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A B S T R A C T 

The study was conducted in the laying hens field of the Animal Production 

Department - College of Agriculture and Forestry / University of Mosul, 

in a semi-closed hall with floor-based rearing of and 216 local (Mezo) 

laying hens were used for the purpose of the study in the production stage 

from the beginning of week 44 until the end of week 54week, The ration 

provided to the hens was uniform in energy (2865 kcal/kg) and protein 

(17%), with betaine and glycine supplementation to the treatment rations, 

where the treatments were as follows: 

T1: Control 

T2: Use of betaine 2.4 gm/kg ration 

T3: Use of glycine 2.4 gm/kg ration 

T4: Use of betaine 1.2 gm + glycine 1.2 gm/kg ration  

The experimental period lasted 11 weeks, during which data on production 

indicators were taken and statistically analyzed at a significance level 

(P≤0.05). The results were as follows: 

          There was a significant increase in the mass of eggs produced and 

the egg production rate%, an improvement in the feed conversion ratio, 

and a decrease in the feed consumption of hens in the treatments that 

contained betaine and glycine or both together compared to the control 

treatment, while it was found that the number and weight of eggs produced 

were not significantly affected. 
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Introduction 

Poultry projects are among the most widespread 

in the field of animal production, providing a source 

of animal protein in many countries around the world 

[1], providing nutritionally valuable products in the 

form of meat and eggs as a source of protein and 

essential nutrients [2]. The human nutritional 

requirement for animal protein ranges from 

approximately 75-80 grams [3], and it is well known 

that eggs are an animal product with good nutritional 

value. A 60-gram egg provides approximately 6.5 

grams of protein, which represents 14.4% of an 

adult's protein requirement, represented by amino 

acids. It is also a source of fats [4, 5], and is rich in 

vitamins and minerals such as calcium, iron, and 

phosphorus [6,7,8]. This has prompted organizations 

such as the World Health Organization (WHO), the 

Spanish Heart Foundation (FEC), and the European 

Food Information Council (EUFIC) to recommend 

regular egg consumption as part of a healthy diet [9], 

which has led to increased attention to its production 

and quality. 

  As the productive age of laying hens advances, 

egg production and quality decline due to the 

continuous physiological changes of the digestive 

and reproductive systems, which constitute a group 

of different physiological processes that significantly 

affect poultry production and health, including the 

ovary and oviduct, whose tissues are susceptible to 

aging, characterized by granulosa cell death, chronic 

inflammatory activity, oxidative stress, abnormal 

hormonal response, decreased intestinal absorption, 

or metabolic imbalance [10,11,12]. In addition, the 

methionine content of feed is a determinant of egg 

production and weight gain. This increases the bird's 

requirement for this amino acid, as it is involved in 

metabolic processes that require the removal of its 

methyl group. Recently, researchers have gathered 

information on the effect of the amino acids betaine 

and glycine as essential nutritional supplements. 

These supplements have been incorporated into 

poultry feeds to improve production and feed 

efficiency, in line with World Health Organization 

guidelines to exclude antibiotics and chemical drugs 

that are deposited in animal tissues. High-yielding 

laying hens require feeds with high specifications, 

especially in the late stages of production, when lipid 

metabolism and visceral fat deposition increase, 

affecting the performance of laying hens [12, 13]. 

Research results have shown that betaine and 

glycine play important physiological roles in the 

body of living organisms. They are methionine 

supplements and enhance its presence [14,15]. 

Betaine and glycine enhance the presence of  

 

methionine, thus increasing its abundance as an 

essential amino acid in nutrition that the body needs 

for growth and production due to the bird's inability 

to synthesize it [16]. Betaine also improves the 

productive performance of laying hens [17], 

improves feed conversion ratio by enhancing the  

physiological functions of the intestine and thus 

increasing the rate of digestion and absorption  [18, 

19], contributes to eliminating intestinal infections, 

reducing pathogenic microbes, and maintaining 

immune balance [20,21], and it has been proven that 

betaine alleviates the effect of heat stress in birds and 

helps regulate body temperature [22].  

These management techniques in exploiting 

nutrition, such as adding feed supplements of amino 

acids, maintain the production level of the flock for 

an additional production period, especially 

production in the advanced production age. This 

study was conducted to identify the importance of 

betaine and glycine in raising the production 

performance of laying hens, and to study their effect 

on egg quality. 

 

Materials and Methods  
 

The study was conducted in the laying hens field 

of the Animal Production Department - College of 

Agriculture and Forestry / University of Mosul, for 

the period from 10/8/2024 to 3/11/2024 and 216 local 

Mezo laying hens were used for the purpose of the 

study in the production stage from the beginning of 

week 44 until the end of week 54, and the treatments 

included preparing the feed with the amino acids 

betaine and glycine as follows: 

T1: Control 

T2 :Use of betaine 2-4 gm/kg ration 

T3 :Use of glycine 2.4 gm/kg ration 

T4: Use of betaine 1.2 gm + glycine 1.2 gm/kg     

ration 

A semi-closed production hall was used for 

laying hens, and the breeding was on a floor with a 

plastic mesh mattress. The hall was divided into 12 

rooms, each of which represented a replicate with a 

breeding density of 18 hens/pen , equipped with the 

necessary supplies of feeders, drinking water, and 

nests. All appropriate environmental conditions were 

taken into account, as the temperature was (18-22) C, 

taking into account humidity, ventilation, and 

lighting, and the availability of veterinary unit 

supervision throughout the experimental period in the 

fields in the Animal Production Department. 

       The ration materials were purchased from 

the local market, crushed, thoroughly mixed, and  

formulated according to the recommendations of the 

National Rural Development Organization [23]. The 

feed provided to hens with betaine and glycine added 

to the treatment rations. The study period lasted 11 

weeks, during which weekly data on production 

indicators for Mezo chickens were collected, such as 

the number, weight, and mass of eggs produced. The 

production rate (HDP) was calculated. The remaining 

feed intake was calculated to determine the amount 

of feed consumed, noting that the feed provided was 

in specific quantities to determine the effect of adding 

betaine and glycine on feed consumption. The feed 

conversion ratio was also calculated. Live weights 
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were monitored to determine the extent of change in 

live body weight and its impact on the 

supplementation. 

