
presence of a diverticular expansion of 
background region of the stomach - the fornix. 

Figure 2. External configuration of rabbit stomach 

Figure 1. Topographical anatomy showing the 
abdominal organs in situ in rabbit 
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The body of the stomach was located mostly in 
the left median plane. We identified the pyloric 
region, located on the right, with slightly 
contracted walls making the pyloric antrum 
well defined. It is compressed by the duodenum 
and the right hepatic lobe. Raising and turning 
forward the posterior portion of the stomach, 
we note on the dorsal surface of the greater 
curvature, at the left side, a flat elongated body 
- the spleen. Also, we observed a broad fold of 
the peritoneum, which makes the link between 
the dorsal abdominal wall and the diaphragm, 
with the greater curvature on its dorsal surface. 
This fold was separated by spleen, and the 
ventral part of it connects the spleen with the 
greater curvature - the gastrosplenic ligament. 
On the greater curvature, the peritoneum 
duplicates as a free fold, making the greater 
omentum, which covered the intestines.  
Ventral of the greater curvature, between the 
duodenal loop and ileum (Figure 3), we 
remarked a small report of stomach with the 
left lobe of the pancreas. We observed that the 
left kidney was displaced further back than the 
right, by the posterior expansion of the greater 
curvature, until the third lumbar vertebra.  
 

 
 
At the exit of the stomach, duodenum describes 
a sharp angle with the visceral face of the liver, 
being easily compressed by it. Opening the 
body on the greater curvature we have viewed 
the internal conformation, especially the 
longitudinal arrangement of mucosal folds, 
crossed by small transverse folds that appear 
connecting the longitudinal ones in some areas. 
Passing from the esophageal mucosa to the 
stomach is suddenly done and clearly 
differentiated. Cardial and pyloric openings 

were well individualized. Proximal to the 
cardia, we viewed a rosette (serrated) 
arrangement of the mucosa. Gastric mucosa 
color was gray in the fundus of the stomach 
and pale pink at the pylorus. Rabbit stomach 
contents fibrous residues and soft, compressible 
cecotropes.  
In chinchillas, the stomach was oriented 
transversely, slightly deviated to the left of the 
median plane (Figure 4). 
 

 
The thin, almost transparent gastric walls have 
not showed a distinct visible transition between 
the background and the body portion of the 
stomach. Externally, the stomach was simple 
(unilocular) and with no divisions. In all 
studied subjects the fornix was not well-
defined, while the background region had an 
rounded aspect. Also, we have not noticed a 
clear delimitation of the pyloric antrum. 
Instead, the angular notch was sharper 
compared to the rabbits.  The attachment 
elements presented mostly similar to the ones 
in rabbit. The gastrosplenic ligament passes 
from the great curvature of the stomach to the 
spleen hillus. We noticed that the spleen was 
facing the dorsal part of the stomach, having a 
large base heading towards the median plane of 
the greater gastric curvature, and a rounded 
peek in the left of the great curvature. From the 
great curvature, the great omentum attaches 
itself to the transverse colon through the 
mezoduodenum, thus achieving an indirect link 
between the stomach and the transverse colon. 
The gastro-hepatic ligament attaches the small 
curvature of the stomach to the visceral part of 
the liver, precisely the right hepatic lobe. The 

Figure 3. Rabbit postdiaphragmatic digestive tract 

Figure 4. The topography of abdominal organs in chinchilla 
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pylorus orifice was situated at the same level 
with the dorsal extremity of the stomach 
(Figure 5).  
 

 
The left kidney was slightly caudal dislocated 
by the great curvature, similarly to rabbits. 
After opening the stomach along the great 
curvature, we visualized the internal pattern 
(Figure 6). In the cardia and gastric body 
region there was a mucosa with well defined 
longitudinal folds. In the fundus, the gastric 
wall presented itself thin and lacking of 
ongitudinal folds. Preceding the pyloric 
sphincter, the walls and the gastric mucosa 
showed no condensed look as in rabbits. The 
duodenum leaves the stomach by an small 
dilatation - ampula duodenalis. The stomach 
content was represented by fibrous residue and 
small soft cecotropes covered by a layer of 
mucus.  
 

 
Whereas previously only a few veterinary texts 
were published about Rodents and 
Lagomorphs, now there are many books, 
journals and scientific articles related to these 
species. However, the majority of these treat 

the systems together, without describing each 
component. The gastrointestinal tract is often 
described starting from oral cavity to the distal 
colon. Moreover, comparative anatomical 
studies are relatively scarce (Stan et al., 2013).   
Both rabbits and chinchillas are truly 
herbivores, non ruminant, and presenting so-
called physiologic particularity - hind gut 
fermentation (Richardson, 2000; Yildiz et al., 
2001; Sagakachi, 2003). The gastrointestinal 
system is long, relative to body weight (Davies 
et al., 2003). The largest sizes are of the 
stomach and cecum, whose content is on 
average 10% of body weight. The stomach 
occupied 15% of the gastrointestinal tract as 
reported by many authors (Brewer et al., 1997; 
Richardson, 2000). More accurate reporting, 
using imaging methods, on live rabbits, were 
performed by Girling, 2002; Daian and 
Besoluk, 2011, which stated that 11% of the 
gastrointestinal tract area is occupied by the 
stomach and 17% of the volume is attributed to 
the stomach. The stomach's topography, 
situated transversely, slightly oriented to the 
left, covered by the visceral side of the liver, is 
common to both rabbits and chinchillas and 
similar to other studies (Popesco, 2002; Broks, 
2004). In this regard, topographic studies on 
rabbit abdominal organs reported by Hristov et 
al., 2006 showed that the gastric body region is 
disposed between the visceral side of the liver 
and gallbladder, without being in contact with 
the abdominal wall. In our study, we have also 
described the attachment elements between the 
liver and the stomach by stating the presence of 
the gastro-hepatic ligament.  
Using morphological and morphometric 
methods to study the abdominal organs in 
rabbit, Yildiz et al., 2001, have showed that the 
caudal part of the stomach comes in relation 
with the transverse colon. We have 
encountered this aspect much more clearly in 
chinchillas than in rabbits. By modelling a 3D 
reconstruction of the rabbit's stomach using 
computer tomography, Daian and Besoluk, 
2011, have showed that the stomach is in 
contact with the caecum. We can't fully support 
these claims because we couldn't clearly show 
this aspect. Indeed, both in rabbits and 
chinchillas, due to the fact that the caecum is 
quite voluminous, it seems to be in contact with 
the stomach at the opening of the abdominal 

