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Abstract
The production performance of broiler breeder hens in response to different levels of total 
lysine during the early laying period was investigated. A total of 126 Ross 308 parent stock 
hens were offered one of seven dietary treatments formulating elevated contents of total 
lysine ranging from 0.55% to 0.79% (0.04 scale; 133 g of feed) from 23 to 29 weeks of age. 
Each treatment had six replicates with three birds per pen. Body weight was recorded tri-
weekly and eggs were collected and weighted at 9:00 am daily. One hen from each pen was 
euthanized to collect blood samples and visceral organs were harvested and weighed. Egg 
production, egg weight and egg mass were lower (p < 0.05) in hens offered a diet containing 
0.55% total lysine compared to those fed the diet containing higher total lysine. Hens offered 
a diet containing 0.71%, 0.75%, and 0.79% total lysine had greater (p = 0.008) egg produc-
tion rate compared to those offered a diet containing lysine less than 0.71%. The number of 
total eggs produced tended to be greater (p = 0.083) in hens offered a diet containing 0.71 
and 0.75% total lysine compared to the other treatments. The number of settable egg pro-
duction was higher (p < 0.001) in hens offered a diet contacting 0.79% total lysine compared 
to those fed the diet containing lower levels of total lysine. The relative weights of oviduct and 
ovary were lower (p < 0.05) in hens offered a diet containing 0.59% total lysine compared 
to the other treatments. No difference found in body weight, the number of total eggs, dou-
ble-yolk eggs and abnormal shell eggs among the treatments. The urea nitrogen, estradiol-17 
beta and progesterone in plasma were not affected by treatments. Based on linear- and qua-
dratic-plateau models, total lysine requirements for egg production, settable egg production 
and egg mass at the early laying period were to be 0.73%, 0.77%, and 0.71%, respectively. 
Modern broiler breeder hens likely require higher total lysine than NRC recommendation in a 
diet for enhancing productivity during the early-laying period.
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INTRODUCTION
The genetic selection for faster growth rate along with improvements in the housing system and 
management has made a significant change in nutrient requirements of meat-type chickens [1]. It 
suggests that parent stock of meat-type chickens and broiler breeders should have undergone the 
same or similar changes of nutrient requirements similar to broiler chickens. Such improvement 
has generated the necessity of continuous evaluation of nutrient requirements in broiler breeders to 
enable them to perform satisfactorily. Nutrient Requirements of Poultry (NRC) [2] has been used 
for a standard reference of the poultry research over decades. The most recent version of NRC was 
published in 1994, but does not well describe amino acid requirements for broiler breeders at pre- 
and early-laying stages due to the insufficient research data.

It is common practice for broiler breeder hens being strictly controlled their daily feed allowance 
(50%–60% of ad libitum) to prevent obesity-related metabolic disorders and thereby to maintain 
their genetic capability of egg production. Fast-growing traits of broiler breeder hens are often 
negatively associated with egg-laying traits. For instance, reduced egg performance has been mon-
itored in overfed hens with obesity-related liver and ovarian dysfunction [3–5]. As nutrition covers 
the large portion of entire management in broiler breeders, it is important to offer their nutrient 
requirements adequately in the limited allowance of daily rations. However, knowledge on nutrient 
requirements and responses including lysine of broiler breeders are high in scarcity.

Lysine has been used as the key reference for the accurate calculation of the ideal amino acids 
profile in non-ruminant animals [6–8]. In addition, lysine is the second-limiting amino acid in 
poultry rations when formulated a large proportion of corn and soybean meal. One important func-
tion of lysine is to increase body protein accretion, which would be an undesirable trait for broiler 
breeder hens due to higher sense of obesity in turn lower egg production rate [9,10]. In this regard, 
the correct amount of lysine in the diet would allow birds to use nutrients efficiently, by optimizing 
the balance of amino acids [11].

The objectives of the study were (ⅰ) to investigate responses to different total lysine levels on 
egg production, egg quality and organ and blood measurements of broiler breeder hens at early-lay-
ing period, and (ⅱ) to evaluate the total lysine requirement based on the performance. 

MATERIALS AND METHODS
The experimental procedures were reviewed and approved by the Animal Ethics Committee of the 
Chungnam National University (CNU-00862).