 
Table 1. shows the percentages of ration components 

 

Feed Component Its Percentage In 

The Feed(%) 

Yellow Corn 47.5 

Soybean meal 24 

Wheat 15.5 

 Sunflower oil 1 

Premix 2.5 

Mono calcium phosphate 1 

Limestone 8.250 

Salt 0.250 

Total 100 

Chemical Composition  

M.E (kcal/kg feed) 2865.65 

Crude Protein (%)   16 .89 

Crude Fiber (%) 3.08 

Calcium (%) 0.72 

Methionine  0.41 

Methionine + Cysteine (%) 0.7 

Lysine (%) 0.9 
 

 Calculated according to (N.R.C, 1994) 

           Statistical analysis: A complete randomized 

design (CRD) was used. data were analyzed using 

SAS [24], Duncan multiplies Rang was applied to 

determine differences between treatments [25] 

significant range (P≤0.05) . 

 

 

Results and discussion 

The use of betaine and glycine in ration and their 

effect on the number of eggs produced (egg/ 

hen/week): 

Table (2) shows no significant effect of using 2.4 gm 

betaine, 2.4 gm glycine, and 2.4 gm betaine + 

glycine/kg in the ration on number of eggs production 

(egg/hen/week) compared with control during the 

production weeks from the beginning of week 44  

until the end of week 54. These results agreed with 

[26], as he did not find a significant effect of adding 

0.5% betaine to the laying ration at age of 38 weeks 

and for four weeks period.  However, they differed 

with [27,28,29], and also with [30], as they found that 

number of eggs production increases significantly by 

adding different percentages of betaine. 

         

The use of betaine and glycine in ration and their 

effect on the weight of eggs produced (egg/ 

hen/week): 

         Table (3) shows that there was no significant 

differences (P≤0.05) in average egg weight of Mezo 

hens (gm/hens) during the production weeks from the 

beginning of week 44 until the end of week 54 

between the second, third and fourth treatments 

compared to the control treatment. 

      These results were agreed with [22] who did not 

find that adding 0.5% betaine to rations had a 

significant effect on weight of egg production by both 

the Ice Brown and Lohmann strains compared to the 

control, and also with [31] when they use (0.05 and 

0.10)% of glycine, as well as [30], where he stated 

that weight of the egg was not affected by using  (0.0, 

0.1, 0.2)% glycine to the ration for a production 

period of (28-40) weeks compared to control, as well 

as with [32] by using glycine at a rate of (0.341 and 

0.683)%, and also [33] indicated that there was no 

significant effect in supplementation  glycine at a rate 

of 0.03% compared to control in average egg weight 

of hens aged 70-82 weeks. 

       While these results differed from [28] as well as 

[14,4,15,34] they found that weight of the production 

eggs increased significantly by using  different 

percentages of glycine to the laying hens’ ration, this 

also did not agree with the researcher [34] who 

observed a decrease egg weight when the laying hens 

were fed a ration containing betaine compared to  

control, and  [35] observed that egg weight increased 

when using  (0.025, 0.05, 0.075, 0.1, 0.125)% glycine 

in the diets  compared to control for the production 

period (71-74) weeks.   

     

Use of betaine and glycine in the ration and their 

effect on egg mass (g/hen/week): 

       Table (4) Although there were no significant 

differences between treatments in egg mass during 

weeks (44, 45, and 46) of production, egg mass 

increased significantly in all subsequent weeks from  

47 to 54 week in the betaine and glycine addition 

treatments (second, third, and fourth) compared to 

control treatment. The average egg mass for the total 

production period also increased with egg mass 

reaching (349.98, 356.45, and 362.27) gm/hen/week, 

compared to the control treatment, which reached 

(319.59) gm/hen/week. 

The lack of effect of betaine and glycine on egg mass 

during the first weeks of production, while their 

effect appeared in subsequent weeks, was due to their 

cumulative effect on these traits. 

     The reason for the significant improvement in egg 

mass is the betaine and glycine increase the 

availability of methionine, by granting a methyl 

group, enables it to convert homocysteine to 

methionine [36], which increases the need for protein 

synthesis, thus increasing its availability for 

production and growth [37, 38,39]. It improves the 

performance of laying hens [40,41, 42,17]. And [43] 

reported that the increase in egg mass was due to the 

improved lysine content of the ration as a result of 

adding betaine to the ration. This improvement also 

included the use of glycine, an amino acid similar to 

betaine, in the synthesis of some amino acids. It is 

also a precursor for the synthesis of betaine, purine, 
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and glutathione. It is also considered a structural unit 

in the formation of elastin, collagen, and keratin [43]. 

This was reflected in egg weight. The best egg mass 

deposition occurred in the fourth treatment, which 

included the combined addition of betaine and 

glycine, demonstrating the synergistic effect of the 

two compounds, which worked to improve this 

character. 

        These results agreed with the researchers [28], 

as they found that betaine had a significant effect 

when added  (0.5, 1.0, 1.5)% compared to control and 

for age periods  37-48 weeks, as the egg mass 

increased significantly in the addition treatments 

compared to control. While it differed with [44] who 

stated that egg mass decreased significantly by 

adding 1000 mg betaine/kg ration during the 

production period (32-36) weeks in dual-purpose 

chickens, the researcher [27] did not find a significant 

effect of adding betaine (0.7, 1.5) gm/kg on egg mass 

for hens at the age of 20 weeks and for a production 

period of 23 days compared to control, and it also 

differed with [22] who did not found a significant 

effect of added betaine 0.5% on egg mass. 

The use of betaine and glycine in the ration and 

their effect on egg production rate % : 

 

        Table (5) shows no significant differences 

(p≤0.05) between treatments during the first two 

weeks (44 and 45). However, the egg production rate 

increased significantly during the subsequent 

productive age stages (45, 46, 47, 48, 49, 50, 51, 52, 

53) weeks in the second, third, and fourth treatments 

compared to control. It is worth noting that the fourth  

treatment, which included betaine and glycine 

together, was the most egg-producing treatment. As 

a result of the total egg production from the beginning 

of week 44 until the end of week 54, it reached 

(79.63, 80.68, 88.83)% for the second, third, and 

fourth treatments, respectively, compared to the first 

treatment, which reached (74.68)%. There is an 

increase in production rate for the supplementation 

treatments, as It reached (106.36, 108.03 and 112.32) 

% compared to the control, which consider as 100% 

in the control treatment. 

