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Abstract 
 
The development of animal production is a priority because it provides the most important food resources from the 
nutrition point of view for the entire population, and the demographic explosion and rise of living standard have led to 
the increased demand for food of animal origin. The profitability of pig growth is influenced by their rational feeding. It 
is known that food production expenses have the largest share in food production, varying between 60 and 80% of the 
total of these expenditure. As a result, particular attention should be paid to the maximum efficiency of compound feed 
in order to make it transformed in human food products with an as high as possible percentage. To achieve this goal, 
the nutrients from the ratio should be correlated with the physiological requirements of the animals. For this purpose, 
in this paper was analyzed the influence of maize, barley and peas hybrids on the apparent digestibility of nutrients 
from the compound feeds for pregnant sows, lactating sows and piglets during weaning. The preparation of recipes for 
mixed feeds requires a good understanding of the basic principles of nutrition and how diet should be individualized 
based on age, gender, physiological status. The apparent digestibility of the analyzed organic substances (crude 
protein, crude fat, crude fiber) from the compound feed recipes was influenced by the chemical composition of the 
compound feeds used, especially the crude fiber content, as well as the swine physiological state. 
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INTRODUCTION 
 
The need to achieve higher results in the animal 
husbandry domain has resulted in artificial 
breeding conditions, especially for pigs. In 
parallel with this, the widening of the range of 
fodder feed components of compound feed 
used in the feeding of these species, the 
introduction of new qualitatively differentiated 
ingredients (new hybrids of cereals or oil 
plants) has required the reassessment of the 
nutritional potential of fodder on new bases. 
Based on the knowledge gained in the field of 
animal nutrition, technical and scientific 
progress has led both to the development of 
biochemical testing methods and 
methodologies, as well as the use of new 
procedures to elucidate some morpho-
productive aspects of animals. Among these, it 
is of particular importance to know the way in 
which animal nutrients are used by animals 
(Marin et al., 2016). 
One of the most important factors which 
determine the nutritional value of a fodder is its 

digestibility. The apparent or actual 
digestibility values can provide an overview of 
the proper feeding of animals. 
Of the various techniques that have been used 
so far, conventional digestibility experiments 
are the safest method for measuring feed 
digestibility. However, generally, these 
methods are generally quite costly and require a 
relatively long time. The time and expenses 
involved in digestion experiments can be saved 
by using the inertial indicator method.  
The digestibility of nutrients in a fodder 
composition can also be assessed on the basis 
of the chemical composition of the feed (Șara 
and Bențea, 2011). 
In order to determine the level of amino acids 
to be provided through compound feed for pigs, 
a number of techniques have been developed to 
allow the appreciation of apparent and real 
digestibility of protein and amino acids in the 
small intestine (Gâlcă and Drăgotoiu, 2003). 
It is important to consider when it is 
appreciated the fodder digestibility, the fact that 
it is influenced by a number of feed-dependent 
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factors (chemical composition, ingested 
quantity, proportions of fodder that compose 
the ratio, ratio volume, preparation technique), 
animal (species, breed, age, physiological state, 
health), feeding technique (number of meals, 
presentation form). 
The aim of the paper is to determine the 
influence of maize, barley and peas hybrids on 
the apparent digestibility of nutrients from 
compound feed recipes for pregnant sows, 
lactating sows and piglets during weaning. 
 
MATERIALS AND METHODS 
 
The biological material was represented by pigs 
of the Big White breed, respectively 12 
pregnant sows in the second month, which 
were divided into 4 batches, 12 lactating sows 

were divided into 4 batches and 20 piglets aged 
about 35 days were divided into 4 
homogeneous batches according to age and 
weight.  
The ingredients that have been used to 
formulate the compound feed recipes can be 
grouped into raw energy materials, vegetal 
origin proteins, animal origin proteins, mineral 
ingredients, vitamin-mineral premixes. 
In order to formulate the recipes for the 
compound feed intended for feeding pregnant 
sows and piglets during the weaning period will 
constitute the biological material used in the 
done research were determined a number of 
constituents of the main ingredients used, as 
well as of improved plants represented by the 
Turda maize, 21-1G barley and Tudor pea 
(Table 1). 

Table 1. Nutritional value of the main feed materials used in compound feed recipes 

Fodder DM 
% 

CP 
% 

Lysine 
% 

Met+Cist 
% 

Tryptophan 
% 

Calcium 
% 

Phosphorus 
% 

Crude fiber 
% 

ME 
(kcal/kg) 

Maize 86.12 8.21 0.20 0.30 0.07 0.03 0.23 3.07 3355 
Turda maize 88.84 7.11 0.17 0.27 0.06 0.03 0.23 3.87 3330 
Barley 86.09 10.48 0.33 0.41 0.14 0.13 0.30 3.55 2973 
21-1G barley 89.90 11.69 0.35 0.42 0.15 0.13 0.30 5.89 2993 
Soybean meal 88.21 46.17 2.90 1.33 0.55 0.22 0.71 3.54 2950 
Sunflower meal 90.55 38.89 1.46 1.58 0.56 0.42 1.05 16.12 2740 
Wheat bran 86.11 13.95 0.52 0.41 0.20 0.14 1.01 10.05 2414 
Tudor pea 87.08 18.66 1.50 0.52 0.21 0.14 0.35 6.33 2942 
Fish meal 90.00 60.00 4.11 2.24 0.60 6.50 3.20 0.00 2850 

