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ABSTRACT 
A comparative study was conducted to determine the impacts of crude protein (CP) 
reductions in laying hen diets. During phase one of egg production, 270 laying hens were 
randomly assigned into six dietary treatments, which were replicated three times using 
a 2 × 3 factorial experiment. Reduced CP and metabolizable energy (ME) diets were 
formulated based on the ideal amino acid profile concept and supplemented with 
crystalline amino acids. The control treatment received standard commercial diets 
containing 18.8% CP and 2,725 kcal/kg ME. Average weight gain, hen day egg production 
percentage, egg weight, egg mass, and other selected egg quality parameters were 
recorded. Data were statistically analyzed. Feed consumption and the feed conversion 
ratio were improved in birds fed reduced CP diets supplemented with crystalline amino 
acids. The dietary CP level significantly influenced shell thickness (ST), while the dietary 
ME level had no effect. A highly significant interaction was observed between CP percent 
and the Haugh unit (HU).  Results indicate that the “ideal protein concept” may be 
followed as an economically feasible option for laying hens since it optimizes the dietary 
amino acid profiles and ME levels, and have a positive effect on hen growth, egg quality 
and environmental pollution. 

Keywords: Amino Acid Profile, Egg Quality, Feed Consumption, Haugh Unit, Lohman-
LSL, Reduced CP 
 

1. INTRODUCTION 
         The poultry industry strives to achieve maximum performance from poultry, 
while minimizing cost and environmental contamination. The establishment of a 
competitive and profitable egg production system is a complicated matter that 
challenges the laying hen industry. Increasing the dietary protein intake of laying 
hens is expensive, and it increases environmental nitrogen emission levels. 
Excretion, the volatilization of dietary nitrogen, and the emission of volatile 
organic compounds contribute most to environmental problems from intense 
layer production Keshavarz et al. (1992). However, egg production could be 
increased by raising the protein content in hen diets, while reducing the diet’s 
energy content Ding et al. (2016), Yu et al.  (2008), Rose et al. (2004). Increasing 
the crude protein (CP) content of hen diets increases egg production Mousavi et 
al. (2013), Gunawardana et al. (2009), Zanaty (2006), egg mass, and the feed 
conversion ratio Mousavi et al. (2013), Nahashon  et al. (2007), Liu et al. (2005).   

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/
https://doi.org/10.29121/granthaalayah.v9.i6.2021.3923
https://dx.doi.org/10.29121/granthaalayah.v9.i10.2021.4301
https://dx.doi.org/10.29121/granthaalayah.v9.i10.2021.4301
https://dx.doi.org/10.29121/granthaalayah.v9.i10.2021.4301
https://crossmark.crossref.org/dialog/?doi=10.29121/granthaalayah.v9.i10.2021.4301&domain=pdf&date_stamp=2021-10-27
mailto:vetsh.sr@gmail.com
mailto:vetsh.sr@gmail.com


Shaimaa R. Anwar, Ahmed A. Al-Sagan, El- Bannaa, R. A. and Melegy, T. M 
 

International Journal of Research - GRANTHAALAYAH 95 
 

Nitrogen excretion can be decreased by formulating the diet of laying hens 
based on their amino acid rather than CP requirements and lowering their total 
dietary nitrogen intake. Low CP diets can be formulated by partially substituting 
soybeans with corn and crystalline amino acids or an amino acid analog Patterson 
(2001). Adding discrete crystalline amino acids to the diet permits a more accurate 
formulation that satisfies the layers’ requirements, and diets with lower amounts of 
excess amino acids result in lower amounts of amino acids being deaminated and 
lower amounts of nitrogen being converted into excreted uric acid Summers (1993),  
Summers and Leeson (1994). 

  This study investigated the influence of reduced protein and/or ME contents 
on the zootechnical and egg quality parameters of laying hens. The experimental 
results provide specific and practical feed formulas that can be used by layer 
producers as a reference guide to regulate the amino acid profiles and calorie 
content of their hen diets, maintaining layers at their optimal weight. 

 
2. MATERIAL AND METHODS 
This feeding trial was conducted at Henz farm on the Cairo–Alexandria Road. 

The research on animals was performed according to the International Animal Care 
Institute Committee of Cairo University (IACUC) on animal use (IF-CU). 

