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ABSTRACT 

AIM: establishing of the net transformation of the energy and the protein in the eco-technical chain 

“fodder-egg mélange” by replacement of the 10% of the grain component of the combined fodder for 

Guinea fowls – layers with bread wastes. 

MATERIAL AND METHODS: 2 groups – control (without bread wastes) and experimental – 10% 

replacement of wheat with bread wastes. 

RESULTS: For the Clarc of energy distribution (ME fodder-GE egg mélange) – control group – 0.1410, 

with 10% bread wastes – 0.1415; for the Clarc of protein transformation (CPfodder-CP mélange) – 

respectively 0.1654 and 0.1720. For both of the indexes the bird consumed 10% bread wastes have 

significant higher energy and protein net utilization. 
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INTRODUCTION 

Guinea fowl (Numida meleagris) is a source of 

meat and eggs, highly valued by consumers for 

their taste, nutrition and dietary qualities. In 

many West African countries, guinea fowl is the 

second most important source of meat and eggs 

after chicken species (1, 2). 
 

There is a growing interest in rearing guinea 

fowl in some European countries and especially 

in France, Belgium and the Scandinavian 

countries (3). 
 

The biotransformation of feed into human-

edible products is expressed by the term 'feed 

conversion'. In egg-laying poultry farming, it is 

most often specified as ‘feed consumption per 

egg or per kg of egg weight’ (4-6). 
 

The net transformation of nutrients and energy 

from feed to human-edible animal products is 

the most accurate indicator for reporting the 

efficiency of animal production (7). 
 

Identifying a system for accurate reporting of 

that net transformation is increasingly 
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necessary. Penkov and Genchev (8) introduced 

and standardized two main indices for reporting 

those processes in poultry farming for meat 

production – Clarc of Energy Distribution 

(CED) and Clarc of Protein Transformation 

(CPT). The basis of the indices (Clarc(s) was 

borrowed from the cycle of the chemical 

elements in their transfer along the trophic chain 

(9, 10). 
 

Birds are competitors of humans for cereal grain 

foods and that is why alternative sources should 

be found to provide for the nutrition of fowl. 

Such potential sources (mainly energy) are the 

by-products of the bakery industry (bread 

waste). Some authors (11-13) reported that 

bread waste can be included up to 10% – 20% 

in broiler feed without having a negative effect 

on their productivity. 
 

The aim of the present study was to establish the 

effect of replacing 10% of wheat grain with 

bread waste in compound feed for guinea fowl. 
 

МATERIAL AND METHODS 

The experiment was carried out at the Training 

and Experimental Fields of the Agricultural 

University – Plovdiv in 2020. Two groups of 32 

pearl-gray guinea fowl of a local population in 

the second egg-laying year were used in the 
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experiment. The birds were divided into an 

experimental and a control group. Four male 

guinea fowl were placed in each group for 

natural stimulation of egg-laying. The birds 

from both groups were raised free-range, in a 

light-type polymer premises open to free-range 

yards (volière type). 10% of the wheat grain in 

the feed of the experimental group was replaced 

with bread waste – Table 1. Taking into account 

the nutritional value of bread waste (14), we 

equalized the isoenergetic and isoprotein diet of 

the two groups. The experimental feed was 

offered two weeks before the expected start of 

the egg-laying period and the experiment 

continued throughout egg-laying. 
 

The length of the egg-laying period, the average 

laying capacity and morphometric parameters 

of the eggs, as well as the average consumption 

of compound feed per laying hen from the 

experimental and control groups were reported. 

During the experiment, the laying capacity and 

feed residues were monitored daily. The 

morphological parameters of eggs were 

monitored weekly on 10% of the laid eggs. The 

yolk and albumen weights were measured with 

an OHAUS-2000 electronic scale with an 

accuracy of 0.01 g. 

 
Table 1. Component composition of feed for laying Guinea fowls 

Compounds, % 
Experimental group (10% 

bread wastes) 

Control group 

Maize 30.00 30.00 

Wheat 20.00 30.00 

Bread wastes 10.00 - 

Soybean meal 44% СP 20.32 20.32 

Sunflower meal 34% СP 6.00 6.00 

L-lysine HCL 0.17 0.17 

DL-methionine 0.15 0.15 

Limestone 8.14 8.14 

Calcium phosphate 1.95 1.95 

Salt 0.12 0.12 

Vitamin-mineral premix 0.65 0.65 

Sunflower oil 2.50 2.50 

Nutritive values (native fodder):  

MЕ, MJ/kg 11.73 11.73 

Сrude protein, % 16.50 16.50 

Lysine - % 0.80 0.80 

Мethionine+cystine -% 0.75 0.75 

Ca - % 4.02 4.02 

P, avail. - % 0.44 0.44 

Na - % 0.18 0.18 

 

The protein, fat and ash contents were 

determined by the Weende method (15). The 

gross energy content (GE-MJ) was determined 

by the formula of Schiemann et al.(16): 

GE = 0.0242*CP + 0.0366*CF + 

0.0170*CNFE, where CP, CF, NFE are the 

crude protein, crude fat and nitrogen-free 

extracts in grams. 
 