Figure 6. The internal feature of the chinchilla’s stomach 

Figure 5. Stomach configuration in chinchilla 
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cavity, but we couldn't observe any direct 
anatomical connection between these two 
organs.  Differences in topography result here 
from the methodology used, computer 
tomography being achieved on live rabbits, 
while anatomical descriptions are made after 
dissection. 
Stomach morphology is various and differs 
substantially among rodents, as described by 
many authors (Girling, 2002; Hristov, 2006; 
Quesenberry and Carpenter, 2012). The 
presence of a unilocular glandular stomach, not 
compartmentalized in rabbits, chinchillas and 
guinea pigs and the presence of a 
compartmentalized bilocular or even 
discoglandular (Carleton, 1973) stomach of 
other rodents, like New World Cricetine it was 
reported. The same author has shown that there 
is a direct link between notch depth and angular 
orientation and type of stomach examined. The 
presence of erased angular incisures belongs to 
a unilocular glandular stomach. In contrast, a 
sharp angular notch is specific to a bilocular or 
compartmentalized stomach. Our results are not 
fully similar to the ones specified above 
because the sharp angular incisure of the 
chinchilla’s stomach hasn't been correlated 
with the bilocular stomach. In chinchillas, the 
stomach was clearly unilocular.  
Our study is consistent, with the statements of 
Langer, 2002, who showed that the species 
which shows a great diversity of haustra, 
semilunar valve, great caecum,  long colon 
have a low degree of differentiation of stomach 
morphology. Also, Boeluner and Crosby, 2009, 
studying dentition in rabbits, guinea pigs and 
chinchillas have concluded that the dentition 
plays an important role in morphological 
adaptation of the stomach. Elodont, aradicular 
dentition in rabbit and chinchilla is also an 
important factor that contributes to the 
morphological simplicity of the stomach in the 
two species. These issues are directly related to 
the particular type of nutrition of rabbits and 
chinchillas. In a study on a total of 19 species 
belonging to the order Rodenta, Perrin and 
Curtis concluded that there is no conclusive 
evidence of digestive tract morphology 
correlation with the type of nutrition. Contrary 
to them, Sakaguchi et al., 2003, showed that the 
species with hindgut fermentation have 
developed a digestive tube adapted to this 

process. Moreover, the author has shown that 
the coprophagy, present both in rabbits and 
chinchillas are a rich source of vitamins, amino 
acids and other nutrients. By studying the 
content of the stomach, we noticed the presence 
of cecotropes at all subjects. Another study on 
the effect of levels of high dietary fiber and low 
fiber on the performances and health status of 
growing rabbits, digestibility and caecal 
fermentation, concluded that the reduction of 
dietary fibre level increased food digestibility 
but worsens rabbit grow performances 
(Pinheiro et al., 2009). 
Clear delineation between the esophagus and 
the stomach mucosa was present in both 
species. Moreover, the serrated aspect of the 
gastric mucosa was clearly revealed in the 
juxtacardial area. This feature, together with 
the lack of striated muscle in the distal 
esophagus and the presence of the crural sling-
like a cuff surrounding the lower esophagus 
proximal to the cardia, is specific to rodents 
and researched by many authors (Brewer, 
1994; deBlas et al., 1997; Richardson, 2000; 
Davies, 2003). All these elements are part of 
the so-called gastroesophageal barrier which 
opposes to the act of emesis. In addition, Porter 
and Balaban, 1997 showed that in rabbits, cats 
and rodents there are no neural connections 
between the brain stem nuclei and neither 
between them and the viscera involved in the 
act of emesis. Another anatomical feature 
involved in the impossibility of performing 
emesis is related to the presence of that fold-
margo plicatus (Limiting ridge). It extends 
circumferentially from the esophagus and 
lesser curvature level, to the great curvature 
and back. This fold separates the stomach in 
two portions: glandular and nonglandular in 
mice, rats and hamsters (Kotze et al., 2010; 
Quesenberry and Carpenter, 2012). There are 
authors (Brewer and Cruise, 1994, Davies et 
al., 2003), who claim that in rabbits there is a 
non-glandular region of the stomach in the 
cardia region. 
We did not reveal this pattern in any of the 
species studied in this research. However, we 
noticed a slight difference regarding the 
stomach mucosa in chinchillas. This difference 
consists in the presence of a well individualized 
mucosa with well defined longitudinal folds in 
the body of stomach, and less observable one in 
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the cardial region. Supporting this hypothesis 
requires extensive histological studies. 
Stomach topography in chinchilla and rabbit 
offers anatomical explanations to the main 
digestive disorders. In chinchillas, the gastric 
tympany is relatively rare compared to rabbits 
and rodents and is related to gastroenteritis and 
dysbacteriosis (deBlas, 1997; Quesensbery and 
Carpenter, 2012). The explanation is related to 
the absence of diverticular region with possible 
gas content on the one hand and on the other 
hand that the pyloric antrum is not so well 
represented as in rabbits. Moreover the 
emphasis of a small dudenal ampula, makes 
that the liver doesn't compress the pyloric 

region so hard. In rabbits, the presence of the 
pyloric antrum and the compression exerted by 
the right hepatic lobe, correlated with an angled 
exit of the duodenum from the stomach, and 
the lack of duodenal ampula, makes that the 
gastric distension is more often reported for 
this species (Cheke, 1994; Brooks, 2004).  
In conclusion, by performing a detailed and 
concise description of the first 
postdiaphragmatic segment of the digestive 
tract, in rabbit and chinchilla we provided a 
substantial support both to researchers and 
practitioners. 
The results obtained in this study are further 
contribution to anatomical science. 
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Abstract 
 
Between July 29 and August 5 2013, near Ilganii de Jos village (part of ROSCI 0065 Danube Delta, Nuf ru commune, 
Tulcea County), on the oldest Danube branch, Sfântu Gheorghe, a personal field trip took place. In order to complete 
the didactic collections with some new fresh material, both animal and vegetal samples were collected, photographed, 
preserved and brought back in Bucharest, at U.A.S.V.M. laboratories. With the aid of an entomological net, various 
terrestrial arthropods (adult and larval insects, opilionids and arachnids) were captured on plants. Many species of the 
local vascular flora were pressed and dried further in a herbarium. Some of the specimens were already arranged for 
the use of students in class, like a Decticus verrucivorus (Orthoptera, Tettigonidae) female ovipositor, unionid adductor 
muscles or water caltrop (Trapa natans, Lythraceae) seeds. Natural phenomenons as mimicry and camouflage were 
noticed for Hyla arborea/Xanthium italicum or Coreus marginatus/Rumex obtusifolius associations. 
 