Birds, diets, and experimental design  
 The current experimental trial was carried out at Henz farm located in Egypt, 

Cairo governorate, Cairo-Alexandria desert road. After a two-week preliminary 
period, 270 Lohmann-LSL laying hens (26–28 weeks of age) were randomly 
assigned one of six dietary treatments, with 45 hens/group, in a random block 
design, with each block containing three replicates (15 bird/replicate) and three 
adjacent cages representing a replicate. The experimental design was 2 × 3 factorial. 
Six experimental corn-soy-based diets were formulated on the basis of the ideal 
protein concept (SID A.A.) to meet the nutrient requirements and amino acid profile 
of the Lohmann-LSL laying hens breed, as recommended by the breed manual. The 
diets contained two levels of dietary ME (2725 and 2625 kcal/kg) and three levels 
of dietary CP  

Table 1 Composition of experimental diets fed during experimental trial 

Ingredients CG1* G1L** G2* G2L** G3* G3L** 

Yellow corn 53.05 49.26 56.60 52.82 60.21 56.23 

Soybean meal (46%) 18.94 19.55 19.05 19.66 19.16 19.39 

Corn gluten meal (60%) 7.66 7.68 4.62 4.64 1.53 1.69 

Soybean oil 1.52 1.64 1.58 1.70 1.65 1.75 

Wheat bran 6.25 6.25 5.45 5.45 4.64 5.24 

Filler 0.00 3.06 0.00 3.05 0.00 2.89 

Met 0.09 0.10 0.15 0.16 0.21 0.22 

L-Lys-HCL 0.02 0.01 0.05 0.04 0.07 0.07 
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 (18.8%, 17%, and 15.5%). Each experimental group remained on their 
assigned diet for the three month (28–40 weeks of age) experimental period. Diet 
composition, supplemented amino acid levels, and calculated concentrations are 
shown in Table 1 and Table 2. 

 
*Represent the group fed the same level of CP% but with high ME (2,725 

Kcal/kg), ** Represent the group fed the same level of CP% but with low ME (2,625 
Kcal/kg), ***Lay Mix-Rannim each 1 kg contains: Vit. A: 25 MIU, Vit. B1: 2 g, Vit. B2: 
10 g, Calcium D Pantothenate: 16 g, Vit. B6: 3 g, Vit. B12: 0.032 g, Vit. D: 35 MIU, Vit. 
E: 16 g, Vit. K: 2 g, Niacin 24 g, Folic acid: 2 g, Organic Base Q.S. 

Thr 0.00 0.00 0.00 0.00 0.02 0.02 

Sodium bicarbonate 0.32 0.31 0.34 0.33 0.36 0.35 

Choline Chloride 60% 0.11 0.10 0.11 0.10 0.11 0.10 

 Salt (NaCl) 0.19 0.17 0.18 0.19 0.18 0.18 

Monocalcium phosphate 1.44 1.44 1.46 1.47 1.48 1.48 

Limestone (CaCO3) 9.91 9.90 9.90 9.90 9.90 9.90 

Premix*** 0.50 0.50 0.50 0.50 0.50 0.50 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 

Table 2 Calculated analysis of experimental diets fed during experimental trial 

Nutrient CG1 G1L G2 G2L G3 G3L 

ME (kcal/kg) 2725 2625 2725 2625 2725 2625 

CP% 18.80 18.80 17.12 17.12 15.42 15.42 

Ether extract% 4.52 4.51 4.50 4.49 4.48 4.48 

Crude fiber% 2.48 2.42 2.47 2.41 2.46 2.44 

SID Lysine% 0.71 0.71 0.71 0.71 0.71 0.71 

SID Methionine% 0.40 0.40 0.42 0.42 0.44 0.44 

SID Methionine + Cystein% 0.66 0.66 0.66 0.66 0.66 0.66 

SID Cystein% 0.26 0.26 0.24 0.24 0.22 0.22 

SID Tryptophane% 0.16 0.16 0.16 0.16 0.15 0.15 

SID Threonine% 0.57 0.57 0.53 0.53 0.50 0.50 

SID Valine% 0.77 0.77 0.71 0.71 0.64 0.64 
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Measurements, observations, and statistical analysis 
Performance parameters 
Five birds per replicate were weighed biweekly, and FC was calculated 

