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Abstract

	The present investigation was undertaken to evaluate the effects of dietary supplementation of coriander seed, turmeric powder, and black pepper on feed intake, growth performance, and economic efficiency in commercial broiler chickens. The experimental data were statistically analyzed following the procedures described by Snedecor and Cochran (1994) using a Randomized Block Design (RBD). The study was carried out at the Poultry Unit of the Instructional Livestock Farm Complex, College of Veterinary Science and Animal Husbandry, Junagadh Agricultural University, Junagadh, for six weeks, from May 1st to June 11th, 2016. Dry matter content of feed samples was determined by drying in a hot air oven at 100°C for 24 hours. Proximate analysis of representative feed samples was carried out using standard procedures outlined by AOAC (1999). Blood samples were aseptically drawn from the wing vein and placed in containers with labels that contained the anticoagulant sodium ethylene diamine tetra-acetic acid (Na-EDTA). Using the Sahli's acid hematin method, the micro-hematocrit method for packed cell volume (PCV), and a hemocytometer for total erythrocyte count (TEC) and total leucocyte count (TLC), hemoglobin concentration was calculated. For biochemical analysis, blood samples were centrifuged at 3000 rpm for 10 minutes to separate plasma, which was then stored at −20°C until further analysis. Plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined using Merck diagnostic kits with a serum biochemical analyzer (Microlab-300, Merck), following the method described by Tietz et al. (1976). The results of the study revealed that dietary supplementation of coriander seed (2%), turmeric powder (2%), and black pepper (0.5%) significantly improved body weight gain and feed consumption in broiler chickens. Although feed conversion ratio (FCR) was numerically lower in the coriander seed and black pepper supplemented groups compared to the control and turmeric powder groups, the differences were statistically non-significant. Hematobiochemical parameters and carcass characteristics were not adversely affected by supplementation of coriander seed, turmeric powder, or black pepper in broiler diets. Economic analysis indicated that only the coriander seed and black pepper supplemented groups yielded positive returns over the control group.	Comment by User: Please replace this references in the introduction section
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1. Introduction

Poultry production plays a vital role in improving human nutrition and ensuring food security by providing a readily available source of high-quality animal protein in the form of eggs and meat. Modern broiler chickens have been genetically improved for rapid growth rate and superior feed conversion efficiency. In recent years, increasing concern over the use of antibiotic growth promoters has led to a growing interest in natural, non-antibiotic feed additives derived from herbs, spices, and essential oils. These natural additives are considered safer, residue-free, less toxic, and environmentally friendly alternatives to synthetic antibiotics and inorganic chemicals used in poultry nutrition.

“Coriander (Coriandrum sativum L.), a member of the family Apiaceae (Umbelliferae), is widely cultivated for its seeds throughout the year” (Mhemdi et al., 2011). India is the world’s largest producer, consumer, and exporter of coriander, with an annual production of approximately three lakh tonnes. Almost all parts of the plant are utilized either as flavoring agents or as traditional medicinal remedies for the treatment of various ailments (Sahib et al., 2012; Anju et al., 2011; Girenko, 1982; Jain, 1986; Khalaf et al., 2008). Coriander seeds are globular to ovate in shape and possess a mild, sweet, slightly pungent aroma with citrus-like notes. The seeds contain essential oils and fatty oils as their major bioactive constituents. In India, coriander is a highly valued Ayurvedic medicinal plant, commonly known as “Dhanya,” and is traditionally used to treat digestive, respiratory, and urinary tract disorders. Several studies have reported its pharmacological properties, including antioxidant (Darughe et al., 2012), antidiabetic (Eidi et al., 2012), antimutagenic (Cortes et al., 2004), antilipidemic (Sunil et al., 2012), and antispasmodic activities (Alison & Peter, 1999; Verma et al., 2011; Wangensteen et al., 2004). Additionally, coriander oil exhibits broad-spectrum antimicrobial activity (Silva et al., 2011; Nadeem et al., 2013; Pal et al., 2001; Politeo & Miloš, 2007; Turner, 2004). Coriander leaves are also rich in vitamins and minerals, particularly vitamin A (β-carotene), vitamin C, iron, zinc, thiamine, and dietary fiber, while being low in saturated fat and cholesterol.

