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Abstract. 
The date palm (Phoenix dactylifera) seeds were utilized in some traditional medical remedies and have been investigated for their possible health benefits. This proposed study wanted to assess the effect of date palm seeds (DPS) dietary supplementation in comparison to mannan-oligosaccharides (Bio-Mos®) and β-glucan over antioxidant and immunity events that have effect on growth and carcass performances of broilers. An aggregate of 180, one-day-old, chicks were raised in the wire-floored cages and allotted into control, Bio-Mos (0.1%  Bio-Mos), β-glucan (0.1%  β-glucan), DPS2 (2% date crushed seeds), DPS4 (4% date crushed seeds), and DPS6 (6% date crushed seeds) groups. Broilers in DPS2 and DPS4 groups showed significant variations () in relative growth rate (RGR), feed conversion ratio (FCR), and efficiency of energy utilization in comparison to control group. Moreover, all DPS fed groups showed significant increases () in serum reduced glutathione (GSH) values. Meanwhile, both serum interferon-gamma (IFN-γ) and interleukin-2 (IL-2) levels were significantly increased () in DPS2. Consequently, obtained data revealed a substantial enhancement of performance, immunity, and antioxidant status by DPS supplementation in broiler that might be related to the antioxidant and immune-stimulant constituents of P. dactylifera seeds.



1. Introduction
Wide usage of antimicrobial agents has added to an imbalance among pathogenic and ordinary intestinal microflora as well as the development of multiple antibacterial resistance cases. In the poultry industry, natural feed additives have got the potential of reduction of poultry enteric diseases [1, 2]. Both mannan-oligosaccharides and β-glucan are extracted from Saccharomyces cerevisiae [3] and both were used as a feed additive in many poultry farms to enhance poultry execution and lower the liability to the pathogens propagation of the gastrointestinal tract and respiratory system [4, 5]. β-Glucan is a glucose polymer as basic component in the yeast and fungi that enhances defenses against bacterial challenge and increases the growth performance [6].
Phoenix dactylifera is a major source of nutrients for mankind [7]. The date palm seeds (DPS) are also called pips, stones, kernels, or pits that represent about 6–12% of whole date [8]. DPS are rich in minerals and vitamins. The chemical composition of DPS varies according to the nature of cultivating land. As far as dry weight, the chemical components of DPS have contained about 5–10% of moisture, 5–7% of protein, 7–10% of oil, 10–20% of crude fiber, 55–65% of carbohydrates, and 1-2% of ash [9]. The antioxidant effect of DPS regards its phenolic compounds of anticarcinogenic and anti-inflammatory activities [10].
Using medicinal herbs to decrease the participation of chemicals through the worldwide tendency to return to the natural supplements has been supported by the World Health Organization [11]. Many studies were done to investigate the usage of the medicinal plant as feed additives such as basil supplementation and/or chamomile that improves the immunity and performance of broiler [12] and P. dactylifera in New Zealand rabbits [13]. P. dactylifera is a prevalent diet among the Middle Eastern populations; its fruits are framed of a fleshy pericarp and seed, constituting between 10% and 15% of date fruit weight [14]. P. dactylifera has been developed in the Middle East over no less than 6000 years ago [15].
This trial was designed to compare the possible effects of mannan-oligosaccharides, β-glucan, and different levels of P. dactylifera seeds (DPS) on performance, and carcass characteristics, beside the oxidative and immunity events in broilers.
2. Materials and Methods
2.1. Chemical Analysis of Phoenix dactylifera Seeds
P. dactylifera seeds were collected at tamr stage from Al-Beheira Governorate, Egypt, and kept at 4°C. DPS were crushed to produce a fine powder subsequently analyzed [16] for the dry matter at 105°C for 3 hours in a hot air oven. Crude protein was determined by Kjeldahl method using Gerhardt Vapodest 10 and Gerhardt Turbotherm and lipid by ether extraction (Gerhardt Soxtherm). Fibers were determined by extraction with 0.5 M H2SO4 and 0.5 M NaOH (Gerhardt Fibertherm), drying, and ashing, after which ash substance was resolved after burning in a furnace at 550°C for 12 hours. Moreover, lysine and methionine were determined by calculation [17].
2.2. Phoenix dactylifera Seeds Extract
The crushed P. dactylifera seeds were extracted with methanol [18]. Quickly, 15 g of P. dactylifera seeds powder was extracted with 100 mL of methanol for 24 hours with occasional shaking. The extract was filtered and evaporated to dryness in a vacuum.
2.3. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
The chemical components of P. dactylifera seeds were carried on using Trace GC Ultra-ISQ mass spectrometer with a direct capillary column TG-5MS with 30 m × 0.25 mm × 0.25 m film thickness. The oven temperature was adjusted at 60°C and then raised by 5°C/minute to 280°C. The temperatures of both injector and detector were adjusted at 250°C. Helium was used as a carrier gas at a constant flow rate of 1 mL/minute for 21.03 minutes. The solvent retention time was 2 minutes and the diluted samples of 1 μL were injected by using autosampler AS3000 in the splitless mode. The segments were recognized by examination of their delay times and mass spectra with those of NIST 11 mass spectral database [19].
2.4. Birds and Dietary Treatments
This work was completed at the Faculty of Veterinary Medicine, Damanhour University, to evaluate the possible effects of Bio-Mos (mannan-oligosaccharides, produced by Alltech Co., USA), β-glucan ((1,3) β-D-glucan) which is produced by Beta-Mune™, Germany, and different levels of DPS supplementations on growth profile, carcass attributes, oxidative status, and immune events in broilers. One hundred eighty of one-day-old Ross 308 chicks with a mean body weight of 39.50 g were acquired from the local broiler chicken hatchery and then randomly allocated into six experimental groups (three replicates each of ten birds).
The study convention was affirmed by the Committee on the Ethics of Animal Experiments of Alexandria University, Egypt. The birds were raised in wire-floored cages and fed on a starter diet from the beginning of the experiment till the 3rd week of age, followed by a finishing diet to the end of experiment. The chicks were allocated into control (received the basal eating program), Bio-Mos (received the basal diet containing 0.1% Bio-Mos), β-glucan (got the basal eating routine containing 0.1%  β-glucan), DPS2 (received diet containing 2% date crushed seeds), DPS4 (received diet containing 4% date crushed seeds), and DPS6 (received diet containing 6% date crushed seeds) groups from 1st to 42nd days of age.
The incubation temperature of 32°C was gradually decreased until reaching 26°C by the third week of age. The chicks were exposed to a 23-hour light regimen. Both components and synthetic materials of the basal diets are showed in Tables 1 and 2. The basal diets were mixed using National Research Council instruction [20] where protein percentages are 22.6 and 18.14 g/100 g for starter and finisher diets, respectively. Birds were vaccinated as follows: Clone Ma5 by eye drop on the 7th day of age, Gumboro Intermediate Plus (Bursine Plus vaccine) eye drop on the 14th day, LaSota vaccine eye drop on the 18th day of age, and finally LaSota vaccine plus IBD vaccine eye drop on the 28th day.
Table 1: Ingredients percentages and calculated composition analysis of the experimental starter diets (as fed basis).
	