biweekly. Then, final weight gain and feed conversion ratios were calculated (g 
feed/g egg mass). The production and production percentage of eggs per hen were 
determined daily and expressed as HDEP per treatment. Additionally, the average 
egg weight (g) (AEW) for each treatment was determined each month. Egg mass 
(g/hens) (EM) was determined by multiplying the weight of the egg by the 
percentage of eggs produced. Protein intake (g) (PI), ME intake (kcal/kg) (ME I), 
lysine intake (g) (Lys. I), and methionine + cysteine intake (g) (Met. + Cys. I) for each 
dietary treatment were also calculated. 

Egg quality analysis 
Nine eggs from each experimental group were collected monthly and weighted. 

Then, they were examined externally and internally for egg quality parameters, 
including egg specific gravity (ESG), yolk height, albumin height, yolk diameter, 
albumin diameter, and (ST) in mm. Egg shell weight (ESW), yolk weight (YW), and 
albumin weight (AW) were determined in g following Shaimaa et al. (2015). The 
(HU) was calculated following Larbier and Leclercq (2000). 

Economic efficiency 
At the end of the experimental trial, the economic efficiency of all six diets was 

analyzed to determine whether they were economically viable for practical use.  
Statistical analysis 
Statistical analysis was conducted using IBM SPSS Statistics 16.0 software. The 

obtained data were presented as the mean per treatment and standard error of the 
mean. Variance analysis was conducted via a two-way ANOVA test with CP 
percentages and ME levels (kcal/kg) as the fixed factors. Schefft tests were 
performed to test for the presence of significant interactions. Statistical significance 
was indicated at p < 0.05. Correlation coefficient analysis among performance 
variables and between performance variables and egg quality traits were computed 
using the Minitab 17.0 (Minitab, Inc, USA) statistical program. 

 
 
 
 

SID Isoleucine% 0.69 0.69 0.63 0.63 0.57 0.57 

Calcium% 4.10 4.10 4.10 4.10 4.10 4.10 

Phosphorus(total)% 0.66 0.66 0.65 0.65 0.64 0.64 

Phosphorous (available) 0.42 0.42 0.42 0.42 0.42 0.42 

Sodium% 0.18 0.18 0.18 0.18 0.18 0.18 

Cl% 0.18 0.18 0.18 0.18 0.18 0.18 

K% 0.60 0.60 0.60 0.60 0.60 0.60 

SID = Standard ilealy digestible amino acid basis 
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3.  RESULTS AND DISCUSSIONS  
Performance parameters  
The production performance parameter results are shown in (Table 3). 

