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Effect of the combined supplementation of black cumin, turmeric, and vitamin E on the growth performance of Japanese quails


Abstract
An experiment was conducted to evaluate the effect of the combined supplementation of black cumin, turmeric, and vitamin E on the growth performance of Japanese quails. A total of 225 chicks were allocated into three experimental groups, each comprising 75 chicks, following a completely randomized design. Each group was subdivided into three replicates, with 25 chicks in each. The treatment groups were labeled as T0 (no supplementation), T1 (1 percent mixture of black cumin and turmeric at a 1:1 ratio plus 100 mg of vitamin E) per kg of feed, and T2 (2 percent mixture of black cumin and turmeric powder at a 1:1 ratio plus 200 mg of vitamin E) per kg of feed. There were no significant differences in average daily feed intake among the groups. However, the mean weekly body weight was significantly greater (P<0.01) in the treatment groups. Similarly, the average daily gain showed a significant difference during the initial period, but it was statistically non-significant among the treatment groups throughout the entire experimental period. The feed conversion ratio exhibited a significant improvement (P<0.01) in the T1 and T2 groups during the initial phase compared to the T0 group, although no significant effects were noted thereafter. Furthermore, there were no significant differences in carcass parameters across all treatment groups. The mean scores for sensory evaluation concerning color, flavor, texture, and juiciness were significantly elevated in the T2 group relative to T1 and T0. It is concluded that the addition of a 2 percent mixture of black cumin and turmeric at a 1:1 ratio, along with 200 mg of vitamin E per kg of feed, enhanced both growth performance and sensory characteristics of quail meat.
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Introduction
Globally, the Japanese quail (Coturnix coturnix japonica) is experiencing a surge in popularity. In recent years, quail have significantly influenced the market, resulting in the establishment of numerous quail farms across the nation to provide both eggs and meat. The commercial cultivation of these birds is growing daily in India, as they necessitate relatively low investment compared to other poultry species. Quails are a valuable source of animal protein through their eggs and meat (Priti and Satish, 2014) [15]. The Japanese quail is of considerable significance in the poultry industry due to its rapid growth, high reproductive efficiency, short lifespan, disease resistance, and early onset of sexual maturity (Batool et al., 2023) [5]. Quail eggs and meat are outstanding sources of animal protein, offering a substantial amount of protein while maintaining a relatively low fat content (Rogerio, 2009) [1].

The use of herbal products as natural antibiotics (phytobiotics) to enhance livestock performance is considered a safer alternative due to their low toxicity, lack of residues, cost-effectiveness, and capacity to improve livestock performance (Alagawany et al., 2021) [1] . The integration of medicinal plants into animal nutrition has increased due to these advantageous properties, which include antiseptic, anti-inflammatory, bactericidal, sedative, antioxidant, fungicidal, antiviral, growth-promoting, immune-stimulating effects, enhancement of diet palatability, gut functionality, stimulation of digestive enzyme secretion, and improved nutrient absorption (Cross et al., 2007; Ertas et al., 2005) [8,9] .

The most common plants in this category include turmeric (Curcuma longa L.), fenugreek (Trigonella foenum-graecum L.) and black cumin (Nigella sativa L.). Turmeric (Curcuma longa), a herb that occurs naturally and belongs to the Zingiberaceae family of gingers, is native to southern and southeastern Asia. The phytoestrogen found in turmeric powder promotes the growth of ovarian follicles (Saraswati et al., 2014) [17], thereby integrating turmeric powder into a supplement boosts egg production and weight (Gumus et al., 2018) [11]. In the animal kingdom, vitamin E functions mainly as a biological antioxidant alongside the selenium-dependent enzyme, glutathione peroxidase. Since poultry cannot synthesize vitamin E on their own, their needs must be met through dietary sources (Chan et al., 1994) [7]. The addition of black cumin seeds to the diet of broiler chickens has been demonstrated to enhance growth performance, immunity, and nutrient utilization (Kumar et al., 2017) [14]. Moreover, black cumin powder has been shown to improve the performance of quail and prolong the shelf life of their meat (Asghar et al., 2022) [4]. The use of black cumin seeds has been observed to facilitate the removal of harmful microorganisms and elevate antibody titres against viral infections (Tahan and Bayram, 2011) [20]. Therefore, the current study aimed to explore the effects of a combination of black cumin, turmeric, and vitamin E on the growth performance of Japanese quails.

