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ANIMAL
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Abstract
This study examined the effect of a dietary protein level and age on growth performance, total 
excreta, and nitrogen balance in laying hen during the growing period for 18 weeks. A total of 
96 Hy-Line Brown laying hens were divided into two treatments according to the experimental 
diets, with each group consisting of six replicates. The experimental diets included: 1) an 
adequate metabolizable energy and crude protein diet formulated to meet the age and breed 
specification for Hy-Line Brown containing 21, 18, 16, and 14% dietary CP during 0 to 6, 6 to 12, 
12 to 15, 15 to 18 weeks, respectively (CON); 2) 2% CP deficiency from CON diet containing 19, 
16, 14, 12% dietary CP during 0 to 6, 6 to 12, 12 to 15, 15 to 18 weeks, respectively (LP). Growth 
performance, total excreta, and nitrogen balance were investigated for 18 weeks every 3 
weeks, and two-way ANOVA was used for statistical analysis of data. The LP group had lower 
total excreta and N intake than CON group in the whole period of the experiment (p < 0.001). 
Moreover, birds in the LP group showed lower N excretion than the CON group (p < 0.05). 
However, the CON group exhibited higher BW, ADG than the LP group (p < 0.001). Application 
of low-protein diet to laying hens during the growing period reduced N excretion, which 
contribute to the sustainable development of the laying hen industry by minimizing environ-
mental pollution.

Keywords: growth performance, laying hen, low protein diet, nitrogen balance, total 
excreta
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(Bist et al., 2023). EPA (2004) (NH3) 

, 2030 2.67 . 
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(Xin et al., 2011). NAIR (2023) , 2020

15% .

· (Khoshnevisan et al., 2021), 
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(nitrogen), (phosphorus), (carbon) (Pagliari and Laboski, 2012), 

(urea, 4 - 12%), (uric acid, 40 - 70%), (10 - 40%) 

, (NH3) (EPA, 2004). 

(green gas) (Méda et al., 2011), (eutrophication)
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(ammonia toxicity) , , , 

(Sheikh et al., 2018). , 

, (Wyer et al., 2022). 

.

(Zhao et al., 2020; Zhou et al., 2021; 

Wang et al., 2022) , (Li 

et al., 2015; Chowdhury et al., 2018; Mahardhika et al., 2019). 

(undigested protein) (basal endogenous losses)

(Soomro et al., 2018), 

(Bregendahl et al., 2002). 

(Blair et al., 1999). 

(Saleh et al., 2018). 

(Deaton et al., 1984), 

.

, 

. 

.

Materials and Methods

(202209A-CNU-144)

, . 1 Hy-Line Brown (

38.25 ± 0.28 g) 96 , 

(0.76 m × 0.60 m × 0.40 m) 18 . 

96 Hy-Line Brown , 6 , 8
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. - (corn-soybean meal) , 

Hy-Line International (2019) (metabolizable energy) (crude protein) 

. LP 2% 

. 0 - 6, 6 - 12, 12 - 15, 15 - 18 21, 

18, 16, 14%, LP 2% 19, 16, 14, 12% , 

. Table 1 . 

1 (ad-libitum) Hy-Line International (2019)

, . 1

30℃ , 6 21 ± 2℃
, 50 - 70% . (lighting program) 1 4

2 (4L : 2D) 4 2 21 3 (21L : 3D)

, 18 11 13 (11L : 

13D) . Hy-Line International (2019) .

Table 1. Feed ingredients and calculated chemical composition of experimental diets with different dietary 
CP levels, as-fed basis.

Items
CONy LPz

wk 0 - 6 wk 6 - 12 wk 12 - 15 wk 15 - 18 wk 0 - 6 wk 6 - 12 wk 12 - 15 wk 15 - 18

Ingredient composition (%)

    Corn 59.76 67.21 71.29 74.42 64.70 72.23 76.24 78.61

    Soybean meal (44%) 34.32 25.98 20.91 15.57 28.83 20.30 15.21 9.64

    Others 5.92 6.81 7.80 10.01 6.47 7.47 8.55 11.75

Chemical composition

    ME (kcal/kg) 2,950 2,950 2,900 2,850 2,950 2,950 2,900 2,850

    CP (%) 21.0 18.0 16.0 14.0 19.0 16.0 14.0 12.0

ME, metabolizable energy; CP, crude protein; wk, week.
y CON diet: A diet with 21, 18, 16, and 14% crude protein (CP) in weeks 0 - 6, 6 - 12, 12 - 15, and 15 - 18, respectively.
z LP diet: A diet with 19, 16, 14, and 12% crude protein (CP) in weeks 0 - 6, 6 - 12, 12 - 15, and 15 - 18, respectively.

(growth performance)
(body weight) 3 , (feed intake) . 

(average daily gain), (average daily feed intake), (feed conversion 

ratio) .

(total excreta)
(total excreta) 8 ( ) 3 , 1 1

. -80℃ .

(N balance)
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3 (N intake), (N excretion), (N retention), 

(N efficiency) . (N balance) 1 1 . 