Study design and experimental diets
This experiment was conducted as a completely randomized design with seven treatments. The sev-
en total lysine levels in the diet used in this experiment were 0.55%, 0.59%, 0.6%3, 0.6%7, 0.71%, 
0.75%, and 0.79%. Each treatment had six replicates with three hens per pen. Hens were randomly 
allotted in 42 pens and had a 2-week adjustment period to prevent the adverse effects on growth 
before the start of the study. All hens were fed the commercial pre-breeder diet with 2,800 ME 
kcal/kg, 14.5% CP and 2.1% calcium from 21 to 23 weeks of age. Hens were offered with the re-
spective experimental diets from 23 to 29 weeks of age. A basal diet containing corn, wheat, and 
soybean meal was formulated to meet or exceed Ross 308 Parent Stock Nutrition Specifications, 
except for lysine (Table 1) [12]. 
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Birds and husbandry
A total of 126 21-week old Ross 308 broiler breeder pullets in similar body weight (2,188 ± 32 g) 
were selected from a commercial flock. Upon arrival, birds were kept in a controlled environment 
poultry house at 22 ± 2℃ under a lighting program in 8 hours light: 16 hours dark. Birds were pho-
to-stimulated with 12 hours light at 22 weeks of age (40 Lux) and the light was gradually increased 
by 1 hour per week to a photoperiod of 14 hours light: 10 hours dark until 25 weeks of age. This 
was maintained until the end of the study at 29 weeks of age. All birds were offered the same daily 
feed allocation by once-a-day feeding (average 133 g per hen per day). The Ross 308 Parent Stock 
Manual [13] was used as a reference for restricted feeding and all management. Water was available 
ad libitum. All treatment groups were equally restricted to the amount of feed throughout the ex-
perimental period.

Data collection
Broiler breeder hens were weighed on a pen basis at 23, 26, and 29 weeks of age. All eggs per pen 
were collected at 9 am daily, weighed, and then hen-day egg production was calculated. Average 
egg weight and egg mass per week were calculated. The number of settable eggs (≥ 50 g) and dou-
ble-yolk and abnormal shell eggs were recorded. 

Table 1. Composition (%, as-is) of the experimental diets

Total lysine (%)
Treatments

0.55 0.59 0.63 0.67 0.71 0.75 0.79
Daily lysine intake (mg/d) 732 785 838 891 944 997 1,050

 Corn - - 6.80 24.00 48.70 48.70 48.70

 Wheat 67.88 67.88 60.88 38.36 11.16 10.16 10.10

 Wheat bran 13.39 11.98 10.66 13.00 12.57 12.94 12.94

 Soybean meal 7.36 9.20 10.70 13.47 16.40 17.00 17.00

 Vegetable oil 1.93 1.50 1.50 2.00 2.00 2.00 2.00

 Limestone 6.70 6.70 6.70 6.60 6.60 6.60 6.60

 Monocalcium phosphorous 1.80 1.80 1.80 1.80 1.80 1.80 1.80

 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 Vitamin-mineral premix1) 0.30 0.30 0.30 0.30 0.30 0.30 0.30

 L-Lysine - - 0.02 - - 0.03 0.09

 DL-Methionine 0.17 0.17 0.17 0.17 0.17 0.17 0.17

 L-Threonine 0.17 0.17 0.17 - - - -

Calculated composition2)

 ME (kcal/kg) 2,800 2,800 2,800 2,805 2,807 2,800 2,800

 Crude protein (%) 15 15 15 15 15 15 15

 Calcium (%) 3.00 3.00 3.00 3.00 3.00 3.00 3.00

 Available P (%) 0.50 0.50 0.50 0.50 0.50 0.50 0.50

 Total lysine (%) 0.55 0.59 0.63 0.67 0.71 0.75 0.79
1) Vitamin-mineral premix provided following nutrients (per kg of air-dry diet): Vitamins: A 12,000 IU, D 33,000 IU, E 15 mg, K 
2 mg, thiamine 2 mg, riboflavin 6 mg, pyridoxine 2 mg, calcium pantothenate 0.03 mg, folic acid 0.2 mg, niacin 45 mg, biotin 
0.15 µg. Minerals: calcium 0.5%, Co 0.5 mg (as cobalt sulphate), Cu 10 mg (as copper sulphate), iodine 0.9 mg (as potassium 
iodine), iron 80 mg (as ferrous sulphate), Mn 80 mg (as manganous oxide), Se 0.2 mg (as sodium selenite), Zn 80 mg (as zinc 
oxide).