 
The Turda maize is a trilinear, semi-hard 
hybrid, with good resistance to low 
temperatures during the first part of the 
vegetation period, dropping and breaking, 
drought, grain defects, diseases and pests. The 
crude protein determined content is 7.11%, 
crude fat 2.92%, crude fiber 3.87%. 
The maize is characterized by a high energy 
value. The biological value of the protein is low 
due to the low proportion of lysine, tryptophan. 
Corn is poor in mineral elements and especially 
in trace elements. For pigs, it represents often 
the basic feed in the compound feed structure. 
Barley 21-1G is a hybrid with a crude protein 
content of 11.69%, a crude fat of 1.66%, a 
crude fiber of 5.89%. Barley can be used in all 
the categories of pigs, the barley protein being 
made of albumin, globulins and prolamins. 
Peas are used in animal feed as a source of 
protein, but also energy. With a medium crude 
protein content, a balanced content of amino 
acids, peas are used as an intermediate source 
of protein and energy, between soy meals and 

cereal grains. The Tudor peas have a high 
production potential of over 5,000 kg/ha and 
resistance to fall, the grains having a content of 
crude protein of 18.66%, crude fat of 0.57%, 
crude fiber of 6.33%. 
The chemical analyzes aimed to determine the 
crude chemical composition of feed: dry matter 
(gravimetric method), crude protein (Kjeldahl 
method), crude fat (Soxhlet method), crude 
fiber (intermediate filtration method), crude ash 
(gravimetric method). In addition, amino acids 
have been determined, such as lysine, 
methionine, cystine (HPLC method). The 
mineral elements that were analyzed are 
calcium (spectrophotometric method), 
phosphorus (photometric method). 
The determination of cellulose through the 
Weende method leads to the obtained valyes 
not to be in line with reality, meaning that 
besides the cellulose are included other 
elements (pectic substances, hemicellulose, 
lignin) (Pop et al., 2006). For this reason, the 
expansion of the use of other methods that can 

 
separate cellulose from other components, such 
as the method proposed by Van Soest, which 
determines the acid detergent fiber (ADF), 
which is cellulose and lignin from a fodder, and 
neutral detergent fiber (NDF), which contains 
in its composition cellulose, hemicellulose and 
lignin from fodder. 
 

Table 2. Content in ADF and NDF of tested feeds 
 

Fodder ADF  
(% from DM) 

NDF  
(% from DM) 

Maize 2.98 7.85 
Turda maize 3.11 8.54 
Barley 2.84 7.93 
21-1G barley 4.36 11.71 
Soybean meal 7.58 12.01 
Sunflower meal 15.03 39.25 
Wheat bran 14.21 30.17 
Tudor pea 6.25 14.59 

 
Close results are presented by Sauvant et al. 
(2002) in the research undertaken. 
The digestibility of the compound feed was 
determined in the simple in vivo experiments 
that involved the determination of ingested and 
faecal quantities. By doing the difference, the 
digested quantity for each nutrient is obtained 
(Drăgotoiu, 2014). 
The tested foods were provided in appropriate 
quantities for the entire experimental period, 
and optimum storage conditions were 
maintained to maintain the chemical 
composition and nutrition value unchanged. 
The spaces in which the animals were housed 
have made it possible to accurately measure the 
amounts of daily feed consumed, the possible 
food remainings, the faeces removed. 
The digestibility experiments had a duration of 
17 days and included 2 periods, respectively 
one preparatory (7 days) and one for control 
(10 days). 
During the preparatory period, the batches of 
the animals are to be organized as 
homogeneously as possible, dewormed and 
dehilminise, as well as the health and behavior 
of the animals are monitored. Moreover,  it is 
aimed to habituate animals to the experimental 
fodder, it is determined the amount of ration to 
be administered during the control period (in 
principle the ration must be consumed entirety), 
and ensure the removal of undigested residues 
from the food previously administered, so that 
the faeces produced effectively to represent the 
undigested parts of the tested feed (Pop, 2006). 

During the control period, the amount of feed 
administered daily to the animals is registered, 
and are weighted after each and every meed, 
the eventual unspent food scraps, as well as the 
faeces produced. From food and faeces are 
taken samples to perform chemical analyzes. 
For the analyzed constituent nutrients of the 
compound feed, the apparent digestibility 
coefficients (aDC) were calculated according to 
the formula: 
 

aDC(%)= Ingested substance - Faeces substance x 100 
         Ingested substance 

 
The recipes of the compound feed have been 
developed for the three swine categories, 
namely pregnant sows in lactation and piglets 
aged about 35 days. The recipes are similar in 
terms of energy content, crude protein, amino 
acids, lysine, methionine + cystine, 
macroelements (Ca and P), crude fiber. The 
compound feeds have been formulated to meet 
the nutritional requirements of animals 
(Drăgotoiu et al., 2014). 
The variables from the compound feed 
formulations were represented by the breeded 
plants included in the recipes, namely the 
Turda maize, 21-1G barley and Tudor peas 
(Tables 3, 4, 5). 
 

