



Effect of dietary incorporation of drumstick (Moringa oleifera Lam.)  leaf meal on  production performance, nutrient utilization and feed cost economics of  laying Japanese Quail (Coturnix coturnix  japonica)
                               Abstract
The experiment aim to  discern the effect  of dietary incorporation of drumstick (Moringa oleifera Lam.) leaf meal on the  production performance, nutrient utilization and feed cost economics of  laying Japanese quail (Coturnix coturnix  japonica).  The study was conducted at Instructional Poultry Farm  and Department of Animal Nutrition, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand,  India. A total of  230 Japanese quails (182 hens and 48 males) at  6th weeks of  age in  laying phase were randomly allocated into eight treatment groups having three replicates in a complete randomized design.  Statistical analysis was conducted using SPSS version 20. ANOVA, followed by Duncan’s Multiple Range test was used for multiple comparisons.  Laying Japanese quail of   treatment T1 (control group) were fed a basal diet (starter and finisher), as per ICAR 2013,  whereas in  T2 group  basal diet was incorporated with Vitamin C @200 mg/kg, in T3 group basal diet was incorporated with Vitamin E @10 IU/kg, and in groups  T4, T5, T6, T7, and T8, the basal diet was incorporated with 1.0%, 3.0%, 5.0%, 7.0% and 9.0% Moringa oleifera leaf meal (MOLM),  respectively.   The results showed that overall egg production (7th to 20th weeks) feed intake (g/b/d) was noticed significantly (P≤0.05)  higher   in T1 (30.55g) and lower in T8 (25.03g)  group. A non -significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed amongst different groups during whole experimental period. The average egg weight (g)  and egg mass (kg) was  observed significantly (P≤0.05)  higher  in T6 (5%MOLM) and lower in T8 (9%MOLM)  group respectively. During  whole study period,  non- significant (P≥0.05) difference was noticed  for FCR/ kg egg mass and FCR/ dozen eggs amongst different treatment groups.  For nutrient utilization, significantly (P≤0.05) higher organic matter utilization (%) was noticed  in T5 (67.75±1.62)  group but significantly (P≤0.05) improved crude protein utilization (%) was observed in T6 (73.38±2.25) group. The  ether extracts utilization (%) was found  (P≤0.05) higher in T3 (70.86±5.01) group followed by T6 and T4  group while lower in T8 (58.14±0.31)  group. The non-significant (P≥0.05) effect was seen  by  varying level of  MOLM on total carbohydrate utilization (%) in different treatment groups of  laying Japanese quail. Total egg production/bird was  significantly (P<0.05) maximum in T6 (80.95±3.55) and lower in T8 (63.20±3.56) group as compared with control (72.61±2.61) group. A significantly (P<0.05) lowest feed cost/egg was observed  in T6 (0.74±0.04)  group as compared to other. It can be concluded that 5.0 % drumstick (Moringa oleifera) leaf meal can be incorporated in diet  of laying Japanese quail  for  improvement of their  production performance, nutrient utilization and feed cost economics.   
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1. INTRODUCTION
 
 Eggs are considered to be one of the most valuable daily foods, such that the poultry egg industry has been intensively growing to meet the increased demand for eggs. Quail eggs can be used besides chicken eggs to meet this demand, and despite their small size, they exhibit several nutritional benefits because they are richer in protein, fat, vitamins, and minerals (Iron, potassium, and zinc) than chicken eggs (Tunsaringkarn et al. 2013; Tolik et al. 2014). In addition, it has been claimed that the eggs from Japanese quail are rich sources of protein with low fat and cholesterol (Atakisi et al. 2009).    Thus, many people, especially in Asian countries, consume quail eggs because they are a good source of nutrients for human health and help in the treatment of tuberculosis, bronchial asthma, and diabetes diseases (Abd El-Hack et al. 2018). Feed accounts for 60 - 70% of the total cost in poultry production (Sayda et al., 2011). Soybean meal is the main crude protein (CP) source that is used, as it contains adequately balanced amino acids and satisfactory essential fatty acids (FAs) to satisfy the laying-hen nutritional requirements (de Morais Oliveira et al. 2016).  The exceptional performance of soybean meal has increased its demand in the animal feed industry, which has subsequently led not only to its scarcity but also to an increase in its price (Abbas, 2013). In the quest to reduce feeding costs and improve profit margins, the use of non-conventional protein sources to supplement soybean meal in layer diets  partially or completely is gaining research and industry interest (Moreki  et al. 2014). “Hence, there is a need to search for alternate protein sources for use as feed supplements for sustainable poultry production. One possible source of cheap protein for poultry  bird is the leaf meal of some tropical legumes and plants” (Iheukwumere et al. 2008). The leaves of drumstick   are used as vegetables by humans and are rich in carotene and ascorbic acid with a good profile of amino acids (Makkar and Becker 1996; Lata et al. 2025).  Drumstick   is known as  “Miracle trees” with  galaxy of  nutrient  for livestock and human beings as well (Fahey, 2005; Anjorin et al., 2010;  Lata et al. 2025;).  This is exhibited through its protein content, relatively low fibre and high mineral contents, crude protein ranging from 22- 30%, amino acids, carotenoids, and vitamins  (Lu et al. 2016; Lata et al. 2024;  Lata et al. 2025).  Keeping in view the potential feed value of Moringa oleifera leaf meal (MOLM), an experiment was conducted to study the effect of dietary incorporation of  MOLM  on production performance, nutrient utilization and feed cost economics of  laying Japanese quail. 
2. MATERIALS AND METHODS
2.1 Experimental Location
The experimental trial was conducted to discern the influence of dietary inclusion of   drumstick (Moringa oleifera Lam.) leaf meal on production performance, nutrient utilization and feed cost economics of  laying Japanese quail. The entire study was conducted at  Instructional Poultry Farm and Department of Animal Nutrition, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar during the month of  March 2022.
2.2 Experimental Birds and Housing Management
In total 230 Japanese quails (182 hens and 48 males) at 6thweeks of  age in  laying phase were randomly allocated into eight treatment groups having three replicates in a complete randomized design. The total duration of experimental feeding trial was carried out 7th -20thweeks period. All birds were individually weighed and the birds were housed in cages. All birds received feed and water ad-libitum. Throughout the trial, adequate light (for 18 hours) and proper ventilation was provided to the all laying quail birds. 
[image: image1.jpg]a