Key words: Sfântu Gheorghe branch, Danube Delta Biosphere Reservation, field trip, sampling, didactic collections. 
 
INTRODUCTION  
 
In the Danube Delta is seeking to promote a 
tourism specialist less pollutant, through 
knowledge about tourism and scientific values, 
professional as well as aesthetic, for 
ornithologists, naturalists, ecologists, fish 
farmers, geographers, students, schoolchildren 
and other tourists or lovers of nature 
(Turtureanu, 2011; www.beautifulromania.ro).   
Ilganii de Jos village (45°9 22 N 28°55 18 E, 
Nuf ru commune, 11 km from Tulcea) is part 
of the Danube Delta Biosphere Reservation. 
This place, like many others in the Danube 
Delta, plays an important role for fishing, wood 
and reed exploitation, navigation and tourism. 
According to Covaliov et al. (2012), Ilganii de 
Jos in part of the apiarian rout no. 2, suggested 
in order to carry out the activity in pasture 
agriculture.  
On the other hand, it is already known that the 
Danube Delta’s vascular flora has drawn the 
attention of many scientists (Ciocârlan, 2011).  
Between July 29 and August 5 2013, a personal 
camping holiday in the Danube Delta (Figure 
1), on the Danube oldest branch Sfântu 
Gheorghe, has transformed into a passionate 
field trip, in order to observe, study and collect 

data about various plant and animal individuals 
for future student use. The most 
representative’s species were brought back in 
Bucharest with the hope that they will promote, 
if necessary, the Danube Delta great 
biodiversity potential.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Natural habitat at Sfântu Gheorghe branch 
 
MATERIALS AND METHODS 
 
The main collecting sites (Figure 2) ranged 
from 45°10 32.91 N/28°54 09.95 E and 
45°10 50.52 N/28°53 43.61 E geographical 
coordinates. Plants were harvested by hand 
pulling; a great amount of green mass was 
dried and pressed for storing in a herbarium.  
Some of the animals sampled on the shore of 
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Sfântu Gheorghe branch were whole preserved, 
in different recipients, on the spot, in alcohol 
95%, subsequently transported to the Faculty of 
Agriculture from UASVM Bucharest 
laboratories. Arthropod species were captured 
with the aid of an entomological net. All 
observations were mentioned in a field 
notebook. Insect species have been identified 
according to Leraut (2012).  Hundred photos 
and future didactic movies immortalized 
various aspects in the wild nature of this 
Danube Delta’s interest place.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Collecting sites (map source: Google Earth) 
 
As a good qualitative assessment provides a 
much richer understanding of the complexity of 
student learning in the classroom 
(http://2003.botanyconference.org/), direct 
observation was the most used method in this 
qualitative research. 
 
RESULTS AND DISCUSSIONS 
 
The biological material brought in the summer 
of 2013 from Danube Delta to the UASVM 
Bucharest laboratories was classified as 
follows: terrestrial and aquatic invertebrate 
samples (mollusks, arthropods) and vascular 
flora specimens brought together into a 
herbarium. Any vegetation survey should 
include, where possible, collection of at least 
one specimen of each species encountered 
(http://www.queensu.ca/). 
The biological individuals added to our 
teaching collections were selected by category 
and identified. We were able to identify so far 
the following invertebrates specimens: 
Mollusca, Gastropoda (Cepaea vindobonensis, 
Esperiana esperi, Lymnaea stagnalis, 
Planorbarius corneus, Theodoxus danubialis, 

T. transversalis, Viviparus viviparus); 
Mollusca, Bivalvia (Corbicula fluminea, 
Dreissena polymorpha, Pseudanodonta 
complanata, Unio pictorum, U. tumidus) 
(Figure 3); Arthropoda, Arachnida (Argiope 
bruennichi); Arthropoda; Myriapoda: 
Diplopoda, Julidae; Arthropoda, Insecta, 
Coleoptera: Chrysomelidae (Podagrica 
fuscicornis), Coccinellidae (Coccinella 
septempunctata, Halyzia sedecimguttata), 
Dytiscidae (Dytiscus dimidiatus); Heteroptera: 
Coreidae (Coreus marginatus), Pentatomidae  
(Aelia acuminate, Carpocoris mediterraneus, 
Graphosoma lineatum, Pentatoma rufipes), 
Pyrrochoridae (Pyrrhocoris apterus); 
Homoptera, Cicadelidae; Neuroptera, 
Chrysopidae (Chrisoperla carnea); Odonata, 
Lestidae (Lestes sponsa), Libellulidae 
(Leucorrhinia dubia); Orthoptera, Tettigonidae 
(Decticus verrucivorus); Trichoptera, 
Limnephilidae.  
 
 
 
 
 
 
 
 
 

Figure 3. Bivalves from Sfântu Gheorghe Branch (left: 
byssus threads; right: adductor muscles – see the arrows) 
 
As regarding the local flora, over 50 plant 
species belonging to over 20 families were 
identified and some of them – collected and 
dried for the herbarium collections: 
Amaranthaceae (Amaranthus sp.); Apiaceae 
(Daucus carota); Asteraceae (Arctium lappa, 
Artemisia absinthium, Artemisia annua, 
Cichorium intybus, Helianthus annuus, Inula 
britannica, Lactuca serriola, Matricaria 
recutita, Xanthium italicum, X. spinosum); 
Butomaceaea (Butomus umbellatus); 
Cannabaceae (Cannabis sativa); 
Chenopodiaceae (Atriplex sp., Chenopodium 
sp.); Cyperaceae (Carex sp., Cyperus 
glomeratus); Dipsacaceae (Cephalaria 
transylvanica); Euphorbiaceae (Euphorbia 
salicifolia); Fabaceae (Amorpha fruticosa, 
Gleditsia triacanthos, Glycyrrhiza echinata, 
Lathyrus tuberosus, Lotus corniculatus, 
Melilotus albus, Medicago lupulina, Ononis 
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sp., Trifolium sp.); Lamiaceae (Mentha 
arvensis, M. pulegium, Lycopus europaeus); 
Lithraceae (Lithrum salicaria, Trapa natans); 
Malvaceae (Althaea officinalis); Onagraceae 
(Epilobium palustre); Plantaginaceae (Plantago 
sp.; Veronica chamaedrys);   Poaceae 
(Agropyron repens, Bromus sp., Cynodon 
dactylon, Dactylis glomerata, Echinochloa 
crus-galli, Setaria glauca);   Polygonaceae 
(Rumex obtusifolius); Oleaceae (Fraxinus 
excelsior); Rosaceae (Rubus caesius); 
Salicaceae (Populus alba, Salix sp.);  
Solanaceae (Solanum dulcamara); 
Tamaricaceae (Tamarix ramosissima); 
Urticaceae (Urtica dioica); Vitaceae  (Vitis 
sylvestris).   As regarding the vascular flora, the 
best represented seem to be the Asteraceae and 
Fabaceaea families. Most of the enlisted 
vascular plant species were mentioned before 
for Ilgani (Doroftei et al., 2011).  
Wild plants and their associated insects: 
Arctium lappa – Carpocoris mediterraneus 
(Figure 4a); Daucus carota – Graphosoma 
lineatum (Figure 4b); Althaea officinalis – 
Podagrica fuscicornis (Figure 4c). As 
concerning the trophic spectrum, it is well 
known that some of the polyphagous species 
have preferences for certain genus or families 
of plants (Beldean, 2005). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Insect-plant associations 