Correlation coefficient statistical analysis results show the interactions between the 
performance parameters from different dietary treatments and are presented in 
(Table 4). The results showed that both CP percentage and ME content did not 
significantly (p > 0.05) influence AWG. There were also no significant interactions 
observed (p > 0.05) between the different CP percentages and ME levels, and AWG. 
The insignificant effect of the higher level of dietary ME (2,725 kcal/kg) on AWG that 
we observed was not in agreement with Gunawardana et al. (2008), who claimed 
that higher levels of dietary energy had a significant linear impact on weight gain. 
These contradicting results might be due to differences in experimental conditions, 
such as the degree of CP reduction, which was greater in this study, (17 and 15.5 % 
vs 10 %). They could also be the result of differences in the stages of production 
found in each study, as this study was 115 conducted during the later stage of 
production. Some researchers have reported, however, that reduced CP diets did 
not adversely affect performance parameters Ji et al. (2014),  Novak et al. (2006), 
Koelkebeck et al. (1993). In this study, a significant (p < 0.05) interaction was 
registered between the CP percentage and EW. Since protein is one of the main 
components of eggs Leeson et al. (2000), it is possible that the higher CP content 
diets may lead to a greater CP deposition in the eggs. The lack of significant 
interactions between diets with high levels of ME and EW is supported by the 
findings of Summers and Leeson (1983), who concluded that dietary energy levels 
in laying hen diets had no influence on EW. Nevertheless, several authors pointed 
out that increasing dietary energy levels produced heavier eggs Wu et al. (2005), 
Sohail et al. (2003), Bohnsack et al. (2002). Correlation coefficients (Table 4) in this 
study were significantly positive (p < 0.05) between EW and PI, ME I and Lys. I, (r = 
0.84, 0.82 and 0.89, respectively). Moreover, there was a non-significant positive 
correlation coefficient between HDEP% and EW, which is in contrast with Nahashon 
et al. (2007), who observed that there was an insignificant negative correlation 
between HDEP and EW. The obtained positive correlation between Lys. I and EW 
coincides with the findings of Zimmerman and Andrews (1987), who noticed that 
EW is improved by increasing the dietary level of lysine. Additionally, it can be 
observed that HDEP% decreased in G3 containing 15.5 % CP by 0.52 % and 1.35 %, 
compared to the higher levels of CP (18.8 % and 17 128 %, respectively). Meanwhile, 
the combined effect of lowering both the CP percentage and ME (Table 3) levels on 
HDEP% was more severe, as HDEP% declined by 7.1 % and 7.9 % in G3L compared 
with CG1 and G2, respectively. Additionally, CP percentage and ME levels had a 
significant effect (p < 0.05) on HDEP%, and a highly significant interaction (p < 0.01) 
was observed between CP percentage, ME, and CP percentage * ME levels on HDEP% 
and EM. The correlation between FC and HDEP % (Table 4) was a weak positive 
correlation, which seems logical, as more feed is needed to get more eggs Olorede 
(1998), Aduku (2004). The highly significant (p < 0.01) positive correlation (r = 
0.93) between HDEP and EM agreed with Nahashon et al. (2007) and was supported 
by the positive significant (p < 0.05) correlation between EW and EM (Table 4). 
Conversely, Almeida et al. (2012) concluded that EM was greater with diets 
containing 18 % CP, as compared to diets containing 15 % CP.  The overall FC results 
(Table 3) reveal that FC significantly increased (p < 0.05) when dietary ME was 
lowered from 2,810 to 2,710 kcal/kg. 137 These results were not in agreement with 
the findings of Nahashon et al. (2006), Nahashon et al. (2007), who claimed that FC 
was not affected by a narrow increase 138 of dietary ME (100 kcal/kg), 
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nevertheless, the increase in ME levels over 100 kcal/kg induced significant 
increases in FC Nahashon et al. (2006),  Grobas et al. (1999). Regarding the impact 
of the dietary CP percentage reduction on overall FC, it is to be concluded that 
reducing dietary CP 140 levels by 3.3 % from 18.8 % to 15.5 %, even with a constant 
energy level, had a significant (p < 0.05) negative impact on FC. Moreover, the 141 
positive influence of high dietary CP levels on FC was supported by the highly 
significant (p < 0.01) positive correlation coefficients between FC 142 and PI, Lys. I 
and met. + Cys. I (Table 4). Different dietary CP and ME levels had an insignificant 
(p > 0.05) impact on FCR (g feed/g EM). 143 Nevertheless, birds fed diets containing 
15.5 % CP consumed less than layers fed diets contained 17 % and 18.8 % CP, which 
resulted in a higher 144 FCR in layers fed the 15.5 % CP diets, as compared to other 
dietary treatments. 145 In agreement with the results of this study, several authors 
reported that performance parameters were not significantly affected when laying 
146 hens were fed diets containing varying CP and /or ME levels at different phases 
of the productive cycle Summers and Leeson (1983),  Sell et al. (1987), Keshavarz 
(1998). In contrast, Nahashon et al. (2007), showed that laying hens receiving 14 % 
CP diets displayed better performance 148 parameters than those receiving diets 
with higher CP levels (18 % and 16 %), which might be the result of high energy 
expenditures in the excess 149 dietary amino acid catabolism of diets with higher 
levels of CP (18 % and 16 %). 