	Ingredients 	Basal diet 	DPS2	DPS4	DPS6
	

	Corn	55	53.09	51.17	49.27
	SBM (CP 44%)	32.04	32	32	32
	Corn gluten (CP 62%)	5.5	5.6	5.66	5.7
	Corn oil	3.5	3.39	3.27	3.17
	Limestone	1.35	1.33	1.31	1.28
	Dicalcium phosphate	1.74	1.74	1.74	1.74
	L-lysine	0.28	0.28	0.28	0.27
	Dl-methionine	0.14	0.12	0.12	0.12
	P. dactylifera seeds	0	2	4	6
	Vitamin and mineral premix	0.3	0.3	0.3	0.3
	NaCl	0.15	0.15	0.15	0.15
	Total	100	100	100	100
	Estimated and analyzed composition	 	 	 	 
	    ME	3069.59	3070.39	3069.38	3070.05
	    CP %	22.6	22.6	22.59	22.58
	    Lysine %	1.34	1.34	1.34	1.34
	    Methionine %	0.5	0.5	0.5	0.5
	    Calcium %	1	1	1	1
	    Av. (P) %	0.45	0.45	0.45	0.45
	


SBM: soybean meal. ME: metabolizable energy (Kcal/kg diet). CP: crude protein. Av. (P): available phosphorous. L-lysine, 99% feed grade. Dl-methionine, 99% feed grade, China. Vitamin and mineral premix (Hero mix) produced by Hero pharm Co., Egypt.


Table 2: Ingredients percentages and calculated composition analysis of the experimental finisher diets (as fed basis).
	

	Ingredients %	Basal diet 	DPS2	DPS4	DPS6
	

	Corn	67.58	65.54	63.64	61.55
	SBOM (CP 44%)	23	23.09	23.20	23.35
	Corn gluten (CP 62%)	3.0	3.0	3.0	3.0
	Corn oil	3.4	3.36	3.27	3.17
	Limestone	1.15	1.12	1.10	1.05
	Dicalcium phosphate	1.27	1.30	1.30	1.30
	L-lysine	0.14	0.13	0.13	0.12
	Dl-methionine	0.01	0.01	0.01	0.01
	P. dactylifera seeds	0.0	2.0	4.0	6.0
	Vitamin and mineral premix	0.3	0.3	0.3	0.3
	NaCl	0.15	0.15	0.15	0.15
	Total	100	100	100	100
	Calculated and analyzed composition	 	 	 	 
	    ME	3187.63	3189.41	3188.58	3188.10
	    CP %	18.14	18.13	18.12	18.14
	    Lysine %	0.96	0.96	0.96	0.96
	    Methionine %	0.32	0.32	0.32	0.32
	    Calcium %	0.80	0.80	0.80	0.80
	    Av. (P)	0.35	0.35	0.35	0.35
	


SBM: soybean meal. ME: metabolizable energy (Kcal/ kg diet). CP: crude protein. Av. (P): available phosphorous. L-lysine, 99% feed grade. Dl-methionine, 99% feed grade, China. Vitamin and mineral premix (Hero mix) produced by Hero pharm Co., Egypt.


