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Growth Performance and Nutrient Digestibility of Broiler Chickens Fed with
 Mannan-Oligosaccharide and Pomegranate (Punica granatum) Peel Powder

ABSTRACT
The present study was conducted to assess the effect of mannan-oligosaccharide (MOS) and pomegranate (Punica granatum) peel powder (PPP) 
on the growth performance and nutrient digestibility of broiler chickens. Two hundred 
forty (N=240) day old commercial Vencobb 400 broiler chicks were randomly distributed into 4 groups of 3 replicates. Dietary treatment groups
 were as follows: T0 (Control; basal diet), T1 (basal diet + 0.1% MOS), T2 (basal diet + 0.6% PPP) and T3 (basal diet + 0.9% PPP). 
Results of the study showed significantly higher body weight, total gain in weight,
 FCR, broiler performance efficiency index in T1 and T3 groups; whereas, feed intake (g/bird) did not differ among the groups.
 Supplemented groups showed significant results in CP metabolizability, EE digestibility, N retention. It was observed that 0.1% MOS and 0.9% PPP had better performance in respect of gain in weight, FCR and nutrient digestibility of broiler chickens.
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1. Introduction
Broiler industry has experienced a phenomenal development in the last few years. With the increased inclination towards the nutritional value of food and changing lifestyles of people from vegetarian to non-vegetarian diet,
 chicken production has increased remarkably. Poultry population in India was 648.8 million in 18th livestock census which was increased to 729.2 million in 19th Livestock census of 
2012 where, India ranks 5th in global meat production with 6.6 million tonnes (FAO, 2012). Moreover, India’s per capita consumption of poultry meat has gone up from 400 g to 3.6kg/year (Intodia, 2016), which is still below world average of 5 kg/capita/year (FAO, 2012). ICMR projected for 1.7 billion population of India by 2050, so there should be production of 18.7-million-ton meat per annum, which means, 3.7-fold increase in meat production, from the current level to meet the demand of consumers. So, it is necessary to improve the health status of broiler by supplementing feed additives.
 Earlier antibiotics were used widely as growth promoters but
 in the last few decades, these have been under serious attention due to drug resistance in the host against the bacteria (Sultan et al., 2015). Therefore, the alternative feed additives like probiotics and prebiotics were used in animal feeds to enhance health and wellbeing of animal (Anadón et al., 2019). 

Mannan-oligosaccharide (MOS) enhances performance and health status of monogastric animals by stimulating immune system, improving lipid profile, villi height, goblet cell number/villus, microbial ecology, mineral retention, bone mineralization and nutrients apparent digestibility
 (Nochta et al., 2009; Reddy, 2011; Saeed et al., 2017). India has the annual production of 8.07 lakhs million tonnes pomegranate. The edible parts comprise of 78% 
juice and 22% by-products of total weight of the fruits (Ahmed and Yang, 2017). Whereas, the pomegranate peel (approx. 50% of fruit weight) is an important source of several prebiotic components like polyphenols, flavonoids, anthocyanins, minerals and complex polysaccharides (Fawole and Opara, 2016). Therefore, it has health promoting effects like anti-microbial; antioxidant, cytotoxic; hypoglycemic, hypolipidemic, hepatoprotective and anti-inflammatory activity and wound healing properties (Badawi et al., 2016). Polyphenols (166 mg/g dry powder) of pomegranate peel also exhibited positive effects on health-promoting bacteria and inhibitory effects on pathogenic bacteria. 

Keeping the above background in view, the present study was proposed to
 evaluate the dietary effect of Mannan-oligosaccharide (MOS) and Pomegranate (Punica granatum) peel powder (PPP) in broiler chickens with the objective to observe their dietary effect
 on growth performance and nutrient digestibility in
 broiler chickens.
2. Materials and Methods
The feeding trial was conducted in the Experimental Poultry Shed, Department of Animal Nutrition, College of Veterinary Science, Assam Agricultural University, Khanapara, Guwahati, Assam -781022, India during the month of September and October, 2018 with an average temperature ranging from 21 to 33oC and relative humidity from 58 to 98%.Ref.
2.1. Experimental Design 
 
