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Dosage optimization of methionine and Moringa oleifera leaf extract for in ovo feeding in Japanese quails
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ABSTRACT 

	An experiment was conducted to optimize the dosage of methionine and Moringa oleifera leaf extract (MOLE) for in ovo administration in Japanese quails, based on hatchability, chick weight, and early post-hatch viability. On day 14 of incubation, 700 live embryonated eggs were injected with 0.1 mL of either normal saline (T1); methionine at 1.5 mg (T2), 2 mg (T3), or 2.5 mg (T4); or MOLE at 10 µg (T5), 20 µg (T6), or 30 µg (T7). Hatchability, chick weight, and mortality up to 7 days post-hatch were recorded. The results indicated that the hatchability differed significantly (P<0.05), with the highest values in T3 (85.00%) and T4 (84.00%). MOLE at 10 µg (T5) resulted in the lowest hatchability (65.00%). Chick weight varied significantly (P<0.01), with T6 (9.18 g) producing the heaviest chicks and T7 (8.41 g) the lightest. Post-hatch mortality was lowest in the saline and methionine groups (5.06–9.52%) and highest in T5 and T6 (21.54% and 20.27%, respectively). Overall, methionine at 2.5 mg and MOLE at 30 µg per egg were identified as safe doses for in ovo injection in Japanese quails, without compromising hatchability or early chick survival.
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1. INTRODUCTION 

The technology of in ovo injection demonstrates that supplementing eggs with specific nutrients can enhance embryonic development and improve physiological status during and after hatching. Such nutrient supplementation has been shown to increase body weight by improving nutrient digestion, intestinal absorption, and cellular metabolic activity within the digestive system (Kucharska-Gaca et al., 2017). Typically, nutrients are administered into the amniotic fluid during the late stages of incubation in the setter, specifically between embryonic day (ED) 14 and ED 18 in the chicken embryo, a process referred to as in ovo feeding (Das et al., 2021). Typically, nutrients are administered into the amniotic fluid towards the end of incubation in setter compartment, that is, between embryonic day (ED) 14 and ED 18 in chicken embryo, a process referred to as in ovo feeding (Das et al., 2021). 	Comment by Dr. Amit Kumar Srivastava: Repeated, delete the text

Because a major portion of egg protein consists of antibodies (Losch et al., 1986), injecting amino acids or substances that prevent amino acid degradation may help preserve antibody integrity by reducing hydrolysis during incubation. In poultry, methionine is an essential amino acid that donates methyl groups for critical biochemical reactions (Waterland, 2006). However, when functioning as a methyl donor, methionine is metabolized to homocysteine, a compound with known toxic effects at elevated concentrations (Xie et al., 2007). Earlier studies, such as that of Coskun et al. (2014), reported that in ovo injection of methionine increased chick hatch weight.

Moringa oleifera is a widely used medicinal plant containing numerous bioactive compounds of nutritional and therapeutic significance for both humans and animals. These include alkaloids, flavonoids, tannins, saponins, glycosides, phenols, and carotenoids (Teixeira et al., 2014; Nazmy et al., 2016). The characteristics and efficacy of alcoholic extracts of Moringa leaves can vary depending on the solvent used for extraction, which influences the profile of active compounds (Doughari et al., 2007).

However, in ovo feeding in Japanese quail embryos has been attempted only rarely, primarily due to the difficulty in visualizing live embryos through their characteristically pigmented eggshells. Although the safe doses of methionine and MOLE have been well established in chicken eggs, corresponding dose–response information for Japanese quail eggs remains limited. In this context, the present study was undertaken to evaluate three graded doses of methionine and MOLE in order to determine a safe and effective dosage based on hatchability and post-hatch viability.

2. material and methods 

2.1 Preparation of methionine solution and MOLE
Methionine solutions for in ovo administration were prepared by dissolving 450, 600, and 750 mg of feed-grade DL-methionine (PROMOIS, 99% purity) in 30 mL of normal saline so as to get injectant solutions of 15, 20 and 25 mg per ml. The solutions were filtered through a Millipore MCE membrane (0.22 µm) and warmed in a water bath at 35°C prior to injection (Nayak, 2015).