Table 3. Recipes of compound feed intended for 
pregnant sows used during the experimental period 

 
Specification Compound feed recipes 

C E1 E2 E3 
Maize 50.00 0.00 50.00 40.40 
Turda maize 0.00 50.00 0.00 0.00 
Barley 20.00 10.00 0.00 20.20 
21-1G Barley 0.00 0.00 20.00 0.00 
Tudor peas 0.00 0.00 0.00 12.00 
Soya meal 0,00 3.00 0.00 0.00 
Sunflower meal 17.50 14.50 16.50 13.00 
Wheat bran 8.00 18.00 9.00 10.50 
L-lysine 0.18 0.14 0.18 0.04 
Carbonate calcium 1.82 1.80 1.82 1.61 
Dicalcium 
phosphate 

1.50 1.52 1.50 1.45 

Vitamino-mineral 
premix 

0.50 0.50 0.50 0.50 

Salt 0.50 0.50 0.50 0.50 
Total 100.00 100.00 100.00 100.00 

Recipes parameters 
Metabolisable 
energy (kcal/kg) 

2944 2883 2945 2913 

Crude protein (%) 14.12 14.13 14.11 14.17 
Lysine (%) 0.60 0.62 0.59 0.60 
Methion.+cyst. (%) 0.54 0.52 0.53 0.51 
Calcium (%) 1.17 1.17 1.17 1.08 
Phosphorus (%) 0.72 0.78 0.72 0.70 
Crude fiber (%) 5.87 6.54 6.28 5.86 
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quantity, proportions of fodder that compose 
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compound feed recipes for pregnant sows, 
lactating sows and piglets during weaning. 
 
MATERIALS AND METHODS 
 
The biological material was represented by pigs 
of the Big White breed, respectively 12 
pregnant sows in the second month, which 
were divided into 4 batches, 12 lactating sows 

were divided into 4 batches and 20 piglets aged 
about 35 days were divided into 4 
homogeneous batches according to age and 
weight.  
The ingredients that have been used to 
formulate the compound feed recipes can be 
grouped into raw energy materials, vegetal 
origin proteins, animal origin proteins, mineral 
ingredients, vitamin-mineral premixes. 
In order to formulate the recipes for the 
compound feed intended for feeding pregnant 
sows and piglets during the weaning period will 
constitute the biological material used in the 
done research were determined a number of 
constituents of the main ingredients used, as 
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crude protein determined content is 7.11%, 
crude fat 2.92%, crude fiber 3.87%. 
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value. The biological value of the protein is low 
due to the low proportion of lysine, tryptophan. 
Corn is poor in mineral elements and especially 
in trace elements. For pigs, it represents often 
the basic feed in the compound feed structure. 
Barley 21-1G is a hybrid with a crude protein 
content of 11.69%, a crude fat of 1.66%, a 
crude fiber of 5.89%. Barley can be used in all 
the categories of pigs, the barley protein being 
made of albumin, globulins and prolamins. 
Peas are used in animal feed as a source of 
protein, but also energy. With a medium crude 
protein content, a balanced content of amino 
acids, peas are used as an intermediate source 
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production potential of over 5,000 kg/ha and 
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have been determined, such as lysine, 
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mineral elements that were analyzed are 
calcium (spectrophotometric method), 
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The determination of cellulose through the 
Weende method leads to the obtained valyes 
not to be in line with reality, meaning that 
besides the cellulose are included other 
elements (pectic substances, hemicellulose, 
lignin) (Pop et al., 2006). For this reason, the 
expansion of the use of other methods that can 

 
separate cellulose from other components, such 
as the method proposed by Van Soest, which 
determines the acid detergent fiber (ADF), 
which is cellulose and lignin from a fodder, and 
neutral detergent fiber (NDF), which contains 
in its composition cellulose, hemicellulose and 
lignin from fodder. 
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Close results are presented by Sauvant et al. 
(2002) in the research undertaken. 
The digestibility of the compound feed was 
determined in the simple in vivo experiments 
that involved the determination of ingested and 
faecal quantities. By doing the difference, the 
digested quantity for each nutrient is obtained 
(Drăgotoiu, 2014). 
The tested foods were provided in appropriate 
quantities for the entire experimental period, 
and optimum storage conditions were 
maintained to maintain the chemical 
composition and nutrition value unchanged. 
The spaces in which the animals were housed 
have made it possible to accurately measure the 
amounts of daily feed consumed, the possible 
food remainings, the faeces removed. 
The digestibility experiments had a duration of 
17 days and included 2 periods, respectively 
one preparatory (7 days) and one for control 
(10 days). 
During the preparatory period, the batches of 
the animals are to be organized as 
homogeneously as possible, dewormed and 
dehilminise, as well as the health and behavior 
of the animals are monitored. Moreover,  it is 
aimed to habituate animals to the experimental 
fodder, it is determined the amount of ration to 
be administered during the control period (in 
principle the ration must be consumed entirety), 
and ensure the removal of undigested residues 
from the food previously administered, so that 
the faeces produced effectively to represent the 
undigested parts of the tested feed (Pop, 2006). 