Table 3 The overall production performance of laying hens throughout the experiment 

CP% ME (Kcal/Kg) AWG (g) EW (g) HDEP% EM (g/hen) FC (g) FCR 
(g feed/g EM) 

18.8 Normal 0.3 60.28a 93.56c 56.77b 114.96b 2.07b  
low 0.31 59.87a 96.33a 57.41a 115.82a 2.04b 

17 Normal 0.31 59.33ab 94.39b 56.03c 112.31d 2.03b  
low 0.32 58.01b 91.36e 54.88d 113.84c 2.16a 

15.5 Normal 0.32 58.26b 93.04d 54.51e 103.35f 1.91c  
low 0.31 58.23b 86.51f 52.43f 106.74e 2.14a 

  SEM (n=4) a 0.01 0.24 0.02 0.02 0.03 0.01  
CP%   

18 0.31 60.07a 94.94a 57.09a 115.39a 2.06 
Main effects 16 0.31 58.68b 92.87b 55.46b 113.07b 2.09  

14 0.31 58.24b 89.77c 53.47c 105.04c 2.03  
SEMa 0.01 0.41 0.04 0.03 0.05 0.01  

ME (Kcal/Kg)  
Normal 0.31 59.29 93.66a 55.77a 110.21b 2.01  

Low 0.31 58.71 91.39b 54.91b 112.13a 2.11  
SEMa 0.01 0.34 0.03 0.02 0.04 0.01  

CP NS * ** ** ** ** 
Probabilities ME NS NS ** ** ** **  

CP* ME NS NS ** ** ** ** 

NS = not significant. 
a - c = means in a column not sharing a common letter are significantly different (p < 0.05). 
a pooled standard error of the mean (n= number of replicates per treatment). 
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* P < 0.05, **P < 0.01. 
AWG = average weight gain, EW = egg weight, HDEP = hen day egg production, EM = egg mass,  
FC = feed consumption, FCR = feed conversion ratio. 

 
 
 
 

 
Egg quality traits  
The external and internal egg quality traits areshown in (Table 5). The results 

of the statistical correlation coefficient analysis between the performance 
parameters and egg quality traits in the various studied dietary treatments are 
presented in Table 6. Regarding the external egg quality traits (ESG and ESW), CP 
percentage had a significant influence (p < 0.05) on ESG, which was confirmed by 
the significant positive interaction (p < 0.05) of CP percentage on ESG. On the other 
hand, neither CP percentage nor ME levels showed an interaction with ESW. These 
results demonstrate that dietary CP levels had more of a significant impact (p < 0.05) 
on ST than dietary ME levels, which was confirmed by the highly significant 
interaction (p < 0.01) between dietary CP percentage and ST, as well as the highly 
significant (p < 0.01) positive correlation coefficients between ST and PI, Lys. I and 

Table 4 Correlation coefficients among performance traits of laying hens fed varying CP and ME levels 

Parameter FCR (g feed /g egg mass) ME I (Kcal\Kg) PIa 
(g) 

Lys.Ia 
(g) 

Met. +cys.Ia 
(g) 

HDEP% EW (g) EM 
(g/hen) 

FC (g) 0.473 0.903** 0.96** 0.92** 0.97** 0.51 0.69 0.752 

FCR 
(g feed/g egg mass) 

 0.19 0.27 0.26 0.53 -0.48 -0.11 -0.2 

CP%  0.92** 0.99** 0.98** 0.88* 0.69 0.87* 0.89** 

ME 
(Kcal kg) 

 0.23 -0.06 -0.04 -0.17 0.37 0.29 0.26 

EM 
(g/hen) 

 0.86* 0.87* 0.84* 0.65 0.93** 0.83*  

HDEP%  0.73 0.74 0.65 0.49  0.55  

EW (g)  0.82* 0.84* 0.89** 0.72    

PIa 
(g/hen/day) 

 0.93**  0.98** 0.91**    

           ME I 
(Kcal\Kg) 

   0.89** 0.89**    

Lys.Ia 
(g/hen/day) 