Moringa oleifera leaf extract (MOLE) was prepared following the protocol of Nŉanle et al. (2017). For in ovo injection, 4, 8, and 12 mg of dried MOLE extract were dissolved in 40 mL of normal saline to obtain the working concentrations of 100, 200 and 300 µg per mL.

2.2 In ovo Injection Procedure
The study was conducted in the hatchery of the Poultry Research Station, Madhavaram, Chennai. A total of 900 hatching eggs weighing 12.50 ± 0.50 g were collected from a 25-week-old Japanese quail flock. Eggs were incubated in a setter at 37.8°C with 60% relative humidity, and subsequently transferred to a hatcher set at 37°C with 85% relative humidity.	Comment by Dr. Amit Kumar Srivastava: Give reference 

On the 14th day of incubation, eggs were candled to identify live embryonated eggs. Live eggs were randomly allocated to seven treatment groups (100 eggs per treatment). During candling, the injection site was marked, after which the eggshell surface was disinfected with a 70% ethanol swab. A small hole was drilled at the marked site using an eggshell driller.

Each egg was injected into the amniotic cavity with 0.1 mL of the respective treatment solution using a 26-gauge needle: T1: 0.9% normal saline (sham control); T2: Methionine @ 1.5 mg; T3: Methionine @ 2 mg; T4: Methionine @ 2.5 mg; T5: MOLE @ 10 µg; T6: MOLE @ 20 µg and T7: MOLE @ 30 µg.	Comment by Dr. Amit Kumar Srivastava: Explain it 

Following injection, the perforation was sealed with synthetic glue, and incubation continued until hatch. On day 17, after completion of hatching, the number of hatched chicks per treatment was recorded and hatchability (%) was calculated. Chicks were weighed individually to determine hatch weight, wing-banded, and transferred to the brooding shed. Post-hatch mortality was recorded up to 7 days of age.
2.3 Statistical Analysis
Data pertaining to hatchability, chick weight, and post-hatch mortality were analyzed using Analysis of Variance (ANOVA) following the procedures of Snedecor and Cochran (1990). Significant differences among treatment means were determined using Duncan’s Multiple Range Test (DMRT) as modified by Kramer (1956).	Comment by Dr. Amit Kumar Srivastava: Check the year 

3. results and discussion
3.1 results	Comment by Dr. Amit Kumar Srivastava: delete
The effects of in ovo administration of different doses of methionine and Moringa oleifera leaf extract (MOLE) on hatchability, chick weight, and post-hatch mortality (0–7 days) are presented in Table 1.
Table 1. Hatchability, chick weight and post-hatch mortality of Japanese quails as influenced by different doses of methionine and Moringa oleifera leaf extract (MOLE) (Mean ± SE) 	Comment by Dr. Amit Kumar Srivastava: Mention the average egg weught per group in a separte column  


	Treatment
	Hatchability (%)
(n=100)
	Chick weight (g)
	Post-hatch mortality (%) (0 – 7 days)

