
 

 

 

INTRODUCTION 

 

The productivity of poultry industry has been enhanced in 

recent decades due to the consistent improvement in genetics 

(Richell, 1997; Younas et al., 2019). In correspondence to 

these improvements, nutritional requirements must be 

frequently redefined according to local economic, 

environmental and managemental conditions (Lima et al., 

2018; Abdullah et al., 2019; Mehmood et al., 2019; Khater et 

al., 2020). However, developing countries are frequently 

following the recommendation of National Research Council 

(1995) irrespective to economic and climatic conditions 

(Kang et al., 2018; Mehmood et al., 2020). The optimum level 

of energy and amino acid (AA) balance are two most valuable 

nutrients which should be defined in variable climatic 

conditions to optimise performance of laying hens (LH) 

(Onimisi et al., 2012; Elsayed et al., 2019). 

Previous findings reported that changing metabolizable 

energy (ME) levels had variable effects on egg production 

(EP), feed efficiency and feed intake (FI) (Junqueira et al., 

2006). Kang et al. (2018) reported that EP was not effected 

by changing ME level in diet while FI was reduced. Similarly, 

Li et al. (2013) reported that increase in an ME levels (2700-

2850 kcal/kg) had no effect on EP of the LH. Likewise, Perez-

Bonillaet al. (2012) also reported that an increase in ME level 

from 2850 kcal/kg to 2950 kcal/kg did not change the EP. 

However, Perez-Bonilla et al. (2012) reported that increasing 

the ME level from 2650 kcal/kg to 2850 kcal/kg increased the 

EP in LH. Similarly, dePersio et al. (2015) also reported that 

increasing an ME from 2711 to 3017 kcal/kg increased the EP 

of LH. Variable results of energy on EP is encouraging 

researchers to redefine the ME requirements of LH. 

Similar to ME levels in the diet of LH that influenced EP,  

lysine level also influence the EP and requirement of lysine 

varies due to managemental and nutritional changes (Novak  

et al., 2004; Raheel et al., 2019). In a recent study, Spangler 

et al. (2019) reported that EP increased as the digestible lysine 

enhanced from 0.517 to 0.748 % in the diet. Cupertinoet al. 

(2009) reported 0.724% digestible lysine requirement for 

Lohman Silver from 54 to 70 weeks. Rao et al. (2011) 

concluded that increasing the lysine level from 0.65 to 0.80% 

did not affect EP of LH. Onimisi et al. (2012) reported that 
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The objective of the study was to evaluate the effect of different levels of energy and lysine on production performance of 

laying hens. For this purpose, 448 laying hens of body weight 1560±60 grams were used in 2×2 factorial arrangements with 

14 replicates per treatment and 8 birds per replicate. The treatments were: standard energy (2800 kcal/kg) with standard lysine 

(0.67%), standard energy (2800 kcal/kg) with low lysine (0.65%), low energy (2750 kcal/kg) with standard lysine (0.67%) and 

low energy (2750 kcal/kg) with low lysine (0.65%). Feed intake, egg production, yolk height, albumin height, yolk diameter, 

egg specific gravity, egg breaking strength, eggshell thickness and blood metabolites were measured. Results showed that feed 

intake in first week was maximum (P<0.05) for diet with standard energy and low lysine while in last week feed intake was 

maximum (P<0.05) in low energy and low lysine diet. Results also showed that egg production, egg weight, egg quality 

parameters and blood metabolites were not affected (P>0.05) by dietary treatments. Nutrient digestibility was highest (P<0.05) 

for diet having low energy and standard lysine. It can be concluded that decreasing energy and lysine in late laying hens affects 

(P<0.05) feed intake and nutrient digestibility but had no effect (P>0.05) on egg production, egg weight, egg quality parameters 

and blood metabolites. 
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decreasing lysine level from 0.7% to 0.6% had no effect on 

the EP of LH. Burley et al. (2013) observed that reduced AA 

profile in diet of LH would be economical to a specific level 

without effecting laying performance of egg producing layers.