 
 

Natural phenomenons was observed in the 
wild nature of Sfântu Gheorghe branch near 
Ilganii de Jos village: predation (a ranid frog 
eating a butterfly; a Natrix tessellata specimen 
consuming a fish on a sunny shore) (Figure 5), 
mimicry and camouflage – a Hyla arborea 
specimen laying on a Xanthium italicum leaves 
(Figure 6), the hemipter insect Coreus 
marginatus hiding between the seeds of the 
reddish-brown colour from Rumex obtusifolius) 
(Figure 7).  

 
 
 
 
 
 
 

 

 

 
Figure 5. Snake eating a living fish along the shore 

 

 

 

 

 

 

 

 

 

Figure 6. Hyla arborea lying in the sun on green 
Xanthium italicum leaves 

 

 

 

 

 

 

 

 

 

 

Figure 7. Coreus marginatus prefers Rumex host plants 

 
 

a.

b. 

c. 
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CONCLUSIONS  
 
Due to combined efforts of the present work 
team to travel, collect, identify, label, well 
storage and transport a reach database 
consisting in biological samples from Sfântu 
Gheorghe branch, the students of Biology 
specialization from the Faculty of Agriculture 
can be familiarized with this favorable place 
hosting a unique flora and fauna biodiversity, 
represented by Ilganii de Jos village (Tulcea 
County).  
In classes, we recommend handling either 
animal specimen preserved in alcohol, either 
plant species from a herbarium, either didactic 
movies or photographs, for increasing and 
extending the knowledge about the biodiversity 
concept. 
Also, this paper reminds the importance of 
using direct observations, in order to learn 
about the normal behaviour and adaptations of 
living organisms in their natural environment.  
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Abstract 
 
The majority of the cities worldwide were built next to water. The need for water consumption, water transport, water-
based industry, water defense etc. influenced a city's history and development. However, the last decades show a 
continuing concern for the aesthetics of a city's waterfront. 
Based on the idea that "waterfront is an extraordinary resource for a city, to be used ‘strategically’ to revitalize and 
reinforce its economy and to ‘build’ or consolidate its specific ‘image’ (Bruttomesso, 2006) cities on the Danube 
developed major waterfront reconstruction programs. However, Danube's landscape potential in Romanian cities is 
seldom exploited. Calarasi city's new urban projects now include the redevelopment of both its Danube riverfront and 
its main arteries. The aims are to revitalize a former industrial city image and to invite the people to regain both the 
city's riverfront and its unexploited public spaces.   
To this end, research was conducted on both the city's inhabited structure and on the urban unexploited landscape 
potential. The results and diagnosis led to drawing strategic directions on future urban landscape transformation and 
on applying concrete concepts for landscape management.  
The strategy proposes incorporation of old, new and future social-urban poles into a modern and coherent urban 
system. Detailed solutions have been proposed for key urban development areas and for small squares and green strips 
alike.    
  
Key words: waterfront, Danube, potential, unexploited. 
 
INTRODUCTION 
 
While inner-city park lakes became part of a 
city's esthetics, one's riverfronts were often 
neglected in favor of industry, transport or even 
defense. Recent years paradigm shifted as 
riverfronts are nowadays seen as "a 
extraordinary resource for a city" (Bruttomesso 
2006) to be used to revitalize an urban area's 
image and also to both satisfy economical and 
social needs. 
"The need that people have for water is vital 
and profound"(Alexander et. al., 1977) is a 
statement best illustrated by the results of urban 
planning projects like "Paris Plage" and the 
Aarhus promenade (Gehl, 2012). Due to the 
fact that "life forms around the water's edge" 
(Alexander et. al., 1977), opening the water 

edge to the city by transforming it into  a 
waterfront park or promenade will result in 
livable, crowded pedestrian areas. This may 
leadto economical, demographical and even a 
life quality boost in nearby areas. 
 

 
Figure 1. Calarasi Danube waterfront 

(www.googleearth.com) 
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While in western countries, the Danube 
waterfront is being remodeled and 
rehabilitated, the Romanian Danube riverfront 
is poorly engineered. Projects similar to the 
ones in Budapest, Bratislava or Wien may be 
successfully applied in the case of riverside 
cities from Romania.  
Though small steps have been made in order to 
refurbish waterfronts in cities like Giurgiu, 
Galati, Braila, Tulcea etc., non had matched the 
results of projects like "Paris Plage" on the 
Sena river.  

 
Figure 2. Paris Plage (www.commons.wikimedia.org) 

 
Interdisciplinary approach was conducted in 
Calarasi in order to solve contemporary urban 
needs. Special attention was paid to the unused, 
existing potential of the urban landscape, by 
implementing new urban development politics 
in order to rehabilitate the city's image and 
urban comfort.   
 
MATERIALS AND METHODS 
 
Analysis were conducted in order to be able to 
develop a strategy for a urban rehabilitation 
project proposal. To this end, social studies and 
analyses of the existing frontage, current city 
functions, town history, vegetation, climatic 
conditions, polarizing areas, etc. were 
conducted. Based on in situ observations, 
questionnaires, diagrams and analyses, the 
proposed strategy was inspired by Jan Gehl 
conclusions and theories (Gehl, 2012) and by 
the present use of space. 