     This is attributed to the fact that glycine enhanced 

the action of betaine, as it is considered the smallest 

molecule in the formation of betaine, which is 

dimethyl glycine, which is converted into betaine 

with the help of the enzyme betaine homocysteine 

methyltransferase (BHMT) [44,36,16]. Glycine also 

contributes to the formation of some amino acids 

such as purine, glutathione, elastin, collagen, and 

keratin [43]. Also, betaine and glycine together were 

able to provide the methyl group that would have 

been taken from methionine if they were not added to 

the diet , so there was an abundance of methionine, 

which took the direction of increasing production by 

increasing the rate of its utilization [41,44,16]. [17] 

reported that betaine and glycine improve ovarian 

aging by affecting the genetic factor (EGR1) 

responsible for ATP6 [42]. Betaine also has a role in 

influencing the genetic gene (OCLN, CLDN-1) 

[29,46], This led to an improvement in the absorption 

rate and the utilization rate of nutrients, and this was 

reflected in the production of betaine and glycine 

treatments. Perhaps this improvement in production 

was due to the improvement in the health of the 

immune system and the health of the digestive system 

[46]. 

      These results agreed with [42], who reported that 

egg production increased to 70% of the 64.3% 

average production rate when betaine was added at 

1000 mg/kg compared to control diet over 32–36 

weeks. [28] also reported that adding betaine 

significantly increased production compared to 

control diet [47], [29] supplemented rations with 3 

and 6 g of betaine/kg of feed to 32-week-old chickens 

for 6 weeks and observed an increase in production. 

This was supported by the researchers [48,49] .in a 

study by the researcher [25], it was mentioned that 

the rate of egg production increased significantly by 

adding 3000 mg betaine/kg feed at different age 

periods and a total production period (29-41) days 

compared to the control treatment.   Also, [50] noted 

a significant increase in a rate of egg production by 

13.1% more than the control in the layer flock fed on 

ration containing (2000) mg betaine/kg feed. 

        While these results differed from [27] as he did 

not found that adding betaine (0.7, 1.5) gm/kg had a 

significant effect on the egg production rate 

compared to control for hens at the age of 20 weeks 

and for a production period of 23 days. Also, [17] did 

not found a significant effect on egg production by  

 

added 0.5% betaine for a period of four weeks in the 

diet of laying hens for late stages of production. Also, 

[52] did not found that betaine to the diet at an 

amount of (0.0, 0.125, 0.250, 500) gm/ton did not 

affected in rate of egg production  during a period of 

12 weeks for the flock at age of 45 and 57 weeks. the 

researcher [36] did not found a significant effect 

using glycine (0.025, 0.05, 0.075, 0.1, 0.125)% on 

egg production for different production periods. 

Also, [32] when he added glycine (0.341 and 

0.683)% compared to control during the rearing 

period (12) Week. 

 

Use of betaine and glycine in the ration and their 

effect on the amount of feed consumed 

(g/chicken/week).  

Table (6) shows that there are significant differences 

(P≤0.05) between treatments, as the amount of feed 

consumed decreased significantly in week (44) for 

the second and fourth treatments compared to the 

control. The second and third treatments did not 

differ significantly compared to control and fourth 

treatments. In weeks (46 and 47), the amount of feed 

consumed decreased significantly in all betaine and 
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glycine addition treatments (second, third, and 

fourth) compared to the first treatment. In weeks (48, 

52, and 54), the amount of feed consumed decreased 

significantly in the third and fourth treatments 

compared to the first and second treatments. The total 

feed intake during the entire study period of 44-54 

weeks decreased in the treatment of adding 2.4 

betaine, 2.4 glycine and 2.4 betaine + glycine 

compared to the control group, reaching (721.61, 

710.18, 703.40, 733.47) gm/hens /week, respectively. 

         This decrease in the feed consumed by the 

treatments containing betaine and glycine is due to 

the abundance of amino acids in them compared to 

the control treatment, which provided the body with 

a greater amount of amino acids that were used in the 

synthesis of creatine, which supports the use of 

energy within cells and increases the content and 

activity of mitochondria [39] for the purpose of 

maintenance and production, which made the bird 

satisfied with a smaller amount of feed, and this is 

consistent with Table (4) regarding the weekly egg 

mass of one hen, which represents the real physical 

unit of production, and this was reflected in the feed 

conversion ratio (Table 7). 

 

Use of betaine and glycine in the ration and their 

effect on the feed conversion ratio (g feed/g eggs) 

Table (7) indicates an improvement in the feed 

conversion ratio in the feed preparation treatments 

with betaine and glycine compared to control group 

during all production weeks. The second, third, and 

fourth treatments (2.4 gm betaine, 2.4gm glycine,  

 

 

2.4g betaine + glycine) decreased significantly 

compared to control treatment. The feed conversion 

ratio values in weeks (43, 48, 50, 51, 52, 53) were 

higher. During weeks 45, 46, and 48, the feed 

conversion ratio improved in the third and fourth 

treatments compared to the first and second 

treatments. In weeks 47 and 50, the feed conversion 

ratio improved in the fourth treatment, which used 

2.4g betaine + glycine, compared to control 

treatment. The values reached (1.68, 2.19) and (1.88, 

2.21) gm feed/gm eggs for the treatments and for the 

two weeks respectively. 

                From the table, we found that the 

conversion factor ratio as an average for the entire 

period improved in the treatments of adding 2.4 gm 

betaine, 2.4 gm glycine, and 2.4 g betaine + glycine, 

as its value decreased to (2.06, 1.99, and 1.94) gm 

feed/g egg compared to control treatment, which 

amounted to (2.51) gm feed/gm egg. The 

improvement in feed conversion is due to the 

improvement in intestinal health and function with 

the addition of nutritional supplements such as 

betaine and glycine [48]. They enhance the intestinal 

environment by increasing Bacteroidetes, which play 

a major role in the intestinal environment and 

intestinal function [53,54,55,56]. Betaine also acts as 

an osmolyte solution that increases It helps intestinal 

cells retain water and supports their growth and 

activity, which increases the rate of digestion and 

absorption [57]. Betaine and glycine also improve the 

growth of villi by increasing their height, depth, and 

the ratio between them, which enhances the digestion 

and absorption processes, and this is reflected in the 

rate of utilization [58,59]. 

 

The use of betaine and glycine in the ration and 

their effect on the change in live body weight: 

              Table (8) indicates that use of betaine and 

glycine in the diets (2.4 gm betaine, 2.4 gm glycine, 

2.4 g betaine and glycine) did not significantly affect 

the amount of change in live body weight (gm) 

compared to the control (live weight of the hens at the 

end of the experiment compared to its weight at the 

beginning of the experiment) after the hens were 

subjected to these treatments throughout the 

production weeks. 
 

Conclusion 
           Use of betaine and glycine as nutritional 

supplements in the feed of laying hens in the late 

stages of production improved production indicators, 

provided support and enhanced the work of 

methionine, supplied the hens with acids, and raised 

the level of the digestive and reproductive systems by 

renewing tissues, which was reflected in production 

performance. 

 

Conflict of interest 
The researchers pledge that there is no conflict in 

writing the research with the interests of publishing 

this article. 