    0.90**    

* P < 0.05; **P < 0.01 
a Standard ilealy digestable amino acid basis 
FCR = feed conversion ratio, EM = egg mass, HDEP = hen day egg production, 
 PI = protein intake, Lys. I = lysine intake, Met + Cys. I = methionine + cystine intake. 
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met. + Cys. I (Table 6). Moreover, significant interactions (p < 0.05) were found 
between ME, CP* ME, and ST. In accordance with our results, Nahashon et al. (2007), 
observed that the ST of laying hens was markedly affected by dietary energy levels, 
and birds that consumed lower levels of ME (2,800 vs. 2,900 kcal/kg) had 
significantly higher ST than birds that consumed higher levels of ME. The positive 
correlation between TSAA and ST was described by Simkiss and Taylor (1971), who 
suggested that this relationship is because TSAA is important for raising the calcium 
binding efficiency of the eggshell protein matrix, and thus enhancing the eggshell 
thickness and egg quality. Regarding the results of the internal egg quality (Table 5), 
the main CP percentage effect was significant (p < 0.05) on both AI and HU. A highly 
significant (p < 0.01) interaction was observed among CP percentage, CP * ME, and 
AI as well as between the CP percentage and HU. On the contrary, Zimmermann and 
Andrews (1987) mentioned that dietary energy and protein level reductions had no 
effect on HU units, while Mendonca and Lima (1999) observed no effect of reduced 
protein levels on the albumen quality of eggs. Nevertheless, Almeida et al. (2012) 
suggested that, although HU scores were not influenced by dietary ME levels, higher 
levels of CP lowered HU unit scores, compared to reduced CP diets (15 %), which 
might be related to the fact that higher egg weights were recorded for the hens in 
the 18 % CP treatment. Additionally, dietary CP percentage significantly (p < 0.05) 
influenced AW. Similarly, a highly significant interaction (p < 0.01) was noticed 
between CP percentage and AW. These positive relationships were also described 
by Novak et al. (2004), who claimed that raising TSSA and lysine intake levels of 
layers on a daily basis would significantly affect albumen weights. The same authors 
(2006) reported that egg traits were affected by CP intake, however, the TSAA: Ly’s 
ratio and solid albumen percentage linearly decreased as protein intake was 
reduced. This might be one of the factors associated with the decrease in egg weight. 
These results are partially consistent with the findings of Novak et al. (2006), as AW 
displayed a linear decrease with dietary CP reduction at a high ME level. The highly 
significant positive (r = 0.89, p < 0.01) correlation was observed between YW and 
ME I (Table 6). Moreover, a highly significant (p < 0.01) interaction was observed 
among CP percentage, ME, CP * ME and YI. These results are supported by the 
presence of significantly (p < 0.05) positive correlation coefficients between YI and 
Lys I, as well as a highly significant (p < 0.01) correlation coefficient between YI and 
Met + Cys. (Table 6). 

Table 5  Overall egg quality traits of laying hen fed experimental diets 

CP% Energy )3ESG (cm YW (g) AW (g)   ESW (g) YI AI ST (mm) HU 
 

18.8 Normal a1.21 a14.93 a38.39   6.97 b0.41 b0.31 a0.33 b99.00 
 

  low ab1.19 a14.81 a38.09   6.96 b0.39 a0.34 a0.33 a99.51 
 

17 Normal ab1.19 a14.89 abc37.45   6.99 b0.37 a0.34 b0.32 b98.97 
 

  low b1.16 a14.61 bc36.47   6.94 b0.37 a0.33 b0.32 b98.97 
 

15.5 Normal b1.17 ab14.35 c36.92   6.98 a0.49 a0.34 b0.31 b98.97 
 

  low 1.16 b13.97 bc37.26   7 b0.37 a0.34 b0.32 b98.95 
 

  a 4)SEM (n= 0.01 0.09 0.15   0.03 0.01 0.002 0.001 0.04 
 

  
 

         CP%         
 

  18 a1.2 14.87a a38.24 6.97   b0.39 b0.32 a0.33 a99.30 
 

  16 b1.17 14.75a b36.96 6.97   b0.37 ab0.33 b0.32 b98.97 
 

  14 b1.17 14.16b b37.09 6.99   a0.43 a0.34 b0.32 b98.97 
 

  aSEM 0.01 0.17 0.26 0.05   0.01 0.003 0.002 0.1 
 

  
 

       ME (Kcal / 
Kg) 

          
 

Main effects Normal 1.2 14.72 37.59 6.98   a0.42 0.33 b0.32 98.98 
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  Low 1.2 14.46 37.27 6.97   b0.38 0.34 0.33a 99.15 
 

  aSEM 0.01 0.14 0.3 0.04   0.01 0.004 0.001 0.1 
 

  CP% * * ** NS   ** ** ** ** 
 

Probabilities ME NS NS NS NS   ** NS * * 
 

  CP * ME NS NS NS NS   ** ** * * 
 

     NS = not significant. a - c = means in a column not sharing a common letter are significantly different (p < 0.05). 
             a pooled standard error of the mean (n= number of replicates per treatment). 
      0.05, **P < 0.01. 