SWOT analyses emphasized the need for new 
urban centralizing poles to be added to the 
existing ones in order to define a logical urban 
structure to cope with the people needs. 
Entitled "Revitalizing the territorial pole 
system - green mobility" the strategy proposed 
linking the existing major polarizing pedestrian 
poles with newly designed ones, thus creating a 
green-human-urban-system. In contradiction 
with the city geometrical-plane structure and 
according to the sinusoidal water aspect of the 
nearby Danube, the idea was to create a FLUID 
corridor that will bring both the urban and the 
natural into the cityscape.  
  

 
Figure 3. City poles  

 
The concept and the strategy were developed 
around principles like "unity in diversity", 
long-term urban landscape quality management 
and also included the "jardins partagé" concept 
into a city driven in the past mostly by heavy 
industry.  
The "jardins partagé" principle and concept 
was applied in areas surrounded by blocks of 
flats and in places with low public interest for 
formal gardens. Due to the fact that some 
public urban spaces were used by people for 
planting seasonal vegetables or flowers, the 
areas used for this purpose were enlarged. By 
scarcely planting a few fruit trees or shrubs in 
certain small urban areas, people are indirectly 
invited to personally use that space as their own 
private garden by maintaining and 
personalizing it, thus stimulating both the 
people and the municipality for a better and 
cheaper use of fragmented urban spaces.  
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Other unused urban spaces were reconverted 
into playgrounds, plazas, small formal gardens 
or vegetable gardens according to the needs of 
the people living nearby thus creating new 
small urban poles to be linked with the major 
ones composed by urban parks, large plazas, 
markets and stations.  
Most of the urban furniture was designed 
according to the needs of the people, the type 
of design approach and in accordance with the 
proposed concept and strategy. 
 
RESULTS AND DISCUSSIONS 
 
Starting from the eastern end of the city and 
ending with the urban Danube waterfront, the 
cityscape was reshaped in order to cope with 
the contemporary needs of the people. 
New street alignments were inserted into the 
landscape, strategically separating the road 
from the pedestrian. The rhythm of the street 
alignments is interrupted by occasionally ramps 
and pergolas that were inserted in order to 
solve level differences.   
Tangent and nearby unused spaces were 
reconverted and redesigned to contribute to the 
city refurbishment.  
A former abandoned green stripe that used to 
be seen psychologically as a barrier between 
the road and a series of ANL houses was 
restructured as a fluid and coherent space. 
Fragmenting the space through vegetation and 
circulations led to unify the former stripe.  
 

 
Figure 4. The ANL stripe proposal by Amuza Raluca, 

Bratu Maria, Gudumac Elena, Lazareanu Daniela, Mexi 
Alexandru  

An urban square entitled "The Flower Park" 
was refurbished in order to be able to confirm 
its name. The strategy was to create a green 
amphitheatre opened to a all-season people-
and-plant color scene.  
A children playground was restructured by 
separating different age playgrounds through 
alleys and vegetation. 

 
Figure 5. The "Flower park" proposal by Amuza Raluca, 
Bratu Maria, Gudumac Elena, Lazareanu Daniela, Mexi 

Alexandru 
 

Next to the main polarizing center of the city, 
the central market, unused spaces were 
reconverted into modern urban squares. 
Circular planters and benches psychologically 
directs pedestrians towards the newly 
refurbished marketplace. 

 
Figure 6. Intersection design proposal by Amuza Raluca, 
Bratu Maria, Gudumac Elena, Lazareanu Daniela, Mexi 

Alexandru 
 

The market and intersection were refurbished 
so that they become a whole. Unused space 
found between the market itself and the 
intersection was redesigned as a public urban 
square with a fluid-based, modern design. The 
vegetation and mineral composition, ramps and 
benches converge towards a central point in 
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which a circular basin was placed. The basin is 
based on a principle similar to the one of the 
communicating vessels.    

 
Figure 7. The central market design proposal by Amuza 

Raluca, Bratu Maria, Gudumac Elena, Lazareanu 
Daniela, Mexi Alexandru 

 
Figure 8. The market plaza design proposal  

by Amuza Raluca, Bratu Maria, Gudumac Elena, 
Lazareanu Daniela, Mexi Alexandru 

 
Former unused urban structures were 
reconverted into public scenes, amphitheatres, 
benches, planters etc. Small urban squares were 
redesigned in order to transform them into 
small urban poles. 
An urban square entitled "Intimate Park" was, 
alike the "Flower Park" refurbished in order to 
confirm its name. To this end, mineral, circular 

alveoli doubled by vegetation were created in 
order to create intimate spaces. 
 

 
Figure 9. Refurbished unused urban objects  

by Amuza Raluca, Bratu Maria, Gudumac Elena, 
Lazareanu Daniela, Mexi Alexandru 

 
The unused urban square next to the train 
station and to the student hostels was 
transformed into a urban garden in which most 
of the vegetation consists in fruit trees and 
shrubs.  
Two city parks are redesigned as to form a 
single green, large, social, urban public 
composition in which the barriers between the 
city and the park and between the park and the 
Danube be eliminated. 
One of the parks, entitled "Parcul Dumbrava" 
(Grove Park) was transformed according to a 
modern romantic landscape style. Based on the 
idea of "urban forest" the park was redesigned 
as a suburban grove. The main attraction point 
of the park is the round basin, one to be used as 
a water feature in summer and as a rink in 
winter.  
The second park, entitled "Central Park" 
represents an extension of the Grove park.  
The park is redesigned in a mix, contemporary 
and modern romantic style, offering a contrast 
between large planted spaces and a central 
large lawn that opens perspectives to the 
Borcea Danube canal. 
Concerning that "the land immediately along 
the water's edge must be preserved for common 
use" (Alexander et. al., 1977), the strategy was 
to create both a park and a modern waterfront 
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similar to the Rhone River Banks in Lyon, 
France (www.landezine.com) or the Sea 
Organs in Zadar, Croatia, 
(www.landezine.com) where people can touch 
and feel the water 
 

 
Figure 10. The Grove Park proposal by Amuza Raluca, 

Bratu Maria, Gudumac Elena,  
Lazareanu Daniela, Mexi Alexandru 

 

 
Figure 11. The Central Park proposal by Amuza Raluca, 
Bratu Maria, Gudumac Elena, Lazareanu Daniela, Mexi 

Alexandru 

"According to the importance and the character 
of the water feature, the entire composition, or 
just parts of it are conceived in such a way to 
create a dominant perspective and a series of 
serial views of the water […]. To this end, the 
relief and the vegetation must be modeled 
according to the water perspectives […] 
placing artificial objects on the edge of the 
waterfront" (Iliescu, 2006). 
In accordance to the statement above, the new 
design of the park was completed by a series of 
decks that will be accessible according to the 
water level of each season.  
 