During the control period, the amount of feed 
administered daily to the animals is registered, 
and are weighted after each and every meed, 
the eventual unspent food scraps, as well as the 
faeces produced. From food and faeces are 
taken samples to perform chemical analyzes. 
For the analyzed constituent nutrients of the 
compound feed, the apparent digestibility 
coefficients (aDC) were calculated according to 
the formula: 
 

aDC(%)= Ingested substance - Faeces substance x 100 
         Ingested substance 

 
The recipes of the compound feed have been 
developed for the three swine categories, 
namely pregnant sows in lactation and piglets 
aged about 35 days. The recipes are similar in 
terms of energy content, crude protein, amino 
acids, lysine, methionine + cystine, 
macroelements (Ca and P), crude fiber. The 
compound feeds have been formulated to meet 
the nutritional requirements of animals 
(Drăgotoiu et al., 2014). 
The variables from the compound feed 
formulations were represented by the breeded 
plants included in the recipes, namely the 
Turda maize, 21-1G barley and Tudor peas 
(Tables 3, 4, 5). 
 

Table 3. Recipes of compound feed intended for 
pregnant sows used during the experimental period 

 
Specification Compound feed recipes 

C E1 E2 E3 
Maize 50.00 0.00 50.00 40.40 
Turda maize 0.00 50.00 0.00 0.00 
Barley 20.00 10.00 0.00 20.20 
21-1G Barley 0.00 0.00 20.00 0.00 
Tudor peas 0.00 0.00 0.00 12.00 
Soya meal 0,00 3.00 0.00 0.00 
Sunflower meal 17.50 14.50 16.50 13.00 
Wheat bran 8.00 18.00 9.00 10.50 
L-lysine 0.18 0.14 0.18 0.04 
Carbonate calcium 1.82 1.80 1.82 1.61 
Dicalcium 
phosphate 

1.50 1.52 1.50 1.45 

Vitamino-mineral 
premix 

0.50 0.50 0.50 0.50 

Salt 0.50 0.50 0.50 0.50 
Total 100.00 100.00 100.00 100.00 

Recipes parameters 
Metabolisable 
energy (kcal/kg) 

2944 2883 2945 2913 

Crude protein (%) 14.12 14.13 14.11 14.17 
Lysine (%) 0.60 0.62 0.59 0.60 
Methion.+cyst. (%) 0.54 0.52 0.53 0.51 
Calcium (%) 1.17 1.17 1.17 1.08 
Phosphorus (%) 0.72 0.78 0.72 0.70 
Crude fiber (%) 5.87 6.54 6.28 5.86 
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Table 4. Recipes of compound feed for lactating sows 

used during the experimental period 
 

Specification Compound feed recipes 
C E1 E2 E3 

Maize 62.00 0.00 62.00 58.00 
Turda maize 0.00 62.00 0.00 0.00 
Barley 10.00 8.00 0.00 7.50 
21-1G Barley 0.00 0.00 10.00 0.00 
Tudor peas 0.00 0.00 0.00 12.00 
Soya meal 15.50 17.50 15.50 13.00 
Wheat bran 3.00 3.00 3.00 0.00 
Fish meal 6.00 6.00 6.00 6.00 
L-lysine 0.18 0.13 0.13 0.09 
Carbonate calcium 0.80 0.80 0.80 0.81 
Dicalcium 
phosphate 

1.52 1.57 1.57 1.81 

Vitamino-mineral 
premix 

0.50 0.50 0.50 0.50 

Salt 0.50 0.50 0.50 0.50 
Total 100.00 100.00 100.00 100.00 

Recipes parameters 
Metabolisable 
energy (kcal/kg) 

3078 3062 3080 3076 

Crude protein (%) 17.31 17.34 17.43 17.39 

Lysine (%) 1.01 1.00 1.01 1.01 

Methionine+cystine 
(%) 

0.58 0.58 0.58 0.57 

Calcium (%) 1.13 1.14 1.13 1.12 

Phosphorus (%) 0.79 0.80 0.79 0.81 

Crude fiber (%) 3.11 3.60 3.34 3.26 

 
Table 5. Recipes of compound feed for piglets used 

during the experimental period 
 

Specification Compound feed recipes 
C E1 E2 E3 

Maize 62.00 0.00 62.00 60.00 
Turda maize 0.00 62.00 0.00 0.00 
Barley 10.00 8.00 0.00 3.00 
21-1G Barley 0.00 0.00 10.00 0.00 
Tudor peas 0.00 0.00 0.00 12.00 
Soya meal 15.50 17.50 15.50 12.50 
Fish meal 8.00 8.00 8.00 8.00 
Vegetal oil 1.70 1.70 1.70 1.70 
L-lysine 0.27 0.25 0.27 0.21 
DL-methionine 0.10 0.10 0.10 0.10 
Dicalcium 
phosphate 