2.5. Evaluation of Growth Performance
Body mass development and intake of feed in the treatment groups were weekly recorded. The weight gain in grams was calculated as the difference between two consecutive body weights. In addition, feed conversion ratio, relative growth rate (RGR), and efficiency of energy utilization were also calculated.
2.6. Hemagglutination Inhibition (HI) Test
Three categories of blood specimens were taken from the birds of each experimental group on the 14th, 21st, and 42nd days of age. Blood specimens were taken for collection of sera to examine the antibodies titer against Newcastle disease vaccine, using the HI test as an indicator of the bird’s immune health in the different experimental classes. Microtechnique to HI test was carried out following [21], while geometric mean titer (GMT) was measured after [22].
2.7. Carcass Properties
After 6 weeks of the experiment, five chickens per class were randomly chosen, fasted for 12 hours, and then weighed after which they were sacrificed and weighed to determine the dressing percentage, whereas liver, spleen, thymus, and bursa were weighed and the relative weights of chickens to their body mass were calculated. Gizzards, heart, and visible fat, from each chick, were also weighed.
2.8. Biochemical Analysis
Blood samplings were gathered from the wing vein on the 21st and 42nd days of the trial. Centrifugation of blood at 3000 rpm for 5 minutes to harvest clear sera was done. The gathered sera were exposed to biochemical investigations of reduced glutathione (GSH) levels [23]. Meanwhile, the interferon-gamma (IFN-) and interleukin-2 (IL-2) levels were determined by ELISA kits that were purchased from Cusabio Company, while nitric oxide (NO) ELISA kit was purchased from WKEA Company ELISA kits. The UNICO 2100UV-Spectrophotometers, ELx800 Absorbance Microplate Reader, and other lab hardware help were utilized as a part of biochemical examinations.
2.9. Statistical Analysis
All values were stated as means ± SD. The statistical measures were handled by the SPSS programming (SPSS 22). One-way ANOVA was used followed by Duncan’s multiple range tests, when the impact was significant, in order to separate the significant contrasts between dietary applications. All declarations of significance were depending on .
3. Results and Discussion
The data presented in Figure 1 and illustrated in Table 3 explore 15 major different components present in P. dactylifera seeds that were analyzed by GC-MS. The obtained data identified the presence of some antioxidant and immune-stimulant compounds such as 4,6-dimethyl-3-(4-methoxyphenyl) coumarin (14.73%), 4-methylcinnamic acid (11.44%), 6-hydroxy-7-methoxycoumarin (8.71%), and 7-allyloxy-4-methylcoumarin (2.20%). Cinnamic acid and its derivatives were identified in P. dactylifera seeds of different date varieties [24–27]. More than 1300 coumarins have been documented from plant seeds, roots, and leaves possess an antioxidant, anticancer, anti-inflammatory, and antimicrobial properties [28–32].
Table 3: GC-MS analysis of P. dactylifera seeds.
	

	Peak 	Retention time (minutes)	Name	Area%	Molecular weight	Molecular formula
	

	1	2.47	1-Ethynyl-3,trans(1,1-dimethylethyl)-4,cis-methoxycyclohexan-1-ol	1.83	210	C13H22O2
	2	3.09	Ethanol, 2-ethoxy-	2.77	90	C4H10O2
	3	3.82	Pentane, 3-ethyl-2,4-dimethyl-	2.14	128	C9H2O2
	4	4.45	α-Aminobutyric acid	8.98	103	C4H9NO2
	5	4.82	sec-Butyl acetate	4.48	116	C6H12O2
	6	4.94	4,6-Dimethyl-3-(4-methoxyphenyl) coumarin	14.73	280	C18H16O3
	7	7.04	cis-5,8,11,14-Eicosatetraenoic acid	25.64	304	C20H32O2
	8	7.68	4-Methylcinnamic acid	11.44	162	C10H10O2
	9	8.82	7-Allyloxy-4-methylcoumarin	2.20	216	C13H12O3
	10	9.00	Minoxidil	8.20	209	C9H15N5O
	11	9.15	1-(N-Methylamino)-1-phenylpropane	2.05	149	C10H15N
	12	9.52	2-Ethyl-2-(p-tolyl) malonamide	2.50	220	C12H16N2O2
	13	9.81	6-Hydroxy-7-methoxycoumarin	8.71	192	C10H8O4
	14	10.63	Mesitylene	1.91	120	C9H12
	15	13.32	2H-Pyran, tetrahydro-2-(12-pentadecynyloxy)-	2.42	308	C20H36O2
	







	
	
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
		
		
		
		
		
		
		
		
		
		
			
		
		
			
		
		
	


Figure 1: GC-MS chromatogram of P. dactylifera seeds methanolic extract.