Materials and Methods
The present study was carried out at the Poultry Unit, Department of Livestock Production and Management, College of Veterinary Sciences and Animal Husbandry, Mizoram and all procedures used were in accordance with the approval of the ethical committee of CVSc and AH, CAU, Aizawl, Mizoram, India (CPCSEA: 1476/GO/Re/SL/2011/CCSEA dated 29.07.2024).
Experimental Design: A total of 225 quail chicks were randomly selected and assigned to three treatment groups: T0 (no supplementation of black cumin, turmeric powder, and vitamin E), T1 (supplementation with a 1 percent mixture of black cumin and turmeric powder in a 1:1 ratio plus 100 mg of vitamin E per kg of feed) and T2 (supplementation with a 2 percent mixture of black cumin and turmeric powder in a 1:1 ratio plus 200 mg of vitamin E per kg of feed). Each treatment group consisted of 3 replicates, each containing 25 quail chicks. The quail chicks were housed in battery cages and were properly managed according to standard procedures for a duration of 6 weeks. They were provided with quail pre-starter and starter feed were fed twice daily. Moisture, Crude protein, Ether extract, Crude fiber, Total ash and nitrogen free extract in the representative feed samples were estimated as per method described by AOAC (1990) [3] . 
Growth performance parameters: The quail chicks were housed in battery cages and were properly managed according to standard procedures for a duration of 6 weeks. The experimental birds were provided with a known quantity of feed daily, and any leftover feed was recorded the following day. The calculation of the difference between the feed offered and the feed refused was performed and expressed as g/day/replicate to ascertain the actual feed intake of each duplicate (within a group) on a specific day. At the conclusion of the experiment, total feed consumption (CFI) was computed using similar formulas for feed intake, expressed as g/week/replicate. The live weights of each individual bird were documented from every replication within the group on the initial day, followed by weekly measurements thereafter. To determine the actual feed consumed by each replicate (in a group) on a given day, the difference between the provided feed and the refused feed was calculated and expressed as g/day/duplicate. By the end of the experiment, the average live body weight (g/bird/week) was assessed and maintained at weekly intervals. The difference in body weight from one week to the next was utilized to calculate body weight growth (BWG). The feed conversion ratio (FCR) values for each group were computed weekly based on live weights and feed consumption. Feed efficiency (CFCR) was determined using the formula CFCR = CFI / CBWG.
Carcass characteristics: Carcass characteristics were examined during the 6th week involving 18 birds (2 birds from each replicate). Upon completion of the 6-week feeding trial, 5 birds from each dietary treatment group were weighed, subjected to a 12-hour fasting period, and then ethically slaughtered, de-feathered, and eviscerated. The hot carcass was weighed and subsequently chilled at 10°C for 48 hours. After chilling, the carcass was divided into various cuts, and the weights of different body parts, including the breast, thigh, back, drumstick, and giblets (gizzard, liver, lungs, and heart), were recorded.
Sensory evaluation: The sensory evaluation of the samples was assessed by its colour, flavour, texture, juiciness and overall acceptability as judged by a semi trained panel of 7 members using a 10-point hedonic score card.
Statistical analysis: All analysis was done using Sigma Plot 11.0 software package. The results expressed as the mean and pooled standard error of mean. Significance was tested by using one way ANOVA considering treatment group as a factor with the following model
Yij = µ + Ti +eij
where, Yij was the observation associated with each attribute; µ was the overall mean; Ti was the effect of ith treatment groups (i=1, 2) on each attribute; and eij is the random error. For comparison between treatment and control groups, Holm-Sidak / Duncan’s Multiple Range test was used. Probability values of P<0.05 was stated as significant. The specific P-values were mentioned in the text where there is a significant difference.
Results and Discussions
Proximate composition of the analyzed feeds (on dry matter basis) from the representative samples in respect of moisture, crude protein, ether extract, crude fiber, total ash and nitrogen free extract (table 1) was as per the standard proximate (ICAR, 2013) [12] of a quail pre-starter and starter ration.
Growth performances: The growth performance including feed intake, body weight, body weight gain, and feed conversion ratio (FCR) for each treatment group, are detailed in Table 2. 
Feed consumption: While no significant differences were observed among the groups regarding the daily feed intake of quail chicks up to the fourth week of age, it was noted that the intake was considerably lower (P<0.01) in the T2 group compared to the control and T1 groups during the fifth and sixth weeks of age. However, no significant differences were found among the groups throughout the entire trial period. Our findings are consistent with those of Guler et al. (2006) [10] , who reported no significant difference in daily feed intake (g) of broiler chickens receiving various levels of black cumin.