The Clarcs of Energy Distribution (CED) and 

Protein Transformation (CPT) are calculated 

according to the formulas cited by Penkov and 

Grigorova (17): 

CED = Gross energy in the egg 

albumen/yolk/melange produced by a laying 

hen for the whole experimental 

period/Metabolizable energy from the feed 

consumed for the whole experimental period; 

CPT = Crude protein in the egg 

albumen/yolk/melange produced by a laying 

hen for the whole experimental period/Crude 

protein from the feed consumed for the whole 

experimental period. 
 

The results were processed in EXCEL – Data 

analysis. 

 

RESULTS AND DISCUSSION 

Table 2 presents the data for calculation of the 

nutrients intake at the system entrance. 
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Table 2. Fodder, metabolizable energy (ME) and crude protein (CP) intake of control and 

experimental group (mean from 1 layer for the whole experimental period) – system entrance 

Indexes Exper. group (with 

bread wastes) 

Control group 

SEM SD SEM SD 

     

Fodder consumed for the period – g 9632.37 173.08 9568.15 165.48 

ME intake for the period – MJ 112.99 2.03 112.23 1.94 

Crude protein intake for the period – g 1589.34 28.55 1573.96 27.26 

 

The average feed intake per laying guinea fowl 

for the whole reproductive period was relatively 

the same in both groups – 9632.37 and 9568.15 

for the experimental and control groups, 

respectively. On that basis, no significant 

differences were observed in the amounts of 

metabolizable energy intake (MEI) – 112.99 MJ 

(experimental group) and 112.23 MJ (control 

group) and crude protein – 1589.34 g and 

1573.96 g, respectively. 

Compared to data obtained in the study of 

Angelov (18), the lower feed consumption in 

both groups should be noted. The lower feed 

intake can be explained by the fact that guinea 

fowl in the present experiment were free-range, 

with an access to yards with rich edible flora 

and fauna, as opposed to intensively bred ones. 
 

Table 3. Chemical composition and gross energy content in 1 kg egg white and yolk from 

experimental and control group 

Indexes Exper. group (with 

bread wastes) 

Control group 

SEM SD SEM SD 

Crude protein in native egg white - % 10.66 0.23 10.43 0.21 

Crude fats in native egg white - % 0.064 0.01 0.068 0.02 

NFE in native egg white - % 1.92 0.10 1.89 0.07 

Gross energy in native egg white – MJ 2.60 0.13 2.87 0.06 

Crude protein in native egg yolk - % 11.00 0.19 11.13 0.13 

Crude fats in native egg yolk - % 25.59 0.42 25.57 0.37 

NFE in native egg yolk - % 1.93 0.13 1.97 0.09 

Gross energy in native egg yolk – MJ 12.36 0.20 12.39 0.18 

 

Table 3 presents the chemical composition and 

the content of crude protein and crude fat in the 

egg albumen and yolk of the experimental 

guinea fowl eggs. The values were 10.66 for the 

percentage of crude protein contained in the 

native protein in the experimental group and 

10.43 for the control group, respectively. The 

crude fat content was 0.064 (experimental 

group) and 0.068 (control group). The values of 

crude protein in the yolk were 11.00 versus 

11.13 in the control. As with the other presented 

values of the indicators, the crude fat content in 

the yolk in the two groups, did not differ 

significantly – 25.59 and 25.57, respectively (p 

>0.05). In the studies carried out on the 

chemical composition of guinea fowl eggs, 

Song et al. (19) reported crude protein values of 

10.61 in the albumen and higher mean values in 

the yolk – 15.74, as well as higher values of 

crude fat – 0.13 and 31.91, respectively. The 

results also corresponded to those reported by 

(18, 20). 
 

The gross energy in the native protein was 2.60 

MJ in the experimental group, fed with bread 

waste added to feed, and the value in the control 

group was slightly higher – 2.87 MJ. In the yolk, 

the values of gross energy were almost equal – 

12.36 versus 12.39 MJ, respectively. 
 