Two hundred forty (N=240) day old commercial Vencobb 400 broiler chicks with
 45.50±0.67 g/bird were kept in brooder for three days. Chicks were offered ad libitum pre-starter crumbles for the first 7 days. On the 7th day, chicks were weighed individually and randomly distributed into 4 treatment groups i.e., T0, T1, T2 and T3 having 60 chicks in each with 3 replicates of 20 chicks each by following 
randomised block design.
 Control group (T0) was fed with basal diet during starter and finisher phase. Whereas, the treatment groups were fed basal diet supplemented with mannan-oligosaccharides (MOS) @ 100 mg/kg (T1), Pomegranate peel powder (PPP) @ 600 mg/kg (T2) and @ 900 mg/kg diet (T3), respectively during starter and finisher phases (Table 1). Feeding trial was conducted for a period of 5 weeks using broiler starter (7-21 days) and finisher (22-42 days) ration. At the end, metabolism 
trial was conducted for 5 days. The chemical composition of feed, residues 
and faeces were estimated by the 
methods of AOAC (2007). 

2.2. Source and Preparation of Feed Additives

Mannan-oligosaccharide and Pomegranate peel were procured from Anthem biosciences, Bengaluru, Karnataka – 560099 and Bhubaneswar, Odisha – 751003, respectively. Pomegranate peels were sundried for 48 hrs. Then the peels were kept in hot air oven for another 24 hrs at 60±5oC to remove the remaining moisture content. The peels were ground properly in willy grinder to obtain fine particles of 5mm size. The powder was stored in a plastic container at room temperature for future use in the proposed experiment
.
Dried powder of peels (2.5g) was extracted with 40mL o
f methanol solvent at 4ºC overnight. The extract was filtered through Whatman No.42 filter paper to remove fine particles. After extraction, the solvent was evaporated using a rotary evaporator at 30ºC
 for 15 minutes. The total polyphenol content in PPP was estimated by the method of Folin-Ciocalteau Reagent for Polyphenolic Assay (Agbor et al., 2014).

2.3. Statistical Analysis

Data obtained from the entire experiment were analyzed statistically in
 one way ANOVA at 5% level of significance using SPSS software version 20. Significant differences among means from analysis at (P<0.05) were determined by
 Duncan’s multiple range tests.

3. Results
3.1. Nutrient Composition of Pomegranate Peel Powder (PPP)

T
he nutrient composition (% DM basis) of pomegranate peel powder is presented in Table 2. 

3.2. Performance Traits

 There was no significant difference among treatment groups in weekly gain in weight (GIW; g/bird) during 2nd and 4th week (Table 3)
. During 3rd week, T3 group had better (P<0.05) GIW compared to control. During 5th week, T1 group had better (P<0.05) GIW than other groups
. However, T3 group showed highest (P<0.05) GIW as compared to other treatment groups. GIW during starter phase didn’t differ among treatment groups, whereas,
 finisher birds showed significantly highest GIW due to supplementation of 0.1 % MOS and 0.9% PPP.
 Statistically, higher total GIW was observed in T1 and T3 groups as compared to T0 and T2 groups
. 
Feed intake was observed to be significant in 2nd week of the experiment; where, T0, T2 and T3 groups showed better (P<0.05) effect than T1 group (Table 3).
 Non-significant effect was observed during 3rd, 4th, 5th and 6th week. Weekly and total feed intake (g/bird) didn’t show any significant effect due to supplementation of MOS and PPP in broiler ration. 

Feed conversion ratio showed significant effect during the entire experimental period except in 6th week of the experiment (Table 3).
 During 2nd week, T0 and T3 groups had significantly greater (P<0.05) FCR than T1 and T2 groups. In 3rd week, treatment groups had better (P<0.05) FCR compared to control. During 4th week, T3 group showed the best (P<0.05) FCR compared to other groups. In 5th week, FCR was better (P<0.05) in T0, T1 and T3 groups. Better (P<0.05) overall FCR was found in T1 and T3 groups as compared to T0 and T2 groups, which may be, due to presence of bioactive compounds like polyphenol in PPP. 


T1 and T3 groups had significantly (P<0.05) higher broiler performance efficiency index (BPEI) as compared to T0 and T2 groups (Table 4). 