Figure 12. Rhone riverfront 
(www.landezine.com) 

 
 
CONCLUSIONS 
  
In order for the city to fully use its Danube 
waterfront potential, the image of all the major 
arteries and parks is to be refurbished. A green 
urban system is to be inserted into the city in 
order to make a connection between the water 
and the buildings, and furthermore, to create a 
social and ecological corridor within the city.  
"To make the space functional, it needs to be 
accessible to all, linked to other green spaces in 
the city […] and to offer a variety of programs, 
tailored to the needs for recreation and that is 
attractive to visiting." (Lazovic and Blaskovic, 
2012). 
Having the space be accessible to everyone, 
beside creating space function and design for 
different age and social groups, ramps for baby 
strollers and for the handicapped were inserted 
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wherever needed. Also, in terms of 
accessibility, parking lots were inserted on all 
major arteries and nearby urban polarizing 
spaces, without altering the new cityscape. 
 In conclusion, the importance of the Danube 
waterfront in Calarasi can and should be 
refurbished and redesigned in order to both 
rehabilitate the image of a former industrial 
city and to improve the life quality within the 
city by creating green corridors between parks, 
blocks of flats, streets, parks and waterfronts 
and by redesigning the system of the urban 
polarizing areas.  
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Abstract 
 
The paper aims to be an interdisciplinary approach to green spaces in Bucharest with special reference to the Ci migiu 
Garden. It is divided into two parts: scientific, in which the existing data emphasize environmental, economic and 
social benefits, and literary, in which examples of representative writings highlight the aesthetic and cultural dimension 
of the green spaces. 
 
Key words: green space, urbanization, benefit, garden, literature.  
 
INTRODUCTION 
 
There is an inner desire to live close to nature, 
accompanied by a tendency of urban 
infrastructure modernization in terms of 
maintaining and improving the quality of soil, 
air, water, health and life. Urban lifestyle is 
common for more than 50% of global 
population, which has also been reached in 
Romania. This has led to overcrowding and 
associated issues as traffic increase, air 
pollution, housing crisis, waste accumulation, 
diminishing of green space surface. 
“Unfortunately, most cities in the world are 
reducing the amount of green space within 
their territory. Cities in the eastern United 
States of America lost 30% of trees over the 
last 20 years. Buildings and roads have priority, 
making some areas to become ‘asphalt 
ecosystems’, being even more lifeless than 
deserts.” (Stephens and Stair, 2008).  
 
GREEN SPACE MEANS BENEFITS 
 
Studies carried out during the period of 
excessive urbanization reveal that green space 
provides benefits, such as: 
A. ecological, by: 
- chemical purification – through photo-
synthesis 1 ha forest produces 10 t O2 and 
consumes 14 t CO2 per year (Bernatzky, 1978); 

a leaf area of 25 m2 provides O2 required for a 
person (Iliescu, 2006); 
- physical purification – a grass lawn holds 3-6 
times dust than a bare surface; a mature tree 
holds 10 times more dust than a lawn with an 
area equal to the horizontal projection of the 
tree crown (Iliescu, 2006); 
- bacterial purification – some microorganisms 
are destroyed by the release of oxygen and 
ozone, especially in conifers (Iliescu, 2006); 
- microclimate change, through the shading 
effect and increasing air humidity; 
-noise pollution damper. 
B. economic, by: 
- creation of a favourable image for the urban 
centers, contributing to their attractiveness for 
investors and job emergence (Baycan, 
Nyjkamp, 2004); 
- increase of the urban area value and 
neighbouring properties (Petus, 2008); 
- growing tourist attraction for the area with 
green space, or the green space itself becomes 
of tourist interest (Sendi, Aalbers, Triguieiro, 
2010). 
C. social, by: 
- providing space for active lifestyle, without 
requiring high costs (walking, jogging, biking); 
- inducing well-being by offering opportunities 
to relax and stress reduction; answering to the 
human need for recreation and leisure; 
- favouring social inclusion, promoting direct 
interaction between people from different 
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social backgrounds, providing a venue for 
cultural events; 
- giving identity and sense to a certain area for 
the community, as part of a unique town 
profile; giving colour, personality and 
consistency to the built environment. 
 
BUCHAREST IN FIGURES 
 
World Health Organization has established that 
green space of 50 m2 per capita is an optimum, 
while the minimum value allowed is 9 m2 per 
capita. The average is 26 m2 per capita in the 
EU and about 18 m2 per capita in Romania, 
with large variation between cities (Chiriac, 
Huma, Stanciu, 2009). 
Bucharest hosts up to 3,000,000 persons daily 
and is the tenth city within the EU, with an area 
of 228 km2, 70% built, and a density of approx. 
8500 inhabitants/km2. Since 1990 the green 
space of Bucharest has been under huge 
constant pressure from the real estate investors; 
the most known case is Bordei Park. Moreover, 
the pressure coming from the lack of parking 
spaces could be added. Thus, although 
Bucharest was considered a city of gardens, in 
2009 it recorded a green space of about 12.39 
m2/capita (EPA, 2010) while in August 2013 
the Green Space Register of Bucharest reported 
23.21 m2/capita. In addition, traffic is very 
intense, air pollution is high, sanitation 
condition is poor, outdoor recreational 
opportunities are reduced.  
Out of the entire green space [(definition 
includes any space whose specific is 
determined by woody, tree, shrub, floricultural 
or herbaceous vegetation) (RP, 2007)], only 
about 20% represents parks and gardens; the 
difference results from housing estates and 
street alignments. In Bucharest, there are 36 
parks; they have landscaping value, are habitat 
for rare dendrological and fauna species, 
unusual for urban area. They have historical 
value, some of them having their name related 
to events, personalities and writings. 
Ci migiu, the oldest public garden in the 
country, made as an English park, is located in 
the centre of the city, on a former marshy land 
with underground springs, where a public 
fountain was built in 1779. Its name comes 
from the Turkish word ‘ci megiu’, i.e. the chief 
of the water supply schemes. In 1830 it was 