 

Acknowledgments.   

Thanks to the Department of Animal Production / 

Faculty of Agriculture and  

 

Forestry for providing the field and its supplies to 

conduct this study. 

 

References 
[1] Mottet, A., & Tempio, G. (2017). Global 

poultry production: current state and future 

outlook and challenges. World's poultry science 

journal, 73(2), 245-256. 

[2] Rains, T.M. & Center, E.N.J.A.J.C.N. (2015). 

ENC Research Program. 102, 974. 

[3] Guo, F., Menga, J., Aaoya, Z. Jinfan, Y., & 

Yanhong, Z. (2023). Effects of Dietary Betaine 

on the Laying Performance, Antioxidant 

Capacity, and Uterus and Ovary Function of 

Laying Hens at the Late Stage of Production. 

Animals.13,3283.  

https://doi.org/10.3390/ani13203283 

https://doi.org/10.3390/ani13203283


Anwar Mohammed Younis  /NTU Journal of Agricultural and Veterinary Sciences (2026) 6  ( 1 ) : 63-73 
 

68 

 

[4] Pal, M., & Judit, M. (2021). The Role Eggs as 

an Important Source of Nutrition in Human 

Health. International Journal of the Science of 

Food and Agriculture. Vol, 5(1):180-182 . 

[5] Liu, S.; Zhao, L.; Ma, Q. 2018 .Effects of 

Dietary Vitamin E Levels on the Productive 

Performance and Egg Quality During Peak 

Production Period of Jing Hong Laying Hens. 

Chin. Journal. Animal. Scinces . 54, 4. . 

   [6] Czekajło-Kozłowska, A., Różańska, D., 

Zatońska, K., Szuba, A., & Regulska-Ilow, B. 

(2019). Association between egg consumption 

and elevated fasting glucose prevalence in 

relation to dietary patterns in selected group of 

Polish adults. Nutrition journal. 18, 1-11.  

  [7] Sharma, M. K., Dinh, T., and Adhikari, P. A. 

(2020). Production performance, egg quality, and 

small intestine histomorphol-ogy of the laying 

hens supplemented with phytogenic feed 

additive. Journal of Applied Poultry Research. 

29, 362-371. 

[8] Mustafa, K, H., Nawaf, G. A., Ahmed, M. Th. A., 

& Zaher, K. H., (2025). Effect of substituting 

black soldier fly larvae instead of soybean meal 

on productive performance of quail at growth 

stage. Mesopotamia Journal of Agriculture. 

53(1), 46-56.   

     https://doi.org/10.33899/mja.2025.155671.1509   

[9] Szollosi, L., Molnár, Sz., Molnár, Gy., Horn, P., 

and Sütő, Z. (2017). Nutritional significance of  

eggs as a basic and functional food. The 

Hungarian Journal of Nutrition Marketing. 4, 7-

22. 

[10] Yang, J.X.; Chaudhry, M.T.; Yao, J.Y.;Wang, 

S.N.; Zhou, B.;Wang, M.; Han, C.Y.; You, Y.; Li, 

Y. Effects of phyto-oestrogen quercetin on 

productive performance, hormones, reproductive 

organs and apoptotic genes in laying hens. 

Journal Animal Physiol and Animal Nutration 

.2018, 102, 505–513. 

       https://doi.org/10.1111/jpn.12778    

[11] Wang,Y., X.Yin, D.Yin, Z. Lei, T. Mahmood, & 

J.Yuan. (2019). Antioxidant response and 

bioavailability of methionine hydroxy analog 

relative to DL-methionine in broiler chickens. 

Animal Nutration. 5:241–247. 

[12] Xie, T., S. P. Bai, K. Y. Zhang, X. M. Ding, J. 

P. Wang, Q. F. Zeng,H. W. Peng, H. Y. Lu, J. 

Bai, Y. Xuan, and Z. W. Su. (2019). Effects of 

Lonicera confusa and Astragali Radix extracts 

supplementation on egg production 

performance, egg quality, sensory evaluation, 

and antioxidative parameters of laying hens 

during the late laying period. Poultry Scinces 

10:4838–4847. 

[13] Shini, A., S. Shini, and W. L. Bryden.( 2019). 

Fatty liver haemorrhagic syndrome occurrence 

in laying hens: impact of production system. 

Avian Pathol 48:25–34. 

[14] Song, D., L. B. Li, L. Zhou, H. Y. Yue, Y. P. 

Gao, S. G Wu, & G. H. Qi.(2014). Study on 

dietary methionine requirement of Beijing Red 

laying hens aged 5-8 weeks. Acta Zoologica 

Sinica. 11:1799– 1808 (in Chinese). 

[15] Geng, S., L. Zhongjun, & M. Qiugang. (2018) 

. Effects of dietary methionine    level on growth 

performance and subsequent laying  

performance of 13-16 week old Jinghong 

commercial laying hens. Chin. Journal of  

Animal Husbandry  6:84–89 (in Chinese). 

[16] Alagawany ,M.,  Shaaban S. Elnesr , Mayada 

R. Farag , Karima El-Naggar, Ayman E. Taha , 

Asmaa F. Khafaga , Mahmoud Madkour  , Heba 

M. Salem , Amira M. El-Tahan, Mohamed . El-

Saadony , T., & Mohamed E. Abd El-Hack . 

Betaine and related compounds: Chemistry, 

metabolism and role in mitigating heat stress in 

poultry Journal of Thermal Biology.Vol, 104,  

       February 2022, 103168.  

     https://doi.org/10.1016/j.jtherbio.2021.103168 

[17] Omer,N.A., Hu,Y., Idriss,A.A., Abobaker, H., 

Hou,Z., Yang,S., Ma,W., Zhao., R., .(2020). 

Dietary betaine improves egg-laying rate in 

hens through hypomethylation and 

glucocorticoid receptor-mediated activation of 

hepatic lipogenesis-related genes. Poultry 

Scinces. 99 , pp. 3121-3132.  

     10.1016/j.psj.2020.01.017 

[18] Attia, Y.A, El-Naggar, A. Sh., Abou-

Shehema, B. M., & Abdella, A. A. (2019). 