  

Based on previous studies, variable results of LH have been 

observed by different ME and lysine levels (Perez-Bonilla, et 

al., 2012; Ding et al., 2016; Kakhki et al., 2016; Kang et al., 

2018; Spangler et al., 2019; Sattar et al., 2019). However, 

none of researcher studied the effect of energy, lysine and 

their interactions collectively in LH. Therefore, a study 

wasplanned to check the effect of ME, lysine and their 

interactions on production performance of LH. 

Table 1. Ingredient and nutrient composition (g/kg) of 

diets containing varying concentrations of 

metabolizable energy and lysine. 
Ingredients % 1SESL 2LESL 3SELL 4LELL 
Corn 14% 67.43 64.90 68.04 63.96 
5SBM 46 16.38 16.58 14.86 15.19 
Rapeseed Meal 3.00 3.00 3.00 3.00 
Poultry by product Meal 1.41 1.00 2.64 2.96 
Molasses 0.00 2.49 0.00 3.55 
Poultry oil 0.28 0.00 0.00 

 

MCP 0.61 0.61 0.61 0.60 
Calcium carbonate 9.03 8.96 9.03 8.94 
Sodium Chloride 0.24 0.22 0.23 0.21 
Sodium Bicarbonate 0.09 0.09 0.09 0.09 
Lysine Sulphate 0.03 0.02 0.02 0.02 
DL Methionine 0.14 0.14 0.11 0.11 
6Vitamin+ Mineral 

Premix 
0.87 0.87 0.87 0.87 

Phytase Premix 0.50 0.50 0.50 0.50 

Nutrient specifications of diets    
Metabolizable energy 

(Kcal/kg) 
2800.00 2750.00 2800.00 2750.00 

Crude Protein (%) 18.80 18.80 17.40 17.40 
Calcium (%) 3.90 3.90 3.90 3.90 
Phosphorus (%) 0.58 0.58 0.58 0.58 
Avail. Phosphorous (%) 0.37 0.37 0.37 0.37 
Sodium (%) 0.17 0.17 0.17 0.17 
Chlorine (%) 0.17 0.17 0.17 0.17 
Dig. Lysine (%) 0.67 0.67 0.65 0.65 
Dig. Methionine (%) 0.33 0.33 0.32 0.32 
Dig Methionine+Cysteine 
(%) 

0.61 0.61 0.59 0.59 

Dig. Arginine (%) 0.85 0.85 0.82 0.82 
Dig. Valine (%) 0.58 0.58 0.56 0.56 
Dig. Tryptophan (%) 0.14 0.14 0.14 0.14 
Dig. Threonine (%) 0.46 0.46 0.45 0.45 
Dig. Isoleucine (%) 0.53 0.53 0.51 0.51 
Linoleic Acid (%) 2.00 2.00 2.00 2.00 
1Standard energy standard lysine, 2low energy standard lysine, 3standard 
energy low lysine, 4low energy low lysine, 5soyabean meal, 6Supplied per 

kg feed: 8,000 IU vitamin A, 1,800 IU vitamin D3, 12 mg vitamin E, 2 mg 

vitamin K3, 1 mg vitamin B1, 4 mg vitamin B2, 1 mg vitamin B6, 10 mcg 
vitamin B12, 0.40 mg folic acid, 0.04 mg biotin, 28 mg niacin, 11 mg 

calcium pantothenate, 6 mg Cu, 0.10 mg Co, 1 mg I, 50 mg Fe, 65 mg Mn, 

45 mg Zn, 0.21 mg Se, 500 mg choline chloride 50%, 60 mg Coxistac® 
12% , 12 mg antioxidant 

MATERIALS AND METHODS 

 

The experimental trial wasexecuted at Paroka Research 

Center, University of Agriculture, Faisalabad. 

