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Abstract
[bookmark: _Hlk212372854][bookmark: _Hlk217207253]Four hundred and eighty six fertile eggs of coloured chicken (Chabro) were set for incubation. On 18th day of incubation, fertile eggs were divided into five treatment groups – un-injected control (T1), injected with distilled water (Sham Control) (T2), injected with 0.5 ml of 0.5% L-glutamine (Gln) (T3), injected with 0.5 ml of 1% Gln (T4) and injected with 0.5 ml of 2% Gln (T5). After hatching, three hundred sixteen day-old straight-runcolored chicks were further sub divided into three replicates with fifteen birds in each replicate. Birds were reared for 8 weeks and kept on a Basal or Control diet (BIS, 2007; broiler starter diet, 22% CP and 3100 ME till 4 weeks and thereafter broiler finisher diet, 20% CP and 3200 ME till 8 weeks of age). Average temperature, RH and THI were 34.340C, 64.14% and 86.76 respectively. After 4weeks of age, serum AST was significantly lower (P<0.001) in T3, T4 and T5 compared to control group birds. However, serum total protein, cholesterol and HDL were significantly higher (P<0.001) in T3 compared to T1.  After 8 weeks of age, serum AST was significantly lower (P<0.001) in birds of T4 compared to T5 and comparatively lower than other treatment groups. Further, cholesterol and HDL weresignificantly lower (P<0.001) in T4 and serum total protein was significantly higher (P<0.001) in T3 compared to T1 birds. Percent liver weight was significantly higher (P<0.001) in T2 and T3 compared to T1 birds. No significant difference was found in the development of digestive and lymphoid organs among the birds of different treatment groups. Further, no significant difference was found in colour and texture of breast and thigh meat and other carcass quality traits. Hence,it may be concluded that serum total protein was significantly higher in 0.5% L-glutamine and serum AST was lower in 1 % L-glutamine in ovo supplemented groups respectively than the control group birds without affecting the development of digestive and lymphoid organs as well as carcass quality traits in coloured chicken reared during heat stress. 	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: sub-divided	Comment by Dr.S.K.Mondal: Do not pose stress to birds	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space
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Introduction	Comment by Dr.S.K.Mondal: No mention about heat stress
Feed costs represent a significant portion of ongoing expenses in chicken production. Dietary protein is often the most expensive component of broiler diets. Innovative feed ingredients and feed formulations that appear technically robust and economical are being employed to optimize production costs. An effort to decrease production costs can be accomplished via supplementation with L- lysine, DL-methionine, L-threonine and L-valine (Kamran et al., 2004).After hatch, the gut maturation process begins and this is a critical point in determining the poultry performance. The first two weeks of post hatch in broilers are quite critical and represent approximately 30% of the useful life of the bird, considering a 6-week production cycle (Murakami et al., 2007). Sell et al. (1991) observed that at hatch, the weight of the small intestine accounts for 1.2 to 2.6% of the bird's body weight, increasing to 6.2 to 6.6% during peak development between days 5 and 7 post-hatch. Therefore, the immaturity of the gastrointestinal tract (GIT) during the first week after hatching is a limiting factor, as significant developments such as enhanced absorption capacity, increased intestinal surface area due to longitudinal growth, villi height increase and proper enzyme secretion have not yet occurred. Stimulating the GIT with various substrates shortly after hatching can help accelerate its development. The weight of the intestine increases 3.5 times during the final 3 days before hatching and the first 3 days after hatching (Uni and Ferket., 2003).	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: post-hatch	Comment by Dr.S.K.Mondal: delete ‘.’