(N balance) (Belloir et al., 2017; Barzegar et al., 2019).

(N intake) = (feed intake) × (dietary crude protein)/6.25 (1)

(N excretion) = (total excreta) × (2)

(N retention) = (N intake) − (N excretion) (3)

(N efficiency) = (N retention)/ (N intake) (4)

SPSS 26.0 (SPSS Inc., USA) GLM program (general linear model, two-way 

ANOVA procedure, SPSS Inc., USA) . , 

2 × 6 factorial design

. Tukey’s Test 95% .

Results and Discussion

(growth performance)

Table 2 . 18

, 1,434.90 g, LP 1,350.64 g LP 6.24% (p < 0.05) 

. (p < 0.05), 

(p < 0.05). 

(Saleh et al., 2018; Oluwabiyi et al., 2022; Heo et al., 2023).

11.08 g, LP 10.42 g

6.33% (p < 0.001), (p < 0.001). 

(p < 0.01). LP

(p < 0.001) 

. 

(Van Harn et al., 2019; Attia et al., 2020; Heo et al., 2023). 

- , 

(glycine) (Van Harn et al., 2019), (glycine)

(Ospina-Rojas et al., 2013).

(p < 0.001). 

(p > 0.05), (p > 

0.05). 
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(Ji et al., 2014; Soares et al., 2019; Van Emous et al., 2019; Attia et al., 2020; 

Oluwabiyi et al., 2022), 

(Liu et al., 2015). 

(Latshaw and Zhao, 2011; Chrystal et al., 2021), 

(Stern and Mozdziak, 

2019).

LP 5.56% (p < 0.001), 

(p < 0.01). 

(p < 0.01). 

(Ji et al., 2014; 

Attia et al., 2020; Oluwabiyi et al., 2022) . 

, 

(Van 

Harn et al., 2019).

Table 2. Influence of dietary crude protein level and age of birds on growth performance (Continued).

Diet Age of birds BW (g) ADG (g/d) ADFI (g/d) FCR (g/g)

CONy Week 3 160.53a   5.82a 18.08 3.11a

Week 6 388.19b 10.84cd 33.13 3.06a

Week 9 638.21d 11.91cde 44.15 3.71ab

Week 12 911.40f 13.01e 56.09 4.31bc

Week 15 1,160.73h 11.87cde 69.19 5.83d

Week 18 1,434.90j 13.06e 77.09 5.91d

LPz Week 3 161.71a   5.88a 18.08 3.08a

Week 6 349.15b   8.93b 33.87 3.79b

Week 9 573.09c 10.66c 44.38 4.16bc

Week 12 817.94e 11.66cde 56.17 4.82c

Week 15 1,077.09g 12.34de 69.14 5.60d

Week 18 1,350.64i 13.03e 77.22 5.93d

SEM 2.551   0.092   0.42 0.04

Main effect

    Age of birds

        Week 3 161.12a   5.85a 18.07a 3.09a

        Week 6 368.67b   9.88b 33.50b 3.43a

        Week 9 605.65c 11.29c 44.27c 3.94b

        Week 12 864.67d 12.33cd 56.13d 4.56c

        Week 15 1,118.91e 12.11cd 69.16e 5.72d

        Week 18 1,392.77f 13.04d 77.15f 5.92d

        SEM 4.896   0.111   0.401 0.046
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Table 2. Influence of dietary crude protein level and age of birds on growth performance.

Diet Age of birds BW (g) ADG (g/d) ADFI (g/d) FCR (g/g)

    Dietary CP

        CON 782.33 11.08 49.62 4.32

        LP 721.60 10.42 49.81 4.56

        SEM 50.694   0.304   2.454 0.135

p-value

    Age of birds < 0.001 < 0.001 < 0.001 < 0.01

    Diet < 0.001 < 0.001 0.824 < 0.001

    Age of birds × Diet < 0.001 < 0.005 0.978 < 0.01

ADFI, average daily feed intake; BW, body weight; ADG, average daily gain; FCR, feed conversion ratio; SEM, standard error of 

the mean; CP, crude protein.
y CON diet: A diet with 21, 18, 16, and 14% crude protein (CP) in week 0 - 6, 6 - 12, 12 - 15, and 15 - 18, respectively.
z LP diet: A diet with 19, 16, 14, and 12% crude protein (CP) in week 0 - 6, 6 - 12, 12 -15, and 15 - 18, respectively.

a - j: Means in a column with different letters are significantly different (p < 0.05).

(total excreta)

Table 3 . 

1 , 1 83.87 g, LP 73.39 g LP

14.28% (p < 0.001) . 3 32.79 g, 18 90.05 g 

(p < 0.001). 

(p < 0.05). 

Heo (2023) . 

3 - 4% (Abdeshahian et al., 2016), 

. 

(Abdeshahian et al., 2016).

Table 3. Influence of dietary crude protein level and age of birds on total excreta (Continued).