Housing and management of birds: A total number of 448 

white commercial Crystal NickLH at 64 weeks of age with 

average body weight of 1560± 60 grams were used in the 

current experiment. These birds were arranged in 2x2 

factorial arrangement. A total of four treatments were used in 

such a way that each treatment had 14 replicates and each 

replicate had 8 birds. All experimental birds were reared in 

cages and brids welfare conditions were optimized as 

desribed in the study of Muhammad et al. (2019), the 

dimension of each cage for one replicate was 2 feet length, 

2.5 width, 2 feet height (1.25 ft3/bird). Four experimental diets 

were formulated; 1) standard energy with standard lysine 

(SESL) 2) standard energy with low lysine (SELL) 3) low 

energy with standard lysine (LESL) 4) low energy with low 

lysine (LELL). Experimental diets were formulated on the 

basis of digestible AA as described in recent studies (Hussain 

et al., 2018; Hussain et al., 2020).Birds were fed 105 grams 

of experimental feed per bird in 16 hours of light daily at 6 

am. Relative humidity and temperatureof shedwere 

maintained at 55-65% and 20-25oC, respectively. Water was 

offered ad libitum. Trial was lasted in 56 days. 

Data recording: Egg production was noted daily at 8:00 am. 

Hen’s day egg production (HDEP) was calculated on weekly 

basis and was corrected for mortality. Weekly FI was 

recorded by subtracting the amount of ort from feed offer in 

whole week and corrected for mortality (Li et al., 2013). Hens 

mortality was recorded daily. Egg weight (EW) was noted per 

cage having two replicates of same treatment and average EW 

was recorded by dividing with total eggs of these replicates 

on daily basis using an electric weighing balance. 

Digestibility trial was conducted to estimate the digestibility 

of nutrients by indirect marker method using acid insoluble 

ash as defined by researchers (Muhammad et al., 2016; Niu et 

al., 2017; Xia et al., 2018a). Nutrient composition of diet was 

dteremined by using standard methods as described in recent 

studies (Zhang et al., 2015; Wang et al., 2016; Xia et al., 

2018b; Xia et al., 2018c; Demir et al., 2019; Raza et al., 2019; 

Rehman et al., 2019). One egg per replicate was collected 

after one month and at end of the trial for measurement of egg 

shell thickness (EST), EW, specific gravity (SG), eggshell 

breaking strength (EBS), haugh units (HU), albumin height 

(AH), yolk height (YH), yolk diameter (YD) and yolk Index 

(YI). Eggshell thickness was measured by EST meter (model 

Osk13469, Peacock). Differential salts concentration in water 

was used to measure SG. Yolk and AH were measured by egg 

meter. Egg testing equipment (model Osk 13473, Ogawa 

Seiki Co., Ltd. Japan) was used to measure EBS and 

expressed as kg/cm2.Haugh units were measured by recording 

AH and by incorporating AH and EW in the following 

formula (Eisen et al., 1962); 
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H.U = 100 * LogH  +  7.57  –  1.7 W0.37 

H = AH (mm); W = EW in grams; Yolk index was measured 

by following formula; Yolk Index = YH / YD 

Serum biochemical parameters: Blood serology was 

conducted on day 30th and 56th of the trial. For that purpose, 

3.5 ml approximate blood was collected from brachial vein. 

Samples were taken from one bird per replicate to avoid stress 

to the birds and were kept in Bolton gel & clot tube. After 

centrifugation, blood cells and serum were separated. Serum 

was collected in eppendorf tubes. Blood urea, blood glucose 

and blood cholesterol were calculated by BioMed-Urea, 

BioMed-Glucose L.S and BioMed-Cholesterol-LS kits 

respectively. 

Statistical investigation: Data were analysed by ANOVA 

using GLM procedure of minitab and mean values were 

compared using Tukey’s test. Effects were declared 

significant at probability less than 0.05.  