The mean body weights of broiler nourished on basal diets and Bio-Mos and β-glucan supplemented diets compared with broiler chicks fed on diets that contained DPS at 2, 4, and 6% were illustrated in Table 4 that revealed higher significant increases in body weights and weight gain of broilers fed diets containing Bio-Mos, β-glucan, and DPS at levels of 2% and 4% when compared with the control one. Also, it was noticed that there were significant differences in relative growth rate (RGR) in all treated groups except those of DPS6 group when compared with the control one (Table 4); the highest RGR was observed in Bio-Mos, β-glucan, DPS2, and DPS4 groups (192.91 ± 0.13, 192.90 ± 0.07, 193.19 ± 0.07, and 193.06 ± 0.09, resp.). In regard to the feed intake, it was increased in all treated broiler groups in comparison to those of the control one (Table 4). Concerning total feed conversion ratio, chicks of DPS2 and DPS4 groups recorded the best feed conversion ratio in comparison with those of control one (1.58 ± 0.03 and 1.60 ± 0.03 versus 1.75 ± 0.04, resp.) and achieved the best energy utilization efficiency (4.94 ± 0.10 and 5.02 ± 0.10 versus 5.46 ± 0.14, resp.).
Table 4: Growth performance parameters of control and treated groups.
	

	Group	IWT	FWT	WG	FI	FCR	RGR	PER	EEU	Mort. rate %
	

	Control	39.83 ± 0.55	2073.7 ± 52.6	2033.87 ± 52.09	3501.07 ± 0.24	1.75 ± 0.04	192.51 ± 0.10	0.10 ± 0.001	5.46 ± 0.14	8
	Bio-Mos	39.91 ± 0.33	2204.14 ± 54.56	2164.23 ± 54.25	3550 ± 0.27	1.67 ± 0.05	192.91 ± 0.13	0.03 ± 0.001	5.20 ± 0.14	4
	β-Glucan	40.08 ± 0.24	2195.83 ± 34.26	2155.75 ± 34.03	3539.94 ± 0.28	1.65 ± 0.03	192.9 ± 0.07	0.03 ± 0.001	5.16 ± 0.08	4
	DPS2	39.96 ± 0.37	2290.63 ± 44.46	2250.67 ± 44.10	3519.13 ± 0.23	1.58 ± 0.03	193.19 ± 0.07	0.03 ± 0.001	4.94 ± 0.10	4
	DPS4	40.08 ± 0.25	2255.21 ± 40.60	2215.13 ± 40.37	3525.05 ± 0.20	1.60 ± 0.03	193.06 ± 0.09	0.03 ± 0.001	5.02 ± 0.10	12
	DPS6	40.13 ± 0.25	2023.96 ± 32.5	1983.83 ± 32.27	3520 ± 0.26	1.78 ± 0.03	192.31 ± 0.08	0.03 ± 0.001	5.59 ± 0.09	4
	


Means within the same column carrying different letters are significantly different at .
Values are expressed as means ± SE.
IWT: initial body weight. FWT: final body weight. WG: weight gain. FI: feed intake. FCR: feed conversion ratio. RGR: relative growth rate. PER: protein efficiency ratio. EEU: efficiency of energy utilization.


The increase in body weight and higher body weight gain due to the presence of Bio-Mos and β-glucan agree with those of [5, 33] which concluded the effect of mannan-oligosaccharides and β-glucans supplementation shows significant increase in body weight gain and enhancement in the feed efficiency in relation to the control diet. This advance may be with regard to the improvement of intestinal mucosal integrity and the increase in the absorption and utilization of the dietary nutrients [34].
DPS containing diets at levels of 2% and 4% showed higher significant increases in body weights and weight gain in broilers. The research study on DPS conveys the increment in the body weight due to DPS to mannan-oligosaccharides that were already detected in DPS [35] in addition to selenium, phenolic, and carotenoid compounds of DPS [36].
The effects of diets containing Bio-Mos and β-glucan comparing with different levels of DPS at 2, 4, and 6% on antibody level against Newcastle disease virus (NDV) of broiler chickens during 14th, 21st, and 42nd day of age in relation to control group were presented in Table 5. On the 14th day of age, there were insignificant differences among different treated groups. Meanwhile, on the 21st day, the birds fed diets containing DP at levels 6 and 4% showed a significant antibody titer against NDV, respectively, when compared with control one; also on the 42nd day the DPS2, DPS4, and DPS6 showed a significant antibody titer against NDV.
Table 5: Hemagglutination inhibition (HI) titer of Newcastle disease virus in control and treated groups at 14th, 21st, and 42nd day of age.
	