3.3.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Significant results were observed in percent EE digestibility and CP metabolizability (Table 5).
 Where, T3 group increased (P<0.05) EE digestibility and all supplemented groups increased CP metabolizability over control. Supplemented groups had higher (P<0.05) nitrogen retention percentage (Table 6) as compared to control. Ca and P retention percentage didn’t show any significant (P>0.05) difference among treatment groups.
 
4. Discussion
It was found that the nutrient composition (% DM basis) of pomegranate peel powder (Table 2) was similar to the findings reported by Khan et al., (2017). Where, the nutrient content (%) of pomegranate peel/100 g is total solid - 94.50, moisture - 5.40, total sugars - 17.70, reducing sugars - 4.34, protein - 4.90, crude fiber - 16.30, fat content - 1.26 and ash - 3.40
. 

Similar finding in gain in weight was observed by Kwakernaak et al. (2007), that during 0-28 and 0-36 days, GIW showed a positive response in birds supplemented with pre- and probiotic (separate and in combination). On the contrary, Rezvani et al. (2018) observed that pomegranate seed extract (PSE) feeding reduced average GIW in birds in grower and whole period. Final weight was lower in PSE fed groups than control.
 Improvement in body weight was observed as compared to control due to supplementation of lactic acid bacteria and MOS with fumaric acid Brzóska et al. (2007).
 Alsenosy et al. (2012) found significantly increased (P<0.01) weight gain in 4th week (Bio MOS®) and 5th week (β-glucan). Total weight gains were significantly increased in β-glucan and Bio MOS® groups followed by MOS 500 and then the control group. Similarly, Guclu (2003), Parlat et al. (2003) and Oguz and Parlat (2004) observed higher body weight in birds that consumed MOS, whereas Ghosh et al. (2008) and Sarica et al. (2009) didn’t observe any significant difference.

Results of feed intake values are in line with Shabtay et al. (2008), Yalcinkaya et al. (2008) and Waqas et al. (2019), who didn’t
 observe any effect on feed intake due to supplementation of PP and MOS, respectively in broilers. This might be due to same nutrient profile including protein and energy of diet. Flemming et al. (2004) found that birds fed MOS (500 g/ton) and antibiotic showed higher feed intake and higher daily weight gain, whereas, there was lower feed intake in Saccharomyces cerevisiae cell wall fed birds.

Similar results in FCR were reported by Ahmed and Yang (2017) that inclusion of pomegranateby-products (PGB; 0.5 and 1%) in broiler diet improved FCR during starter and overall periods. Jahanian and Ashnagar (2015) showed 
that supplementation of MOS (0.1 and 0.15%) improved (P<0.05) 
FCR in E. coli challenged laying hens. However, Saleh et al. (2017) showed opposite results by pomegranate peel extract (PPE) and pomegranate peel (PP). Where, PP (1-3 g/kg) impaired (P<0.05) growth, feed consumption and feed efficiency of chickens.
 Supplementing 0.2 g/kg PPE significantly improved daily weight gain and decreased FCR without showing any significant effect on daily feed intake. Better (P<0.05) overall FCR in 0.1% MOS and 0.9% PPP supplemented 
groups as compared to other groups, may be due to presence of bioactive compounds in MOS and PPP. 

Better broiler performance efficiency index in 0.1% MOS and 0.9% PPP supplemented groups 
may be due to the presence of MOS which is a rich source of protein, vitamin B complex, trace minerals and many other beneficial factors and polyphenol in PPP.
Similar findings were observed by Rezvani et al. (2018) and (Akuru et al., 2021) in nutrient digestibility, who reported that pomegranate seed extract (PSE) and PPP meal (2 and 4 g/kg) improved EE digestibility, respectively. Presence of proanthocyanidin in PPP might have
 improved pancreatic and small intestinal digestive enzyme functions, leading to enhanced nutrient absorption and use (Reddy et al. 2014).

The improvement in nitrogen retention upon MOS and PPP supplementation might be due to bioactive compounds’ modulating effect on digestive secretions and enzymatic functions, ensuring beneficial activities within gastrointestinal tract, and encouraging overall growth stimulation in broilers (Murugesan et al., 2015).