[bookmark: _Hlk216608978][bookmark: _Hlk184742290]Supplementation of glutamate helps to reduce the need for high nutrient density in feed and lowers feed expenses by enhancing feed utilization in poultry. Strengthening the intestinal integrity of birds is one approach to improve nutrient digestion. Various growth enhancers and feed additives have been developed to enhance gut health, thereby boosting performance. Glutamine (Gln) has gained attention as a promising feed additive due to its ability to promote the growth of intestinal villi. Glutamine, a non-essential amino acid is found predominantly in the blood and intracellular space, serves as a vital energy source for rapidly dividing cells, particularly enterocytes. It is also crucial for maintaining intestinal function and integrity under stress, as immune system cells rely on glutamine for lymphocyte proliferation and cytokine production (Kim et al., 2017;Newsholme, 2001).L-glutamine compensates for metabolic losses from infections, improves intestinal development and gut morphology, improves growth performance and serum biochemical indices (Xue et al., 2018; Soltan, 2009). Collectively, glutamine is a non-essential amino acid, but in disease conditions, it works as an essential amino acid and plays a significant role in the improvement of immunity and metabolism in the body. Glutamine maintains redox balance by participating in glutathione synthesis and contributing to anabolic processes such as lipid synthesis by reductive carboxylation (Jiang et al., 2023).Early in ovo supplementation with glutamine (Gln) has been found to promote the development and maturation of the intestinal epithelium and skeletal muscle, offering both immediate and long-term benefits after hatching (Yu et al., 2024; Chen et al., 2009). Studies indicate that in ovo glutamine enhances hatchability, boosts overall performance, and increases the average body weight of newly hatched chicks (De Souza et al., 2023; Salmanzadehet al., 2016, 2020). Studies focusing on in ovo feeding of L-glutamine of graded levels are limited. Hence, the current study was designed to study the effect of in ovo feeding of graded levels of L-Gln supplementation on blood biochemical attributes carcass quality traits and colour texture of breast and thigh muscles of coloured chicken during heat stress.	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: on blood biochemistry, colour and texture of selected muscles and carcass quality traits of coloured chicken.
MATERIALS AND METHODS
Five hundred fourteen fertile eggs of colored chicken (CHABRO) were procured from poultry farm of Department of Poultry Science, College of Veterinary Science and Animal Husbandry, Mathura. These eggs were set for incubation for the first 18 days in the setter and the last 3 days in the hatcher. On the 18th day, eggs were candled and dead-in-shell eggs were discarded. Further, the remaining fertile eggs were divided into five treatment groups (as shown in Table 1) – un-injected control (T1), Injected sham control (T2), Injected 0.5% L-glutamine (T3), Injected 1% L-glutamine (T4) and Injected 2% L-glutamine (T5).In ovo feeding was done on the 18th day of incubation, and the site was the amniotic sac at the broad end of the egg. Adherence to the prescribed biosafety and good laboratory practice (GLP) protocols were diligently maintained throughout the in ovo feeding process.L-Glutamine was procured from SRL Pvt. Ltd.The chicks obtained from fivein ovo treated groups were further subdivided three replicates and fifteen chicks in each replicate. The chicks were wing-banded, weighed individually and distributed randomly on a uniform body weight basis in the treatment groups. The chicks were housed in a deep litter system. Water was offered ad-lib. The experiment was conducted at the Poultry Farm of the Department of Poultry Science, U.P. Pandit Deen Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwa Vidyalaya Evam Go-AnusandhanSansthan (DUVASU), Mathura after due approval of the Institutional Animal Ethics Committee.(IAEC/25/15), letter number: 154 / IAEC / 25, dated: May 23, 2025.	Comment by Dr.S.K.Mondal: coloured	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: Address	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: sub-divided into	Comment by Dr.S.K.Mondal: no hyphen