Black pepper (Piper nigrum L.) is a perennial flowering vine belonging to the family Piperaceae and is well known for its pungent taste. It has been reported to enhance nutrient digestibility and improve feed utilization in poultry (Moorthy et al., 2009). The therapeutic properties of black pepper are mainly attributed to its bioactive compound piperine, along with other alkaloids such as capsaisin and capsantine, which are known to alleviate rheumatic pain (Mahady et al., 2008). Piperine has been shown to exert beneficial effects on the nervous and neuromuscular systems and plays a significant role in improving digestive efficiency (Ferreira et al., 1999; Great, 2003). Furthermore, black pepper is rich in antioxidant enzymes such as glutathione peroxidase and glucose-6-phosphate dehydrogenase. Piperine is also known to enhance the bioavailability of nutrients such as selenium, B-complex vitamins, β-carotene, curcumin, and other micronutrients (Khalaf et al., 2008). It stimulates thermogenesis, accelerates lipid metabolism, and enhances serotonin and β-endorphin production in the brain (Malini et al., 1999). Traditionally, black pepper has been used to manage digestive disorders, bronchitis, and microbial infections. Several researchers have reported improved body weight gain and feed conversion efficiency in broilers supplemented with herbal feed additives (Great, 2003; Iqbal et al., 2011).

Turmeric (Curcuma aromatica Salisb.), belonging to the family Zingiberaceae, is an important medicinal and aromatic plant with diverse applications. Commonly referred to as the “golden spice” or the “spice of life,” turmeric holds a prominent place in traditional medicine and food systems. India is the leading producer, consumer, and exporter of turmeric worldwide. Kasthuri turmeric is widely used in Ayurvedic formulations and cosmetic preparations. Turmeric is well known for its bioactive compound curcumin, which exhibits antioxidant, antimicrobial, anti-inflammatory, and growth-promoting properties.

In view of the increasing demand for natural feed additives and the potential benefits of herbal supplements, the present study was undertaken to evaluate the effects of dietary supplementation of coriander seed, turmeric powder, and black pepper on growth performance, carcass characteristics, and economic efficiency in broiler chickens.

2. Materials and Methods

A total of 240 day-old broiler chicks of the Cobb-400 strain (Plate 1) were randomly assigned to four dietary treatment groups following a Randomized Block Design (RBD). Each treatment consisted of three replicates, with 20 chicks per replicate. On arrival, all chicks were individually weighed using an electronic weighing balance, and these measurements were recorded as the initial body weight. The details of the experimental birds are presented in Table 1. Statistical analysis revealed that the initial body weights of chicks across all treatment groups did not differ significantly. The experimental groups were subjected to the following dietary treatments:

T1 = control (Feed without Coriander seed, Turmeric powder and Black pepper supplementation)
T2 = 2 % Coriander seed powder supplementation in feed
T3 = 2 % Turmeric powder supplementation in feed 
T4 = 0.5 % Black Pepper supplementation in feed

A six-week feeding trial was conducted using chicks distributed into four experimental groups. On the day of arrival, wing bands were put on each chick to help with identification. The birds were grown in a deep litter housing system with a litter depth of approximately 3 inches, and all groups were kept under consistent and standard management techniques. The experimental groups were separated using PVC plastic ply partitions (Plate 2). Each group was provided with separate feeders and waterers. Strict sanitary and hygienic measures were implemented throughout the experimental period to minimize the incidence of diseases, in accordance with recommended management practices.

Table 1. Effect of coriander seeds, turmeric powder and black pepper on performance of Broiler chicks

	Performance
parameters
	Treatment

	
	Control
(T-I)

	Coriander seeds
(2%)
(T-II)
	Turmeric
powder (2%)
(T-III)
	Black pepper
(0.5%)
(T-IV)

	Body Weight
(g/bird)
	1790.83b
±23.64
	1964.40a
± 31.61
	1915.25a
± 34.26
	1940.80a
± 31.30

	Feed Intake
(g/bird)
	3140.10d
±22.95
	3367.90c
± 21.9
	3422.00a
± 22.1
	3333.90b
± 21.8

	Body Weight
Gain (g/bird)
	1735.67c
± 23.29
	1909.50a
± 31.00
	1859.90b
± 33.68
	1885.60ab
± 31.40

	FCR (kg/kg)
	1.81± 0.27
	1.76± 0.50
	1.83± 0.50
	1.76± 0.50


Note: a, b means bearing different superscripts in a row differ significantly (P<0.05)


2.1 Ethical Consideration:

This research was carried out after approval of competent authority of the institute.

The birds were vaccinated as per the recommended schedule to protect them against commonly occurring poultry diseases (Plate 3). Prior to chick placement, the poultry house floor was thoroughly cleaned, disinfected using formalin, and properly dried before spreading the litter material. The detailed vaccination schedule followed during the experiment is presented in Table 2.