decided to dry the pond, which occurred in 
1847, when Ci migiu became a park under the 
coordination of Wilhelm Friedrich Carl Meyer, 
the former director of the Vienna Imperial 
Garden. In 1848, it was decided to dig a pond 
(2.65 ha, 1.25 max depth, 0.44 mil m3 water 
volume) and a channel linking the Ci migiu 
lake with the Dâmbovi a river (Alpab, 2011). It 
was officially opened in 1854. In 1883, the 
mayor purchased 1.5 ha from private 
individuals and added it to the garden, thus 
reaching the current surface of 14 ha.  
Its present appearance is the merit of Friedrich 
Rebhun, the Austrian landscape architect who 
designed a rug of uninterrupted alleys along 
which a double row of linden tree is planted, 
cut in geometric shapes rising in elevation. He 
chose huge ceramic pots with flowers for 
decoration. Vegetation has a unique diversity 
and disposal, and includes: Platanus x 
aceriflora, Torrey nucifera, Cedrus atlantica, 
Picea excelsa reverse. The green colour of the 
park is wonderfully projected against the white 
walls, terraces and balconies of the former 
Lady Cre ulescu’s Palace. 
 

 
Figure 1. Lady Cre ulescu’s Palace seen from Ci migiu 

Garden 
 
LITERARY CI MIGIU 
 
In Romanian literature, the green architecture 
of Bucharest has captured the writers’ 
imagination, generating a remarkable amplitude 
of subjective responses. Among them, some of 
the most memorable pieces are dedicated to the 
oldest and most cherished public garden of the 
Romanian capital. The exemplary novel 
‘Ci migiu et comp’ by Grigore B jenaru (1907-
1986) brings an original praise to the open 
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space where the impetuous spirit of 
adolescence can express itself free of any 
constraints. 
The autobiographic best-seller of the 1940s is 
still highly popular with today’s high-school 
students, owing to the unrivalled ambience 
created around an environment whose 
sympathetic nature allows the re-mapping of 
identity. In its chapters, Ci migiu becomes 
itself a character whose recognition is secured 
by the playful interwar adventures in their 
innocent exploration of the transition from 
childhood to adulthood. The opening lines 
introduce the scenery, setting the perfect place 
for spiritual cleansing and the peaceful 
recollection of the pre-WWII teenage years: 
“Lord, the wind is making the leaves tremble in 
the trees of Ci migiu! 
It sounds like the same sleep inducing rustle I 
used to hear 15-20 years ago, when wandering 
with my mates in certain morning hours on the 
somewhat secluded alleys that hosted dozens 
of… strollers! 
How odd! The rusty or pale leaves seem to be 
rustling even more strongly and nostalgically 
than the still green ones…” (B jenaru, 1968) 
The comparative metaphor of the leaves 
prefigures the stage for unfolding the memories 
that are still so vivid in the protagonist’s mind. 
The key word, ‘nostalgically’, alludes to his 
longing for the past doubled by certain serenity 
and deep understanding of life at maturity, in 
contrast with the ‘green leaves’ suggestive of 
youth, the time of becoming. 
The flow of memories occasions a sentimental 
reverie about the sympathetic companion from 
innocence to the age of reason brutally induced 
by the reality of the Second World War. The 
profound inward-oriented experience of 
bringing past experiences back to mind requires 
a spectacular landscape, similar to the lost 
paradise, a personal microcosm of plenitude 
and harmony: 
“In the thin autumn shadow of the park, all the 
trees are snowing with golden spots: branch-
leaving leaves are waving the momentary life of 
a drifter and, like in a fairy tale by Walt 
Disney, they fall into a soft carpet under the 
tardy steps of the passers-by bored with the 
routine of everyday life! 
The lake is shivering like it used to; the boats 
are swaying like they used to, forgotten under 

the weeping willows and smiling tenderly to the 
whispers of the lovers walking their thrills on 
these alleys.” (B jenaru, 1968). 
The personal Eden seems to link personal 
experience to universal values, showing the 
juxtapositions ans layers of the unknown to be 
discovered behind the seemingly familiar, “in 
the bushes of Cismigiu, the dear and 
welcoming companion of the high-school 
students looking for refuge under the vaults and 
garlands of its fragrant flowers” (B jenaru, 
1968). 
The development of the stories sketches a 
circular pattern of inclusion: the self within the 
group, the group eithin the human-created 
landscape, which competes in articulating a 
mythical scene of natural richness where nature 
and human are in perfect communion. The 
public garden thus becomes a living 
participating involved in the rite of passage, 
facilitating the  separation from the early stage 
of life and accompanying the transitional stage 
of early  youth to the subsequent character 
development into maturity. 
In fact, the very special union seems to function 
both ways as the garden advances through its 
seasonal stages energized by human greenness 
while the teenagers absorb nature’s vigour in 
their daily journey to individual ripeness. Their 
coming of age occurs in a realm of plethora 
where they find spiritual balance and a natural 
peace of mind. 
Even in full maturity, the garden remains a 
place of refuge from habit and convention, its 
unspoiled wonders being perceived as a private 
space that secures personal recovery and 
restores normalcy. 
However, return is often posponed: 
“Oh, how rarely Ci migiu has seen me after 
fraduation!... 
And how many times have I sworn that I would 
come and rest under its baldaquin of blooming 
branches which it offered with such generosity! 
‘Oh, why am I not free now?’ I said every time 
I walked on its alleys on my way to school. ‚I 
would sit in Ci migiu all day long, it’s so 
beautiful!” (B jenaru, 1968). 
To B jenaru, Ci migiu will always stay “our 
enchanted fairy-tale garden” (B jenaru, 1968), 
a place that helped him and his schoolmates 
forge a particular sense of identity and 
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direction, easing their expansion from their 
private to their social universe. 
The protagonist’s pure relationships evolved 
against the natural setting of Ci migiu, a 
truthful recorder of the physical growth and 
emotional development of the human 
characters. In the end, they say goodbye to one 
of the most untroubled and expansive times in 
life, in a lighthearted farewell tribute to one of 
the most beloved open spaces in Bucharest: 
“...let us clear up our minds looking towards 
Ci migiu! The place that was for you, I believe, 
what the forest was for the outlands.” 
(B jenaru, 1968). 
 