Biochemical parameters
Blood was collected from 10 birds of each group at 4th and 8thweek of age (end of the biological experiment) from the wing vein with the help of a heparinized syringe and poured into a sterile tube. The blood samples were centrifuged for 10-15 min at 2500 rpm. Plasma was separated and stored in the refrigerator (-20oC) until analyzed.Plasma ALT, AST, total protein, uric acid, cholesterol, and HDL levels were estimated in the samples with Span Laboratory diagnostic kitsat 4thand 8thweek of age. 	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: full form	Comment by Dr.S.K.Mondal: full form	Comment by Dr.S.K.Mondal: space
Development of lymphoid and digestive organs and carcass quality traits
At the time of slaughter at 8 weeks of age, 2 male and 2 female birdsfrom each group i.e. total 20 birds were taken after 8 weeks of age for studying various slaughter traits viz.pre-slaughter fasting shrinkage in live weight (%),weight after bleeding (%), defeathered weight (%), dressedweight (%), yield after evisceration loss or ready to cook yield (%), giblets yield (%) anddevelopment of digestive organs. Further, the percent yield of cut-up-parts (thighs, drumsticks, breast, back,neck and wings) on eviscerated carcass yield wasdetermined.The birds were kept on fasting for 12 hours beforeslaughter. However, drinking water was provided ad lib.During the starvation period, their body weights wererecorded after starvation. The birds were sacrificed byimproved Kosher method, bled for 1.5 to 2 minutes and defeathered. The birds were dressed by cutting the headat atlanto-occipital joint, leg at hock joint and oil glandlocated at the base of the tail and weighed.Evisceration was done by making a slit opening atthe neck skin to remove oesophagus and trachea, verticalcut below the tip of breast bone to remove viscera. Heart,liver and gizzard were separated and cleaned. The internallining of gizzard and pericardium of heart were removedbefore weighing them.	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: i.e.,	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space
Physico-chemical properties of meat
Meat colour analysis
The colour parameters of the breast muscle (pectoralis major) and thigh muscle (ilio tibialis) were measured using the Hunter colourimeter of Colour Tech PCM+ (Colour Tec Associates Inc. Clinton NJ, USA). The coin-shaped lance of the instrument attached to the software was directly put on the surface of the breast muscle (pectoralis major) and thigh muscle (ilio tibialis) at randomly chosen six different points. CIE L*, a* and b* values were determined as indicators of lightness, redness and yellowness, respectively.
Meat texture analysis
The texture profile analysis of breast muscle and thigh muscle was done with the help of an instrumental texture profile analyser (TA HD Plus Texture Analyser). The texture profile analyser (TPA) instrument was attached to the software texture expert. Fresh meat samples of the breast and thigh of chicken were used for texture analysis. The uniform-sized (2×2×2 cm) samples were placed on the platform, and parameters, viz. maximum shear force and work of shear were determined.They were placed on a platform on a fixture and compressed at a cross-head speed of 5 mm/s through a two-cycle sequence using a 25 kg load cell.	Comment by Dr.S.K.Mondal: Address of manufacturer	Comment by Dr.S.K.Mondal: space
Statistical analysis
The data pertaining to various parameters were analyzedstatistically as per the standard procedure (Snedecor andCochran, 1989) and difference between the treatmentmeans were obtained by using Duncan multiple rangetest (Duncan, 1955).	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space; please mention the procedures followed	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space
Table 1: Experimental design
	Treatment
	In ovo injection
	Diet

