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			Abstract | Ninety mature does New-Zealand White rabbits age 6 months and weighting 3.2 kg were assigned randomly into six treatment groups. The treatments were fed basal diet as control (G1), basal diet plus 0.3 % turmeric (G2), 0.05 % MOS® (G3), 0.015 % Biostrong® 510 (G4), 0.05 % MOS +0.3 % turmeric (G5) and 0.05% MOS +0.015 % Biostrong (G6), respectively. Rabbits fed with turmeric, MOS and Biostrong recorded a significant (P≤0.05) increase in doe weight at mating, prepartum, partum and weaning period, and the rate of feed intake increased in the treated groups, especially the G5 through gestation period and the G3 in lactation stage. The milk yield also increased in the rabbits in treated groups, especially the G5, and it appeared clearly in the third parity. Birth size at birth and at weaning, birth weight and milk production were  increased (P ≤ 0.05) in all treated groups in compared to the control group. Results have also shown that turmeric, MOS and Biostrong led to a significant increase in total protein, globulin, total antioxidant capacity (TAO), glutathione peroxidase (GPx) and superoxide dismutase (SOD), with significant improve in A/G ratio and decrease malondialdehyde (MDA) in the treated groups in compared to the control group. In conclusion, turmeric, MOS and Biostrong supplements had a beneficial effect as natural antioxidant additives, especially the mixture among them, by protecting against oxidative stress factors caused by pregnancy and lactation in female rabbits under heat stress.
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			Introduction

			 

			One of the main reasons for the low productivity of farm animals, especially rabbits, is climatic changes because they have thick fur and lack of sweat glands, which makes them suffer from excessive heat loss, which affects their productivity. The growth and reproduction rates of adult female rabbits are affected as a result of exposure to severe heat stress (30–31 ºC) (Marai et al., 2001). The consequences of exposure to high temperatures on rabbits were shown in terms of low pregnancy rate, fetal growth, birth size, birth weight and milk production, and mortality before and after weaning increase (Morsy and Abd El-Lateif,  2017).

			 

			Rabbits are characterized by critical physiological and hormonal changes during their reproductive cycle, making them more susceptible to these climatic influences (Mady, et al., 2018). The solution was to find effective nutritional supplement alternatives to improve the harmful effects of heat stress (El-Kholy et al., 2018; 2021; Hashem et al.,  2021).

			 

			Turmeric (Curcuma longa) is phytogenic additives, rich in phenolic compounds called curcuminoids, which consists of three main components curcuminoids, curcumin and demethoxycurcumin, they are yellowish turmeric pigments and have antioxidative, anticarcinogenic, anti-inflammatory, antihepatotoxic and hypocholesterolemic activities (Nishiyama et al., 2005). Alsaied et al. (2019) reported that the litter size and kit weight at birth, litter weight and bunny weight at weaning and increased viability percentage in bunnies from birth till weaning were improved by feeding female rabbits diet with curcumin.

			 

			Biostrong®510 is a preparation of partially encapsulated essential oils of thyme and anise, dried herbs and dried spices (Aquilina, 2016). One of the functional properties of anise oil and anethole: antibacterial, anti-fungal, anti-oxidant. (Newall, et al., 1996). Also, thymol has capability to work as antioxidant agent by suppressing harmful free radicals from interacting with cellular biological compounds. So, Biostrong-510 optimizes performance, production by increase litter size at birth and weaning as well as viability rates in both at birth and weaning. (Abdelnour et al., 2022). 

			 

			Mannan-oligosaccharides (MOS) is a component of the structural cell wall in sacchoromyces cerevisiae. Mannan-oligosaccharides is an alternative natural product for antibacterial growth factors, known to bind pathogenic microorganisms (Salmonella spp. as well as E. coli) and make them unable to adhere to the intestinal wall, to reduce cecal PH and increase volatile fatty acid which prevents bacterial stability. MOS protein conjugates are also involved in interactions with the animal’s immune system and can enhance immune system activity. Which is reflected on the immunity and health of the doe rabbits, and consequently on the litter size at births, their health, and the mortality rate. (Spring, et al., 2015). Attia et al. (2015) found that productive and reproductive performance of rabbit does was improved by supplemented Mannan-oligosaccharides in diet. 

			 

			This study aimed to determine the effects of combining turmeric as single raw phytogenic source or Biostrong 510 as purified extracted mixed phytogenic product with MOS as prebiotic in diet of female rabbits exposed to heat environmental conditions.

			 

			Material and methods

			 

			Ethical approval

			This research belongs to the Animal Production Research Institute (APRI), Agricultural Research Center (ARC). This research is subject to the guidelines of the Animal Production Research Institute Ethical Committee.

			 

			 

			Animals and treatments

			This study was carried out at Sakha Research Station, Animal Production Research Institute, Agriculture Research Center, Egypt.

			 

			A total number of Ninety New-Zealand white rabbits mature does were used in the study at 6 months of age with live body weight of 3.2 kg during a period from August to December 2019. Does were randomly assigned to six homogeneous groups, each with 15 does. The first group was fed a basal diet (G1) while the other five groups received the diet supplement with Turmeric group (G2) at 0.3%, Mannanoligosaccharides (MOS) group (G3) at 0.05%, Biostrong (G4) at 0.015%, combination between Turmeric and MOS (G5) , combination between Biostrong and MOS (G6), respectively. Diets were formulated to meet the NRC (1977) requirements during pregnancy and lactation periods. Ingredients and chemical composition of the pelleted ration are summarized in Table 1. The experimental period included three reproductive cycles (three parity). Feed intake of rabbit does was recorded daily and the weight of doe rabbits was recorded at mating, prepartum (in half of pregnant period), partum and at weaning period.