 

Figure 2. Northern side of Ci migiu Garden 
 
There is a particular symbolism of the 
Romanian capital’s public garden that, in the 
delicate lines of the sumbolist poets Alexandru 
Macedonski and Ion Minulescu, two different 
lyrical temperaments, becomes a place for self-
regeneration and retrieval of personal harmony. 
Wrapped in either sensorial exaltation or bitter-
sweet sentimentality (with a tinge of 
jocularity), the memorable hymns dedicated to 
the green heart of the city subtly advocate a 
hedonistic carpe diem philosophy. 
In his poem ‘Useless spring’ (‘Prim var  
inutil ’), Ion Minulescu (1881-1944) describes 
a playful search for spring, in an atmosphere 
reminiscent of B jenaru’s beginning of 
meaningful life, symbolically linking 
adolescent disposition with the first season of 
the life cycle. The underlying tone of the 
humorous story of the rebellious spring 
obliquely reveals the desire for a nostalgic 
recollection of the no-longer attainable time of 
promised plenitude, rising against routine, the 
alien intrusion in anyone’s personal universe: 

“Suffocated by the scheduled life 
And the same old daily strife 
Of the scientists in glasses, beards and loafers– 
Ancient teachers and professors 
Of piano, earth and maths– 
Spring 
Punched her first through the glass 
And escaped from boarding school...” 
(Minulescu, 1989, 1-8) 
The act of defiance seems to urge the being to 
retrace its origins by strong emotions and 
purify itself by unmediated organic reaction, 
aiming to reconcile the self with its present in 
an earthly reconnection with the memories of 
an earlier stage in life: 
“Learning that from my agenda 
I went out in search of traces 
On the Ci migiu old alleys 
Or perhaps some other places, 
Like I used to do each year 
When I was like her, a youngster...” 
(Minulescu, 1989, 10-15) 
What the poet admits is not a simply nostalgic 
awereness of the lost paradise but also a 
perception of a new universe waiting to be 
discovered and incorporated within 
personhood. 
The irregular metre of the following stanza 
accentuates the gap between past and present, 
further marked by the contrastive conjunction 
‘but’ that changes the rhythm of events, as the 
poet contemplates the purpose of his quest 
(already advanced by the title of the poem): 
“But this time, I don’t know why, 
Couldn’t find her, faraway or nearby 
Maybe I was tired of the chase... 
Maybe we both went on separate ways...” 
(Minulescu, 1989, 17-20) 
Urban identity seems to inscribe solitude into 
the inherent features of character, as a self-
regulatory mechanism whose strict hierarchy 
alienates humans, distancing them from 
interpersonal communication, fully 
acknowledged by the poet: 
“Or maybe spring could meet no heart 
To wish her welcome from the start...” 
(Minulescu, 1989, 27-28) 
The anaphoric recurrence of the possibility-
suggesting adverb ‘maybe’ and the couple of 
negations further accentuate the impossible 
interaction between the season of rebirth and 
the urban community: 
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“Or maybe her escape just wasn’t true, 
And her punching fist couldn’t get through 
The window glass...”  
(Minulescu, 1989, 29-32) 
The lines seem to echo Grigore B jenaru’s 
deferred return to the garden and, consequently, 
the recovery of real spiritual quintessence. 
In an opposite manner, Alexandu Macedonski 
(1854-1920) pictures the deeply human 
immediacy of the place in ‘The Ci migiu Rose 
Rondel’ (‘Rondelul rozelor din Ci migiu’), a 
visual poem celebrating floral abundance and 
dedicated skills: 
“Pinkish, golden, silver flame, 
Crazy orgy everywhere 
Roses climbing on the wall 
Or from trees seeming to fall.” 
(Macedonski, 1987, 1-4) 
The stanza exhibits an extraordinary 
assiduousness of details that translates 
emotional reaction into an intricate network of 
complex and varried polychrome. The ample 
discourse, its agglomeration of complicated 
verbal and imaginative structures, intensifies 
emotions. The roses, suggestive of vitality and 
exuberances, occasion a meditation on the 
spectacle of nature placed in a bewildering 
setting, a natural context where the human 
element unconditionally submits to the plant 
domain. Affection dissolves in dependence, for 
the roses exert an abstruse power on their 
observer’s senses: 
“Persian rhythms, arranged in stanzas, 
Colourful extravaganzas...- 
Pinkish, golden, silver flame, 
Crazy orgy everywhere.”  
(Macedonski, 1987, 5-8)  
Oriental music adds to the tantalizing dance of 
the flowers and the uncommon experience 
generated by the sensorial encounter transcends 
everyday concerns to a momentary escape in 
lyrical intimations of self-abandonment. 
Detached from routine and the effect of self-
sufficiency imposed by the engagement with 
the immediate environment, the self becomes 
able to respond to the alluring charm of the 
instant natural miracle. 
The spontaneous response of the senses opens 
the self to exploration as a way to regain the 
most intimate spheres of the ego, revealing 
their essential sacredness, as Ci migiu becomes 
a momentary personal natural temple. By the 

agency of the eye, the self passes beyond the 
material world into a different dimension of 
knowledge which releases personal freedom, 
owing to the skills of a committed gardener: 
“Brought to life by German magus 
Who worked hard, with grace and goodness, 
To save roses from cold greyness. 
Made the garden rise in fame,  
Pinkish, golden, silver flame.” 
(Macedonski, 1987, 9-13) 
The cinquain pays homage to the 19th-century 
horticulturist Wilhelm Friedrich Carl Meyer 
whose imagination and capability changed the 
appearance of the public garden. Perceived as 
an enchanter with supernatural power over 
natural forces, the German seems to have 
turned gardening into a magical sensorial and 
sensuous participation of the occasional 
strollers. 
The spiritual dimension is given by the very 
definition of the act of gardening, i.e. 
cultivating and tending a plot of land, which 
extends practical significance to feelings and 
emotions by its reference to tender care and 
attention. For it is the foreign gardener’s 
generous talent and affection that has created a 
metaphysical relationship with the plant world.  
 

 

Figure 3. Southern entrance to Ci migiu Garden 
 
The divine simplicity of placing the self inside 
nature restores, even briefly, the spiritual and 
timeless values of the original human spirit and 
the refuge in visions, like a promise of self-
salvation as an almost mystical experience. 
 
CONCLUSIONS 
 
It is undeniable that the unmediated 
relationship of the city dwellers with urban 
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nature regenerates the human spirit by the 
participation of the vegetal microcosm situated 
in the heart of the Romanian capital, which 
responds – and corresponds – to the personal 
experience of the municipal everyday life. 
Therefore, the urban green space has to stand 
and grow in order to sustain the physical, 
mental, spiritual and cultural health of the 
citizens. 
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