3 ; pss ‘u ‘ ‘\‘
Yguuunnanuated E'.%ﬁ“_““ “‘“‘“

s mmm

i -y it

TRl

AT fuddscsuuudduuutt
4 # lﬂﬂﬂaggn._ " Yaseau ‘

¥ Y W [ 2 IREA \ > \ L\‘Uﬂ\-‘ \
X W 1 ! WA \L\*\_\. \
O = sy
N SN — ‘

il

U i G i
‘ h gy ¥ e
sty MTNEL





Fig 1: Laying Japanese Quail birds reared in cage system
2.3  Experimental  treatment and  diet:
There were eight dietary treatments where in, basal diet was supplemented with Vitamin C (200 mg/kg), Vitamin E (10 IU/kg), and varying level of Moringa oleifera leaf meal @ 1.0, 3.0, 5.0, 7.0, 9.0 % in diet of  Japanese quail layer birds. The corn-soybean diet was in a mash form and was calculated as per ICAR (2013) specification. Feed ingredients required for the formulation of the experimental diet were procured from the feed unit and all the ingredients were ground at feed mill before mixing at feed unit of the Instructional Poultry Farm (IPF), GBPUAT, Pantnagar (Table1). α- tocopherol (Evion-400) and Vitamin C (tablet form) required for the trial was procured from local market Pantnagar, Uttarakhand. Drumstick young fresh leaves were harvested from the trees in the local area of  Pantnagar and  then separated from the twigs manually before oven drying. The leaves were then kept into hot air oven at 500C for 3-4 hours to make them crispy for easy blending. The dried leaves were then run through a hammer mill sieve with a size of 4-5mm to produce the drumstick leaf meal and then stored in air tight polythene bags in a cool and dry place to prevent it from moisture.
Table 1: Ingredient composition used for formulation of Japanese quail layer basal diet

	Ingredients (%)
	                Layer diet (kg)

	Yellow Maize
	53.00

	Soyabean Meal (Solvent Extract)
	18.00

	Groundnut cake-solvent extracted
	11.00

	Rice polish
	8.00

	Dicalcium phosphate
	1.00

	Lime Stone powder
	3.00

	Lysine
	0.10

	Marbal Chips 
	5.00

	Common salt
	0.40

	DL-methionine
	0.05

	Choline chloride
	0.10

	Mineral and Vitamin mixture
	0.10

	Toxin binder
	0.10

	Hepatocare
	0.10

	Coccidiostats
	0.05

	Total
	100.00

	Chemical composition (% DM basis) (calculated)
	

	Crude protein % 
	18.98

	Metabolisable Energy (kcal/kg)
	2767.50


2.4  Egg Production Parameters: 
For production performance, observations were recorded fortnightly during the experimental period of 7th -20th  weeks to assess the effect of different dietary treatments on production performance  of  laying Japanese quail.
Feed intake:
Feed intake was recorded and measured by grams of feed consumed over 15 days and divided by the number of birds/day, and mortality rates were checked.

Egg production:
Egg production in all the replicates of each treatment group was recorded daily for a period of 7th -20th weeks. Egg collection was done twice a day in the morning and in the evening in all the replicates of each treatment group. Average egg production in each treatment group was also recorded fortnightly. Based on the number of eggs produced, the hen housed egg production (HHEP) and hen day egg production (HDEP) for each fortnightly was calculated as follows:
HHEP(%) =  [image: image3.png]Total number of eggs laid during the period
Total number of birds housed at the beginning
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×100
HDEP(%) =    [image: image7.png]Total number of eggs laid during the period
Total number of hen—days in the same period



×100

Feed conversion ratio (FCR)

FCR is defined as the ratio of feed consumed by hens to the dozen or kg eggs produced. It was determined on a fortnightly basis. The higher the ratio, the less efficiently the feed is converted to eggs. The following formula was used for calculating FCR:

 FCR (per dozen eggs)   = [image: image9.png]Feed consumed in ke
FPv——




FCR (per kg egg mass)   =[image: image11.png]Feed consumed in ke
kg of ogg mass




2.5 Nutrient Utilization: 
Metabolism trial was conducted at the end of the feeding experiment i.e. 20th week for duration of 7 days to assess nutrient utilization by the laying quail hens. The quail hens were transferred to metabolic cages during the adaptation as well as excreta collection period. Three quail hens were selected at random from each replicate to evaluate nutrient utilization. During this period of 7 days, 4 days were taken as adaptation period followed by excreta collection period of 3 days. During the collection period, the laying quail hens were given a weighed amount of feed, i.e. 200 grams/replicate, every day at 7.0 a.m., and the residue left was weighed and collected next morning at the same time. Simultaneously, faecal trays covered with polythene sheets were installed for collection of excreta. Faeces voided were collected and weighed individually daily. Excreta was dried for a period of 48 hours in hot air oven at 700C and then pooled for dry matter estimation. For nitrogen estimation, fresh excreta samples were kept in 25% sulphuric acid (V/V). The following formula was used to calculate nutrient utilization:

 Nutrient Utilization (%) =[image: image13.png]Nutient intake in feed ~Nutrientloss in excreta
Nutrient intake in foed



×100

2.6 Analysis of feed and excreta sample:

Proximate analysis of different feeds used in the experimental feeding trial was performed for determining the nutrient composition such as, dry matter, crude protein, ether extract, crude fiber, total ash and nitrogen free extract as per AOAC (2005). Proximate analysis was also performed on a representative sample of offered feed, residual feed and excreta samples obtained during the metabolic trial at Animal Nutrition Department, C.V.A.Sc., Pantnagar, Uttarakhand.
2.7  Economics of  feeding for egg production: 

At the end of the study, the egg production expenses were calculated by considering the actual costs of each feed ingredient used for ration formulation. Per egg feed cost calculation was done by multiplying cost per kg of feed by the total amount of feed which was consumed during the experiment which was later divided by total number of eggs produced during experimental period.