5. Conclusion

The result of the experiment revealed that supplementation of MOS @
 0.1% and PPP @ 0.9% showed better (P<0.05)
 growth performance, digestibility of EE, metabolizability of CP and N–retention in broiler chickens. Therefore, dietary supplementation of MOS @ 0.1% and PPP @ 0.9% in the broiler ration may be beneficial for production and improvement of health status of broiler chickens. It can be concluded that pomegranate peel powder @ 0.9% can be incorporated as alternative growth promoter (as prebiotic) in broiler ration for better production. However, further more elaborate studies with large number of birds and different doses of
 pomegranate peel powder is appreciated to ascertain the suitable amount of pomegranate peel powder for dietary
 supplementation in broiler rations for better productivity and ideal health status.
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Table 1. Formulation and calculated content of basal diets

	Ingredients of Feed (%)
	Starter (7-21 days)
	Finisher (22-42 days)

	Maize 
	45.3
	51

	Rice polish 
	10
	10

	GNC
	18.5
	16.4

	Soyabean meal
	20.5
	17

	Mineral mixture
	1.5
	1.5

	Salt
	0.5
	0.5

	Vegetable oil
	3.5
	3.5

	Lysine
	0.067
	-

	Methionine
	0.133
	0.1

	Total 
	100
	100

	Calculated chemical composition

	CP (%)
	21.21
	19.37

	ME (Kcal/Kg)
	3042.55
	3109.3

	Lysine
	1.2
	0.99

	Methionine
	0.5
	0.4


Table 2. Nutrient Composition (% DM Basis) of Pomegranate Peel Powder (PPP)

	Nutrient composition   
	   Pomegranate Peel Powder (PPP)

	Dry matter (%)
	86.5

	Crude Protein (%)
	2.2

	Ether extract (%)
	1.5

	Crude fiber (%)
	10.95

	Total ash (%)
	3.5

	Nitrogen free extract (%)
	81.85

	Total phenolic content (mM/g of dry powder)
	889.50



Table 3. Weekly Gain in Weight (g/bird), Weekly Feed Intake (g) and Weekly Feed Conversion Ratio (FCR) of Broiler chickens Fed Dietary Treatments

	Attributes
	Week
	Dietary Treatments*
	SEM
	P value

	
	
	T0
	T1
	T2
	T3
	
	

	Weekly Gain in Weight (g/bird) of Broiler Chickens
	2nd Week
	133.25±2.02
	133.04±1.09
	135.94±0.03
	131.51±1.11
	0.73
	0.185

	
	3rd Week
	187.52a±2.14
	203.98ab±9.57
	221.62bc±6.54
	225.87c±0.92
	5.24
	0.006

	
	4th Week
	196.95±12.2
	217.30±10.6
	221.09±9.86
	235.31±6.73
	5.95
	0.135

	
	5th Week
	427.25b±37.0
	524.95c±35.5
	327.31a±13.7
	405.36ab±21.4
	24.5
	0.008

	
	6th Week
	303.94a±11.8
	313.02a±6.57
	308.08a±23.0
	373.40b±17.4
	10.9
	0.046

	
	Total
	1399.67a±80.4
	1630.67b±8.99
	1436.33a±21.1
	1620.00b±37.1
	37.1
	0.013

	Weekly Feed Intake (g) of Broiler Chickens
	2nd Week
	300.00b±0.00
	278.22a±5.41
	294.89b±2.56
	296.89b±1.94
	2.88
	0.005

	
	3rd Week
	449.78±2.47
	440.00±6.05
	447.78±7.78
	454.67±0.67
	2.69
	0.303

	
	4th Week
	662.67±6.84
	655.11±10.3
	646.89±14.5
	658.67±3.67
	4.49
	0.705

	
	5th Week
	752.66±27.4
	806.11±17.9
	779.29±42.6
	764.81±11.4
	13.2
	0.577

	
	6th Week
	858.67±41.9
	908.00±15.7
	851.33±31.0
	834.14±27.8
	15.4
	0.412

	
	Total
	3023.78±35.06
	3087.44±19.1
	3020.18±60.8
	3009.17±11.1
	18.2
	0.417

	Weekly Feed Conversion Ratio (FCR) of Broiler chickens
	2nd Week
	2.25b±0.03
	2.09a±0.04
	2.17ab±0.02
	2.26b±0.01
	0.02
	0.01