	T1 - Sham control - 0.9% saline
	79.00a ± 4.00
	9.07ab ± 0.08
	5.06b ± 2.48

	T2 - Methionine – 1.5 mg/egg
	82.00a ± 4.00
	8.87bc ± 0.08
	8.54b ± 3.1

	T3 - Methionine - 2 mg/egg
	85.00a ± 4.00
	8.77c ± 0.08
	7.06b ± 2.79

	T4 - Methionine – 2.5 mg/egg
	84.00a ± 4.00
	8.66cd ± 0.07
	9.52b ± 3.22

	T5 - MOLE - 10 µg/egg
	65.00b ± 5.00
	8.61cd ± 0.15
	21.54a ± 5.14

	T6 - MOLE - 20 µg/egg
	74.00ab ± 4.00
	9.18a ± 0.08
	20.27a ± 4.71

	T7 - MOLE - 30 µg/egg
	79.00a ± 4.00
	8.41d ± 0.08
	15.19ab ± 4.06

	F value
	2.859*
	8.554**
	3.076*



Hatchability percentage differed significantly (P<0.05) among the treatments. The highest hatchability was observed in the T3 group (85.00%), followed closely by T4 (84.00%), T2 (82.00%), and both T1 and T7 (79.00%). Hatchability in T5 (65.00%) was significantly lower than in all other groups except T6 (74.00%), to which it was statistically comparable.
Chick weight varied significantly (P<0.01) among treatments. The highest hatch weight was recorded in T6 (9.18 g) the lowest hatch weights was observed in T3 (8.77 g) and T7 (8.41 g).	Comment by Dr. Amit Kumar Srivastava: Mention the average egg weught per group  
Post-hatch mortality (0–7 days) also differed significantly (p<0.05). Lower mortality was recorded in the control and methionine-treated groups (t1: 5.06%; t4: 7.06%; t2: 8.54% and t3: 9.52%) compared with mole at 10 µg (t5: 21.54%) and mole at 20 µg (t6: 20.27%). Mortality in t7 (15.19%) was intermediate and statistically comparable to other mole-treated and methionine-treated groups.	Comment by Dr. Amit Kumar Srivastava: Capitalize the t and maintain the uniformity in presenting.

In the present study, the in ovo injection of Moringa oleifera leaf extract (MOLE) at 10 µg per egg significantly (P<0.05) reduced hatchability compared to the sham control (0.9% saline), all methionine-treated groups, and MOLE at 30 µg. These findings indicate that lower doses of MOLE may exert an adverse effect on embryonic viability in Japanese quails.	Comment by Dr. Amit Kumar Srivastava: Compare the results with other published research. 
The results of this study are partially consistent with reports by Mottaghitalab and Shafeeimanesh (2015), who found that in ovo administration of pyridoxine (vitamin B6), methionine, or their combination on day 18 of incubation did not significantly influence hatchability of broiler chicken breeder eggs. Similarly, Fardost et al. (2019) observed no significant effect of in ovo injection of L-methionine at different concentrations (0.19–1.14%) on hatchability of broiler breeder eggs. Groff-Urayama et al. (2019) also reported no significant change in hatch rate of Cobb500 broiler eggs injected with 20 or 30 mg of methionine compared with saline controls.
In contrast, several studies have reported negative or positive effects of in ovo methionine administration on hatchability. Coskun et al. (2014) demonstrated that in ovo injection of DL-methionine (50 µL/1000 µL) on day 16 significantly (P<0.05) reduced hatchability to 84.74% compared with 90.29% in saline-injected controls. Youssef et al. (2017) similarly recorded a reduction in hatchability following methionine injection (78.33%) compared to uninjected controls (88.33%). Conversely, Ge et al. (2025) reported an improvement in hatchability in broiler breeders’ eggs injected with 3.5 mg L-methionine per egg. Hassan et al. (2025) also observed significantly (P<0.05) improved hatchability in Maamaura chickens injected with iron methionine nanoparticles at 25 ppm. With respect to MOLE, Nŉanle et al. (2017) reported a significant increase in hatchability following in ovo inoculation in chicken eggs, which contrasts with the reduced hatchability observed at the 10 µg level in the present study.	Comment by Dr. Amit Kumar Srivastava: Give difference between Methionone and DL-methionine a L-Methionine. 	Comment by Dr. Amit Kumar Srivastava: Check the year of publication	Comment by Dr. Amit Kumar Srivastava: Give reasons for the variation in the results. 
Regarding post-hatch mortality, the findings of this study were not in agreement with Idowu et al. (2024), who reported higher livability in guinea fowl chicks following in ovo injection of methionine. Likewise, Al-Hatheel and Ibrahim (2022) found no significant difference in mortality between mole-injected and control groups in broiler breeder eggs. The elevated mortality observed in the lower MOLE doses in the present study may therefore reflect species-specific sensitivity, dose-dependent effects, or differences in extract composition.	Comment by Dr. Amit Kumar Srivastava: Capitalize the word

4. Conclusion

The present study demonstrated that in ovo administration of methionine and Moringa oleifera leaf extract (MOLE) influences hatchability, chick weight, and early post-hatch survival in Japanese quails. Among the doses tested, methionine at 2.5 mg per egg and MOLE at 30 µg per egg were identified as safe levels that did not adversely affect hatchability or post-hatch viability. Lower MOLE doses, particularly 10 µg, negatively impacted embryonic survival. These findings provide dose-specific guidance for the safe use of methionine and MOLE in in ovo feeding protocols for Japanese quails.
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