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      ABSTRACT 

A methodology to account for transformation of metabolizable energy and crude protein in compound 

feed for laying hens to energy and protein in egg melange (albumen and egg yolk) has been developed. 

The introduction of Clarc of metabolizable energy transformation and Clarc of crude protein distribution 

could help to more exactly account of net utilization of nutrients in the eco-technical feed chain. “Clarc” 

is the ratio of the nutrients studied between primary (feed) and secondary level (animal products, edible 

by humans). For their establishing, original formulas have been used. They could be used in at least three 

important areas – ecological (bio-transformation); selectional (development of objective selection criteria 

and indices) and technological (as indicators to improve the feeding and housing technologies). In the 

scientific experiment the following values of energy and protein transformation in experiments with 

laying hens from Lohman Brown Klassik hybrid are observed: Clarc of metabolizable energy 

transformation (fodder-egg melange) – 0.2313 (23.13%); Clark of crude protein distribution (fodder-egg 

melange) – 0.2096 (20.96%). 
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 INTRODUCTION 

The need for the introduction of an evaluation 

system for the net utilization of nutrients and 

feed energy by the farm birds has been 

discussed for quite a long time. The individual 

nutrients (proteins, fats and carbohydrates) are 

used for energy deposition with different 

efficiency, despite the fact that the 

exchangeable energy is primarily used for 

reporting the nutritional energy in poultry 

feeds (1, 2). In this regard, Penkov and 

Genchev (3) suggested the introduction of an 

objective universal criterion for reporting the 

productive effect of the exchangeable energy 

and crude protein supplied by feed consumed, 

by developing the system “Clarc of 

(metabolizable) energy transformation” and 

“Clarc of (crude) protein distribution” – CET 

and CPD. The authors believe that 
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complementing the research studies with those 

characteristics will give a more accurate 

picture of both the production capacity of a 

given feed and its introduction into poultry 

husbandry. Last but not least, they are also the 

basis of environmental monitoring of the feed 

– livestock production food chain. The term 

“Clarc of concentration/Clarc of biological 

accumulation/distribution” is used in ecology 

of heavy metals and represents the ratio 

between the contents of the element in the 

primary and secondary units in the ecological 

or eco-technical chain, when artificial, not 

typically natural, most often human activity, is 

involved (4, 5).  
 

In poultry farming, Clarcs indicate how much 

of the energy and protein (amino acids) uptake 

has been transformed into human-edible 

poultry products (either as a whole number or 

as a percentage). The system was developed 

for the meat production direction (3). A 

methodology for determining their transfer 
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from feed to edible egg parts (yolk, albumen 

and mélange) egg albumen and yolk (egg 

mélange) is proposed in egg production. 
 

The aim of the study was to develop a 

methodology for introducing “Clarc of 

(metabolizable) energy transformation (CET)” 

and “Clarc of (crude) protein distribution 

(CPD)” on the basis of studies carried out with 

laying hens and to show with a real example 

how they are calculated. 
 

MATERIALS AND METHODS 

The experiment was conducted in 2017 at the 

Experimental Site of Poultry Farming at the 

Institute of Animal Sciences in Kostinbrod 

with a total of 60 laying hens of Lohman 

Brown Classic, starting their laying period at 

the age of 19 weeks. A two-phase feeding 

regime was used. The birds received 130 g of 

combined feed per hen daily. The composition 

and nutritional value of the feed are presented 

in Table 1. The experiment lasted 41 weeks 

(from 19 to 60 weeks of age). During the 

experiment, the following characteristics were 

monitored: 

- Feed consumption – on a daily basis, using 

the formula: Feed offered to the group – 

Residual amount/Number of birds; 

- Number of the eggs laid – daily, using the 

formula: Total eggs laid/Number of birds; 

- Weight of the eggs laid, using scales with an 

accuracy of 0,1 g – daily; 

- 10 eggs of each 100 produced eggs were 

selected, the weight of which was close to the 

mean weight, and their albumen, yolk and 

shell weight was measured; 

- From each 200 broken eggs, the yolks and 

albumen were mixed and an average sample 

was taken for analyzing the major indicators 

according to the official methods of analysis 

of AOAC (6). For the calculating of the Clarcs 

of energy distribution (CED) and protein 

transformation (CPT), the formulas, proposed 

from Penkov and Genchev (3) were used: 