             EW = egg weight, ESG = egg specific gravity, YW = yolk weight, AW = albumin weight, ESW = egg shell weight, YI = yolk index, AI =  
             albumin index, ST = shell thickness, HU = haugh unit. 

 

Economic efficiency study  
The results of the economic efficiency study are summarised in (Table 7). It was 

observed that the lowest cost diet (G3), defined as the diet with the lowest price/kg 
feed, was 2.31 L.E., with a feed cost/hen of 28.64 L.E. The best total income (L.E.) 
was achieved in G1L (43.16 L.E.), while the least total income was obtained from 
G3L (38.75 L.E.). The best net revenue (L.E.) and E.E. (%) were achieved in G3 
(13.04; 0.46), while the net revenue and E.E. were obtained from CG1 (6.75; 0.19). 
Regarding the price/kg feed (L.E.), reducing dietary energy by only 100 kcal/kg 
resulted in lowering the price/tonne feed by 71 L.E. in G1L compared to CG1. 

Table 6 Correlation coefficients among performance and egg quality traits of laying hens fed varying CP and ME levels 

Parameter FC 

 (g) 

FCR 

 (g fee/ g egg mass 

PI  

(g/ hen/day) 

ME. I 

(Kcal/kg) 

Lys.Ia 

(g/hen/day) 

Met.+ cys.Ia 

(g/hen/day 

HDEP  

(%) 

EW  

(g) 

EM 

 (g/ hen) 

ESG (cm3) 0.68 -0.11 0.81* 0.87* 0.86* 0.73 0.55 0.98** 0.82* 

YH (mm) 0.67 -0.19 0.82* 0.88* 0.85* 0.69 0.66 0.96** 0.88* 

AH (mm) -0.34 -0.07 -0.50 -0.56 -0.57 -0.41 -0.23 -0.63 -0.43 

YW (g) 0.73 -0.09 0.76 0.89** 0.68 0.66 0.88* 0.64 0.88 

AW (g) 0.49 0.30 0.67 0.55 0.78 0.56 0.24 0.9** 0.57 

ESW (g) -0.18 -0.35 -0.28 -0.05 -0.30 -0.11 -0.132 -0.08 -0.10 

YI 0.69 -0.11 0.81* 0.87* 0.86* 0.73** 0.55 0.98** 0.82* 

AI -0.47 -0.37 -0.54 -0.60 -0.57 -0.53 0.22 -0.49 -0.35 

ST (mm) 0.86* 0.42 0.89** 0.76 0.95** 0.89** 0.40 0.83* 0.64 

Haugh unit 0.34 -0.34 0.30 0.44 0.27 0.34 0.39 0.42 0.48 

ESG = Egg sp. Gravity, YH = Yolk height, AH = Albumin height, ESW = Egg shell weight, YI = Yolk index, AI = Albumin index, ST = Shell thickness. 