Table 4 presents the amounts of albumen and 

yolk produced by the experimental and the 

control groups, the gross energy, and the crude 

protein produced on average by a layer from 

each group. The results show that more eggs 

were obtained in the experimental group (with 

bread waste added to feed) – an average of 57 

eggs versus 38 in the control group. That is the 

main reason for the production of more protein 

– 1534.56 g versus 1505.51 g and yolk – 973.21 

g versus 923.93 g. 
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Table 4. Mean mass of the egg white/yolk, gross energy and crude protein, produced from 1 layer for 

the whole experimental period and Clarcs of distribution/transformation 

Indexes Exper. group (with 

bread wastes) 

Control group 

SEM SD SEM SD 

Produced egg white – mean from 1 layer, g 1534.56 31.65 1505.51 19.01 

Produced egg yolk – mean from 1 layer, g 973.21 18.05 929.93 13.19 

Produced gross energy from the egg white from 1 

layer for the whole exper.period – MJ 

3.99 0.15 4.32 0.10 

Produced gross energy from the egg yolk from 1 

layer for the whole exper.period – MJ 

12.01 0.46 11.52 0.25 

Produced crude protein from the egg white from 1 

layer for the whole exper.period – g 

163.58 9.78 157.02 5.73 

Produced crude protein from the egg yolk from 1 

layer for the whole exper.period – g 

107.05 8.64 103.50 6.37 

Clarc of energy distribution “fodder – egg white 0.0353 

(3.53%)* 

0.02 0.0384 

(3.84%)* 

0.01 

Clarc of energy distribution “fodder – egg yolk” 0.1062 

(10.62%)

* 

0.01 0.1026 

(10.26%)

* 

0.01 

Clarc of protein transformation “fodder – egg white” 0.1029 

(10.29%)

* 

0.02 0.0997 

(9.97%)* 

0.01 

Clarc of protein transformation “fodder – egg yolk” 0.0673 

(6.73%) 

0.01 0.0657 

(6.57%) 

0.01 

Clarc of energy distribution “fodder-egg mélange” 0.1415 

(14.15%)

* 

0.01 0.1410 

(14.10%)

* 

0.01 

Clarc of protein transformation“fodder-egg mélange” 0.1702 

(17.02%)

* 

0.01 0.1654 

(16.54%)

* 

0.01 

*-* The differences by rows are significant by р≤0.05 

 

When comparing the gross energy produced 

from the albumen per layer for the whole 

experimental period, we found opposite 

differences – 4.32 in the control group versus 

3.99 MJ in the experimental, respectively, 

because of the higher number of eggs. Results 

of 12.01 MJ in the experimental and 11.52 MJ 

in the control groups were reported for the gross 

energy produced from the yolk. 
 

The experimental group produced more crude 

protein from the albumen – 163.58 g versus 

157.02 g for the control, as well as more crude 

protein from the yolk – 107.05 and 103.5 g, 

respectively. 
 

When calculating the Clarcs of energy 

distribution, statistically significant differences 

(p <0.05) were observed between the 

experimental and control groups in all the three 

studied indicators. The energy distribution in 

the albumen was higher in the control group 

(0.0834), but in the yolk higher values of energy 

distribution were found in the experimental 

group (0.1062). Since the yolk is the main 

energy source, the Clarc of energy distribution 

in the melange was higher in the experimental 

group – 0.1415 vs. 0.1410. 
 

The protein transformation was higher in the 

experimental group both in the yolk and 

albumen and logically the transformation in the 

melange was higher – 0.1702 versus 0.01654. 
 

CONCLUSIONS 

For the whole egg laying period (mean 131 

days) one layer is consumed mean 9.632 kg 

combined fodder, 112.99 MJ metabolizable 

energy and 1.589 кg crude protein for the 

experimental group and 9.568 kg, 112.23 MJ, 

and 1.574 kg for the control group. 
 

The following Clarc’s of 

distribution/transformation are established: 

Clarc of energy distribution: 

-fodder-egg white – 0.0384 for the control 

group and 0.0353 for the experimental group; 
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-fodder-egg yolk – 0.1026 for the control group 

and 0.1062 for the experimental group; 

-fodder-egg mélange – 0.1410 for the control 

group and 0.1415 for the experimental group. 

Clarc of (crude) protein transformation: 

-fodder-egg white – 0.0997 for the control 

group and  0.1029 for the experimental group; 

-fodder-egg yolk – 0.0657 for the control group 

and 0.0673 for the experimental group; 

-fodder-egg mélange - 1654 for the control 

group and 0.1702 for the experimental group. 

The birds became 10% bread wastes have 

significant higher (р≤0.05) net utilization of 

fodder’s energy and protein. 
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