 

RESULTS 

 
Feed intake and nutrient digestibility: The effect of energy, 

lysine and their interaction on FI is shown in Table 2. Feed 

intake was improved (P<0.05) by energy and lysine 

interactions during the first week. Feed intake was more when 

lysine level was reduced keeping same energy level and there 

was no effect of changing lysine level at lower level of energy 

i.e. (2750 kcal/kg). Feed intake was not affected during week 

1st, 2nd, 3rd, 4th, 5th and 6th, however, in week 7 FI was 

maximum in LELL diet (P<0.05). 

Table 2. Effect of different levels of energy and lysine on weekly feed intake, crude protein and ether extract 

digestibility of laying hens. 
 Energy 8P 

Value 

Lysine P 

Value 

Energy*Lysine P 

Value  1SE 2LE 3SEM 4SL 5LL SEM SESL SELL LESL LELL SEM 

Weekly feed intake             

Week 1 93.0 94.0 1.24 0.59 91.03b 96.04a 1.24 0.02 89.32b 96.79a 92.74ab 95.28ab 1.75 0.03 

Week 2 104.6 105 0.18 0.105 104.54 104.99 0.18 0.09 104.1 105 104.97 104.9 0.28 0.09 

Week 3 104.3 104.67 0.249 0.28 104.40 104.55 0.25 0.68 104.5 104.09 104.33 105.00 0.352 0.14 

Week 4 104.4 104.8 0.20 0.16 104.4 104.7 0.196 0.21 104.26 104.44 104.49 105.00 0.277 0.56 

Week 5 104.5 104.71 0.194 0.42 104.61 104.58 0.194 0.91 104.81 104.17 104.42 105.00 0.275 0.03 

Week 6 96.85 100.67 1.37 0.05 98.23 99.29 1.37 0.59 97.62 96.09 98.85 102.50 1.94 0.19 

Week 7 97.88b 101.75a 0.973 0.006 99.54 100.13 0.973 0.67 98.82ab 96.94b 100.26ab 103.32a 1.38 0.08 

Crude protein and ether extract digestibility          
6CP % 56.11 62.89 0.14 0.10 54.49 62.51 0.14 2.75 48.5b 63.71ab 64.48a 61.3ab 3.72 0.03 
7EE % 90.03 90.33 0.11 0.85 88.91 91.45 0.11 1.04 89.09 90.97 88.72 91.93 1.83 0.66 
1Standard energy, 2Low energy, 3Standard error of the mean of 14 replicates, 4Standard lysine, 5 Low lysine, 6Crude protein, 7Ether extract 
8a, b Means with different superscripts within a row differ significantly (P < 0.05) 

 

Table 3. Effect of different level of energy and lysine level on egg production and egg weight of laying hen. 
 Energy 6P 

Value 

Lysine P 

Value 

Energy*Lysine P 

Value  1SE 2LE 3SEM 4SL 5LL SEM SESL SELL LESL LELL SEM 

Egg production              

Week 1 77.87 78.00 1.53 0.96 77.87 78.00 1.53 0.95 78.57 77.18 77.17 81.83 2.16 0.48 

Week 2 81.20 82.65 2.10 0.67 82.26 81.59 2.10 0.82 81.48 80.91 83.04 82.26 2.97 0.97 

Week 3 85.11 85.07 1.81 0.99 85.92 84.24 1.81 0.52 87.06 83.16 84.77 85.37 2.56 0.38 

Week 4 84.69 88.12 1.76 0.17 86.76 86.05 1.76 0.77 86.55 82.82 86.97 89.27 2.49 0.23 

Week 5 86.59 86.94 1.50 0.87 87.87 85.66 1.50 0.30 89.13 84.06 86.61 87.26 2.12 0.18 

Week 6 83.83 82.88 1.75 0.70 84.35 82.35 1.75 0.42 86.53 81.12 82.17 83.58 2.47 0.17 

Week 7 84.54 86.84 1.63 0.32 86.79 84.59 1.63 0.35 87.21 81.87 86.37 87.32 2.31 0.18 

Egg weight              

Week 1 62.34 62.24 0.19 0.71 62.03 62.54 0.19 0.08 61.99 62.69 62.08 62.40 0.28 0.51 