1.13 1.15 1.13 1.19 

Vitamino-mineral 
premix 

1.00 1.00 1.00 1.00 

Salt 0.30 0.30 0.30 0.30 
Total 100.00 100.00 100.00 100.00 

Recipes parameters 
Metabolisable 
energy (kcal/kg) 

3205 3189 3207 3195 

Crude protein (%) 18.09 18.13 18.21 18.05 

Lysine (%) 1.15 1.17 1.17 1.17 

Methionine+cystine 
(%) 

0.70 0.70 0.70 0.71 

Calcium (%) 0.86 0.86 0.86 0.87 

Phosphorus (%) 0.75 0.76 0.75 0.75 

Crude fiber (%) 2.81 3.30 3.04 3.15 

 
The results obtained have been statistically 
tested using the Student test to prove the 
differences between the environments. 
 

RESULTS AND DISCUSSIONS 
 
Following the performed digestibility 
experiments on the three swine categories, the 
digestibility coefficients were obtained for the 
12 types of compound feed recipes (Table 6). 
Table 6. Apparent digestibility of organic substances in 

the compound feed recipes for pigs 
 

Compound feed Apparent digestibility (%) 
PB GB CB 

For pregnant sows    
Control recipe 83.3 

+9.12 
64.0 

+8.53 
35.7 

+4.12 
E1 recipe 83.1 

+8.12 
63.5 

+7.39 
33.8 

+7.22 
E2 recipe 85.1 

+8.55 
63.1 

+9.12 
32.8 

+5.44 
E3 recipe 82.9 

+7.69 
63.8 

+6.06 
35.4 

+5.96 
For lactating sows    
Control recipe 88.3 

+7.14 
62.8 

+5.14 
38.9 

+5.12 
E1 recipe 85.2 

+8.03 
63.5 

+7.22 
37.7 

+6.03 
E2 recipe 86.4 

+8.54 
62.9 

+6.45 
37.0 

+4.38 
E3 recipe 87.7 

+6.67 
63.5 

+7.87 
38.5 

+4.14 
For piglets    
Control recipe 83.3 

+7.83 
60.4 

+5.27 
33.6 

+3.77 
E1 recipe 80.4 

+8.42 
58.2 

+4.69 
30.4 

+5.32 
E2 recipe 82.4 

+7.26 
61.4 

+7.17 
31.8 

+4.46 
E3 recipe 81.1 

+7.54 
59.6 

+4.95 
32.4 

+3.69 

 
For pregnant sows, if the variable in the 
compound feed recipe was Tudor maize (Table 
3), soybean meal was added in combination 
with the one of sunflower for balancing the 
protein from recipes. If in the compound feed 
recipe was added the 21-1G barley, which 
replaced the barley, the nutritional balancing of 
the experimental recipes to the control was 
made by modifying the proportion of sunflower 
grain and wheat bran participation. By 
introducing Tudor pea into the compound feed 
recipe, it was required an adjustment of the 
share of maize (a decrease of 9.60%), a 
reduction in the proportion of vegetable protein 
feed (sunflower meal and wheat bran), and the 
reduction of synthetic lysine (from 0.18% at the 
control recipe to 0.04% at E3). 
It is also noted that the use of 21-2G barley 
improved the apparent digestibility of crude 
protein over other recipes, with significant 
differences (Table 6). The digestibility of the 
crude fat did not show significant differences 
between batches, varying between 63.1% and 

 
64%, while the digestibility of the fiber 
registered the lowest value in the case of the 
21-1G barley (32.8%), the differences being 
significant compared to the control batch and 
E3. 
For lactating sows, the compound feed recipes 
in which the Turda maize was used (Table 4) to 
replace the maize with a protein content of 
8.21% required a protein balance by increasing 
the share of soybean meal by 2% at the E1 
batch, in parallel with the reduction of L-lysine 
addition from 0.18% (at the control batch) to 
0.13% (at E1). The recipe in which the barley 
was replaced with the 21-1G barley did not 
require adjustments to balance nutritional 
parameters. In the compound feed recipe with 
added Tudor peas, for the formulation of 
isocaloric and isoproteic recipes, no wheat bran 
was introduced, the proportion of participation 
was reduced compared to the control batch for 
maize by 4%, for barley by 2.50%, for soybean 
meal by 1.50%. 
Regarding the apparent digestibility of the 
analyzed organic substances (Table 6), it was 
observed a diminution of the crude protein 
digestibility coefficient for the batch where the 
21-1G barley was used due to the higher 
proportion of the crude fiber. 
The structure of compound feed recipes for 
piglets during the weaning period, as well as 
their quality indexes were appropriate for the 
age category by respecting the nutritional 
requirements (Table 5). In order to ensure a 
protein level of 18.05-18.21% CP and energy 
level of 3189-3207 kcal ME/kg, in the case of 
use of Turda maize in recipes, it was necessary 
to reduce the participation proportion of barley 
by 2% (E1) and increase the participation of the 
soybean meal by 2% in the experimental recipe 
compared to the control. In the case of 
replacing the barley with the 21-1G barley in 
the compound feed recipe for piglets, the 
proportions of ingredients have not changed 
since the parameters of the recipes have been 
kept within the limits recommended for this 
category. The compound feed recipe in which 
the Tudor pea was introduced to ensure the 
nutritional balance of the piglets required a 
reduction in the proportion of maize by 2%, of 
barley by 7%, of soybean meal by 3%, as well 
as for the addition of synthetic lysine by 0.06%. 