The feed cost per egg produced was calculated as follows:

[image: image14.png][Feed consumed (Kg) x Cost (Rs.)
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2.8  Statistical Analysis: 

The data were presented as means ± standard error (SE). Statistical analysis was conducted using SPSS version 20. ANOVA, followed by Duncan’s Multiple Range test was used for multiple comparisons. Statistical differences were determined at the 5% level of significance.
3. RESULTS AND DISCUSSION:
3.1 Chemical composition of experimental diet
Basal diet was formulated iso-nitrogenous and iso-caloric for  laying Japanese quail  to meet out the nutritional requirements as per ICAR (2013) recommendation. The proximate composition (%DM basis) of  basal experimental diet fed to Japanese quail layer is presented in Table 2.
Table 2: Chemical composition (%DM basis) of experimental diet fed to laying Japanese quail 

	Attributes
	Laying Japanese quail  diet (%)

	Organic matter
	95.41

	Crude protein
	19.23

	Ether extract
	2.58

	Crude fiber
	4.78

	Total ash
	4.59

	Acid insoluble ash
	1.98

	Nitrogen free extract
	68.82

	Total carbohydrate
	73.60

	Calcium
	3.54

	Total phosphorus
	0.58

	Metabolizable Energy (kcal/kg) (Calculated)
	2854.50


3.2 Egg  Production Performance 

Results on egg production performance of  laying  Japanese quail  in terms of feed intake (g/b/d), hen day egg production (HDEP %) and hen housed egg production (HHEP %), egg weight (g) and feed conversion ratio (kg feed/dozen eggs and kg feed/kg egg mass) of different treatment groups incorporated with Moringa oleifera leaf meal noted during 7th to 20th weeks experimental periods of  egg production are  presented in Table 3 to 10.

 Fortnight I
The Ist fortnight experimental periods of  egg production performance is presented in Table 3. 

During Ist fortnight, results showed that significantly (P≤0.05) higher feed intake was in T4 (27.38g) group and lower in T8 (22.41g) group. A non- significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed. This uniformity in HDEP and HHEP percentages can be attributed to the absence of mortality in any of the treatment groups during this period. Significantly higher (P≤0.05) and maximum egg weight (g) was noticed in T6 group (12.45 g) and minimum in T8 (10.85 g) group respectively. While non- significant (P≥0.05) difference was noted for average egg mass amongst different treatment groups.  For FCR, a non- significant (P≥0.05) difference was noted for FCR/kg egg mass and FCR/dozen eggs amongst different treatment groups. 
Table  3: Production performance of  laying Japanese quail during fortnight  I as incorporated with MOLM

	
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	25.88±0.32ab
	24.58±1.35abc
	24.12±0.95bc
	27.38±1.02a
	25.82±1.34ab
	26.22±0.31ab
	23.15±0.79bc
	22.41±1.01c
	0.433
	0.031

	HDEP%
	74.87±8.43
	64.76±8.72
	64.63±6.16
	73.21±2.03
	62.29±9.85
	76.58±2.52
	61.83±7.46
	60.16±1.61
	2.331
	0.485

	HHEP%
	74.87±8.43
	64.76±8.72
	64.63±6.16
	73.21±2.03
	62.29±9.85
	76.58±2.52
	61.83±7.46
	60.16±1.61
	2.331
	0.485

	Egg wt. (g)
	11.08±0.16b
	11.97±0.23ab
	12.47±0.41a
	12.04±0.48ab
	11.55±0.04ab
	12.45±0.48a
	11.60±0.32ab
	10.85±0.45b
	0.156
	0.048

	Egg mass (kg)
	0.91±0.08
	0.84±0.09
	0.96±0.11
	1.01±0.13
	0.85±0.13
	1.04±0.03
	0.81±0.03
	0.72±0.08
	0.035
	0.303

	FCR (kg feed/kg egg mass)
	3.18±0.31
	3.32±0.57
	3.08±0.46
	3.11±0.08
	3.73±0.46
	2.76±0.14
	3.32±0.42
	3.46±0.34
	0.126
	0.779

	FCR (kg feed/dozen eggs)
	0.43±0.04
	0.48±0.07
	0.45±0.05
	0.45±0.01
	0.51±0.06
	0.41±0.01
	0.46±0.07
	0.45±0.02
	0.016
	0.898


{T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
 Means with different superscripts (a, b, c )in a row differ significantly (P≤ 0.05) from each other
 Fortnight II