Effect of Supplementation with 

Trimethylglycine (Betaine) and/or Vitamins on 

Semen Quality, Fertility, Antioxidant Status, 

DNA Repair and Welfare of Roosters Exposed 

to Chronic Heat Stress. Animals.  9, 547. 

       doi:10.3390/ani9080547  

[19] Wasit, S., Sah, N., & Mishra, B. 2020 .Impact 

of heat stress on poultry health and 

performances, and potential mitigation 

strategies.Animals. 10, 1266. 

     https://doi.org/10.3390/ani10081266 

[20] Zhao G, He F, Wu C, Li P, Li N, Deng J, Zhu 

G, Ren W and Peng Y (2018) Betaine in 

Inflammation: Mechanistic Aspects and 

Applications. Front. Immunol. 9:1070 

      doi: 10.3389/fimmu.2018.01070 

[21] Lin, H. Y., Yang, Y. N., Chen, Y. F., Huang, 

T. Y., Crawford, DR., Chuang, H. Y., Chin, Y. 

https://doi.org/10.1111/jpn.12778
https://doi.org/10.1016/j.jtherbio.2021.103168
https://doi.org/10.3390/ani10081266


Anwar Mohammed Younis  /NTU Journal of Agricultural and Veterinary Sciences (2026) 6  ( 1 ) : 63-73 
 

69 

 

T., Chu, H. R., Li, Z. L., Shih, Y. J., Chen, Y. 

R., Yang Y. CSH,, Ho, Y., Davis,  P. J, Whang-

Peng,  J., & Wang,  K. (2022). 2,3,5,4′-

Tetrahydroxystilbene-2-O-β- D-Glucoside 

improves female ovarian aging. Front. Cell and 

Developmental Biology.10:862045. 

      doi: 10.3389/fcell.2022.862045 

[22] De-Baets, R. D., Kobe, B., Gunther, A., &    

Evelyne Delezie. (2024) . Betaine and feed 

restriction as potential mitigation strategies  

against heat stress in two strains of laying        

hens. Poultry Science. 103:104104. 

      https://doi.org/10.1016/j.psj.2024.104104 

[23] National Research Council (1994). Nutrient 

Requirements of Poultry; National Academies     

Press: Washington, DC, US. Ninth revised 

edition,1994.176                    

https://doi.org/10.17226/2114  

[24] SAS(2009). Statistical Analysis Systems, 

Institute Inc. SAS/STAT, 9.2 User’s Guide, The 

FASTCLUS Procedure. Chapter 34, Second        

Edition. Cary, NC: SAS Institute Inc..  

https://2u.pw/yHsD3  

[25] Steel,R. G. D., and J. H. Torrie. 1960. 

Principles and procedures of statistics. 

McGraw-Hill Book Company, New York. 481 

pp .https://doi.org/10.1002/bimj.19620040313 

[26] Abobaker, H., Y. Hu, Z. Hou, Q. Sun, A. A. 

Idriss, N. A. Omer,Y. Zong, & R.   Zhao. 

(2017).Dietary betaine supplementation 

increases adrenal expression of steroidogenic 

acute regulatory protein and yolk deposition of 

corticosterone in laying hens. Poultray Scinces. 

12:4389–4398. 

[27] Gudev D., Popova-Ralcheva S., Yanchev I., 

Moneva P., Petkov E. & Ignatova M. (2011). 

Effect of betaine on egg performance and some 

blood constituents in laying hens reared indoor 

un-der natural summer temperatures and 

varying levels of air ammonia. Bulgarian 

Journal of Agriculter Scinces. 17, 859-866. 

[28] Al-Jumaili, T. K. H., & Abbas, D. A. (2013). 

Effect Of Adding Betaine To Improving The 

Productive Performans Of Commercial Layer 

Hens At High Temperature Conditions In Iraq. 

Diyala Journal of Agricultural Sciences.  

5(2):104-113.2013. 

[29] Shin, J. E., Kim, J. H., Goo, D,. Han, G. P,. 

Pitargue, F. M., Kang, H. K,. &  Kil, D 

Y.(2018). Effect of dietary supplementation of 

betaine on productive performance, egg quality 

and jejunal tight junction- related gene 

expression in laying hens raised under hot 

environmental conditions. Livestock Science.  

214, August 2018, Pages: 79-82 

           https://doi.org/10.1016/j.livsci.2018.05.013 

[30] Abd EL-Atty H.K, K.M.Attia, I.H.Salim, 

Doaa M.M.Yasein & A.E.EL-Slamony.(2020). 

Effect of Glycine Supplementation of 

Mandarah Laying Hens Diets on Production 

Performance and Egg Quality.Journal of 

Animal and Poultry Production. 11 (12): 583 -

589.University of Mansoura. 

[31] Han, Y. & P.A. Thacker. (2011) . Influence of 

energy level and glycine supplementation on 

performance, nutrient digestibility and egg 

quality in laying hens. Asian-Australasian 

Journal of Animal Sciences. 24: 1447-1455. 

https://doi.org/10.5713/ajas.2011.11123  

[32] Nam, J. H., Gi,P. H., Deok, Y. K., Chan, H. 

K., & Dong,Y. K.(2023). Effect of dietary 

glycine supplementation on productive 

performance, egg quality, stress response, and 

fatty liver incidence in laying hens raised under 

heat stress coditions. Poultry Science. 

102;103101 

[33] Lu, J., Jiang, D. C., Ma, M., Wang, Q., Guo, 

J., Wang, X. G., Duo, T. C., Li, Y. F., Hu, Y. P., 

Wang, K. H., & Qu, L. ( 2024 ). Effects of 

manganese glycine on eggshell quality, 

eggshell ultra-structure, and elemental 

deposition in aged laying hens . The 

International Journal of Animal Biosciences . 

18 (2024) 101126.  

     https://doi.org/10.1016/j.animal.2024.101126 

[34] Barrett, N. W., K. Rowland, C. J. Schmidt, S. 

J. Lamont, M. F. Rothschild, C. M. Ashwell, 

& M. E. Persia. (2019). Effects of acute and 

chronic heat stress on the performance, egg 

quality, body temperature, and blood 

gasparameters of laying hens. Poultry Scince 

.98:6684–6692. 

[35] Yao , H.,  Yan, H., Qiang, W., Yijian Z.,  

Kaiqing R., & Shourong, S. (2022). Effects of 

dietary dimethylglycine supplementation on 

laying performance, egg quality, and tissue 

index of hens during late laying period. 2022 

Poultry Science101:101610.  

         https://doi.org/10.1016/j.psj.2021.101610  

[36] Lever, M., & S. Slow. (2010) . The clinical 

significance of betaine, an osmolyte with a        

key role in methyl group metabolism. Clinical 

Biochemistry. 43:732–744. 