	Group	14th day	21st day	42nd day
	

	Control	4.30 ± 0.06	5.17 ± 0.19	5.27 ± 0.15
	Bio-Mos	4.47 ± 0.03	5.30 ± 0.15	5.47 ± 0.03
	β-Glucan	4.43 ± 0.03	5.20 ± 0.06	5.43 ± 0.03
	DPS2	4.37 ± 0.09	5.50 ± 0.06	5.73 ± 0.15
	DPS4	4.43 ± 0.03	5.63 ± 0.03	5.67 ± 0.09
	DPS6	4.23 ± 0.07	5.70 ± 0.10	5.63 ± 0.07
	


Means within the same column carrying different letters are significantly different at .
Values are expressed as means ± SE.


The data presented in Table 6 stated the carcass characteristics of control and treated birds. The dressing percentages in different experimental groups showed significant improvement in dressing percentage when compared with control one except those of DPS6 group. Conversely, the liver, heart, and gizzard weights showed no significant difference among different experimental groups. Table 6 also shows an enhancement in immune organ weight; spleen weight showed a numerical increase in treated groups. Also, thymus weights showed significant increases in DPS2 and DPS4 groups. The increment in antioxidant status of animals improves their growth performance, production, and reproduction [37]. Because mannan-oligosaccharides are not digested, they stimulate the lymphatic system of the gastrointestinal tract and general immunity [38].
Table 6: Dressing percentage and relative weights for liver, heart, gizzard and spleen, and thymus and bursa of control and treated groups.
	

	Item	Dressing %	Liver 	Heart 	Gizzard 	Spleen	Thymus 	Bursa 
	

	Control	68%  ± 0.01	40 ± 2.08	9.83 ± 0.09	31 ± 1.53	1.7 ± 0.06	2.83 ± 0.03	2.10 ± 0.06
	Bio-Mos	71%  ± 0.01	40.67 ± 1.76	10.5 ± 0.29	34.33 ± 0.67	1.93 ± 0.07	3.20 ± 0.06	2.23 ± 0.07
	β-Glucan	72%  ± 0.01	42 ± 1.15	10.67 ± 0.17	34.33 ± 0.67	1.9 ± 0.06	3.23 ± 0.03	2.23 ± 0.07
	DPS2	71%  ± 0.01	41.67 ± 2.03	10.33 ± 0.44	32.67 ± 2.33	1.83 ± 0.09	3.13 ± 0.07	2.13 ± 0.09
	DPS4	71%  ± 0.01	41.67 ± 2.03	10.17 ± 0.6	31 ± 0.58	1.9 ± 0.06	2.97 ± 0.09	2.20 ± 0.06
	DPS6	69%  ± 0.01	40.33 ± 1.86	10.43 ± 0.23	32 ± 1.0	1.77 ± 0.03	3.03 ± 0.09	2.10 ± 0.06
	


Means within the same column carrying different letters are significantly different at .
Values are expressed as means ± SE.


The data belonging to the biochemical study were illustrated in Tables 7 and 8. The serum levels of GSH were significantly increased () in DPS treated group, especially at 21st day. Indeed, its levels in Bio-Mos and β-glucan treated groups were significantly increased () at 42nd day of the experiment. In regard to serum NO, its levels were unchanged at 21st day and slightly decreased in all treated groups in comparison to control one (Table 7). The antioxidant activity of Bio-Mos, β-glucan, and DPS treated group is evidenced by the significant increase in the serum levels of GSH. The obtained data reported a talented antioxidant effective feed additive in broiler diets through DPS besides yeast cell wall prebiotics [39]. The methanolic extract of DPS is considered as an antioxidant source of β-carotene and phenolic compounds [40]. This antioxidant effect became proportional to the phenolic contents [41]. The significant decrease in MDA level in testicular tissue of DPS treated male rats in comparison with control one may be attributed to the antioxidant effect of p-coumaric acid, ferulic acid, flavonoids, sinapic acids, and procyanidins [42].
Table 7: The mean values of serum GSH and NO in control and treated groups.
	

	 	GSH (µg/mL)	NO (µmol/L)
	 	21st day	42nd day	21st day	42nd day
	

	Control	49.55 ± 3.29	23.56 ± 4.71	8.97 ± 0.04	8.24 ± 0.27
	Bio-Mos	22.31 ± 3.21	45.97 ± 13.56	8.09 ± 0.21	7.68 ± 0.12
	β-Glucan	16.75 ± 1.86	47.55 ± 13.59	8.11 ± 0.62	8.19 ± 0.21
	DPS2	67.44 ± 5.82	34.65 ± 9.42	8.09 ± 0.32	8.07 ± 0.04
	DPS4	55.91 ± 2.67	31.71 ± 0.4	8.18 ± 0.55	8.15 ± 0.14
	DPS6	55.46 ± 4.69	34.2 ± 1.74	8.17 ± 0.31	8.00 ± 0.09
	


Means within the same column carrying different letters are significantly different at .
Values are expressed as means ± SE.


Table 8: The mean values of serum IFN-γ and IL-2 in control and treated groups.
	