The IInd  fortnight  experimental periods of  egg production performance is presented in Table 4.
During this study period average feed intake (g/b/d) was noticed as 26.21±0.38,25.58±0.50, 24.79±0.75, 28.05±0.95, 26.49±0.71, 26.82±0.54,24.15±0.31 and 23.07±0.94g  per day in laying  Japanese quail  of treatment groups viz.,T1, T2, T3, T4, T5, T6, T7and T8 respectively. In relation to Moringa oleifera leaf meal incorporated group feed intake was significantly (P≤0.05) higher in T4 (28.05g) group and lower inT8 (23.07g) treatment.  A non-significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed. But significantly (P≤0.05) higher egg weight was in T6 (12.45g) group and lower in T8 (10.85g) treatment group respectively. Similarly significant (P≤0.05) higher egg mass (kg) was in T6 (1.06) and lower in T8 (0.77) group respectively. Furthermore non-significant (P≥0.05) difference was noted for   FCR/kg egg mass and FCR/dozen eggs amongst different treatment groups. 
Table  4: Production performance of  laying  Japanese quail  during fortnight II as incorporated with   MOLM 
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	26.21±0.38abc
	25.58±0.50bc
	24.79±0.75bcd
	28.05±0.95a
	26.49±0.71ab
	26.82±0.54ab
	24.15±0.31cd
	23.07±0.94d
	0.369
	0.002

	HDEP%
	72.77±7.30
	64.76±5.81
	59.57±0.94
	68.08±7.59
	65.16±5.92
	77.86±3.50
	63.74±8.17
	64.28±3.33
	2.053
	0.474

	HHEP%
	72.77±7.30
	64.76±5.81
	59.57±0.94
	68.08±7.59
	65.16±5.92
	77.86±3.50
	63.74±8.17
	64.28±3.33
	2.053
	0.474

	Egg wt. (g)
	11.08±0.17b
	11.96±0.23ab
	12.47±0.41a
	12.04±0.48ab
	11.55±0.05ab
	12.45±0.48a
	11.60±0.31ab
	10.85±0.45b
	0.156
	0.045

	Egg mass (kg)
	0.87±0.04b
	0.84±0.05b
	0.88±0.02b
	0.92±0.07ab
	0.89±0.05b
	1.06±0.02a
	0.82±0.02b
	0.77±0.07b
	0.022
	0.044

	FCR (kg feed/kg egg mass)
	3.31±0.28
	3.37±0.37
	3.35±0.25
	3.49±0.31
	3.58±0.36
	2.78±0.15
	3.37±0.41
	3.32±0.35
	0.105
	0.790

	FCR (kg feed/dozen eggs)
	0.44±0.41
	0.48±0.04
	0.49±0.02
	0.51±0.04
	0.49±0.04
	0.42±0.01
	0.47±0.07
	0.43±0.03
	0.014
	0.731


{T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
 Means with different superscripts (a, b, c, d )in a row differ significantly (P≤ 0.05) from each other
Fortnight III
The IIIrd fortnight experimental periods of egg production performance is presented in Table 5.
In third fortnight, average feed intake (g/b/d) was recorded and significantly (P≤0.05) higher feed intake was in T1 (31.21g) group and lower inT8 (24.74g) group respectively. The non-significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed. Furthermore significantly (P≤0.05) higher egg weight was noticed in T3 (12.81g) and lower inT8 (10.85g) treatment group respectively. A non- significant (P≥0.05)  difference was observed for egg mass (kg) among different treatment group. Similarly for FCR,  non- significant (P≥0.05) difference was noted for FCR/kg egg mass and FCR/dozen eggs amongst different treatment groups. 
Table  5:  Production performance of   laying Japanese quail  during fortnight  III as incorporated with  MOLM
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	31.21±0.94a
	29.25±0.17a
	25.45±0.75b
	30.05±0.32a
	28.16±0.89ab
	27.88±1.15ab
	24.81±0.92b
	24.74±2.11b
	0.574
	0.003

	HDEP%
	71.11±8.95
	67.69±4.33
	61.02±2.75
	71.66±6.62
	69.11±4.30
	78.65±5.60
	64.93±5.24
	65.39±3.35
	1.918
	0.498

	HHEP%
	71.11±8.95
	67.69±4.33
	61.02±2.75
	71.66±6.62
	69.11±4.30
	78.65±5.60
	64.93±5.24
	65.39±3.35
	1.918
	0.498

	Egg wt. (g)
	11.75±0.50ab
	12.30±0.10a
	12.81±0.11a
	12.71±0.65a
	12.56±0.04a
	12.78±0.23a
	11.60±0.31ab
	10.85±0.45b
	0.174
	0.015

	Egg mass (kg)
	0.91±0.10
	0.92±0.09
	0.93±0.05
	1.02±0.08
	1.05±0.13
	1.10±0.05
	0.85±0.03
	0.78±0.08
	0.032
	0.254

	FCR (kg feed/kg egg mass)
	3.87±0.53
	3.54±0.27
	3.27±0.19
	3.33±0.11
	3.27±0.26
	2.82±0.35
	3.33±0.23
	3.52±0.41
	0.111
	0.551

	FCR (kg feed/dozen eggs)
	0.54±0.06
	0.52±0.03
	0.50±0.02
	0.51±0.04
	0.49±0.03
	0.43±0.04
	0.46±0.04
	0.45±0.03
	0.014
	0.624


{T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
 Means with different superscripts (a, b, )in a row differ significantly (P≤ 0.05) from each other
Fortnight IV

The IVth fortnight experimental periods of egg production performance is presented in Table 6. 
In fourth fortnight, average feed intake (g/b/d) was observed and a non- significant (P≥0.05) difference was noted for amongst different treatment groups. A non-significant (P≥0.05) difference in between HDEP percent and HHEP percent was noticed. The significantly (P≤0.05) higher egg wt. was observed in T4 (13.04g) and lower inT8 (10.95g) treatment group respectively. Similarly significantly (P≤0.05) higher egg mass (kg) was in T6 (1.24) and lower in T8 (0.84) group respectively. But non significant (P≥0.05) difference was noted for FCR/ kg egg mass and FCR/ dozen eggs amongst different treatment groups.