	T1
	Un-injected (Control)
	Basal diet

	T2
	Injected with 0.5ml of distil water/ egg (Sham control)	Comment by Dr.S.K.Mondal: distilled
	Basal diet

	T3
	Injected with 0.5ml of 0.5% L- Glutamine solution/ egg (ING1)
	Basal diet

	T4
	Injected with 0.5ml of 1% L- Glutamine solution / egg (ING2)
	Basal diet

	T5
	Injected with 0.5ml of 2% L- Glutamine solution /egg (ING3)
	Basal diet



RESULTS AND DISCUSSION	Comment by Dr.S.K.Mondal: Rewrite after merging tables
Biochemical parameters
[bookmark: _Hlk217131316]Plasma AST activity significantly (P<0.001) lower in T3,T4 and T5than the T2 at 4 weeks (Table 2),a similar trend was observed at 8 weeks, where T3 and T4 were significantly (P<0.001) lower than the other treatment group (Table 3).The results of the present study are in line withseveral studies where in it has been reported that dietary or in ovo glutamine enhanced antioxidant activity, increased glutathione-related enzymes and improved hepatic antioxidant status, particularly under stressful conditions (Bai et al., 2023; Nchoet al., 2023; Sifa et al., 2018).Increased activities of SOD, CAT and GPx have been documented at higher dietary glutamine levels, especially during heat stress, suggesting that glutamine may modulate antioxidant metabolism when the bird is under physiological challenge. Conversely, Wu et al. (2025) observed improved serum antioxidant capacity without notable changes in routine biochemical indices.	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: groups	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: wherein	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: Not properly covered in the manuscript
Total plasma protein concentration was significantly (P<0.001)higher in T3 than T1 at 4 weeks of age (Table 2). Further, a similar trend was observed at 8 weekswhere in total protein was significantly higher (P<0.05) in T3 and T4 than T1 birds. This indicates that moderate glutamine levels may enhance protein metabolism and amino acid availability in circulation. However, plasma uric acid values did not differ significantly (P>0.05) among the treatments at either 4 or 8 weeks, though numerical increases were observed in higher glutamine groups (4.21–12.05 mg/dl), signifying possible alterations in nitrogen metabolism at elevated doses.	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: weeks, wherein
Lipid-related biochemical traits showed clear treatment effects, particularly total cholesterol and HDL cholesterol, both of which weresignificantlyhigher (P<0.001) in T1, T2 and T3 than T1 at 4 weeks of age (Table 2). At 8weeks of age, cholesterol and HDL were significantly (P<0.001) lower in glutamine supplemented groups T3, T4 and T5 than T1 group (Table 3). These results suggest that glutamine-induced improvements in intestinal absorption and metabolic activity may influence lipid mobilization and lipoprotein synthesis. This aligns with glutamine’s known role in supporting intestinal mucosal integrity, thus improving nutrient uptake and lipid metabolism.	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: ?	Comment by Dr.S.K.Mondal: ?	Comment by Dr.S.K.Mondal: space
The findings of the present study are in alignment with reports where glutamine supplementation did not markedly influence plasma protein fractions, uric acid or lipid metabolites in poultry (Dos Santos et al., 2010; Pedroso et al., 2006). Similar non-significant effects on circulating cholesterol, uric acid and hepatic enzymes were reported by Jazidehet al. (2014) and Hu et al. (2016a), indicating that glutamine’s primary functions relate more to intestinal development and stress mitigation rather than altering blood chemistry under normal physiological conditions. These studies support the present observations that biochemical homeostasis is largely preserved irrespective of in ovo glutamine dosage.	Comment by Dr.S.K.Mondal: space

Table 2:Effect of in ovo feeding of graded level of L- glutamine on blood biochemical parameters of coloured chicken at 4 weeks of age	Comment by Dr.S.K.Mondal: Merge with Table 3 and accordingly rewrite the results part.
	Treatment
	ALT         (IU/L)
	AST             (IU/L)
	TP
(g/dl)
	UA (mg/dl)
	Cholesterol (mg/dl)
	HDL

	T1
	13.85
	7.96a
	1.53a
	3.70
	68.06a
	64.41a

	T2
	24.31
	18.71b
	3.81b
	5.90
	136.94b
	120.75b

	T3
	25.19
	6.48a
	5.33c
	4.21
	176.67c
	129.56b

	T4
	21.51
	4.58a
	4.18b
	12.05
	115.55b
	105.47b

	T5
	26.08
	4.27a
	3.57b
	5.21
	141.67b
	125.47b

	Pooled SEM
	2.35
	1.44
	0.34
	1.20
	9.16
	6.66

	Significance Level
	NS
	P<0.001
	P<0.001
	NS
	P<0.001
	P<0.001

	Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Table 3: Effect of in ovo feeding of graded level of L- glutamine on blood biochemical parameters of coloured chicken at 8weeks of age	Comment by Dr.S.K.Mondal: Merge with table 2
	Treatment
	ALT          (IU/L)
	AST          (IU/L)
	TP
(g/dl)
	UA             (mg/dl)
	Cholesterol (mg/dl)
	HDL             (mg/dl)