	 	IFN-γ (pg/mL)	IL-2 (pg/mL)
	 	21st day	42nd day	21st day	42nd day
	

	Control	149.99 ± 34.33	217.02 ± 68.32	1.30 ± 0.55	1.27 ± 0.08
	Bio-Mos	532.76 ± 33.16	373.23 ± 14.54	1.39 ± 0.20	1.86 ± 0.06
	β-Glucan	314.54 ± 8.67	314.54 ± 8.67	1.54 ± 0.25	1.77 ± 0.12
	DPS2	253.43 ± 56.19	490.45 ± 36.16	1.79 ± 0.52	2.62 ± 0.47
	DPS4	238.19 ± 42.08	431.70 ± 10.50	1.61 ± 0.28	1.48 ± 2.20
	DPS6	437.39 ± 47.68	448.23 ± 4.98	1.78 ± 0.33	1.26 ± 0.17
	


Means within the same column carrying different letters are significantly different at .
Values are expressed as means ± SE.


The data of cellular immunity were obtained in Table 8 in which both IFN-γ and IL-2 were significantly increased () in all DPS treated groups. In DPS2 group the highest levels of IFN-γ and IL-2 were at 42nd day while being at 21st day in Bio-Mos group. In regard to the comparison between the different concentrations of date seeds supplementations, the DPS2 group improved the antioxidant and cellular immunity in treating chicks. Dietary antioxidants exert their positive effects on the elimination of reactive oxygen species and subsequently prevent the activation of the inflammation process [43]. With regard to the serum production of cytokines, which were used for further understanding of immune status, we observed an upregulation of IL-2 and IFN-γ in broiler chickens in the Bio-Mos, β-glucan, and DPS groups comparable to the control one, in which IFN-γ is a soluble cytokine that is the only member of type II class of interferon known as immune interferon [44]. In addition, IL-2 is a type of cytokine that regulates the activities of leukocytes, often lymphocytes that are accountable for immunity [45]. In addition, IFN-γ production was augmented due to β-glucan in poultry [46, 47].
4. Conclusion
From the obtained data, we can conclude that the supplementation of broilers with ration containing DPS at levels 2% and 4% is of great beneficial improvements in broiler health producing healthy birds with higher body weight, despite enhancements of body weight, gain, organ weight, antibody titer, IFN-γ, IL-2, and antioxidant status in comparison to mannan-oligosaccharides and β-glucan.
Competing Interests
The authors have no conflict of interests.
Acknowledgments
The authors thank Dr. Mamoun Abd El Kareem (Atomic and Molecular Physics Unit, Experimental Nuclear Physics Department, Nuclear Research Center, Egyptian Atomic Energy Authority) for his assistance and advices.
References
	T. Ayasan, “Effects of dietary inclusion of protexin (probiotic) on hatchability of Japanese quails,” Indian Journal of Animal Sciences, vol. 83, no. 1, pp. 78–81, 2013.
	A. Gupta and S. Das, “The benefits of probiotics in poultry production: an overview,” International Journal of Livestock Research, vol. 2, no. 1, p. 18, 2012.
	P. W. Waldroup, E. O. Oviedo-Rondon, and C. A. Fritts, “Comparison of Bio-Mos® and antibiotic feeding programs in broiler diets containing copper sulfate,” International Journal of Poultry Science, vol. 2, no. 1, pp. 28–31, 2003.
	D. Mikulski, K. Kozłowski, J. Jankowski, J. Blok, and Z. Sobolewski, “Efficacy of yeast extract Saccharomyces cerevisiae in Turkey feeding,” Medycyna Weterynaryjna, vol. 64, no. 11, pp. 1331–1334, 2008.
	A. A. Alsenosy, H. S. A. El-Hamid, U. B. El-Gazzar, and A. El-Far, “Biochemical effect of some feed additives and immunological response in broiler chickens,” Alexandria Journal of Veterinary Sciences, vol. 35, pp. 131–142, 2012.
	V. Vetvicka and C. Oliveira, “β(1-3)(1-6)-D-glucans modulate immune status in pigs: potential importance for efficiency of commercial farming,” Annals of Translational Medicine, vol. 2, no. 2, article 16, 2014.
	S. Besbes, C. Blecker, C. Deroanne, N.-E. Drira, and H. Attia, “Date seeds: chemical composition and characteristic profiles of the lipid fraction,” Food Chemistry, vol. 84, no. 4, pp. 577–584, 2004.
	W. H. Barreveld, Date Palm Products, Food and Agriculture Organization of the United Nations, 1993.
	W. Al-Shahib and R. J. Marshall, “Fatty acid content of the seeds from 14 varieties of date palm Phoenix dactylifera L.,” International Journal of Food Science and Technology, vol. 38, no. 6, pp. 709–712, 2003.