Week 2 61.57 61.09 0.19 0.09 61.40 61.27 0.19 0.65 61.41 61.74 61.39 60.80 0.27 0.10 

Week 3 60.55 59.60 0.35 0.06 59.98 60.17 0.35 0.71 60.62 60.48 59.35 59.86 0.49 0.52 

Week 4 61.05 60.74 0.22 0.34 61.12 60.67 0.22 0.16 61.28 60.82 60.96 60.52 0.31 0.99 

Week 5 60.75 60.56 0.21 0.56 60.95 60.36 0.21 0.06 60.97 60.53 60.94 60.19 0.30 0.62 

Week 6 61.02 61.06 0.16 0.87 61.35 60.73 0.16 0.01 60.97 61.07 61.72 60.39 0.23 0.00 

Week 7 60.05 60.30 0.18 0.34 60.31 60.04 0.18 0.32 59.98 60.12 60.64 59.97 0.26 0.13 

1Standard energy, 2Low energy, 3Standard error of the mean of 14 replicates, 4Standard lysine, 5 Low lysine, 6Means with no superscript 

within row are statistically non-significant (P>0.05) 
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Nutrient digestibility analysis is shown in Table 2. Results 

revealed that fat digestibility was not affected (P>0.05) by 

energy and lysine levels. Moreover, there was no interaction 

among energy and lysine for fat digestibility. Results showed 

that energy and lysine interaction effects protein digestibility 

(P<0.05). Protein digestibility was highest for LESL diet 

(P<0.05). 

Egg production and egg weight: The result of energy, lysine 

and their interaction on EP is shown in Table 3. Results 

revealed that EP was not affected by ME in week 1 and 

similarly no effect was seen in week 2, 3, 4, 5, 6 and 7. Egg 

production from the hens fed with diet containing different 

level of lysine was not affected throughout the experiment 

(P>0.05). There was no interaction among lysine and energy 

levels (P>0.05).  

The result of energy, lysine and their interaction on EW is 

shown in Table 3. Results showed that changing ME level 

from 2800 to 2750 kcal/kg had no effect on EW (P>0.05). 

Similarly, varying lysine level from 0.67% to 0.65% had no 

effect (P>0.05) on EW. Interaction between energy and lysine 

levels was not significant (P>0.05) for EW throughout 

experiment. 

Egg quality parameters: Egg quality (EQ) parameters were 

not affected by varying ME levels (P>0.05). Similarly, lysine 

levels had no effect on EQ parameters (P>0.05). There was 

no effect of interaction among energy and lysine on EQ 

parameters on day 30th and 60th of the trial (P>0.05) as shown 

in Table 4. 

Serum biochemical parameters: Serum biochemicalanalysis 

is shown in Table 5. Results presented that blood glucose, 

cholesterol and urea were not affected by energy, lysine levels 

and their interaction on day 30th and 56th of trial (P>0.05). 

 

DISCUSSION 

 

The present research was performed to check the effect of 

energy and lysine on the production performance of the LH. 

In current study, HDEP, EW, EQ parameters and blood 

Table 4. Effect of energy and lysine on egg quality parameters at day 30th and 56th 
Parameters Energy 6P 

Value 

Lysine P Value Energy * Lysine P 

Value 1SE 2LE 3SEM 4SL 5LL SEM SESL LESL LELL SELL SEM 

Day 30               

Specific gravity 1.088 1.090 0.001 0.20 1.090 1.088 0.001 0.35 1.090 1.090 1.097 1.085 0.002 0.20 

Egg break strength 3.790 3.790 0.370 1.00 3.970 3.610 0.370 0.50 4.340 3.600 3.990 3.240 0.250 0.17 

Eggshell thickness 0.386 0.393 0.008 0.52 0.395 0.384 0.008 0.39 0.391 0.399 0.387 0.380 0.011 1.00 

Albumin height 6.390 6.380 0.290 0.98 6.310 6.460 0.290 0.69 6.340 6.290 6.500 6.430 0.380 0.87 