2)The values are calculated according to the values of feedstuffs in NRC [2].
ME, metabolizable energy.
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Post-mortem procedures and organ measurements
At 29 weeks of age, one bird pen was randomly selected, weighed and euthanized by cervical dis-
location. The oviduct and ovary were removed from the body and weighed. The number of large 
yellow follicles (> 10 mm diameter), small yellow follicles (5 to 10 mm diameter), and large white 
follicle (3 to 5 mm diameter) were recorded as described by [14]. Oviduct and ovary weights were 
expressed as a percentage of live body weight.

Plasma urea nitrogen and serum hormone analysis
Blood samples were collected from the brachial vein of each hen at 29 weeks of age using ED-
TA-coated vacuum blood collection tubes and non-heparinised tubes. The blood was centrifuged 
at 3,000 rpm for 15 minutes at 4 ℃ and stored at −80℃ until plasma urea nitrogen and serum 
hormones were quantified. Plasma urea nitrogen levels were analyzed by Enzymatic assay method 
using Automatic Analyser 7180 (Hitachi, Japan). Estradiol-17β and progesterone in serum were 
quantified using a Cobas®6000 (e601 module) analyser (Roche, Mannheim, Germany) with elec-
trochemiluminescent immunoassay kits.

Statistical analysis
The data from this experiment were analyzed as a completely randomized design by one-way 
ANOVA using the General Linear Model procedure of SPSS statistics 22 (IBM SPSS, Chicago, 
IL, USA). All the data was tested for the normal distribution using Kolmogorov-Smirnova test. 
Levene’s homogeneity of variance test was used, and Welch’s ANOVA was used when unequal 
variances were found. Tukey’s HSD test was used to separate the means when significant effects 
were detected at the 5% levels (p < 0.05). To determine the total lysine requirement, linear-plateau 
and quadratic-plateau regression analysis were conducted using a Nutritional Response Model 
(Version 1.1) [15].

RESULTS
No mortality was found throughout the study. Body weight was not affected by different total ly-
sine levels at 23, 26, and 29 weeks of age (Table 2).

Egg production
Overall egg production, egg weight and egg mass from 23 to 29 weeks of age are presented in Table 
3. The egg production rate was lower (p = 0.008) in hens offered the diet containing 0.55% total 

Table 2. Body weight (g/hen) of broiler breeders fed different levels of lysine from 23 to 29 week of age
Total lysine (%) Daily lysine intake (mg/d) 23 week of age 26 week of age 29 week of age

0.55 735 2,785 3,197 3,499

0.59 785 2,775 3,106 3,360

0.63 838 2,837 3,155 3,519

0.67 891 2,811 3,149 3,439

0.71 944 2,779 3,114 3,472

0.75 998 2,817 3,111 3,364

0.79 1,051 2,862 3,181 3,518

SEM 27.1 12.8 27.1

p-value 0.981 0.350 0.515
SEM, standard error of the mean.
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lysine compared to other treatments, and hens offered the diet containing 0.71%, 0.75%, and 0.79% 
total lysine showed greater egg production rate compared to those offered the diet containing 0.59%, 
0.63%, and 0.67% total lysine. 

The number of settable and defective eggs are shown in Table 4. The number of settable egg pro-
duced was lower (p < 0.001) in hens offered the diet containing 0.55% and 0.59% total lysine diet 
compared with those offered the diet containing 0.67%, 0.75%, and 0.79% total lysine. The number 
of double yolk egg and abnormal shell eggs were not affected by total lysine concentrations in the 
diets.