	T1
	22.39
	6.63a
	1.53a
	3.31
	97.78b
	89.31c

	T2
	20.77
	7.07a
	3.10bc
	3.50
	81.67b
	74.02bc

	T3
	20.04
	5.30a
	5.32c
	3.44
	58.33a
	51.67ab

	T4
	29.47
	4.86a
	4.48bc
	2.45
	36.67a
	31.41a

	T5
	20.13
	15.18b
	3.57b
	2.79
	53.33a
	41.51a

	Pooled SEM
	1.69
	0.98
	0.34
	0.20
	5.82
	5.71

	Significance Level
	NS
	P<0.001
	P=0.001
	NS
	P<0.001
	P<0.001

	Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05) SEM: Standard Error of Mean


[bookmark: _Hlk212291991]
Carcass quality traits, cut-up parts and yield of giblets	Comment by Dr.S.K.Mondal: Rewrite
Liver weight percent was significantly higher (P=0.022) in T3 than T1. However, there was no significant difference among the different treatment groups in other carcass quality traits(shrinkage (%), bled weight (%), defeathered weight (%), dressing weight (%) and ready to cook yield (%)), cut-up parts,  giblet yield (Table 4, 5 and 6). The results of the present study are in alignment with earlier findings where in ovoamino acid supplementation failed to significantly modify carcass quality or cut-up yield. Pedroso et al. (2006) and Dos Santos et al. (2010) similarly reported no significant influence of in ovo nutrient injections on carcass proportions of broilers. Other dietary studies also show that moderate glutamine supplementation does not always impact carcass traits (Sifa et al., 2018; Gholipour et al. 2019) wherein it was found that although glutamine improves gut health and antioxidant status, its effects on carcass yield remain non-significant at certain inclusion levels. However, Mendanhaet al. (2014) and Dai et al. (2011) noted significant improvements in carcass or breast yield at higher dietary glutamine levels (1–2%), suggesting that the lack of effect in the present experiment may be due to the lower effective utilization of L-glutamine when delivered in ovo at late embryonic stages rather than through post-hatch dietary supplementation.	Comment by Dr.S.K.Mondal: space	Comment by Dr.S.K.Mondal: Merge the tables and put in Table 3 (new)

Table 4: Effect of in ovo feeding of graded level of L- glutamine on carcass quality traits (on% live weight) of coloured chicken at 8 weeks of age 

	Treatment
	Shrinkage %
	Weight after bleeding%
	Defeathered weight %
	Dressing    %
	Ready to cook yield %

	T1
	3.05
	97.66
	80.67
	71.22
	58.84

	T2
	3.87
	97.47
	80.55
	71.43
	57.71

	T3
	3.77
	97.06
	78.90
	69.54
	57.31

	T4
	3.41
	97.74
	80.31
	71.27
	59.19

	T5
	3.70
	97.33
	79.34
	70.42
	58.07

	Pooled SEM
	0.19
	0.12
	0.32
	0.36
	0.33

	Significance Level
	NS
	NS
	NS
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Table 5: Effect of in ovo feeding of graded level of L- glutamine on cut up parts of coloured chicken(on % ready to cook yield) at 8 weeks of age 
	Treatment
	Breast %
	Back %
	Thigh%
	Drumstick%
	Neck%
	Wing%

	T1
	26.78
	22.09
	17.04
	17.59
	4.97
	11.51

	T2
	27.27
	21.95
	17.13
	16.48
	5.25
	11.92

	T3
	26.51
	22.31
	16.73
	17.13
	5.35
	11.96

	T4
	25.16
	23.69
	16.99
	17.25
	4.87
	12.04

	T5
	24.89
	22.20
	17.74
	17.74
	5.10
	12.33

	Pooled SEM
	0.38
	0.26
	0.21
	0.22
	0.15
	0.16

	Significance Level
	NS
	NS
	NS
	NS
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Table 6: Effect of in ovo feeding of graded level of L- glutamineon yield of giblets (heart, liver, gizzard) (on % live weight) of coloured chicken at 8 weeks of age
	Treatment
	Heart %
	Liver %
	Gizzard %