Yolk height 17.17 17.22 0.240 0.89 17.21 17.18 0.240 0.92 17.17 17.25 17.18 17.17 0.340 0.91 

Yolk diameter 42.56 42.53 0.380 0.95 42.02 43.07 0.380 0.06 41.86 42.19 42.87 43.27 0.530 0.50 

Yolk index 0.400 0.410 0.000 0.85 0.410 0.390 0.000 0.13 0.410 0.410 0.400 0.400 0.010 0.72 

Haugh Units 61.96 61.95 2.360 0.99 60.50 63.41 2.360 0.39 60.84 60.16 63.75 63.07 3.330 0.84 

Day 56               

Specific gravity 1.090 1.088 0.74 0.51 1.090 1.089 0.74 0.002 1.091 1.088 1.089 1.089 0.002 0.510 

Egg break strength 3.870 3.320 0.83 0.13 3.560 3.640 0.83 0.250 3.700 3.410 3.230 4.040 0.350 0.460 

Eggshell thickness 0.400 0.390 0.18 0.18 0.400 0.390 0.18 0.010 0.410 0.390 0.380 0.390 0.010 1.000 

Albumin height 6.540 6.530 0.27 0.98 6.690 6.390 0.27 0.430 6.570 6.816 6.260 6.520 0.380 0.515 

Yolk height 17.27 16.96 0.37 0.40 17.29 16.95 0.37 0.250 17.38 17.19 16.74 17.19 0.360 0.730 

Yolk diameter 41.26 42.09 0.32 0.24 42.03 41.42 0.32 0.430 41.18 42.88 41.30 41.54 0.610 0.120 

Yolk index 0.420 0.400 0.86 0.17 0.410 0.410 0.86 0.010 0.420 0.400 0.410 0.410 0.010 0.590 

Haugh Units 60.86 60.37 2.38 0.89 61.06 60.17 2.38 0.790 60.51 61.60 60.12 60.23 3.370 0.860 
1Standard energy, 2Low energy, 3Standard error of the mean of 14 replicates, 4Standard lysine, 5Low lysine, 6Means with no superscript 

within row are statistically non-significant (P>0.05). 

 

Table 5. Effect of energy and lysine on blood metabolites at day 30th and 56th 
Blood 

Metabolites 

Energy 6P 

Value 

Lysine P 

Value 

Energy*Lysine P 

Value 1SE 2LE 3SEM 4SL 5LL SEM SESL SELL LESL LELL SEM 

Blood metabolites at day 30th of trial 

Glucose 138.0 146.6 12.3 0.63 135.8 148.8 12.3 0.472 131.9 144.2 139.7 153.4 17.35 0.970 

Urea 3.928 5.594 0.91 0.22 4.748 4.775 0.91 0.980 4.200 3.660 5.300 5.890 1.280 0.667 

Cholesterol 159.9 153.9 22.9 0.85 152.5 161.3 22.9 0.790 172.4 147.5 132.7 175.1 32.25 0.323 

Blood metabolites at day 56th of trial 

Glucose 135.8 129.1 4.94 0.360 127.9 136.9 4.94 0.227 127.6 144.0 128.3 129.9 6.97 0.314 

Urea 4.150 4.304 0.53 0.845 4.129 4.329 0.53 0.795 4.225 4.083 4.033 4.575 0.748 0.658 

Cholesterol 151.7 148.0 6.07 0.680 150.0 149.7 6.07 0.971 153.1 150.3 147.0 149.1 8.66 0.782 
1Standard energy, 2Low energy, 3Standard error of the mean of 14 replicates, 4Standard lysine, 5Low lysine, 6Means with no superscript 

within row are statistically non-significant (P>0.05). 