Estimation of lysine requirement
Estimated total lysine requirements are presented in Table 5. The total lysine requirements for egg 
production rate, the number of settable egg production and egg mass were estimated to be 0.68%, 
0.67% and 0.69% of the diets, respectively, based on the linear-plateau regression model. When 
the data were fitted to the quadratic-plateau regression model, the total lysine requirements for egg 
production rate, settable egg production and egg mass were estimated to be 0.78%, 0.87%, and 0.73% 
of the diets, respectively. By combining values from the two models, the recommended total lysine 

Table 3. Hen-day egg production of broiler breeder hens fed graded levels of total lysine from 23 to 29 week of age1)

Total lysine (%) Daily lysine intake (mg/d) Overall egg production (%) Egg weight (g) Egg mass (g/d)
0.55 732 31.4a 49.6a 16.54a

0.59 785 34.6ab 50.7ab 19.11b

0.63 838 37.2ab 51.8bc 20.61b

0.67 891 37.3ab 53.2c 22.24b

0.71 944 41.7b 51.6bc 24.60c

0.75 998 41.0b 51.2b 23.26bc

0.79 1,051 38.6ab 53.3c 22.34b

SEM 1.01 0.28 1.11

p-value 0.008 0.001 0.009
1)Results are the mean of 6 replicates per treatment.
a–cMeans within the same column with no common script differ significantly (p < 0.05).
SEM, standard error of the mean.

Table 4. Number of defective egg produced (n/hen) from 23 to 29 week of age affected by different levels of total lysine in broiler breeder hens1)

Total lysine (%) Daily lysine intake (mg/d) Total eggs produced Settable eggs2) Double-yolk eggs Abnormal shell eggs3)

0.55 732 42.3 23.7a 0.5 0.7

0.59 785 46.7 25.3ab 0.5 0.5

0.63 838 50.2 32.7bc 0.8 0.3

0.67 891 50.5 39.8cd 0.8 0.0

0.71 944 56.3 35.3cd 0.2 1.0

0.75 998 54.3 33.0bc 0.2 0.5

0.79 1,051 52.2 44.2d 1.2 0.7

SEM 2.54 1.48 0.14 0.11

p-value 0.083 < 0.001 0.447 0.333
1)Results are the mean (n = 3) of 6 replicates per treatment.
2)Settable eggs (n/hen) = normal egg ≥ 50 g.
3)Abnormal shell eggs (n/hen) = soft shell, shell-less and cracked eggs.
a–dMeans within the same column with no common script differ significantly (p < 0.05).
SEM, standard error of the mean.
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requirement was estimated to be 0.73%, 0.77%, and 0.71% of the diet for optimal egg production, 
the number of settable eggs and egg mass, respectively. 

Organ measurements
Absolute and relative weights of reproductive organs are presented in Table 6. Oviduct and ovary 
weights at 29 weeks of age are presented in Table 6. Hens offered the diet containing 0.59% and 
63% total lysine had lower (p = 0.002) absolute oviduct weights compared to those offered the diet 
containing 0.75% total lysine. Similarly, hens offered the diet containing 0.59% total lysine had a 
lower (p = 0.029) relative oviduct weight compared to those offered the diet containing total lysine 
more than 0.63%. Absolute and relative ovary weights were lower (p = 0.001 and p = 0.003, respec-
tively) in hens offered the diet containing 0.59% total lysine relative to hens offered the diet con-
taining 0.55%, 0.63%, 0.67%, 0.71%, 0.75%, and 0.79% total lysine.

Ovarian follicle numbers of broiler breeder hens are presented in Table 7. The number of large 
yellow follicles were the lowest (p = 0.016) in hen fed the diet containing 0.59% total lysine among 
the treatments. Continuously, hens offered the diet containing 0.55% and 0.59% total lysine showed 
the lower (p = 0.002) number of small yellow follicles compared to those fed the diet containing 

Table 5. Estimated dietary total lysine requirements and recommendations for broiler breeder hens from 23 to 29 weeks of age based on linear-
plateau and quadratic-plateau regression analysis

Item Requirement (%) SE R2 (%) p-value Recommendation (%)
Egg production rate

 LP 0.68 0.035 77.76 < 0.001 0.73

 QP 0.78 0.118 76.26 0.003

Settable egg production

 LP 0.67 0.055 74.85 < 0.001 0.77

 QP 0.87 0.370 72.28 < 0.001

Egg mass

 LP 0.69 0.022 93.56 0.001 0.71

 QP 0.73 0.045 92.76 0.001
SE, standard error; LP, linear-plateau regression analysis; QP, quadratic-plateau regression analysis.