	T1
	0.43
	1.64a
	2.39

	T2
	0.41
	1.90b
	2.74

	T3
	0.43
	1.98b
	2.09

	T4
	0.38
	1.81ab
	2.02

	T5
	0.44
	1.55a
	2.41

	Pooled SEM
	0.02
	0.06
	0.10

	Significance Level
	NS
	P=0.022
	NS

	Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Development of digestive and lymphoid organs
The results of the present study revealed that in ovo supplementation of graded levels of L-glutamine produced no significant differences (P>0.05) in most digestive and lymphoid organ measurements (Table 7 and 8). The results of the present study are in alignment with several earlier findings wherein it was reported that dietary or in ovo glutamine supplementation showed no significant effects on gut organ weights or immune organ indices. Gholipour et al. (2019) reported non-significant differences in liver and gizzard weights of broilers fed glutamine-based diets, while Ribeiro et al. (2015) also observed no alteration in digestive organ proportions despite improvements in performance. Similarly, Bartell and Batal (2007) found that although glutamine enhanced intestinal villi development, it did not significantly modify organ weights	Comment by Dr.S.K.Mondal: Merge into one table (Table 4) and rewrite

Table 7: Effect of in ovo feeding of graded level of L- glutamine on development of digestive organs of coloured chicken at 8 weeks of age
	Treatment
	Proventriculus (g/100g)
	Gizzard (g/100g)
	SI weight (g/100g)
	LI weight (g/100g)
	Caecal weight (g/100g)
	SI length (cm/100g)
	LI length (cm/100g)
	Caecal length (cm/100g)

	T1
	0.62
	2.39
	2.38
	0.15
	0.58
	9.31
	0.48
	1.94

	T2
	0.53
	2.74
	7.74
	0.17
	0.68
	10.14
	0.71
	1.78

	T3
	0.57
	2.09
	2.41
	0.22
	0.70
	9.96
	0.58
	2.2

	T4
	0.55
	2.01
	2.46
	0.14
	0.53
	8.30
	0.52
	1.90

	T5
	0.55
	2.41
	2.52
	0.18
	0.63
	9.03
	0.63
	2.29

	Pooled SEM
	0.03
	0.10
	1.04
	0.02
	0.03
	0.28
	0.04
	0.07

	Significance Level
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



[bookmark: _Hlk212307897]Table 8: Effect of in ovo feeding of graded level of L- glutamine on development of lymphoid organs (on % live weight) of coloured chicken at 8 weeks of age 
	Treatment
	Bursa weight %
	Thymus weight %
	Spleen weight %

	T1
	0.23
	0.57
	0.16

	T2
	0.19
	0.44
	0.23

	T3
	0.24
	0.51
	0.21

	T4
	0.16
	0.32
	0.18

	T5
	0.28
	0.43
	0.16

	Pooled SEM
	0.02
	0.05
	0.01

	Significance Level
	NS
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Colour profile of breast muscle (pectoralis major) and thigh muscle (ilio tibialis)	Comment by Dr.S.K.Mondal: Colour and texture profile of both the muscles may be put in one table (Table 5) and rewrite
[bookmark: _Hlk217206661]There were no significant differences in the lightness, redness and yellowness values of breast muscle and thigh muscle of birds due to in ovo L-glutamine treatment [Table 9(a) and 9(b)].The absence of variation in colour parameters aligns with earlier reports where glutamine supplementation, despite supporting antioxidant activity and muscle integrity, did not markedly alter meat colour stability in broilers (Sifa et al., 2018; Hu et al., 2020).Similarly, supplementation of glutamine at 10–20 g/kg has been shown to improve water-holding capacity and reduce cooking loss without significantly affecting L*, a*, or b* values (Xue et al., 2018), supporting the present findings.
Table 9(a): Effect of in ovo feeding of graded level of L- glutamine on colour profile of breast muscle (pectoralis major) of coloured chicken at 8 weeks of age
	Treatment
	L
(Lightness)
	a
(Redness)
	b
(Yellowness)