Table  6:   Production performance of  laying Japanese quail  during fortnight IV as incorporated with  MOLM
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	35.55±0.53
	32.25±1.37
	30.45±2.19
	30.05±0.33
	32.82±0.89
	31.58±1.78
	28.15±2.71
	28.40±2.05
	0.688
	0.103

	HDEP %
	76.66±3.51
	71.26±4.29
	63.58±5.70
	76.32±6.39
	73.74±2.93
	87.93±3.97
	70.58±4.26
	70.63±6.60
	1.986
	0.108

	HHEP %
	76.66±3.51
	71.26±4.29
	63.58±5.70
	76.32±6.39
	73.74±2.93
	87.93±3.97
	70.58±4.26
	70.63±6.60
	1.986
	0.108

	Egg wt. (g)
	12.08±0.44ab
	11.88±0.32ab
	12.94±0.24a
	13.04±0.35a
	12.89±0.38a
	12.92±0.31a
	11.57±0.34b
	10.95±0.39b
	0.184
	0.004

	Egg mass (kg)
	1.01±0.05bc
	0.92±0.01c
	0.97±0.03bc
	1.13±0.09ab
	1.13±0.06ab
	1.24±0.03a
	0.93±0.05c
	0.84±0.06c
	0.031
	0.002

	FCR (kg feed/kg egg mass)
	3.87±0.27
	3.84±0.30
	3.74±0.36
	3.05±0.21
	3.46±0.09
	2.79±0.21
	3.44±0.22
	3.75±0.50
	0.116
	0.166

	FCR (kg feed/dozen eggs)
	0.56±0.03
	0.55±0.06
	0.58±0.05
	0.48±0.04
	0.53±0.02
	0.43±0.03
	0.48±0.03
	0.49±0.07
	0.016
	0.351


{T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
Means with different superscripts (a, b, c) in a row differ significantly (P≤ 0.05) from each other

Fortnight V
The Vth fortnight experimental periods of  egg production performance is presented in Table 7. 
During fifth fortnight significantly (P≤0.05) higher feed intake was noticed in T1 (33.88g) group and lower in T8 (27.41g) treatment group respectively. But non-significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed.   Average egg weight (g) was significantly higher (P≤0.05) and maximum egg weight was in T4 (12.28g) and lower in T8 (10.62g) treatment group respectively. Also significant (P≤0.05) higher egg mass (kg) was noticed in T6 (1.06) and lower in T8 (0.71) group respectively. But non-significant (P≥0.05) difference was noted for FCR/ kg egg mass and FCR/ dozen eggs amongst different treatment groups.
Table 7:  Production   performance of laying Japanese   quail   during fortnight V as incorporated with   MOLM
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	33.88±1.21a
	31.58±1.02ab
	29.79±1.71ab
	32.58±0.34a
	31.82±0.49ab
	30.88±1.12ab
	28.14±1.71b
	27.41±2.01b
	0.581
	0.044

	HDEP%
	73.09±4.08
	70.79±2.08
	63.31±5.75
	72.40±6.12
	66.38±7.83
	78.65±5.60
	60.59±5.14
	61.03±4.96
	2.039
	0.262

	HHEP%
	73.09±4.08
	70.79±2.08
	63.31±5.75
	72.40±6.12
	66.38±7.83
	78.65±5.61
	60.59±5.14
	61.03±4.96
	2.039
	0.262

	Egg wt. (g)
	11.75±0.50abc
	11.21±0.54abc
	11.94±0.41ab
	12.28±0.14a
	11.85±0.39ab
	12.32±0.12a
	10.90±0.33bc
	10.62±0.06c
	0.162
	0.030

	Egg mass (kg)
	0.94±0.04bc
	0.87±0.03c
	0.89±0.01bc
	1.01±0.03ab
	0.92±0.04bc
	1.06±0.05a
	0.74±0.02d
	0.71±0.02d
	0.026
	0.001

	FCR (kg feed/kg egg mass)
	4.00±0.42
	4.01±0.35
	4.01±0.43
	3.71±0.32
	4.14±0.44
	3.24±0.37
	4.32±0.41
	4.33±0.67
	0.146
	0.709

	FCR (kg feed/dozen eggs)
	0.56±0.05
	0.54±0.03
	0.57±0.05
	0.54±0.04
	0.58±0.06
	0.47±0.05
	0.56±0.04
	0.55±0.08
	0.017
	0.908


{T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
 Means with different superscripts (a, b, c, d )in a row differ significantly (P≤ 0.05) from each other
Fortnight VI
The VIth fortnight experimental periods of production performance is presented in Table 8. 
During sixth fortnight, average feed intake (g/b/d) was significant (P≤0.05) higher noticed in T4 (32.58g) and lower in T8 (25.74g) treatment group respectively.  A non-significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed. For average egg weight (g) significantly (P≤0.05) higher was noticed in T5 (12.19g) group and lower in T8 (10.79g) group respectively.  A significantly (P≤0.05) higher egg mass (kg) was in T6 (0.94) and lower inT8 (0.61) treatment group respectively. But non- significant (P≥0.05) difference was noted for FCR/kg egg mass and FCR/ dozen eggs amongst different treatment groups.
Table 8: Production performance of   laying  Japanese quail   during  fortnight VI as incorporated with MOLM
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	31.22±0.27ab
	32.58±1.49a
	28.79±1.19abc
	32.58±1.61a
	31.49±0.71a
	29.88±0.88abc
	26.81±0.38bc
	25.74±2.87c
	0.654
	0.022

	HDEP%
	66.74±6.11
	68.17±4.25
	58.37±9.97
	67.16±8.68
	62.35±7.41
	72.30±3.84
	55.66±10.06
	51.51±6.59
	2.598
	0.527

	HHEP%
	66.74±6.11
	68.17±4.25
	58.37±9.97
	67.16±8.68
	62.35±7.41
	72.30±3.84
	55.66±10.06
	51.51±6.59
	2.598
	0.527

	Egg wt. (g)
	11.41±0.16ab
	10.85±0.35ab
	11.41±0.16ab
	11.64±0.40ab
	12.19±0.73a
	11.98±0.43ab
	11.41±0.43ab
	10.79±0.12b
	0.151
	0.034