CED = MJ gross energy (GE) obtained from 1 

layer (given by egg white/yolk) / MJ 

metabolizable energy (ME) consumed for the 

whole egg laying period [1] 
 

CPT = kg crude protein (CP) obtained from 1 

layer (given by egg white/yolk) / kg CP 

consumed for the whole egg laying period [2] 

 
Таble 1. Composition and nutritional value of the combined fodders for the layers 

Components (%) I phase 

(19-28 weeks of age) 

II phase 

(29-60 weeks of age) 

Maize 5 - 

Wheat 57.14 65.04 

Sunflower meal – 35% CP 11.00 12.00 

Soybean meal – 46.4% CP 13.50 10.50 

Sunflower oil 3.00 2.00 

Chalk – 39% Ca 8.50 4.30 

Coarse chalk - 4.30 

Monocalcium phosphate 0.60 0.60 

Paradigmox® 0.01 0.01 

BC 6015® 1.25 1.25 

6 phytase ЕС 3.1.3.26. (4а18) 500FYT/kg 500FYT/kg 

1.4.β xilanase 150 FXU/kg 150 FXU/kg 

Content in 1 kg fodder 

Metabolizable energy – MJ 11.45 11.34 

Crude protein % 17.64 16.72 

Crude fats,% 4.08 3.31 

Сrude fiber,% 5.08 4.23 

Lysine,% 0.91 0.82 

Мethionine,% 0.47 0.44 

Са,% 3.65 3.60 

Р (total),% 0.56 0.51 

 
 

RESULTS AND DISCUSSION 
Table 2   presents  the  summarized results at  

the   input   of   the     eco-technical    chain –  

 

metabolizable energy (ME) and crude protein 

(CP) consumed by a layer for the whole laying 

period. 
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The calculations were made by the following 

formula: 

Total consumed ME (CP) = total consumed 

fodder for the 1st phase*energy/protein in the 

fodder + total consumed fodder for the 2nd 

phase*energy/protein in the fodder + … (the 

same when there are other phases of feeding). 

The calculations were made on the base of the 

following formula: 

Daily feed consumption was within the normal 

range for the hybrid. For example, on the 

official website of the Lohman Classic Brown 

hybrid, the permissible consumption of 

compound feed is 125 g on average (7). At the 

beginning of egg production it is 120, at the 

peak of egg production 125-130 g and in the 

second phase – 120-125 g. Our results 

corresponded to those reported by (8-10). 
 

The amounts of exchangeable energy and 

protein uptake were also within the normal 

range, due to the fact that in both feeding 

phases the recommendations for their content 

in 1 kg of feed were followed (7, 11). 

 
Тable 2. Fodder, metabolizable energy (ME) and crude protein (CP) from 1 layer for the  whole 

experimental period (entrance of the system) 

Indexes I phase (19-28 

weeks of age) 

II phase (29-60 

weeks of age) 

LS±SEM LS±SEM 

Daily fodder consumption from 1 layer, kg 0.120±0.014 0,127±0.019 

Fodder consumption from 1 layer total for the phase, 

kg 

7.56±0.88 28.45±4.26 

ME consumption from 1 layer/per phase, MJ  86.56±10.08 322.62±48.27 

Total ME consumption from a layer for the whole 

period (19-60 weeks of age) – MJ 

409.18±40.09 

CP consumption from 1 layer/per phase, kg  1.33±0.16 4.76±0.71 

Total CP consumption from 1 layer for the whole 

period (19-60 week of age), kg 

6.09±0.65 

 
Table 3 shows the results of the egg weight 

obtained, including the edible egg components 

at the output of the eco-technical chain. The 

laying capacity of hens for the period (242.18 

eggs per layer in average), corresponding to a 

laying intensity of 84.30%, was also similar to 

that cited by a number of authors (12-16), as 

well as within the normal range for the hybrid 

(7). The same refers to the average egg weight, 

the reported average weight being 63-65 g. 