	T1
	40.17
	3.35
	3.09

	T2
	41.13
	2.93
	1.37

	T3
	38.98
	2.99
	3.78

	T4
	42.76
	3.08
	2.73

	T5
	41.78
	4.24
	3.84

	Pooled SEM
	0.65
	0.24
	0.35

	Significance Level
	NS
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Table 9(b): Effect of in ovo feeding of graded level of L- Glutamine on colour profile of thigh muscle (ilio tibialis) of coloured chicken at 8 weeks of age
	Treatment
	L
(Lightness)
	a
(Redness)
	b
(Yellowness)

	T1
	38.92
	5.10
	3.38

	T2
	36.24
	6.36
	3.17

	T3
	38.35
	6.43
	2.97

	T4
	38.38
	5.69
	3.57

	T5
	36.88
	5.97
	3.44

	Pooled SEM
	0.44
	0.24
	0.29

	Significance Level
	NS
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



Texture profile of breast muscle (pectoralis major) and thigh muscle (ilio tibialis)
There were no significant differences in the maximum shear force in the breast and thigh muscle of chicken among the different treatment groups. However, it was observed in the present study that thigh muscle of 1% L-glutamine group showed slightly higher firmness and chewiness values compared to the control and other treated groups [Table 10(a) and 10(b)].These findings are consistent with earlier reports wherein it was reported that  dietary or in ovo glutamine produced limited effects on meat textural properties unless applied at higher dietary concentrations or under heat-stress conditions. For instance, Sifa et al. (2018) observed that dietary supplementation of 20 g/kg Gln significantly improved texture attributes such as hardness, chewiness and springiness in heat-stressed broilers due to enhanced antioxidative capacity and reduced muscle proteolysis. Similarly, Hu et al. (2016b) noted improvements in breast meat moisture retention and water-holding capacity with 0.5–1% dietary glutamine in broilers reared under high ambient temperatures, reflecting glutamine’s role in maintaining muscle integrity under oxidative stress.
Table 10 (a): Effect of in ovo feeding of graded level of L- Glutamine on texture profile of breast muscle (pectoralis major) of coloured chicken after 8 weeks of age
	Treatment
	Maximum Shear Force (kg)
	Work Shear                 (kg. sec)

	T1
	4.50
	2.31

	T2
	4.94
	2.71

	T3
	6.06
	2.85

	T4
	4.46
	2.46

	T5
	5.87
	2.80

	Pooled SEM
	0.45
	0.24

	Significance Level
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



[bookmark: _Hlk212308211][bookmark: _Hlk212308268][bookmark: _Hlk213940520]Table 10 (b): Effect of in ovo feeding of graded level of L- Glutamine on texture profile of thigh muscle (ilio tibialis) of coloured chickenafter 8 weeks of age
	[bookmark: _Hlk213940709][bookmark: _Hlk212855877]Treatment
	Maximum Shear Force (kg)
	Work Shear                (kg. sec)

	T1
	4.94
	1.57

	T2
	8.13
	4.80

	T3
	9.07
	4.19

	T4
	10.26
	4.69

	T5
	9.53
	4.39

	Pooled SEM
	0.91
	0.47

	Significance Level
	NS
	NS

	NS: Not Significant (P>0.05) SEM: Standard Error of Mean



CONCLUSION
It may be concluded that serum total protein was significantly higher in 0.5% L-glutamine and serum AST was lower in 1 % L-glutamine in ovo supplemented groups respectively than the control group birds without affecting the development of digestive and lymphoid organs as well as carcass quality traits in coloured chicken reared during heat stress. 
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