*P < 0.05; **P < 0.01 

aStandard ilealy digestable amino acid basis. 
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Similarly, price/tonne feed was reduced by 50 L.E. in G2L compared to G2. Similar 
feed prices were obtained in G3 and G3L. This may be due to a higher inclusion rate 
of yellow corn in diets formulated with higher levels of energy (CG1 and G2), which 
in turn increased the price/kg feed. Lowering both the dietary CP and ME reduced 
the price/kg feed. In other words, the highest price/kg feed (L.E.) was found in CG1 
(2.55), followed by G2L (2.34), then G3L (2.31). Similarly, feed cost/hen (L.E.) was 
reduced by decreasing the dietary ME in G1L compared to CG1 (34.45 vs 35.16). 
Feed cost/hen (L.E.) was higher in G2L compared to G2 (31.98 vs. 31.05), as well as 
in G3L compared to G3 (29.59 vs. 28.64). This could be the result of increased feed 
intake/hen (kg) in G2L and G3L, accompanied by feeding reduced levels of ME (100 
kcal /kg). Additionally, reducing both dietary CP and ME energy decreased feed 
cost/hen (L.E.), as the highest diet cost/hen (L.E.) was found in CG1, G2L, and G3L 
(35.16, 31.98, 29.59, respectively). Moreover, the highest total income (L.E.) was 
achieved in G1L (43.16), followed by G2 (42.28), and the least total income was 
obtained in G3L (38.75). This may be due to the fact that the highest egg number/ 
hen was in G1L (77.07) followed by G2 (75.51), and the least egg number/hen was 
in G3L (69.19). Net revenue (L.E.) was the highest (11.23 and 13.04) in birds fed 
reduced CP diets with a normal level of energy (G2 and G3). Similarly, EE (%) was 
the highest in G3 (0.46) followed by G2 (0.36). The lowest economic efficiency was 
obtained in CG1 (0.19). Failure of birds fed reduced CP diets with reduced levels of 
ME (G2L and G3L) to be more economically efficient than birds fed the same levels 
of dietary CP with higher levels of ME (G2 and G3), may be due to the higher feed 
cost/hen and the lower egg number/hen associated with these diets. Analysing the 
REE (%) data revealed that the REE of G1L (% of CG1) was higher than CG1 by 31.57 
%. On the contrary, the REE of G2L (% of G2) was lower than G2 by 22.22 %. In the 
same vein, the REE of G3L (% of G3) was lower than G3 by 32.61 %. From the 
aforementioned results, it can be concluded that reduced CP diets with a normal 
level of ME (G2 and G3) were the most economically efficient diets, as their prices 
were 18.8 % lower than higher energy level diets, but at the same time did not affect 
layer hen performance (egg number/hen). Gunawardana et al. (2008) claimed that 
the highest profits were achieved at 17.38 % protein content and 2580 kcal/kg ME 
level for the lowest price of oil. On the other hand, as for highest prices of oil, the 
best profits were received for highest protein and lowest dietary energy contents. 

Table 7 Economic efficiency study of the six diets fed to laying hens at the end of the experimental 
trial 

Dietary 
treatment

s 

Input 
  

Output 
    

 
Feed 

intake/he
n 

Price/K
g feed 

Feed 
cost/he

n 

Egg 
number/he

n 

Total 
incom

e 

Net 
revenu

e 

  

 
(Kg) (L.E) (L.E) 

 
(L.E)1 (L.E) EE2 REE3        

(%) (%) 

CG1 13.79 2.55 35.16 74.85 41.91 6.75 0.1
9 

100 

G1L 13.89 2.48 34.45 77.07 43.16 8.71 0.2
5 

131.5
7 

G2 13.47 2.39 31.05 75.51 42.28 11.23 0.3
6 

100 

G2L 13.67 2.34 31.98 73.09 40.93 8.95 0.2
8 

77.78 

G3 12.4 2.31 28.64 74.43 41.68 13.04 0.4
6 

100 
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G3L 12.81 2.31 29.59 69.19 38.75 9.16 0.3
1 

67.39 

1Total income= Egg number/hen × price of one egg (0.56 L. E)  
2Economic efficiency= net revenue (total income –feed cost) / feed cost 
3 Relative economic efficiency = (EE treatment / EE control (CG18 or CG16 or CG14)) × 100 

 
 
 

4. CONCLUSIONS AND RECOMMENDATIONS 
In conclusion, as the amino acid composition in the formulated diet satisfied the 

growth, maintenance, and egg production requirements of layers less nitrogen 
should be excreted in the feaces. The optimization of dietary amino acid profiles and 
ME for layer hens using the “ideal protein concept” provides an economically and 
environmentally feasible method to formulate layer diets for peak performance. In 
this study, layer hens showed positive responses to reduced CP diets prepared in 
accordance with the “ideal protein concept.” Our data have shown that growth 
performance parameters, external and internal egg quality traits, and 
environmental pollution were all positively influenced by lower CP diets. 
Furthermore, we showed that these diets were also economically feasible. 

 
Ethical Approval 
This current experimental feeding trial was held in Henz farm for egg 

production located at Cairo–Alexandria desert road - Egypt and its protocol was 
approved by the Institutional Animal Care and Use Committee of Cairo University 
(Vet.Cu.IACUC) with approval number (Vet Cu 20022020133). 
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