	Egg mass (kg)
	0.84±0.06ab
	0.81±0.04abc
	0.78±0.08abc
	0.87±0.04ab
	0.89±0.02ab
	0.94±0.03a
	0.72±0.10bc
	0.61±0.08c
	0.028
	0.044

	FCR (kg feed/kg egg mass)
	4.15±0.29
	4.46±0.49
	4.64±1.01
	4.39±0.79
	4.24±0.38
	3.47±0.19
	4.65±1.17
	4.82±0.85
	0.231
	0.927

	FCR (kg feed/dozen eggs)
	0.56±0.04
	0.57±0.04
	0.63±0.13
	0.61±0.09
	0.62±0.06
	0.49±0.01
	0.62±0.13
	0.62±0.11
	0.027
	0.958


 {T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
 Means with different superscripts (a, b, c, )in a row differ significantly (P≤ 0.05) from each other
Fortnight VII
The VIIth fortnight experimental periods of egg production performance is presented in Table 9. 
During seventh fortnight, average feed intake (g/b/d) was found  significantly (P≤0.05) higher in T4 (31.91g) and lower in T8 (23.41g) group respectively. A non-significant (P≥0.05) difference in between HDEP percent and HHEP percent was noted for amongst different treatment groups. Also non- significant (P≥0.05) difference was noted for average egg weight (g) amongst different treatment groups. But significantly (P≤0.05) higher egg mass (kg) was noticed in T6 (0.91) and lower in T8 (0.59) treatment group.  A non- significant (P≥0.05) difference was noted for FCR/ kg egg mass and FCR/ dozen eggs amongst different treatment groups.
Table  9: Production performance of  laying  Japanese quail during  fortnight VII    as incorporated with  MOLM 
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake(g/b/d)
	29.88±1.23ab
	31.58±1.29ab
	27.12±1.50bcd
	31.91±1.19a
	28.16±1.56abc
	25.88±0.61bcd
	24.81±1.15cd
	23.41±1.45d
	0.716
	0.002

	HDEP%
	62.14±8.65
	60.07±2.36
	53.81±7.28
	60.98±6.86
	59.43±3.89
	67.73±1.86
	52.48±9.08
	48.33±4.19
	2.171
	0.452

	HHEP%
	62.14±8.65
	60.07±2.36
	53.81±7.28
	60.98±6.86
	59.43±3.89
	67.73±1.86
	52.48±9.08
	48.33±4.19
	2.171
	0.452

	Egg wt. (g)
	10.92±0.33
	10.88±0.32
	11.38±0.18
	11.64±0.40
	12.19±0.73
	12.32±0.13
	12.07±0.23
	11.12±0.43
	0.160
	0.087

	Egg mass (kg)
	0.74±0.09abc
	0.72±0.02abc
	0.73±0.05abc
	0.79±0.02abc
	0.86±0.07ab
	0.91±0.01a
	0.71±0.06bc
	0.59±0.07c
	0.026
	0.043

	FCR (kg feed/kg egg mass)
	4.55±0.56
	4.84±0.18
	4.69±0.99
	4.69±0.79
	4.01±0.63
	3.11±0.15
	4.16±0.75
	4.50±0.74
	0.224
	0.652

	FCR (kg feed/dozen eggs)
	0.59±0.05
	0.63±0.01
	0.64±0.13
	0.65±0.09
	0.57±0.07
	0.46±0.02
	0.61±0.12
	0.59±0.08
	0.027
	0.815


{T1 :Control ; T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 : Basal diet with 1% MOLM; T5: Basal diet with 3% MOLM; T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9% MOLM}
 Means with different superscripts (a, b, c, d) in a row differ significantly (P≤ 0.05) from each other

Overall Egg Production Performance

Results of  overall egg production performance of laying Japanese quail during 7th to 20th weeks ( Ist to VIIth  fortnight)  is shown in Table 10 and Figure 2.
The feed intake (g/b/d) was observed and significantly (P≤0.05) higher feed intake was noticed in T1 (30.55g) and lower in T8 (25.03g) treatment group respectively. A non -significant (P≥0.05) difference in between HDEP percent and HHEP percent was observed. During this study period, average egg weight (g) was noticed and  significantly (P≤0.05) higher egg weight and egg mass (kg) were found in T6 (5%MOLM) and lower in T8 (9%MOLM)  treatment group respectively. A non- significant (P≥0.05) difference was noted for FCR/ kg egg mass and FCR/ dozen eggs amongst different treatment groups.
Table 10: Production performance of laying Japanese quail   during overall period (7th to 20th ) weeks  as incorporated with MOLM 
	Treatments

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Feed intake (g/b/d)
	30.55±0.26a
	29.63±0.45ab
	27.22±0.88cd
	30.37±0.41a
	29.25±0.37ab
	28.45±0.43bc
	25.72±0.70de
	25.03±0.54e
	0.438
	0.001

	HDEP%
	71.06±4.86
	66.79±3.53
	60.61±4.73
	69.97±5.96
	65.49±4.01
	77.10±3.38
	61.41±7.01
	60.19±1.53
	1.795
	0.198

	HHEP%
	71.06±4.86
	66.79±3.53
	60.61±4.73
	69.97±5.96
	65.49±4.01
	77.10±3.38
	61.41±7.01
	60.19±1.53
	1.795
	0.198

	Egg wt. (g)
	11.44±0.19cd
	11.58±0.19bc
	12.20±0.19ab
	12.20±0.09ab
	12.11±0.34abc
	12.46±0.20a
	11.53±0.11bc
	10.86±0.26d
	0.121
	0.001