 



Different levels of energy and lysine in layers 

 1657 

metabolites were not affected by ME, lysine levels and 

interaction among them. Protein digestibility was highest for 

LESL diet. Harms et al. (2000) reported that there was no 

statistical difference in EP when different energy density diets 

(2,519 (low), 2,798 (control) and 3,078 (high) kcal/kg) were 

used. Similar results were reported by Wu et al. (2007) that 

EP was not affected by decreasing ME level (3002 to 2447 

kcal/kg) in eight commercial leghorn strains. Result of current 

study was in contrast to that of Mathlouthi et al. (2002) who 

reported that decreasing level of ME from 2753 to 2653 

kcal/kg in brown LH resulted in decrease of EP. Similarly, 

Rao et al. (2013) reported that decreasing ME from 2800 to 

2300 kcal/kg decreased the EP in white leghorn in tropical 

condition. The contrasting results of current study were may 

be due to low difference of ME (50 kcal/kg) in diet which 

made the effect non-significant. However, greater difference 

of ME (100 kcal/kg) in the experiment of Rao et al. (2013) 

and Mothlouthi et al. (2002) reflected that decreasing higher 

energy level in the diet of LH from recommended level 

decreased the energy available to the birds which led to lower 

EP (Enting et al., 2007).  

Lysine level did not affect the EP in present study. Novak et 

al. (2004) reported similar findings that EP was not affected 

by lysine in Dekalb Delta LH when lysine was fed from 860 

to 959 mg. Prochaska et al. (1996) reported similar results that 

feeding lysine (677 to 1613 mg) in diet of Hy-Line W-36 had 

no effect on EP. Conflicting results were reported by Spangler 

et al. (2019) that decreasing lysine level from 0.979% to 

0.565% of diet had decreasing effect on EP in 14, 18, 22 and 

24 weeks in LSL breed of LH. The contrasting results of 

current study were due to low difference of lysine in dietary 

treatment as compared to results of Spangler et al. (2019), 

they used lysine levels from 0.565 to 0.979 with a lysine 

increase of 0.069 in 7 graded levels, which improved the EP. 

Feed intake results of current studies showed significant 

effect of energy and lysine interaction in first and last week of 

the trial. Feed intake was highest for diet when lysine level 

was below standard lysine at same level of energy. In the last 

week of current study, FI was highest in the LELL diet clearly 

indicating that birds eat more to fulfill their energy and lysine 

requirements. Gunawardana et al. (2008) reported similar 

findings, they concluded that FI decreased from 96.9 g to 94.9 

g per day which was 2.1% as ME increased from 0-238 

kcal/kg. Similarly, Kang et al. (2018) revealed that increased 

level of ME from 2850 to 3050 decreased the FI linearly. 

Bouyeh and Gevorgian (2011) reported similar results that 

decreasing lysine level increase FI of LH. Result of nutrient 

digestibility showed that digestibility of protein was highest 

in diet having standard lysine and low energy. High 

digestibility of protein in current study was probably due to 

low available energy to bird, so they utilized protein as energy 

source to maintain their production. The results of blood 

metabolites showed that lysine, energy levels and their 

interaction had no statistical effect on blood metabolites. 

Similar results have been described by Kakhki et al. (2016) 

that triglyceride and cholesterol were not affected by lysine. 

Very little research has been done on the relationship of 

nutrients with blood metabolites which can be explored 

further to have better understanding of nutrient requirement 

and their utilization in body of LH. Furthermore, digestive 

microflora data should be analyzed in future research as 

focused on recent studies (Qiu et al., 2019a; Qiu et al., 2019b; 

Qiu et al., 2020).  

 

Conclusion: Based on findings of current study it is 

concluded that decreasing energy (2800 to 2750 kcal/kg) and 

lysine (0.67 to 0.65%) from standard requirement in LH had 

no effect on HDEP, EW, EQ parameters, BW, blood 

metabolites (urea, glucose, cholesterol) but significantly 

affect FI and nutrient digestibility. Therefore, it is suggested 

that low energy and lysine levels could be used in LH during 

late production stage. However, further research is required to 

explore with different levels of energy and lysine in different 

environmental conditions. 
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