Diet Age of birds Total excreta (g/bird/d)

CONy Week 3   35.34a

Week 6   98.07de

Week 9   79.24bcd

Week 12   98.41de

Week 15 104.23de

Week 18   87.91bcde

LPz Week 3   30.24a

Week 6   66.10b

Week 9   70.83bc

Week 12   86.49bcde

Week 15   94.49de

Week 18   92.19cde

SEM     1.371
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Table 3. Influence of dietary crude protein level and age of birds on total excreta.

Diet Age of birds Total excreta (g/bird/d)

Main effect

    Age of birds

        Week 3   32.79a

        Week 6   82.08bc

        Week 9   75.03b

        Week 12   92.45cd

        Week 15   99.36d

        Week 18   90.05bcd

        SEM     1.605

    Dietary CP

        CON   83.87

        LP   73.39

        SEM     2.981

p-value

    Age of birds < 0.001

    Diet < 0.001

    Age of birds × Diet < 0.05

SEM, standard error of the mean; CP, crude protein.
y CON diet: A diet with 21, 18, 16, and 14% crude protein (CP) in week 0 - 6, 6 - 12, 12 - 15, and 15 - 18, respectively.
z LP diet: A diet with 19, 16, 14, and 12% crude protein (CP) in week 0 - 6, 6 - 12, 12 -15, and 15 - 18, respectively.

a - g: Means in a column with different letters are significantly different (p < 0.05).

(N balance)

Table 4 . 

(Liebert, 2006). 1 , 1

LP 12.50% (p < 0.001), 

(p < 0.001). 

(p < 0.001). LP

(p > 0.05), 

(Latshaw and Zhao, 2011; Soares et al., 2019; Heo et al., 2023). 

(p < 0.001), 

.

1 1 0.71 g, LP 0.63 g 

LP 12.70% (p < 0.05), (p < 

0.001). (p > 0.05). 

, 

(p < 0.05), 

(Ji et al., 2014; Soares et al., 2019; Van Emous et al., 2019; Attia et al., 2020; Macelline et al., 

2020; Heo et al., 2023) . 

(Heo et al., 2023), 
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(Latshaw and Zhao, 2011). 

.

1 1 0.73 g, LP 0.66 g LP

10.61% (p < 0.001), (p < 0.001). 

(p > 0.05). 

(p < 0.001) 

(Soares et al., 2019; Chrystal et al., 2021; Heo et al., 2023) , 

.

(p < 0.001). LP

(p > 0.05), 

(p > 0.05). (ideal amino acid ratio)

, 

(Macelline et al., 2020).

. 

.

Table 4. Influence of dietary crude protein level and age of birds on nitrogen balance (Continued).

Diet Age of birds N intake (g/d) N excretion (g/d) N retention (g/d) N efficiency (%)

CONy Week 3 0.97ab 0.53 0.44 0.46

Week 6 1.40de 0.83 0.58 0.41

Week 9 1.27cd 0.51 0.76 0.60

Week 12 1.59f 0.52 1.07 0.67

Week 15 1.59ef 0.69 0.91 0.57

Week 18 1.82g 1.21 0.61 0.33

LPz Week 3 0.86a 0.51 0.35 0.41

Week 6 0.97ab 0.56 0.41 0.43

Week 9 1.10bc 0.44 0.66 0.60

Week 12 1.37d 0.56 0.81 0.59

Week 15 1.58ef 0.50 1.08 0.68

Week 18 1.81g 1.18 0.63 0.35

SEM 0.038 0.020 0.022 0.012

Main effect

    Age of birds

        Week 3 0.91a 0.52ab 0.40a 0.43a

        Week 6 1.19b 0.69b 0.49ab 0.42a

        Week 9 1.18b 0.47a 0.71b 0.60b

        Week 12 1.48c 0.54ab 0.94c 0.63b

        Week 15 1.59c 0.59ab 0.10c 0.63b

        Week 18 1.82d 1.19c 0.62ab 0.34a

        SEM 0.017 0.021 0.023 0.012
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Table 4. Influence of dietary crude protein level and age of birds on nitrogen balance.

Diet Age of birds N intake (g/d) N excretion (g/d) N retention (g/d) N efficiency (%)

    Dietary CP

        CON 1.44 0.71 0.73 0.51

        LP 1.28 0.63 0.66 0.51

        SEM 0.039 0.035 0.034 0.018

p-value

    Age of birds < 0.001 < 0.001 < 0.001 < 0.001

    Diet < 0.001 < 0.05 < 0.001 0.870

    Age of birds × Diet < 0.001 0.257 0.083 0.314

SEM, standard error of the mean; CP, crude protein.
y CON diet: A diet with 21, 18, 16, and 14% crude protein (CP) in week 0 - 6, 6 - 12, 12 - 15, and 15 - 18, respectively.
z LP diet: A diet with 19, 16, 14, and 12% crude protein (CP) in week 0 - 6, 6 - 12, 12 - 15, and 15 - 18, respectively.

a - g: Means in a column with different letters are significantly different (p < 0.05).

Conclusion

. 

, . 

, . 

. 

. 

, 

.
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