	Egg mass (kg)
	6.22±0.22bc
	5.93±0.23bc
	6.15±0.25bc
	6.74±0.31ab
	6.62±0.38ab
	7.37±0.14a
	5.58±0.18cd
	5.04±0.32d
	0.161
	0.001

	FCR (kg feed/kg egg mass)
	3.79±0.28
	3.86±0.28
	3.75±0.47
	3.61±0.31
	3.73±0.29
	2.97±0.19
	3.71±0.38
	3.83±0.12
	0.107
	0.563

	FCR (kg feed/dozen eggs)
	0.52±0.03
	0.53±0.02
	0.54±0.05
	0.52±0.04
	0.54±0.03
	0.44±0.02
	0.51±0.05
	0.49±0.02
	0.013
	0.722


{T1 : Control ;T2 :Basal diet with Vitamin C (200 mg/kg); T3 : Basal diet with Vitamin E (10 IU/kg); T4 :Basal diet with 1% MOLM;T5: Basal diet with3% MOLM;T6 : Basal diet with 5% MOLM; T7 : Basal diet with 7% MOLM; T8 : Basal diet with 9%MOLM}
Means with different superscripts (a, b,c, d)in a row differ significantly (P≤ 0.05) from each other
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Fig. 2: Production performance of laying Japanese quail during overall period (7th to 20th weeks) as incorporated with MOLM 
The findings of present study with regards to vitamin C and vitamin E incorporation coincide with Abidin and Khatoon (2013) noticed vitamin C @200–500 mg/kg in laying hens diet improved feed efficiency, egg production and egg quality under heat stress conditions. But Shah et al. (2016) observed that feed intake was significantly (P<0.05) decreased in birds fed diet supplemented with vitamins E while it was insignificantly decreased in hens fed diets supplemented with vitamin C. In addition Sahin et al. (2002) observed an increased feed intake, egg production and egg weight when basal diet with vitamin E @ of 250 and 500 mg/kg of diet fed to laying Japanese quails reared under heat stress condition. Similarly El-Mallah et al. (2011) observed vitamin E supplementation increased egg production by alleviating the adverse effect of high ambient temperature in laying hens during summer months. 
With regards to dietary supplementation of MOLM   in present study, Kakengi et al. (2007) observed feed intake significantly (P≤0.05) increased progressively by using 10% Moringa oleifera leaf meal (MOLM) in diet of birds. While egg weight was significantly (P≤0.05) lowest in 10% MOLM and egg mass production showed a significant progressive decreased at 20% MOLM inclusion in diet of birds. Likewise, Olugbemi et al. (2010) observed that by using Moringa leaf meal (20%) as a replacement for sunflower seed meal significantly (P≤0.05) decreased egg production and whole egg weight in layer chicken. Furthermore Abou-Elezz et al. (2011) noticed Moringa oleifera leaf meal inclusion at different levels (5, 10 and 15%) in the layers diet had decreased egg mass, laying percentage, egg weight and feed consumption with no significant (P≥0.05) effect on FCR. Similarly Abu and Akangbe (2017) observed hen-day production did not differ significantly (P≥0.05) among the MOLM supplemented groups. Furthermore Abdelnour et al. (2018) observed the use of Moringa leavesup to 10% had no negative effects on the egg production. But levels greater than 10% led to adverse effects possibly due to increasing the level of anti-nutritional factors and dustiness of Moringa leaves and low digestibility of energy and protein. Moringa oleifera leaf meal utilization at 5% in the poultry industry may serve the sector by enhancing the product quality as a feed additive besides serving as protein feed (Tesfaye et al. 2018). Similarly Umesh et al. (2022) reported that laying hens fed with M. oleifera leaf meal exhibited significantly higher (P≤0.05) egg production during 37 to 40 weeks among the experimental groups and a level of  15% MOLM by replacing soyabean meal resulted for better egg production, egg weight, feed intake and feed efficiency without any adverse effect on production performance. 
3.3 Nutrient utilization

Evaluating nutrient utilization plays a pivotal role in assessing the nutritional value of feed components. It is essential to consider the mean values of nutrient utilization in the metabolism trial, which encompass dry matter, organic matter, crude protein, ether extract, and total carbohydrate utilization in laying quail as affected by incorporation of Moringa oleifera leaf meal are depicted in Table 11. and Figure 3.
Results of nutrient utilization showed a significantly (P≤0.05) higher dry matter utilization was seen in T4 (73.00±0.86)  and lower in T8 (60.27±2.42) group.  A significantly (P≤0.05) higher organic matter utilization was noted in T5(67.75±1.62) group and lower in T8 (57.53±1.14) group. The crude protein utilization was significantly (P≤0.05) improved seen  in T6 (73.38±2.25) group and lower in T8(58.22±1.61) treatment group. Significantly (P≤0.05) ether extract utilization was higher noticed in T3 (70.86±5.01) group followed by T6 and T4 treatments while lower in T8 (58.14±0.31) treatment group. Non-significant (P≥0.05) effect of treatment on total carbohydrate utilization (%) in different treatment groups was observed.
Table 11: Average values of nutrient utilization (%) in laying Japanese quail  during 7th -20th weeks period 
	Treatments 

	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Dry matter
	66.95±0.69bc
	60.86±0.57d
	62.19±0.56cd
	73.00±0.86a
	66.74±1.74bc
	70.79±1.85ab
	62.96±1.81cd
	60.27±2.42d
	1.014
	0.001

	Organic matter
	64.77±1.68a
	64.91±0.55a
	64.69±0.57a
	65.97±1.19a
	67.75±1.62a
	67.18±3.75a
	65.18±1.86a
	57.53±1.14b
	0.813
	0.034