To reduce early stress, Enrotreat was administered through drinking water at the rate of 1 ml per 2 litres for the first three days. In addition, Groviplex (20 ml/100 birds), G-Promin (10 ml/100 birds), and Vimeral (5 ml/100 birds) were supplemented through drinking water during the first ten days of the experimental period. Sokrena was used continuously as a sanitizer at the rate of 10 ml per 1000 birds throughout the experiment. To alleviate heat stress during hotter hours of the day, Ice, Volyte, and Herbal C were provided through drinking water at the rate of 10 ml per 1000 birds.

Strict and comprehensive sanitary measures were maintained throughout the experimental period, and necessary precautions were taken to prevent the entry of scavengers into the poultry house in order to minimize the incidence of diseases.

2.2 Experimental Birds and Diets 

Feed for all experimental treatments was procured from SIMRAN Feed Pvt. Ltd., Anand, Gujarat. Separate feeders and waterers were provided for each replicate within each treatment group. A diet formulated in accordance with BIS (1992) specifications was offered to the birds on an ad-libitum basis. During the first week of the experiment, feeders were filled only up to two-thirds of their capacity to minimize feed wastage. The experimental diets were thoroughly mixed with coriander seed, turmeric powder, and black pepper according to the respective treatment protocols (Plates 4, 5, and 6).

All experimental birds were given unlimited access to clean, fresh, and nutritious drinking water (Plate 7). Waterers were cleaned and scrubbed twice a day and constantly replenished with cool, fresh water. The leftover feed from each replicate was collected and weighed everyday in the morning to record feed consumption.

Weekly body weight (g): The individual body weights of all chicks were recorded at the time of procurement, and the experimental birds were weighed individually weekly during the trial.

Feed Conversion Ratio: The feed conversion ratio (FCR) was computed using the conventional procedure, which involved dividing the total feed consumed (g) by the total body weight gain (g).

Table 2. Economics of feeding of experimental groups

	Performance
parameters
	Treatment

	
	Control
(T-I)

	Coriander seeds
(2%)
(T-II)
	Turmeric
powder (2%)
(T-III)
	Black pepper
(0.5%)
(T-IV)

	Income from bird sold
	7142.10
	7957.60
	7487.20
	7740.60

	Feed cost (Rs./bird
	5405.60
	6132.60
	6277.82
	6117.50

	ROFC (Rs./bird)
	1736.50
	1825.60
	1209.38
	1623.10

	ROFC 
(Rs./kg live weight)
	30.46
	31.47
	21.59
	28.47



Economics of Feeding: For economic analysis, the cost of chicks, brooding, labour, and other fixed expenses was considered uniform across all experimental groups and therefore excluded from calculations. Only feed cost was treated as a variable expense, and total feed cost was computed accordingly. Comparative economic analysis was subsequently carried out among all experimental groups.

The average body weight of birds in each experimental group was calculated based on observations recorded at the end of the experimental period. The selling price of live birds was considered as ₹70 per kg live weight. Return over feed cost was calculated by dividing the gross return, obtained from the average body weight multiplied by the prevailing market price, by the feed cost incurred based on the average total feed consumption of the respective group.

2.3 Statistical Analysis

Data were statistically analyzed as per procedures suggested by Snedecor and Cochran (1994) by using, “Randomized Block Design” (RBD).

On the basis of the performance of experimental birds in respect to feed intake, body weight gain, FCR, Hematobiochemical parameter, carcass characteristics and economics, it seems to appear that incorporation of coriander seed in the broilers ration, as a Feed Additives improves overall performance with increase margin of profit in commercial broiler birds.

3. Results and Discussion

3.1 Feed Intake (g)

The average weekly feed intake (g/bird/week) of broiler birds in experimental groups T1, T2, T3, and T4 from 0 to 6 weeks ranged from 151.04 ± 2.33 to 795.30 ± 2.88, 137.20 ± 4.40 to 811.90 ± 10.80, 142.00 ± 4.50 to 807.06 ± 10.70, and 146.10 ± 4.60 to 800.30 ± 13.70 g/bird, respectively. The overall feed intake during the entire experimental period was recorded as 3140.10 ± 22.95 g/bird in T1, 3367.90 ± 21.90 g/bird in T2, 3422.00 ± 22.10 g/bird in T3, and 3333.90 ± 21.80 g/bird in T4.