Table 6. Oviduct and ovary weights of broiler breeder hens fed gradient levels of lysine at 29 weeks of age1)

Total lysine (%) Lysine intake (mg/d)
Oviduct Ovary

g %2) g %
0.55 732 63.92bc 1.77ab 56.07b 1.24a

0.59 785 45.85a 1.43a 33.43a 1.05a

0.63 838 61.02b 1.83b 62.83b 1.89b

0.67 891 64.72bc 1.84b 58.90b 1.68b

0.71 944 71.27bc 2.01b 62.33b 1.75b

0.75 998 73.50c 2.15b 59.48b 1.74b

0.79 1,051 64.98bc 1.94b 55.33b 1.66b

SEM 1.736 0.053 2.091 0.061

p-value 0.002 0.029 < 0.001 0.003
1)Results are the mean of 6 replicates per treatment.
2)% = organ weight / body weight ×100.
a–cMeans within the same column with no common script differ significantly (p < 0.05).
SEM, standard error of the mean.
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0.71%, 0.75%, and 0.79% total lysine. 

Blood measurements
Plasma metabolite and serum hormone levels are presented in Table 8. Gradient total lysine levels 
in the diets did not affect plasma urea nitrogen concentration (p = 0.114) as well as serum estradi-
ol-17β and progesterone concentrations (p = 0.192 and p = 0.607, respectively) on 29 weeks of age 
in broiler breeder hens.

DISCUSSION
The metabolic pathway of lysine has been altered from muscle tissue to egg formation once broiler 
breeders commence their egg production, and the amount of lysine partitioned to egg formation 
changes according to the egg production rate [16]. In this regard, dietary lysine intake should be 
shortly adjusted as per hens’ age and stage of egg production, however no sufficient data on the 
responses to various levels of lysine in broiler breeder hens in an early-laying stage are available. 
Therefore, this study aimed to investigate the performance of broiler breeder hens in response to 
different total lysine levels and establish lysine requirements with regards to the observations ac-

Table 7. Ovarian follicle numbers (n/hen) of broiler breeder hens fed gradient lysine levels at 29 weeks of age1)

Total lysine (%) Lysine intake (mg/d) Large yellow follicles Small yellow follicles Large white follicles
0.55 732 5.5b 2.3a 19.2

0.59 785 3.5a 2.8a 16.8

0.63 838 5.7b 5.8ab 22.5

0.67 891 5.3b 8.0bc 18.5

0.71 944 6.2b 8.8bc 19.5

0.75 998 5.7b 13.5c 15.8

0.79 1,051 6.0b 11.7c 15.3

SEM 0.174 0.888 0.689

p-value 0.016 0.002 0.070
1)Results are the mean of 6 replicates per treatment.
a–cMeans within the same column with no common script differ significantly (p < 0.05).
Large yellow follicles (> 10 mm diameter); small yellow follicles (5 to 10 mm diameter); large white follicles (3 to 5 mm diameter); SEM, standard error of the mean.

Table 8. Plasma urea nitrogen concentration, serum estradiol-17β concentration and serum progesterone concentrations at 29 week of age in 
broiler breeder hens fed gradient lysine levels1)

Total lysine (%) Daily lysine intake (mg/d) Plasma urea nitrogen (mg/dL) Serum P4 (ng/mL) Serum E2 (pg/mL)
0.55 732 0.32 0.26 330.6

0.59 785 0.44 0.09 347.8

0.63 838 0.33 0.38 345.7

0.67 891 0.38 0.14 389.9

0.71 944 0.51 0.81 433.6

0.75 998 0.46 0.08 405.1

0.79 1,051 0.47 0.17 353.4

SEM 0.022 0.063 16.08

p-value 0.114 0.192 0.607
1)Results are the mean of 6 replicates per treatment.
P4, progesterone; E2, estradiol-17β; SEM, standard error of the mean.
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quired.
To eliminate a possibility of inaccurate estimation of the requirement using multiple range tests, 