The apparent digestibility of the crude protein 
(Table 6) showed diminished values while 
using the Tudor maize due to an increase in the 
crude fiber of the compound feed recipe, 
situation which was maintained in the case of 
crude fat and brute fiber. 
Close results have been obtained by Lowell et 
al. (2015), who introduced in the compound 
feed recipes corn, wheat, sorghum, and 
combinations of corn and soybean meal, canola 
meal, distillers dried grains, corn germ meal, 
corn bran, wheat middlings, and soybean hulls. 
The results of this research indicate that the 
apparent digestibility values of CP and GE 
obtained in gestating sows are greater than the 
values obtained in growing pigs, but apparently 
the digestibility of the fiber obtained in 
growing pigs is not different from the 
digestibilities in gestating sows. 
Differences of apparent digestibility between 
adult and young swine have been observed by 
Le Goff and Noblet (2001), Guilloteau et al. 
(2010), Hanczakowska si Świątkiewicz (2014), 
because the older animals have better 
developed digestive tract and thus can digest 
fibre more efficiently. 
 
CONCLUSIONS 
 
For the efficient use of feeds both in terms of 
quality and quantity (improved performance), 
several aspects need to be combined, 
respectively the compound feed recipes should 
be balanced in terms of nutritional principles. 
The compound feed recipes must incorporate 
all the categories of raw materials to give them 
added value, enabling them to improve the 
quality of the products obtained. 
The weight of inclusion of the improved raw 
material should be optimal for the structure 
formulated by the compound feed according to 
the nutritional recommendations specific to the 
animal species, age category etc. 
The apparent chemical digestibility differences 
of the analyzed organic substances (crude 
protein, crude fat, crude fiber) were influenced 
by the chemical composition of the feeds used, 
namely Turda maize, 21-1G barley and Tudor 
peas that were introduced into the compound 
feed recipes, the determinant being the crude 
fiber content. 
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Table 4. Recipes of compound feed for lactating sows 

used during the experimental period 
 

Specification Compound feed recipes 
C E1 E2 E3 

Maize 62.00 0.00 62.00 58.00 
Turda maize 0.00 62.00 0.00 0.00 
Barley 10.00 8.00 0.00 7.50 
21-1G Barley 0.00 0.00 10.00 0.00 
Tudor peas 0.00 0.00 0.00 12.00 
Soya meal 15.50 17.50 15.50 13.00 
Wheat bran 3.00 3.00 3.00 0.00 
Fish meal 6.00 6.00 6.00 6.00 
L-lysine 0.18 0.13 0.13 0.09 
Carbonate calcium 0.80 0.80 0.80 0.81 
Dicalcium 
phosphate 

1.52 1.57 1.57 1.81 

Vitamino-mineral 
premix 

0.50 0.50 0.50 0.50 

Salt 0.50 0.50 0.50 0.50 
Total 100.00 100.00 100.00 100.00 

Recipes parameters 
Metabolisable 
energy (kcal/kg) 

3078 3062 3080 3076 

Crude protein (%) 17.31 17.34 17.43 17.39 

Lysine (%) 1.01 1.00 1.01 1.01 

Methionine+cystine 
(%) 

0.58 0.58 0.58 0.57 

Calcium (%) 1.13 1.14 1.13 1.12 

Phosphorus (%) 0.79 0.80 0.79 0.81 

Crude fiber (%) 3.11 3.60 3.34 3.26 

 
Table 5. Recipes of compound feed for piglets used 

during the experimental period 
 

Specification Compound feed recipes 
C E1 E2 E3 

Maize 62.00 0.00 62.00 60.00 
Turda maize 0.00 62.00 0.00 0.00 
Barley 10.00 8.00 0.00 3.00 
21-1G Barley 0.00 0.00 10.00 0.00 
Tudor peas 0.00 0.00 0.00 12.00 
Soya meal 15.50 17.50 15.50 12.50 
Fish meal 8.00 8.00 8.00 8.00 
Vegetal oil 1.70 1.70 1.70 1.70 
L-lysine 0.27 0.25 0.27 0.21 
DL-methionine 0.10 0.10 0.10 0.10 
Dicalcium 
phosphate 

1.13 1.15 1.13 1.19 

Vitamino-mineral 
premix 

1.00 1.00 1.00 1.00 

Salt 0.30 0.30 0.30 0.30 
Total 100.00 100.00 100.00 100.00 

Recipes parameters 
Metabolisable 
energy (kcal/kg) 

3205 3189 3207 3195 

Crude protein (%) 18.09 18.13 18.21 18.05 

Lysine (%) 1.15 1.17 1.17 1.17 

Methionine+cystine 
(%) 

0.70 0.70 0.70 0.71 

Calcium (%) 0.86 0.86 0.86 0.87 

Phosphorus (%) 0.75 0.76 0.75 0.75 

Crude fiber (%) 2.81 3.30 3.04 3.15 

 
The results obtained have been statistically 
tested using the Student test to prove the 
differences between the environments. 
 