 
Тable 3. Produced egg mass from 1 layer 19-60 week of age (exit of the system) 

Indexes LS SEM 

Eggs per hen housed for the laying period (average) 242.18 3.15 

Eggs Mass per Hen Housed, g 65.58 0.88 

Average mass of the egg yolk (from 1 egg), g 16.84 0.22 

Average mass of the egg white (from 1 egg), g 42.25 0.73 

Produced egg mass from 1 layer for the whole period, kg 15.88 2.30 

Produced egg yolk mass from 1 layer for the whole period, kg 4.08 0.69 

Produced egg white mass from 1 layer for the whole period, kg 10.23 2.30 

 
For calculating the Clarcs of 

distribution/transformation, it is necessary to 

find the weight of the actually edible parts of 

the eggs produced – albumen, yolk and 

mélange (Table 3), as well as the gross energy 

and crude protein content in them (Table 4).  
 

The gross energy and crude protein content in 

eggs are thought to be relatively constant, but 

in experiments with different genetic types of 

hens, carried out by (17, 18), significant 

differences were reported: in 1 kg dry matter, 

the metabolizable energy in yolk varied from 

29.06 to 30.51 MJ, in albumen – from 19.77 to 

20.92 MJ and the crude protein varied from 

302.0 to 331.7 g in yolk and from 823.6 to 

892.5 g in albumen. The chemical composition 

and energy content established in the present 

study were close to the average cited data. 
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Тable 4. Chemical composition of the eggs, produced gross energy (GE) and crude protein (CP) from 

1 layer and Clarc’s of distribution/transformation  

Chemical and energy composition  Egg white (native substance) Egg yolk (native substance) 

LS SEM LS SEM 

Dry matter, % 11.66 0.02 49.90 0.04 

СP, % 9.52 0.01 14.83 0.01 

Сrude fats, % 0.31 0.01 30.06 0.26 

Non protein extract, % 0.91 0.01 3.32 0.02 

Ash, % 0.75 0.01 1.67 0.01 

GE, MJ/kg 3.206 0.03 15.155 0.09 

Total produced GE from 1 layer (19-

60 weeks of age) – MJ 

32.80 0.07 61.83 0.08 

Total produced CP from 1 layer (19-

60 week of age) – kg 

0.672 0.01 0.605 0.01 

Clarc of energy distribution (CED) 

fodder – egg component  

0.0802 (8.02%) 

- 

0.1511 (15.11%) 

Clarc of energy distribution 

(CED) fodder – egg mélange 

0.2313 (23.13%) 

Clarc of protein transformation 

(CPT) fodder – egg component 

0.1103 (11.03%) 0.0993 (9.93%) 

Clarc of protein transformation 

(CPT) fodder – egg mélange 

0.2096 (20.96%) 

 
The most significant effect on Clarcs of 

distribution/transformation was actually 

exerted by the gross energy (GE) and crude 

protein (CP) produced by hens (Table 3). 
 

Multiplying the obtained egg albumen and egg 

yolk weights by the gross energy/crude protein 

content in one kilogram of them, produces the 

actual amount of transformed substances in the 

secondary unit of the eco-technical chain – the 

edible animal product. In contrast to the feed 
conversion ratio (FCR) cited from (19) and 

European Poultry Efficiency Factor (EPEF) 
cited from (20), in that case the actual 

transformation is reported (eliminating the 

differences in the water content in the primary 
and secondary units) – Table 4. 
 

In the present study, a relatively high energy 

transformation (over 23%) and protein 

transformation from feed to egg mélange 

(21%) was obtained. 
 

CONCLUSIONS 

The following results from the experiment 

have been observed:  

For the Clarc of energy distribution – CED 

(from feed to egg mélange): 

-to egg albumen – 0.802 (8.02%) 

-to egg yolk –0.1511 (15.11%) 

-total (to the mélange) – 0.2313  (23.13%) 

For the Clarc of crude protein transformation - 

CPT (from feed to egg mélange) 

-to egg albumen – 0.1103 (11.03%)  

-to egg yolk – 0.0993 (9.93%) 

-total (to the mélange) – 0.2096 (20.96%) 

The introduction of “Clarcs of energy 

distribution/protein transformation” system 

contributes to more accurate establrshing the 

net recovery of the energy and protein from 

animal feed in the real consumed human 

products. In this aspect, they can be used in at 

least three important directions: ecological (bio 

- transformation), selectional (development of 

objective selection criteria and indices) and 

technological (as indicators to improve the 

feeding and housing technologies). 
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