in the present study, linear-plateau and quadratic-plateau regression analyses were used to deter-
mine the total lysine requirement [15]. Hence, the present study adopted a combined approach 
suggested by Nørgaard et al. [17] to overcome the variations in requirements within intra-statistical 
methods such as over- and under-estimation of the value. The nutrient requirement refers to the 
nutrient concentration of feed that maximize profits, and thus egg production rate, the number of 
produced settable eggs and egg mass were used as output for the estimation. Our findings suggest-
ed that 0.73%, 0.77%, and 0.71% total lysine in diets to optimize egg production rate, settable egg 
production and egg mass, respectively, and this value is corresponded to 971, 1,024 and 944 mg/
hen/day, respectively. Our estimations are greater than NRC [2] recommendation, 765 mg/hen/day, 
suggesting that genetic improvements of broiler breeder hens have made a considerable difference 
in nutritional needs. Our results are supported by Fakhraei et al. [18] where 979 mg/hen/day of 
total lysine requirement for egg production, egg mass and egg content was calculated using the bro-
ken-line model in 52-week-old Arian broiler breeder hens.

In the present study, different lysine levels in the diets did not influence on hens’ body weight, 
but altered egg-laying performance. Joseph et al. [19] found that Cobb 500 broiler breeders from 20 
to 29 weeks of age had no difference in body weight while egg weights and egg production rate in 
responses to crude protein level in the diets were observed. Mohiti-Asli et al. [4] revealed that the 
body weight gain of matured hens might be more susceptible to energy intake rather than crude 
protein consumption. Further, the diets tested in the present study were iso-calorically formulated 
with 15% of fixed crude protein contents and thus, no difference in body weights regarding the 
different lysine contents. Thus, it is reasonable to postulate differences in total lysine contents would 
have a minor impact on body weight during the early laying period.

Our findings demonstrated that hens offered the diet containing 0.55% lysine had lower relative 
oviduct and ovary weights accompanying decreased egg production. This is likely because 0.55% 
of total lysine in the diet might not be adequate to fully develop the reproductive organs in the 
early-laying phase. It has been suggested by Bruggeman et al. [20] that the proportional weights of 
ovary and oviduct should be above 1.70% and 1.58%, respectively, at the first egg-laying for future 
consistent reproductive performance. In the present study, hens offered the diet containing 0.55% 
total lysine had morphologically immature ovaries as ovary and oviduct of those hens accounted for 
only 1.43% and 1.05% of live body weights, respectively. It is speculated that feeding hens the diet 
with 0.55% and 0.59% lysine during the early-laying period have detrimental nutritional conse-
quences resulted from imbalance amino acid in the diet and thus insufficient growth of the repro-
ductive organ.

Quantification of urea nitrogen in blood has been used as an indirect tool to evaluate the protein 
utilisation in non-ruminant animals [21–23]. In the present study, the concentration of plasma urea 
nitrogen in response to different lysine levels was investigated to see if excessive or deficient lysine 
in the diet influences the amino acid utilisation. However, no difference in plasma urea nitrogen 
affected by graded lysine levels can be partially explained by research done by Donsbough et al. 
[22] who demonstrated that blood urea nitrogen levels were easily altered by feeding regimen and 
blood collection time. Excessive uric acid entered into the caeca can break down to ammonia and 
carbon dioxide by bacterial activity and this ammonia is known to be rapidly absorbed for amino 
acid synthesis by birds [24]. In the present study, blood samples were selectively collected from birds 
commenced laying only once at 29 weeks of age and the sample birds successfully achieved the nor-
mal body weight without obesity by the time. Thus, it is speculated that the quantification of plasma 
urea nitrogen was not suitable to assess the ability of nitrogen utilisation of matured hens at the 
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normal laying period. 
Egg formation including differentiation of ovarian follicles is under the control of reproductive 

hormones such as estradiol-17β and progesterone [25,26]. However, in the present study, differ-
ent lysine levels altered hen-day egg production rate, while serum estradiol-17β and progesterone 
concentrations at 29 weeks of age were not influenced by the lysine levels. According to the breeder 
guideline, 29 weeks of age is a start of peak-production for broiler breeders and all hens tested in 
the present study reached the egg production rate of more than 70% at 29 weeks of age, irrespective 
of dietary total lysine levels. Onagbesan et al. [27] reported that levels of plasma hormones such as 
progesterone and estradiol-17βs were not correlated to egg production rate however likely to be 
age-related in broiler breeders. Thus, our findings confirmed that there was no clear relationship 
between egg production rate and blood reproductive hormone levels once hens were in the stable 
period of egg laying. Further research is needed to determine the age-related changes in reproduc-
tive hormone levels along with nutritional factors in broiler breeder hens. 