RESULTS AND DISCUSSIONS 
 
Following the performed digestibility 
experiments on the three swine categories, the 
digestibility coefficients were obtained for the 
12 types of compound feed recipes (Table 6). 
Table 6. Apparent digestibility of organic substances in 

the compound feed recipes for pigs 
 

Compound feed Apparent digestibility (%) 
PB GB CB 

For pregnant sows    
Control recipe 83.3 

+9.12 
64.0 

+8.53 
35.7 

+4.12 
E1 recipe 83.1 

+8.12 
63.5 

+7.39 
33.8 

+7.22 
E2 recipe 85.1 

+8.55 
63.1 

+9.12 
32.8 

+5.44 
E3 recipe 82.9 

+7.69 
63.8 

+6.06 
35.4 

+5.96 
For lactating sows    
Control recipe 88.3 

+7.14 
62.8 

+5.14 
38.9 

+5.12 
E1 recipe 85.2 

+8.03 
63.5 

+7.22 
37.7 

+6.03 
E2 recipe 86.4 

+8.54 
62.9 

+6.45 
37.0 

+4.38 
E3 recipe 87.7 

+6.67 
63.5 

+7.87 
38.5 

+4.14 
For piglets    
Control recipe 83.3 

+7.83 
60.4 

+5.27 
33.6 

+3.77 
E1 recipe 80.4 

+8.42 
58.2 

+4.69 
30.4 

+5.32 
E2 recipe 82.4 

+7.26 
61.4 

+7.17 
31.8 

+4.46 
E3 recipe 81.1 

+7.54 
59.6 

+4.95 
32.4 

+3.69 

 
For pregnant sows, if the variable in the 
compound feed recipe was Tudor maize (Table 
3), soybean meal was added in combination 
with the one of sunflower for balancing the 
protein from recipes. If in the compound feed 
recipe was added the 21-1G barley, which 
replaced the barley, the nutritional balancing of 
the experimental recipes to the control was 
made by modifying the proportion of sunflower 
grain and wheat bran participation. By 
introducing Tudor pea into the compound feed 
recipe, it was required an adjustment of the 
share of maize (a decrease of 9.60%), a 
reduction in the proportion of vegetable protein 
feed (sunflower meal and wheat bran), and the 
reduction of synthetic lysine (from 0.18% at the 
control recipe to 0.04% at E3). 
It is also noted that the use of 21-2G barley 
improved the apparent digestibility of crude 
protein over other recipes, with significant 
differences (Table 6). The digestibility of the 
crude fat did not show significant differences 
between batches, varying between 63.1% and 

 
64%, while the digestibility of the fiber 
registered the lowest value in the case of the 
21-1G barley (32.8%), the differences being 
significant compared to the control batch and 
E3. 
For lactating sows, the compound feed recipes 
in which the Turda maize was used (Table 4) to 
replace the maize with a protein content of 
8.21% required a protein balance by increasing 
the share of soybean meal by 2% at the E1 
batch, in parallel with the reduction of L-lysine 
addition from 0.18% (at the control batch) to 
0.13% (at E1). The recipe in which the barley 
was replaced with the 21-1G barley did not 
require adjustments to balance nutritional 
parameters. In the compound feed recipe with 
added Tudor peas, for the formulation of 
isocaloric and isoproteic recipes, no wheat bran 
was introduced, the proportion of participation 
was reduced compared to the control batch for 
maize by 4%, for barley by 2.50%, for soybean 
meal by 1.50%. 
Regarding the apparent digestibility of the 
analyzed organic substances (Table 6), it was 
observed a diminution of the crude protein 
digestibility coefficient for the batch where the 
21-1G barley was used due to the higher 
proportion of the crude fiber. 
The structure of compound feed recipes for 
piglets during the weaning period, as well as 
their quality indexes were appropriate for the 
age category by respecting the nutritional 
requirements (Table 5). In order to ensure a 
protein level of 18.05-18.21% CP and energy 
level of 3189-3207 kcal ME/kg, in the case of 
use of Turda maize in recipes, it was necessary 
to reduce the participation proportion of barley 
by 2% (E1) and increase the participation of the 
soybean meal by 2% in the experimental recipe 
compared to the control. In the case of 
replacing the barley with the 21-1G barley in 
the compound feed recipe for piglets, the 
proportions of ingredients have not changed 
since the parameters of the recipes have been 
kept within the limits recommended for this 
category. The compound feed recipe in which 
the Tudor pea was introduced to ensure the 
nutritional balance of the piglets required a 
reduction in the proportion of maize by 2%, of 
barley by 7%, of soybean meal by 3%, as well 
as for the addition of synthetic lysine by 0.06%. 