[37] Fang, Z., Yao, K., Zhang, X., Zhao, S., Sun, 

Z., Tian, G., & Zhang, K. 2010 . Nutrition   

and health relevant regulation of intestinal 

sulfur amino acid metabolism. Amino Acids 

2010, 39, 633–640. 

            https://doi.org/10.1007/s00726-010-0502-x 

https://doi.org/10.1016/j.psj.2024.104104
https://doi.org/10.17226/2114
https://doi.org/10.1002/bimj.19620040313
https://doi.org/10.1016/j.livsci.2018.05.013
https://doi.org/10.5713/ajas.2011.11123
https://doi.org/10.1016/j.animal.2024.101126
https://doi.org/10.1016/j.psj.2021.101610
https://doi.org/10.1007/s00726-010-0502-x


Anwar Mohammed Younis  /NTU Journal of Agricultural and Veterinary Sciences (2026) 6  ( 1 ) : 63-73 
 

70 

 

[38] Jankowski, J., Kubi´ nska, M., & Zdu´ nczyk, 

Z. Nutritional and immunomodulatory function 

of methionine in poultry diets.A review. 

American Journal of Animal and Veterinary 

Sciences.  2014, 14, 17–31 

[39] Zhang, S. Physiological and Biochemical 

Aspects of Methionine Isomers & Precursor in           

Broilers.2016. Poultry scince. 1;96(2):425-439 

       https://doi.org/10.3382/ps/pew253  

 [40] Hao, S. Y., L. S. Liu, G. D. Wang, & X. Gu. 

(2017). Effects of dietary betaine on production 

performance, egg quality and serum 

biochemical indexes of heat stressed laying 

hens. Acta Zoologica Sinica.1:184–192 (in 

Chinese). 

[41] Saeed, M., M. Alagawany, M. A. Arain, M. E.   

El-Hack, & K. Dhama.(2017).Beneficial 

impacts of choline in animal and human with 

special reference to its role against fatty liver 

syn-drome. Journal of Experimental Biology 

and Agricultural Sciences.5:589–595. 

[42] Attia,Y.A., A. E. A. El-Hamid., A. A. Abd-

allah.,  M. A. Berikaa.,  M. F. El-Gandy.,  K. 

Sahin.,  & B. M. Abou-Shehema. (2018). Effect 

of betaine, vitamin C and vitamin E on egg 

quality, hatchability, and marker sofliver and 

renal functions in dual-purpose breeding hens 

exposed to chronic heat stress. European 

Poultry Science. 82:1–12. 

[43] Kakhki, R. A. M., A. Golian, & H. Zarghi. 

(2016). Effect of dietary digestible lysine 

concentration on performance, egg quality, and 

blood metabolites in laying hens.Journal of 

Applied Poultry Research.25:506–517. 

[44] Li, P., & G. Wu. (2018). Roles of dietary 

glycine, proline, and hydroxyl proline in 

collagen synthesis and animal growth. Amino 

acids. 50:29–38. 

[45] Kharbanda, K. K. (2013). Methionine 

metabolic pathway in alcoholic liver injury. 

Current Opinion in Clinical Nutrition & 

Metabolic Care 1:89–95. 

[46] Li, H., Gu,Y., Jin, R., He, Q., & Zhou,.Y. 

(2022). Effects of dietary rutin supplementation     

on the intestinal morphology, antioxidant 

capacity, immunity, and microbiota of aged 

laying hens Antioxidants. (Basel) , p. 11, 

10.3390/antiox11091843  

[47] Du, Y., Gao, Y., Zeng, B., Fan, X., Yang, D., 

& Yang, M. (2021). Effects of anti-aging 

interventions on intestinal microbiota. Gut 

microbes Journal. 13(1):1994835-1994853.          
https://doi.org/10.1080/19490976.2021.1994835 

[48] Abd El-Ghany, W. A., & D. Babazadeh. 2022. 

Betaine: A potential nutritional metabolite in 

the poultry industry. Animals (Basel)12:2624 

[49] Kim, M. C., J. H. Kim, F. M. Pitargue, D.Y. 

Koo, and H.S. Choi. (2017). Effect of dietary b-

mannanase on productive performance, 

eggquality, and utilization of dietary energy and 

nutrients in aged laying hens raised under hot 

climatic conditions. Asian-Australasian Journal 

of Animal Sciences .30:1450–1455 

[50] Ratriyanto, A., & Mosenthin, R.2018.  

Osmoregulat-ory function of betaine in 

alleviating heat stress in poultry.Journal of 

Animal Physiology and Animal Nutrition. 102, 

1634–1650.  

[51] Hu, Y., Feng, Y., Ding, Z., Lv, L., Sui, Y., Sun, 

Q., Abobaker, H., Cai, D., & Zhao, R. 2020. 

Maternal betaine supplementation decreases 

hepatic cholesterol deposition in chicken 

offspring with epigenetic modulation of 

SREBP2 and CYP7A1 genes. Poultry Scinces .  

99, 3111–3120.  

[52] Arumugam, M.K., Paal, M.C., Donohue T.M., 

Ganesan, Jr.M., Osna,N.A., & Kharbanda,  

K.K. (2021). Beneficial effects of Betaine: a 

comprehensive review.Biology.10 (2021),  456, 

       10.3390/biology10060456 

[53] Qi,X., Yun,C., Pang,Y., & Qiao,J. (2021) .The 

impact of the gut microbiota on the 

reproductive and metabolic endocrine system. 

Gut. Microbes. 13 .1-21. 

    10.1080/19490976.2021.189407N0 

[54] Ding,N.,  X. Zhang, X.D. Zhang, J. Jing, S.S. 

Liu, Y.P. Mu, L.L. Peng, Y. J. Yan, G. M. Xiao, 

X.Y. Bi, H. Chen, F. H. Li, B. Yao, & A. Z.  

Zhao.(2020). Impairment of spermatogenesis 

and sperm motility by the high-fat diet-induced 

dysbiosis of gut microbes. PubMud Gut, 69 

(2020), pp. 1608-1619. 10.1136/gutjnl-2019-

319127 

[55] Wasit, S., Sah, N., & Mishra, B. Impact of heat 

stress on poultry health and performances, and 

potential mitigation strategies. Animals 2020, 

10, 1266.   https://doi.org/10.3390/ani10081266 

[57] Chen, R., M. Yang, Y. D. Song, R. X. Wang, 

C. Wen, Q. Liu, Y. M. Zhou, & S. Zhuang. 

(2022). Effect of anhydrous betaine and 

hydrochloride betaine on growth performance, 

meatquality, post-mortem glycolysis, and 

antioxidant capacity of broilers. Poultry Scince 

.101: 101687. 