	J. Peterson and J. Dwyer, “Flavonoids: dietary occurrence and biochemical activity,” Nutrition Research, vol. 18, no. 12, pp. 1995–2018, 1998.
	A. H. Mohamed, B. E. El-Saidy, and I. A. El-Seidy, “Influence of some medicinal plants supplementation: 1—on digestibility, nutritive value, rumen fermentation and some blood biochemical parameters in sheep,” Egyptian Journal of Nutrition and Feeds, vol. 6, pp. 139–150, 2003.
	H. A. Ahmed, K. M. Sadek, and A. E. Taha, “Impact of two herbal seeds supplementation on growth performance and some biochemical blood and tissue parameters of broiler chickens,” World Academy of Science, Engineering and Technology, vol. 2, no. 3, 2015.
	U. B. El-Gazzar, A. H. El-Far, and H. A. Abdel Maksoud, “The ameliorative effect of Phoenix dactylifera extract on CCl4 hepatotoxicity in New Zealand rabbits,” Journal of Applied Sciences Research, vol. 5, no. 9, pp. 1082–1087, 2009.
	A. S. Hussein, G. A. Alhadrami, and Y. H. Khalil, “The use of dates and date pits in broiler starter and finisher diets,” Bioresource Technology, vol. 66, no. 3, pp. 219–223, 1998.
	M. S. Copley, P. J. Rose, A. Clapham, D. N. Edwards, M. C. Horton, and R. P. Evershed, “Detection of palm fruit lipids in archaeological pottery from Qasr Ibrim, Egyptian Nubia,” Proceedings of the Royal Society B: Biological Sciences, vol. 268, no. 1467, pp. 593–597, 2001.
	 AOAC, Official Methods of Analysis, AOAC Int, Arlington, Va, USA, 2005.
	B. S. Kamel, M. F. Diab, M. A. Ilian, and A. J. Salman, “Nutritional Value of whole dates and date pits in broiler rations,” Poultry Science, vol. 60, no. 5, pp. 1005–1011, 1981.
	B. N. Shyamala, S. Gupta, A. Jyothi Lakshmi, and J. Prakash, “Leafy vegetable extracts—antioxidant activity and effect on storage stability of heated oils,” Innovative Food Science and Emerging Technologies, vol. 6, no. 2, pp. 239–245, 2005.
	D. Barakat, A. El-Far, K. Sadek, U. Mahrous, H. Ellakany, and M. Abdel-Latif, “Anise (Pimpinella anisum) enhances the growth performance, immunity and antioxidant activities in broilers,” International Journal of Pharmaceutical Sciences Review and Research, vol. 37, no. 24, pp. 134–140, 2016.
	 NRC, Ed., Nutrient Requirements of Poultry, National Academies Press, Washington, DC, USA, 1994.
	G. Takátsy, “The use of spiral loops in serological and virological micro-methods. 1955,” Acta Microbiologica et Immunologica Hungarica, vol. 50, no. 4, pp. 369–382, 2003.
	M. Brugh Jr., “A simple method for recording and analyzing serological data,” Avian Diseases, vol. 22, no. 2, pp. 362–365, 1978.
	E. Beutler, O. Durno, and B. M. Kelly, “Improved method for the determination of blood glutathione,” Journal of Laboratory and Clinical Medicine, vol. 61, pp. 882–888, 1963.
	P. K. Vayalil, “Date fruits (Phoenix dactylifera Linn): an emerging medicinal food,” Critical Reviews in Food Science and Nutrition, vol. 52, no. 3, pp. 249–271, 2012.
	I. Hamad, H. AbdElgawad, S. Al Jaouni et al., “Metabolic analysis of various date palm fruit (Phoenix dactylifera L.) cultivars from Saudi Arabia to assess their nutritional quality,” Molecules, vol. 20, no. 8, pp. 13620–13641, 2015.
	W. Kchaou, F. Abbès, R. B. Mansour, C. Blecker, H. Attia, and S. Besbes, “Phenolic profile, antibacterial and cytotoxic properties of second grade date extract from Tunisian cultivars (Phoenix dactylifera L.),” Food Chemistry, vol. 194, pp. 1048–1055, 2016.
	Z. Benmeddour, E. Mehinagic, D. Le Meurlay, and H. Louaileche, “Phenolic composition and antioxidant capacities of ten Algerian date (Phoenix dactylifera L.) cultivars: a comparative study,” Journal of Functional Foods, vol. 5, no. 1, pp. 346–354, 2013.
	G. Cravotto, S. Tagliapietra, R. Cappello, G. Palmisano, M. Curini, and M. Boccalini, “Long-chain 3-acyl-4-hydroxycoumarins: Structure and antibacterial activity,” Archiv der Pharmazie, vol. 339, no. 3, pp. 129–132, 2006.
	M.-H. Lin, Y.-S. Chou, Y.-J. Tsai, and D.-S. Chou, “Antioxidant properties of 5,7-dihydroxycoumarin derivatives in in vitro cell-free and cell-containing systems,” Journal of Experimental and Clinical Medicine, vol. 3, no. 3, pp. 126–131, 2011.