	Crude protein
	66.20±0.59b
	65.43±0.74b
	67.83±2.04b
	65.69±1.29b
	68.28±0.91ab
	73.38±2.25a
	64.31±2.88b
	58.22±1.61c
	0.972
	0.001

	Ether extract
	65.36±3.15abc
	68.31±2.03ab
	70.86±5.01a
	68.39±1.56ab
	65.86±2.38abc
	68.94±2.99a
	59.94±0.51bc
	58.14±0.31c
	1.177
	0.039

	Total carbohydrate
	65.87±1.63
	62.59±0.86
	66.52±3.23
	65.49±1.67
	64.97±1.75
	63.62±2.06
	63.33±3.51
	59.38±3.19
	0.841
	0.525


                   Means with different superscripts (a, b, c, d) in a row differ significantly (P≤ 0.05) from each other
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Fig. 3: Average values of nutrient utilization (%) in laying Japanese quail  during 7th -20th weeks period fed diet of incorporated with MOLM
In the present study, vitamin C and E inclusion in diet of Japanese quail layer influences DM, OM, CP, EE and total carbohydrate utilization. In this aspect  Sahin et al. (2002) reported that heat exposure decreased digestibility of dry matter, organic matter, crude protein and ether extract were elevated by supplemental vitamin E. Likewise Sahin et al. (2003) showed that apparent digestibility of nutrients (DM, OM, CP, and EE) was increased by supplementation of vitamin C and E (P≤0.05) in laying Japanese quails. Similarly Sahin and Kucuk (2001) reported that digestibility of nutrients (DM, OM, CP, and EE) were higher when vitamin C and vitamin E was included into diet in broiler Japanese quails reared chronic heat stress. Furthermore Seven et al. (2012) found that utilization of crude protein improved with both vitamin C and propolis supplementation in comparison to the lead administrated group in broilers.
In the present study, Moringa oleifera leaf meal incorporation in diet of Japanese quail layer influences DM, OM, CP, and EE utilization. Similarly Siti et al. (2019) found that administration of Moringa leaf powder @ 4-6% in the diet of laying bird’s increased dry matter and organic matter digestibility. These findings are in agreement with Hernandes et al. (2004) that plant extract supplements can increase the digestibility of nutrients in the digestive tract of poultry. Furthermore Harshini et al. (2022) observed inclusion of Moringa oleifera leaf powder (5,10 and 15%) to the basal diet had no significant (P>0.05) variation in the apparent digestibility of nutrients and the reduction in feed intake of supplemented groups did not affect their retention of nutrients.
3.4 Economics of feeding for egg production: 

Results on the economics of feeding in  laying Japanese quail (per bird) is depicted in Table 12 and Figure 4.  Economics of feeding was calculated in terms of feed cost per egg (Rs.)
During whole feeding period, significantly (P<0.05) higher feed consumed was noticed in T1 (3.2 kg) and lower inT8 (2.62kg) treatment group.  The total egg production/bird was recorded and significantly (P<0.05) maximum egg production was in T6 (80.95±3.55) and lower in T8 (63.20±3.56) group as compared with control (72.61±2.61) group. A significantly (P<0.05) lowest feed cost/egg was observed  in T6 (0.74±0.04) treatment group as compared to control.  
Table 12: Economics of   feeding of   laying Japanese quail   ( per bird) as  affected by incorporation of MOLM 
	Attributes
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	SEm
	P- Value

	Average feed consumed (Kg)
	3.20±0.02a
	3.11±0.04ab
	2.85±0.09cd
	3.18±0.04a
	3.07±0.03ab
	2.98±0.04bc
	2.70±0.01e
	2.62±0.07de
	0.044
	0.001

	Total egg (Nos.)
	72.61±2.61ab
	70.46±1.26abc
	65.64±3.64bc
	69.81±2.79abc
	72.10±1.03ab
	80.95±3.55a
	64.47±9.71c
	63.20±3.56bc
	1.544
	0.045

	Per kg feed cost (Rs./kg)
	22.67±0.01a
	22.73±0.01a
	22.77±0.01a
	22.14±0.01b
	21.12±0.01c
	20.04±0.01d
	20.32±0.01d
	19.11±0.40e
	0.271
	0.001

	Total feed cost (Rs.)
	72.74±0.61a
	70.74±1.08a
	65.10±2.12b
	70.61±0.97a
	64.90±0.83b
	59.89±0.91c
	53.37±0.23d
	53.19±2.51d
	1.551
	0.001

	Feed cost/egg (Rs.)
	1.00±0.02a
	1.00±0.01a
	0.99±0.07a
	1.00±0.04a
	0.90±0.01abc
	0.74±0.04c
	0.91±0.15ab
	0.79±0.03bc
	0.026
	0.010


Means with different superscripts (a, b, c, d, e)   in a row differ significantly (P≤ 0.05) from each other
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Fig. 4. Economics of   feeding of   layer Japanese quail  (per bird) as  affected by incorporation of  MOLM 
The result obtained in the current study was dietary inclusion of Moringa oleifera leaf meal at varying level in diet of laying Japanese quail which showed significantly (P<0.05) reduced cost of  feed per egg. Similar results was obtained by Rajesh et al. (2022) who observed that feed cost per egg was significantly higher in the control birds as compared to MOLM included diets. Similar results also reported by Swain et al. (2017) who noticed that the feed cost to produce dozen eggs was highest for control group and lowest for 0.5% MOLM treated group in Vanaraja laying hens.
4. CONCLUSION 

Based on findings from this research, it can be concluded that 5% drumstick (Moringa oleifera) leaf meal can be incorporated in the feed for their improvement of production performance,  nutrient utilization and feed cost economics in  laying Japanese quail. 
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