[58] Al-Qaisi, M., A. Abdelqader, M. Abuajamieh, 

M. A. Abedal-Majed, & A. A. Al-Fataftah. 

(2023). Impacts of dietary betaine on rectal 

temperature, laying performance, metabolism, 

https://doi.org/10.1080/19490976.2021.1994835
https://doi.org/10.3390/ani10081266


Anwar Mohammed Younis  /NTU Journal of Agricultural and Veterinary Sciences (2026) 6  ( 1 ) : 63-73 
 

71 

 

intestinal morphology, and follicular 

development in heat-exposed laying hens. 

Journal of Thermal Biology.117:103714.         
https://doi.org/10.1016/j.jtherbio.2023.103714 

     [59] Zaki, A., Shouqan, J., Saad, Z., Talaat, K., 

Ahmed, A. S., Mahmoud, M. A., Marco, R., 

& Mahmoud, A. (2023) . Betaine as an 

alternative feed additive to choline and its 

effect on performance, blood parameters, and 

egg quality in laying hens rations. Poultry 

Science,102;102710       

https://doi.org/10.1016/j.psj.2023.102710 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 2. Use of betaine and glycine in ration and their effect on number ht (egg/hen/week) . 

        Treatments 

 

Age of  

hens\ week 

number of egg weight (egg/hen/week). 

T1   

Control   

T2 

2.4 gm betaine 

T3 

2.4 gm glycine 

T4 

2.4gm betaine+glycine 

44 4.98 ± 0.5 ab 4.94 ±0.25  b 5.00 ±0.21 ab 5.29 ±0.34 a 

45 5.10 ±0.35 a 5.28 ±0.43  a 5.52 ±0.30 a 5.42 ±0.13 a 

46 5.35 ± 0.36 a 5.63 ±0.42 a 5.59 ±0.30 a 5.72 ± 0.13 a 

47 5.30 ±0.34 a 5.80 ±0.35  a 5.61 ±0.44  a 6.02 ±0.14  a 

48 5.20 ± 0.44 b 5.67 ±0.35 ab 5.65 ±0.05  ab 6.20 ±0.05 a 

49 5.28 ±0.44 a 5.46 ± 0.05 a 5.54 ± 0.3 a 5.93 ±0.31  a 

50 5.31 ±0.44 a 6.04 ±0.43  a 5.67 ± 0.41  a 6.06 ±0.16 a 

51 5.23 ± 0.49 a 5.56 ±0.28 a 5.56 ± 0.35 a 5.79 ± 0.05 a 

52 4.79 ±0.49  a 5.56 ±0.28 a 5.56 ±0.33  a 5.23 ±0.15  a 

53 5.15 ±0.46  a 5.48 0.18  a 5.94 0.04  a 6.02 ±0.21  a 

54 5.27 ±0.58 a 5.86 0.13  a 5.86 ± 0.13  a 6.11 ± 0.34 a 

Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 

 

Table 3. Use of betaine and glycine in ration and their effect on average egg weight (gm/hen) . 

         Treatments 

 

Age of  

hens\ week 

Average egg weight g/hen 

T1  Control   
T2 

2.4gm betaine 

T3 

2.4  gm glycine 

T4 

2.4gm 

betaine+ glycine 

44 58.00 ±1.4 a 59.65 ±0.38 a 59.59 ±0.22 a 58.60 ±0.13 a 

45 60.1 ±0.35 b 61.25±0.25 ab 62.06 ±0.11 a 61.40 ±0.44 ab 

46 60.39 ±0.12 a 60.81±0.14 a 60.90 ±0.11 a 61.07 ±0.47 a 

47 59.85 ±0.34 a 60.16 ±1.06 a 61.17 ±0.34  a 62.76 ±1.41 a 

 48 60.84 ±0.33 a 61.25 ±0.18 a 61.67 ± 0.55 a 62.07 ±0.15 a 

49 ±61.73  1.44 a 64.48 ± 1.55a 61.37 ±0.45 a 62.60 ±1.77 a 

 50 61.10 ±0.88 a 61.71 ±0.33 a 61.33 ±0.45 a 62.19 ±1.22 a 

 51 63.40 ±0.77 a 63.58 ±0.90 a 63.56 ±1.45 a 64.28 ±0.49 a 

 52 63.53 ± 0.5 a 63.88 ±1.31 a 63.66 ± 2.8 a 64.44 ± 1.12 a 

53 60.18 ± 2.1  b 61.25 ±1.09 ab 62.06 ±0.58 a 61.04  ±0.14 ab 

54 63.67 ±0.05 a 63.38 ±0.26 a 63.57 ±0.78 a 64.28 ±0.84 a 

 55 61.17  ± 0.34 a 61.95 ± 0.55 61.85  ±0.6 a 62.25 ±0.87 a 

44 -54 61.17 ±0.87 a 61.95 ±0.29 a 61.85 ±0.66 a 62.25 ±0.93 a 

Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 
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Table 4. Use of betaine and glycine in feed and their effect on egg mass (gm/hen/week) 

     Treatments     

Age of  

hens\ week 

egg mass (gm/hen/week) 

T1  Control   
T2 

2.4 gm betaine 

T3 

2.4  gm glycine 

T4 

2.4gm 

betaine+glycine 

4  4  288.98 ±15.33 b 294.71 ±15.4 ab 299.75 ±2.0 ab 310.27 ±10.59 a 

45 306.92 ±16.82 a 323.41±19.76 a 342.74±12.02 a 332.78±10.01 a 

46 323.50 ±14.06 a 342.44 ±16.2 a 340.56 ±17.8 a 349.46 ±9.78 a 

47 317.29 ±10.03 c 351.54 ±8.12 b 343.16 ±15.5 b 377.82 ±12.07 a 

48 316.36 ±12.45 c 347.28± 10.56 b 348.39 ± 10.6  b 388.04 ±10.55  a 

49 325.93 ±6.7  b 353.81 ±15.54 a 341.12 ±10.11 a 371.13 ±±4.52 a 

50 323.49 ±13.3 b 372.71 ±10.9 b 366.14 ±7.55 b 377.04 ±6.44 a 

51 331.58 ±12.6 b 359.25 ±13.44 a 359.62 ±13.17 a 372.18 ±6.46 a 

52 302.37 ±17.16  b 355.71 ±11.68 a 353.17 ±11.49  a 337.02 ±11.79 a 

53 309.93 ±19.45 b 335.65  ±6.92  a 368.64 ±9.38 a 368.07 ±12.79  a 

54 334.79 ±13.92 b 371.92 ±10.06 a 372.52 ±10.01a 392.25 ±6.03  a 

44-54 319.59 ± 12.1 b 349.9  ± 7.45 a 356.45± 9.81a 362.27±8.55  a 

Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 

 