Body weights: The average weekly body weight of quail chicks (g) was significantly highest in the T2 group, followed by the T1 and T0 groups (P<0.01). These results are quite similar to those reported by Sushitra (2021) [19] , who found that the weekly body weight (g) of quail chicks was statistically higher (P<0.01) in both the 1 percent and 2 percent turmeric groups compared to the non-supplemented group. In contrast to our findings, Saraswati and Tana (2016) [18] observed a reduction in body weight in Japanese quail groups receiving turmeric supplements. Bidyut (2019) [6] indicated a non-significant difference in body weight (g) of quail chicks when supplemented with vitamin E in their diet.
Weight gain: While the average daily gain of quail chicks (g) was significantly higher in the treatment groups compared to the control during the initial period (1st and 2nd week). However, the same effect diminished and it was statistically non-significant among the treatment groups over the entire experimental period. However, the average daily gain in body weight was 2% and 4% higher in the T1 and T2 groups, respectively, than in the T0 group. Bidyut (2019) [6] also reported that the mean daily gain (g) was significantly greater in the vitamin E supplemented groups compared to the control group during the first week of age.
Feed conversion ratio: A significant difference was observed among all treatment groups concerning the feed conversion ratio (FCR) during the first and second weeks of age, where better FCR was recorded (P<0.01) in the T1 and T2 groups compared to the control group. However, this effect lessened in the following weeks and throughout the total trial period, during which no significant differences were detected. Nonetheless, the treatment groups exhibited numerically superior FCR relative to the control group. In alignment with these findings, Sushitra (2021) [19] reported an improvement in the feed conversion ratio of quail in groups supplemented with vitamin E when compared to the control group.
The significantly elevated body weight, average daily gain, and improved FCR may be attributed to the antioxidative properties of turmeric and vitamin E, which mitigate oxidative stress, enhance growth, and facilitate nutrient digestion. Additionally, black cumin may have contributed to the increase in digestive enzyme secretion, thereby improving nutrient digestion and absorption, which in turn enhances growth performance.
Carcass characteristics: No significant differences were noted regarding dressing percentage, carcass weight, various carcass cut-up parts and the weight of various organs of quail chicks across all treatment groups (Table 3). Consistent with the current study, the dressing percentage of broiler chicks in black cumin supplemented groups was statistically non-significant (Al-Beitawi and El-Ghousein, 2008) [2].
[bookmark: _GoBack]Sensory evaluation: The average scores for the sensory evaluation of quail meat in terms of color, flavor, and texture were significantly increased (P<0.01) in the T2 group compared to both the control and T1 groups (Table 4). Conversely, juiciness was markedly greater (P<0.01) in both treatment groups when compared to the control group. This improvement may be linked to the antioxidant effects of black cumin, turmeric, and vitamin E, which prevent lipid oxidation in meat, thus enhancing its color and flavor. The sensory evaluation of breast meat regarding color, juiciness, and flavor showed significant differences between the control and experimental groups when varying amounts of black cumin were administered to Japanese quail (Asghar et al., 2022) [4] . In contrast to the current findings, Kennedy et al. (2020) [13] found no significant differences (P>0.05) in the mean score for sensory evaluation of breast meat in quails supplemented with different levels of turmeric rhizome powder.
Conclusion
The research concluded that the addition of a 2 percent mixture of black cumin and turmeric at a 1:1 ratio, along with 200 mg of vitamin E per kg of feed, enhanced both growth performance and sensory characteristics of quail meat.
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Table 1:  Proximate composition of concentrate mixture offered to the quails (DM basis).
	Parameters (%)
	Pre-Starter
	Starter