The delay in ovulation due to the apoptosis and necrosis within the ovarian follicles has been 
observed in egg-type chickens with reduced egg production rate [28]. Thus, the reduction in a 
number of small yellow follicles may be symptomatic of an inadequate ability to support optimal 
rates of ongoing egg production [29]. However, the link between a single nutrient (i.e., dietary ly-
sine) and ovarian morphology has not been explored. The current results showed that different total 
lysine levels altered the number of large and small yellow follicles, and the sum total yellow follicles 
were less than 10 in hens offered the diet containing 0.55% and 0.59% total lysine, supporting their 
lower egg production rate and decreased total egg mass compared with hens fed the diet containing 
more than 0.63% lysine. It is reasonable to assume that a relatively reduced egg production in hens 
offered the diet containing 0.55% and 0.59% total lysine might be partially due to decreased follic-
ular recruitment into the F1 yolk follicle pool, evidenced by Robinson et al. [30] where an increased 
atresia of small yellow follicles was observed when hens were unable to appropriately manage the 
ovarian follicles in the hierarchy. One reason for this could be due to the dietary lysine partitioning 
between maintenance and production was likely to be disturbed when dietary lysine was not ade-
quate, suggested by Ekmay et al. [16] found that lysine used for primarily towards muscle, and then 
excessive lysine utilized to egg production when needed in broiler breeder hens during the early 
laying period.

In the present study, the production of defective eggs along with the morphology of ovarian 
follicles was monitored to determine if the different lysine levels in the diet could be a factor of egg 
production in broiler breeder hens. There was a trend in the number of total egg produced (n/hen) 
throughout the study, and hens fed the diet containing 0.71% lysine contents increased number 
of total produced eggs by 14 compared with birds offered the diet containing 0.55% total lysine. 
In addition, approximately 56% of total eggs produced by hens offered the diet containing 0.55% 
lysine were settable (> 50 g of egg weights). This indicates that lower lysine intake might negatively 
affect the production of total or settable eggs and possibly hatchability, considering that the 85% of 
total eggs produced by hens offered 0.79% lysine were settable. Other poor egg quality features such 
as double-yolk and abnormal shell were not affected by dietary treatments, suggesting that different 
total lysine levels did not contribute to hyperovulation and eggshell qualities. Egg formation is the 
outcome of highly merged and a very tightly scheduled multi-tissue processes. The whole process 
of egg formation has a very tiny biological tolerance for excess and/or deficiency, so the oviposi-
tion for settable egg production has easily been disturbed by nutritional and environmental factors 
[19,29,31–33]. Thus, our findings indicated that 0.55% of total lysine would be deficient for broiler 
breeder hens and could possibly have detrimental impacts on the egg quality as well as reproductive 
performance during the early-laying period. The diet containing 0.79% total lysine, the highest 
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lysine level tested in the present study, was not associated with obesity, double-hierarchy of large 
yellow follicles and abnormal shell production, suggesting it would be applicable to increase dietary 
lysine level of hens’ diet to optimize the performance when the crude protein level is not extreme. 

CONCLUSION
In conclusion, different levels of total lysine do not appear to be a major contributor to body weight, 
defective egg quality and blood hormone concentrations. However, 0.55% and 0.59% total lysine of 
hens’ diet appears to have a potential risk as a consequence of decreasing the number of ovarian fol-
licles and immature reproductive organs, which in turn cause the reduced settable egg production. 
On the other hand, hens offered the diet containing total lysine more than 0.63% showed stable 
egg production that was mostly settable, and adequately developed ovarian follicle morphology to-
gether with the well-developed oviduct. Based on linear- and quadratic-plateau models, total lysine 
requirement for egg production, settable egg production and egg mass at the early laying period 
would be 0.73%, 0.77%, and 0.71%, respectively. Our findings clearly demonstrated that broiler 
breeder’s production performance could be improved by a certain level of total lysine in the diet. 
Further research is warranted to establish the ideal amino acid profile according to the optimum 
lysine level as a reference for broiler breeder hens. 
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