Table 5. Use of betaine and glycine in feed and their effect on egg production rate H.D.P% % 

   Treatments 

 

Age of  

hens\ week 

egg production rate H.D.P% 

T1  Control   
T2 

2.4 gm betaine 

T3 

2.4 gm glycine 

T4 

2.4gm 

betaine+glycine 

 44  71.16 ± 9.17 a  70.57 ±3.63  a  71.42 ±3.0 a  75.65 ±3.93  a  

 45  72.86 ± 4.12 a  75.40±3.74 a  78.83 ±3.25 a 73.80 ± 1.85 a 

 46  76.45 ±3.63 b   80.42 ± 2.96 a 79.89 ±2.72 a    81.75 ±4.00  a 

 47  75.71 ±2.17  b   82.80 ± 2.06 a   82.81 ±3.21 a 86.00 ±2.38 a 

 48  74.28 ± 3.45 b 81.6 ±3.70 b 80.71 ±1.69 b 88.62 ±1.70 a 

 49  75.43 ±1.65  b 78.00 ±1.83 a 79.14 ±2.32 a 84.65 ±1.12 a 

 50  75.86 ±1.92  b 86.30 ±3.00 a 86.20 ±4.00 a 86.60 ±2.02 a 

51 74.70 ±1.99  b 79.45 ±4.02 a 79.46 ±3.23 a 82.73 ±3.08 a 

 52  72.27 ± 3.21 b 79.43 ±3.6 a 80.35 ±1.85 a 85.71 ±2.06 a 

53 73.51 ±3.52 a 78.26 ±2.5 ab 84.81 ±1.38 a 86.00 ±3.02  a 

 54  75.29 ±1.22 b     83.62 ±3.73 a 83.71±1.93 a 87.19 ±3.73 a 

44-54 74.68   ± 2.11 b 79.63 2.21± a 80.68 1.66 ±  a 88.83 ± 2.30 a 

Treatment production 

% of control 
100 106.63 108.03 112.32 

Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 
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Table 6. Use of betaine and glycine in feed and their effect on the amount of feed consumed (g/chicken/week) 

  Treatment 

 

 

Age of  

hens\ week   

Feed consumption gm/hen/week 

T1  Control   
T2 

2.4 gm betaine 

T3 

1.2 gm glycine 

T4 

2.4gm 

betaine+glycine 

44 744.95±11.51 a 650.03±16.17 b 685.92±11.38 ab 613.05 ±13.47b 

45 734.21 ±15.70 a 730.97 ±18.78a 734.52 ±10.47 a 731.55±18.78 a 

46 752.22±12.06  a 749.41 ±9.31ab 743.27±13.49 ab 738.06±15.32 b 

47 695.14 ±10.33 a 661.18±10.17  b 663.59 ±10.31  b 668.13±14.44 b 

48 763.33 ± 11.47 a 776.10±14.05 a 745.62 ± 11.97 b 756.83±11.49 b 

49 726.83 ±12.50 a 711.46±16.67 a 707.55 ± 6.99 a 724.73±10.93 a 

50 715.05 ± 9.98  a 705.52±10.20 a 724.00 ±12.01 a 708.49 ±7.91 a 

51 727.16 ±11.26 a 690.46 ± 6.81 b 664.35 ±13.51  b 669.78 ±10.55 b 

52 707.44 ±10.64 a 734.28±13.53 a 692.88 ±9.94 b 630.59± 13.28b 

53 751.33 ±15.65 a 764.21±14.43 a 744.37 ±16.06 a 751.97 ±9.73 a 

54 750.51±13.31ab 764.16±13.06 a 735.96 ±11.69  b 744.21 ±9.02 b 

44 -54   733.47 ±12.02 a 721.61± 10.55a  712.91 ±13.01  b 703.40 ±12.00b  

Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 

 

 

 

Table 7. Use of betaine and glycine in feed and their effect on the feed conversion ratio   (gm feed/gm eggs) . 

         Treatments 

 

 

Age of hens\ week 

feed conversion ratio (gm feed/gm eggs) . 

T1  Control 
T2 

2.4gm betaine 

T3 

2.4 gm glycine 

T4 

2.4gm 

betaine+ glycine 

44 2.27 ± 0.35 a 2.26 ±0.22 b 2.31 ±0.13 b 1.99 ±0.89 b 

45 2.39 ± 0.12 a 2.26 ±0.19 ab 2.31 ±0.13 b 2.14 ±0.07 b 

46 2.35 ±0.019 a 2.18 ±0.17 ab 2.19 ±0.10 b 2.13 ±0.014  b 

47 2.19 ±0.12 a 1.88 ±0.16  ab 1.93 ±0.12 ab 1.68 ± 0.02 b 

48 2.41 ±0.11 a 2.23 ±0.01 ab 2.14 ±0.04 b 1.97 ±0.03 b 

49 2.24 ±0.41 a 2.02 ±0.11 b 2.10 ± 0.34 b 1.95 ± 0.30 b 

50 2.21 ±0.09 a 1.92 ± 0.07ab 2.08 ±0.14 ab 1.88 ±0.04 b 

51 2.24 ±0.24 a 1.90 ±0.19   b 1.82 ±0.13   b 1.80 ±0.04 b 

52 2.34 ±0.13 a 2.00 ±0.05   b 1.94 ± 0.29 b 2.08 ± 0.05   b 

53 2.42  1.19±  a 2.27 ±0.02 b 2.01 ±0.04 b 2.00 ±0.06   b 

54 2.24 ± 0.21 a 2.00 ±0.1  b  1.98 ±0.02  b 1.89 ±0.07   b 

44 -54  2.51 ± 0.04 a 2.06 ± 0.01 b 1.99 ± 0.03  b 1.94 ±0.05 b 

            Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 

 

Table 8. Use of betaine and glycine in feed and their effect on the change in live body weight (gm) 

       Treatments 

 

 

Age of hens\ week 

live body weight (gm) 

T1  Control 
T2 

2.4 gm betaine 

T3 

2.4 gm glycine 

T4 

2.4gm 

betaine+ glycine 

44 

Initial Weight 
1628.00 1.97±  a 1650.33 ± 86.6 a 1707.70 ±33.40 a 1754.70 98.41±  a 

48 1782.66 35.2±  a 1755.66 31.1±  a 1792.66 ±42.85 a 1766.33 ±54.58 a 

54 

Final weight 
1774.66 33.0±  a 1813.00 ±54.2  a 1808.66 61.65±  a 1800.66 25.91±  a 

Different letters in a row indicate significant differences between means (P≤0.05) (mean ± S.E). 