	Dry Matter
	91.49
	90.10

	Crude Protein
	24.18
	22.60

	Total Ash
	7.30
	6.5

	Crude Fibre
	3.65
	3.44

	Ether Extract
	2.76
	2.88

	Nitrogen Free Extract
	53.6
	54.68



Table 2: Growth performance of quail chicks under different levels of black cumin, turmeric and vitamin E mixture supplementation (Mean±SEM) during 0-6 weeks.
	Attributes
	T0
	T1
	T2
	P

	Average daily Feed Consumption (g)

	18.04 ± 1.14
	17.90 ± 1.12
	16.65 ± 1.01
	0.490

	Live body weight (g)
	156.85 ± 2.40a
	164.37 ± 1.45b
	174.42± 1.88c
	0.000

	
	
	
	
	

	Average daily body weight gain (g)
	3.72 ± 0.16
	   3.80 ± 0.20
	   3.87 ± 0.11
	2.394

	CFCR
	4.69 ± 0.18
	4.46 ± 0.20
	4.33 ± 0.26
	0.669



Table 3: Carcass characteristics of quails under different levels of black cumin, turmeric powder and vitamin E mixture supplementation (Mean ± SEM)
	
Attributes
	Carcass Characteristics
	
P-value

	
	T0
	T1
	T2
	

	Live wt. (g)
	152.80 ± 1.24
	154.80 ± 0.66
	156.00 ± 1.04
	0.120

	Dressing %
	70.22±1.00
	72.35±1.55
	72.76±1.08
	0.332

	Carcass wt. (g)
	107.30±1.76
	112.01±2.47
	113.52±1.81
	0.122

	Breast (g)
	40.00±1.51
	42.00±1.37
	43.60±0.74
	0.171

	Back (g)
	22.40±0.74
	23.00±0.70
	23.00±0.70
	0.797

	Leg (g)
	21.20±0.73
	22.60±0.81
	22.20±0.58
	0.392

	Wing (g)
	7.84±0.22
	7.70±0.12
	7.60±0.18
	0.658

	Head (g)
	4.00±1.58
	3.92±0.90
	4.40±0.13
	0.053

	Neck (g)
	5.26±0.32
	5.52±0.17
	5.66±0.38
	0.658

	Liver (g)
	3.30±0.37
	3.38±0.17
	3.58±0.27
	0.781

	Gizzard (g)
	2.40±0.24
	2.60±0.18
	2.60±0.18
	0.741

	Heart (g)
	0.90±0.28
	0.91±0.04
	0.88±0.02
	0.743



Table 4: Sensory evaluation of quail meat under different levels of black cumin, turmeric and vitamin E mixture supplementation (Mean±SEM)
	Parameters
	T0
	T1
	T2
	P- value

	Colour
	5.44±0.07a
	5.74±0.03b
	5.94±0.02c
	0.002

	Flavour
	5.07±0.09a
	5.32±0.04b
	5.72±0.06c
	0.002

	Texture
	5.25±0.01a
	5.59±0.01b
	5.75±0.02c
	0.000

	Juiciness
	5.48±0.03a
	5.66±0.01b
	5.67±0.05b
	0.018

	Overall acceptability
	5.69±0.05
	5.84±0.01
	5.99±0.16
	0.196
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