The apparent digestibility of the crude protein 
(Table 6) showed diminished values while 
using the Tudor maize due to an increase in the 
crude fiber of the compound feed recipe, 
situation which was maintained in the case of 
crude fat and brute fiber. 
Close results have been obtained by Lowell et 
al. (2015), who introduced in the compound 
feed recipes corn, wheat, sorghum, and 
combinations of corn and soybean meal, canola 
meal, distillers dried grains, corn germ meal, 
corn bran, wheat middlings, and soybean hulls. 
The results of this research indicate that the 
apparent digestibility values of CP and GE 
obtained in gestating sows are greater than the 
values obtained in growing pigs, but apparently 
the digestibility of the fiber obtained in 
growing pigs is not different from the 
digestibilities in gestating sows. 
Differences of apparent digestibility between 
adult and young swine have been observed by 
Le Goff and Noblet (2001), Guilloteau et al. 
(2010), Hanczakowska si Świątkiewicz (2014), 
because the older animals have better 
developed digestive tract and thus can digest 
fibre more efficiently. 
 
CONCLUSIONS 
 
For the efficient use of feeds both in terms of 
quality and quantity (improved performance), 
several aspects need to be combined, 
respectively the compound feed recipes should 
be balanced in terms of nutritional principles. 
The compound feed recipes must incorporate 
all the categories of raw materials to give them 
added value, enabling them to improve the 
quality of the products obtained. 
The weight of inclusion of the improved raw 
material should be optimal for the structure 
formulated by the compound feed according to 
the nutritional recommendations specific to the 
animal species, age category etc. 
The apparent chemical digestibility differences 
of the analyzed organic substances (crude 
protein, crude fat, crude fiber) were influenced 
by the chemical composition of the feeds used, 
namely Turda maize, 21-1G barley and Tudor 
peas that were introduced into the compound 
feed recipes, the determinant being the crude 
fiber content. 
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Abstract 
 
The Earth Observation (EO) satellite data provided within the Copernicus Programme supports the monitoring and 
sustainable management of agriculture. For example, satellite data are useful for agriculture mapping, crop health 
monitoring, land planning, disease mitigation, crop yields estimation, precise agriculture, and sustainable irrigation 
water management. The identification of non-authorised water abstractions for irrigation is of high importance since 
the drought phenomenon is increasingly in the past decades due to climate change. This aspect is addressed by DIANA – 
“Detection and Integrated Assessment of Non-authorised water Abstractions using EO", a project funded by the 
European Commission in the frame of H2020 (European Union Framework Programme for Research and Innovation). 
The project will integrate data acquired by the Sentinel missions (Sentinel-1, Sentinel-2 and Sentinel-3) and as well 
Landsat and MODIS. Other types of data (meteorological, land use/land cover, digital elevation models, soil, etc.) will 
support the satellite data processing and the generation of value-added products. In addition, the project aims at 
significantly improve the monitoring and assessment of the water management policies and practices. As the project is 
in its initial phase, the results presented in this article are preliminary. The project will demonstrate the relevance of 
EO data for sustainable agriculture management and will bring societal and environmental benefits to the end users.  
 
Key words: Earth Observation satellite data, agriculture, water management, DIANA project, Copernicus Programme. 
 
INTRODUCTION  
 
Today, Earth Observation (EO) satellite 
imagery represents an invaluable source of 
information that enables the assessment and 
monitoring of certain natural phenomena or 
anthropogenic processes on our planet. With 
more than forty-five years of continuous 
satellite acquisitions, evolution trends can be 
identified, thus the implementation of coherent 
and informed agricultural and environmental 
management programmes can be achieved 
based on a consistent background. Extensive 
scientific research has been conducted to 
extract meaningful information from long-term 
series of satellite data acquired by different 
remote sensing sensors in terms of imaging 
systems and resolution. But the transition from 
scientific research to operational services is of 
utmost importance. EO satellite data are 
increasingly exploited for operational 
agricultural services, covering a wide range of 
topics such as parcel and crop identification, 
crop growth and health monitoring and 
assessment, yield estimation and prediction, 

fertilization and pest management, land use and 
land cover change detection, soil mapping, 
water resources management, policy 
monitoring and control, etc. Hence, EO satellite 
imagery plays an important role in precision 
agriculture by providing accurate information 
with high frequency, over wide areas. 
Likewise, the identification of the irrigated area 
sand the estimation of the abstracted water 
volumes using EO satellite data represent a 
reliable basis for farmers, agronomists and 
responsible authorities in support of sustainable 
water management. Moreover, EO satellite 
imagery is beneficial in identifying the illegally 
irrigated areas and the non-authorised water 
abstractions for irrigation considering that it 
allows a significant reduction of the traditional 
field inspection costs for the detection and 
monitoring of the illegal activities. In this 
context, the Sentinel-1 and Sentinel-2 satellite 
missions of the Copernicus Programme provide 
timely and easily accessible information for 
regular land monitoring. The present study is 
developed within the H2020 DIANA Project 
that aims at leveraging the EO Copernicus data 

 
The apparent digestibility of organic substances 
in the compound feed recipes was further 
influenced by the age and the physiological 
state of the swine. 
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