	
	3rd Week
	2.40b±0.02
	2.16a±0.08
	2.03a±0.10
	2.01a±0.01
	0.05
	0.01

	
	4th Week
	3.39b±0.20
	3.02ab±0.10
	2.93b±0.08
	2.80a±0.09
	0.08
	0.06

	
	5th Week
	1.79a±0.16
	1.55a±0.11
	2.39b±0.17
	1.90a±0.09
	0.11
	0.01

	
	6th Week
	2.94±0.53
	2.90±0.05
	2.80±0.25
	2.24±0.10
	0.15
	0.36

	
	Overall
	2.18b±0.11
	1.89a±0.38
	2.10b±0.11
	1.87a±0.27
	0.45
	0.004



* T0 = Control (basal diet), T1 = Basal diet + MOS (0.1%), T2 = Basal diet + PPP (0.6%) and T3 = Basal diet + PPP (0.9%)
abcMeans bearing different superscripts in a row differ significantly.

Table 4. Broiler
 Performance Efficiency Index (BPEI) of Broiler chickens Fed Dietary Treatments

	Attributes
	Dietary Treatments*
	SEM
	P value

	
	T0
	T1
	T2
	T3
	
	

	BPEI
	65.37a±7.67
	86.12b±1.48
	68.46a±2.97
	87.31b±4.11
	3.61
	0.018


* T0 = Control (basal diet), T1 = Basal diet + MOS (0.1%), T2 = Basal diet + PPP (0.6%) and T3 = Basal diet + PPP (0.9%)
abMeans bearing different superscripts in a row differ significantly.

Table 5. Digestibility (%) of Nutrients and Metabolizability (%) of Crude Protein (DM Basis) in Broiler Chickens Fed Dietary Treatments

	Attributes

	Dietary Treatments*
	SEM
	P value

	
	T0
	T1
	T2
	T3
	
	

	DM Digestibility Dig (%)

	74.14±0.61
	75.33±0.57
	74.82±0.74
	75.44±0.35
	0.29
	0.938

	OMDigestibility (%)
	76.04±0.61
	77.62±0.70
	77.52±0.83
	77.46±0.47
	0.34
	0.309

	EE Digestibility (%)
	78.78a±1.99
	83.01ab±1.20
	82.89ab±0.93
	85.12b±1.13
	0.80
	0.028

	CFDigestibility (%)
	36.33±1.87
	40.35±2.06
	40.16±2.35
	40.66±1.79
	1.01
	0.410

	NFEDigestibility (%)
	73.12±0.63
	73.16±0.96
	72.23±1.52
	74.75±0.86
	0.52
	0.414

	CP Metabolizability (%)
	59.04a±0.86
	65.35b±0.71
	64.49b±1.68
	66.09b±0.87
	0.77
	0.001


* T0 = Control (basal diet), T1 = Basal diet + MOS (0.1%), T2 = Basal diet + PPP (0.6%) and T3 = Basal diet + PPP (0.9%)
abcMeans bearing different superscripts in a row differ significantly.

Table 6. Retention (%) of Nutrients (DM Basis) in Broiler chickens Fed Dietary Treatments

	Attributes

	Dietary Treatments*
	SEM
	P value

	
	T0
	T1
	T2
	T3
	
	

	Nitrogen Retention (%)
	59.04a±0.86
	65.35b±0.71
	64.49b±1.68
	66.09b±0.87
	0.77
	0.001

	Calcium Retention (%)
	63.86±2.96
	64.26±1.64
	59.91±2.36
	68.07±0.94
	1.16
	0.090

	Phosphorus Retention (%)
	62.27±1.40
	65.11±1.60
	60.93±2.24
	64.25±1.50
	0.87
	0.328



* T0 = Control (basal diet), T1 = Basal diet + MOS (0.1%), T2 = Basal diet + PPP (0.6%) and T3 = Basal diet + PPP (0.9%)
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