	D. Završnik, S. Muratović, D. Makuc et al., “Benzylidene-bis-(4-hydroxycoumarin) and benzopyrano-coumarin derivatives: synthesis, 1H/13C-NMR conformational and X-ray crystal structure studies and in vitro antiviral activity evaluations,” Molecules, vol. 16, no. 7, pp. 6023–6040, 2011.
	T. Nasr, S. Bondock, and M. Youns, “Anticancer activity of new coumarin substituted hydrazide-hydrazone derivatives,” European Journal of Medicinal Chemistry, vol. 76, pp. 539–548, 2014.
	A. A. Al-Amiery, Y. K. Al-Majedy, A. A. H. Kadhum, and A. B. Mohamad, “Novel macromolecules derived from coumarin: synthesis and antioxidant activity,” Scientific Reports, vol. 5, Article ID 11825, 2015.
	R. C. Shendare, M. A. Gongle, A. B. Rajput, B. V. Wanjari, and S. M. Mandlekar, “Effect of supplementation of Manno-Oligosaccharide and b-glucans on maize based meal on commercial broilers,” Veterinary World, vol. 1, no. 1, pp. 13–15, 2008.
	G. T. Bradley and T. F. Savage, “Enhance utilization of dietary calcium, phosphorus, nitrogen and metabolizable energy in poults feed diet containing a yeast culture,” Poultry Science, vol. 73, p. 124, 1994.
	F. Daneshyar, N. Afzali, and H. Farhangfar, “Effects of different levels of date pits in broilers’ feed contaminated with aflatoxin B1 on broilers’ performance and carcass characteristic,” African Journal of Biotechnology, vol. 13, no. 1, pp. 185–193, 2014.
	M. A. Al-Farsi and C. Y. Lee, “Nutritional and functional properties of dates: a review,” Critical Reviews in Food Science and Nutrition, vol. 48, no. 10, pp. 877–887, 2008.
	Y. Wu, Q. Wu, Y. Zhou, H. Ahmad, and T. Wang, “Effects of clinoptilolite on growth performance and antioxidant status in broilers,” Biological Trace Element Research, vol. 155, no. 2, pp. 228–235, 2013.
	A. Czech, E. R. Grela, A. Mokrzycka, and Z. Pejsak, “Efficacy of mannanoligosaccharides additive to sows diets on colostrum, blood immunoglobulin content and production parameters of piglets,” Polish Journal of Veterinary Sciences, vol. 13, no. 3, pp. 525–531, 2010.
	L. Križková, Z. Ďuračková, J. Šandula, V. Sasinková, and J. Krajčovič, “Antioxidative and antimutagenic activity of yeast cell wall mannans in vitro,” Mutation Research, vol. 497, no. 1-2, pp. 213–222, 2001.
	S. M. M. Shanab, E. A. Hanafy, and E. A. Shalaby, “Biodiesel production and antioxidant activity of different Egyptian date palm seed cultivars,” Asian Journal of Biochemistry, vol. 9, no. 3, pp. 119–130, 2014.
	M. R. S. Ardekani, M. Khanavi, M. Hajimahmoodi, M. Jahangiri, and A. Hadjiakhoondi, “Comparison of antioxidant activity and total phenol contents of some date seed varieties from Iran,” Iranian Journal of Pharmaceutical Research, vol. 9, no. 2, pp. 141–146, 2010.
	S. H. Orabi and S. M. Shawky, “Effect of date palm (Phoenix dactylifera) seeds extracts on hematological, biochemical parameters and some fertility indices in male rats,” International Journal of Sciences: Basic and Applied Research, vol. 17, no. 1, pp. 137–147, 2014.
	E. M. Conner and M. B. Grisham, “Inflammation, free radicals, and antioxidants,” Nutrition, vol. 12, no. 4, pp. 274–277, 1996.
	E. Katsoulidis, S. Kaur, and L. C. Platanias, “Deregulation of interferon signaling in malignant cells,” Pharmaceuticals, vol. 3, no. 2, pp. 406–418, 2010.
	W. Liao, J.-X. Lin, and W. J. Leonard, “IL-2 family cytokines: new insights into the complex roles of IL-2 as a broad regulator of T helper cell differentiation,” Current Opinion in Immunology, vol. 23, no. 5, pp. 598–604, 2011.
	B. Zhang, Y. Guo, and Z. Wang, “The modulating effect of β-1, 3/1, 6-glucan supplementation in the diet on performance and immunological responses of broiler chickens,” Asian-Australasian Journal of Animal Sciences, vol. 21, no. 2, pp. 237–244, 2008.
	T. Harada, N. N. Miura, Y. Adachi, M. Nakajima, T. Yadomae, and N. Ohno, “IFN-γ induction by SCG, 1,3-β-D-glucan from Sparassis crispa, in DBA/2 mice in vitro,” Journal of Interferon and Cytokine Research, vol. 22, no. 12, pp. 1227–1239, 2002.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Materials and Methods

		  3. Results and Discussion

		  4. Conclusion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