Statistical analysis indicated that the overall feed intake was significantly higher (P < 0.05) in the treatment groups T2, T3, and T4 compared to the control group (T1). The highest overall feed consumption was observed in the T3 group, followed by T2, T4, and T1 groups. The total feed intake recorded across all experimental groups during the 0–6 week period was comparable to the BIS (1992) recommended feed intake of approximately 3200 g per bird.

3.2 Body Weight (g)

Statistical analysis of the final body weight data revealed that all treatment groups (T2, T3, and T4) exhibited a significant increase (P < 0.05) in final body weight compared to the control group (T1). The highest mean final body weight of experimental birds was recorded in the coriander seed–supplemented group (T2), followed by the black pepper–supplemented group (T4), turmeric powder–supplemented group (T3), and the control group (T1).

The average initial body weights of chicks were 55.17 ± 0.36, 54.90 ± 0.63, 55.31 ± 0.58, and 55.20 ± 0.60 g in T1, T2, T3, and T4 groups, respectively. The corresponding average final body weights at the end of the experimental period were 1790.83 ± 23.64 g (T1), 1964.40 ± 31.61 g (T2), 1915.25 ± 34.26 g (T3), and 1940.80 ± 31.30 g (T4).

3.3 Feed Conversion Ratio (FCR)

The mean feed conversion ratio (FCR) values of broiler birds were recorded as 1.81 ± 0.27, 1.76 ± 0.05, 1.83 ± 0.05, and 1.76 ± 0.05 in T1, T2, T3, and T4 experimental groups, respectively. Statistical analysis revealed that the differences in FCR among the treatment groups were non-significant (P > 0.05). However, comparatively better FCR values were observed in the coriander seed–supplemented (T2) and black pepper–supplemented (T4) groups, followed by the control (T1) and turmeric powder–supplemented (T3) groups.

The findings of the present study regarding the beneficial effect of coriander seed supplementation on FCR are in agreement with earlier reports by Guler et al. (2005), Saeid and Al-Nasry (2010), and Jaff (2011). Similarly, Al-Sultan (2003) reported “improved FCR in broilers supplemented with turmeric powder”. In contrast, Nikola et al. (2014) observed that “supplementation of black pepper in broiler diets did not significantly influence FCR”. Furthermore, Hosseini-Vashan et al. (2011) reported that “dietary inclusison of turmeric powder had no significant effect on the feed conversion ratio of broiler chickens”.
3.4 Economics of Feeding

The Total Return over Feed Cost per batch of 60 broilers was Rs.1736.5, 1825.6, 1209.38 and 1623.1 in T1, T2, T3 and T4 experimental groups, respectively, (Fig. 2).

According to an analysis of the economy of feeding for each treatment, the T2 group had the largest return over feed cost, followed by                      the T1, T4, and T3 groups, which had lower returns.

Total profit per chick was Rs. 30.46, 31.47, 21.59 and 28.47 in T1, T2, T3 and T4, respectively (Fig. 1). Profit per bird over control (T1) group was Rs. 1.01, -1.99 and -8.87 in T2, T4 and T3 groups, respectively. Economic data revealed gainful income in T2 group (Rs. 1.01 or 3.31%) as compared to T1 (control). Whereas T4 and T3 groups of birds showed loss (Rs. -1.99 or 6.53%) and -8.87 or 29.12%, respectively over control group) as compared to control. Thus, it is clear that benefit was obtained only in T2 group as compared to control.

Improved weight gain and feed conversion led to better economy of feeding for Coriander seeds as compared to control in the present study. These findings are supported by different past studies. Hossain et al. (2014) found that, average profit/bird in coriander group (Rs. 45.86) was higher than control group (Rs. 41.95). while in turmeric group (Rs. 36.68), it was lower than control group. Cost Benefit ratio was                       higher in coriander group (Rs. 1.26) than control group (Rs. 1.25) while in turmeric group,                  it was found (Rs. 1.21) to be lower than control group. 

4. Conclusion

· The addition of coriander seed (2%), turmeric powder (2%), and black pepper (0.5%) to broiler diets resulted in considerably greater body weight gain and feed consumption.
· Feed conversion ratio (FCR) was lower in Coriander seeds and Black pepper group as compared to control and Turmeric powder group, though it was non-significant.
· Though the finding of the present study is concrete and encouraging but further trials on herbal supplement such as Coriander seed and Black pepper at various graded level needs to be exploited in poultry, especially in layer birds to work out any adverse effects on growth                     performance, production and economy of layer raising. 
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