			 

			During the experimental period, ambient temperatures and relative humidity were measured in the rabbitry twice a day at 06:00 AM and 15:00 PM and the temperature humidity index (THI) was calculated according to Marai, et al. (2001): 

			 

			THI = db°C–[(0.31–0.31RH) × (db°C–14.4)] 

			 

			Where, db°C = dry bulb temperature in Celsius, 

			RH= the relative humidity as a percentage. 

			Then classified as follows: 

			< 27.8 =absence of heat stress, 27.8–28.9 =moderate heat stress, 28.9–30.0 = severe heat stress 

			 

			Milk production and composition:

			Milk yield (MY, g/d) was determined by calculating the difference in kit´s body weight before and after suckling. Milk composition was determined by Milkoscan® analyzer (130 B, N. Foss Electronic, Denmark) at International Livestock Management Training Center at Sakha, Kafr El-Sheikh governorate.

			 

			Plasma constituents 

			About 3 ml blood was collected from 5 does/treatment from the marginal ear vein in heparinized test tubes at the end of second parity in the morning before feeding. The blood samples were collected in heparinized tubes to collect plasma. Colorimetric determination of plasma (total protein, albumin, creatinine, urea, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined using commercial kits (Diamond Diagnostics, Egypt). Globulin was obtained by subtracting albumin from corresponding values of total protein.

			 

			Redox status assessments

			For redox status evaluations, total antioxidant capacity (TAC), superoxide dismutase (SOD), glutathione peroxidase (GPx) and malondialdehyde (MDA) in plasma were calorimetrically determined using commercial kits (purchased from Bio-Diagnostic, Cairo, Egypt) according to the manufacturers instructions.

			 

			Statistical analysis

			Data collected were subjected to two-way analysis of variance to detect the effects of treatment(T) and parity and their interaction using the general linear model (GLM) of (SAS, 2004). 

			 

			The statistical model used was as follows: 

			Yijk= μ + Ti + Pj+(TXP)ij + eijk 

			Where: Yijk= the individual observation, μ = The overall mean, Ti= The effect of the treatments (i= 1,2,3,4,5,6), Pj= the effect of parity (j=1, 2, 3), (TXP)ij= Effect of interaction between ith treatments and jth parity (ij =1,……..18), eijk= Random error associated with the individual.

			 

			The collected data of blood samples were subjected to one-way analysis of variance to detect the effect of treatment. 

			The statistical model used was as follows: 

			Yij= μ + Ti + eij 

			The differences among treatments, parity and interaction means were separated according Duncan’s Multiple Range Test (Duncan, 1955). The significance level was set at 5%.

			 

			Results

			 

			Temperature humidity index (THI)

			Calculating the temperature humidity index showed that it fluctuates between moderate and severe heat stress and the THI values in August, September, October, November and December were 29.1, 27.1, 29, 28.5 and 27.4, respectively according to Marai, et al. (2001).

			 

			Reproductive performance of does

			The data in Table 2 illustrate the performance of the rabbits does during the experiment. All rabbits in treated groups were significantly heavier in BW at mating, pre-partum, partum and weaning compared to the control. Rabbits in treated groups consumed significant more feed compared to the control group during pregnancy and lactation. The highest feed intake observed in G5 at pregnant period and G3 in lactation period.

			 

			It showed that the rabbits in third parity were heavier in body weight (mating, pre-partum, partum and weaning) and the feed intake (pregnancy and lactation) was higher in this parity. Considered to the interaction between treatments and parities in Table 3, the results obtain for doe weight at mating, pre-partum, partum and weaning in the group 5 in third parity was insignificantly increase than second and first parity. These results were also similar to the feed consumption during pregnancy and lactation period.

			 

			Milk yield

			The effect of experimental treatments on milk yield is shown in Table 4. The dietary turmeric, MOS and Biostrong had a significant effect on milk yield especially in first and second weeks of lactation; resulting in higher values for rabbit does fed diet with turmeric and MOS (G5) than those fed the control diet throughout the lactation period.

			 

			All rabbits in treated groups gave more total milk yield (TMY, g) compared to control group, especially G5, which significantly increased than G1 by 8.4%. Moreover, it could be seen that the combination of turmeric and MOS was more effective in enhancing milk yield as shown in G5 ( Table 4) throughout the four lactation weeks by 17.8, 10.3, 4.3 and 6.8%, respectively compared to the control group.

			 

			Resulted showed that the rabbits in third parity had the highest milk yield during the 4 weeks (lactation period) compared to the other parities. 

			 

			From the obtained results in Table 5, it appeared that there were no significant differences in milk yield or total milk yield due to the interaction between treatments and parities.

			 

			Milk composition 

			Table 6 shows that the addition of turmeric, MOS and Biostrong in mixture form to rabbits’ diet leads to a significant (P ≤ 0.05) increase in the percentage of fat present as one of the milk compounds compared with the content of milk in the control group. The highest milk fat content was recorded in G6 (MOS + Biostrong) followed by G5 (turmeric + MOS). On the contrary, the percentage of protein in milk decreased in the mixture group (MOS + Biostrong) as well as the Biostrong group individual form. For the rest of the groups, the increase in protein was not significant compared to the control group.

			 

			All treatments increased insignificantly in the milk content of lactose compared to the control group, except for G6, which had a significantly high value compared to the control group. A significant improvement in DM was observed in treatments fed diet with turmeric and MOS (G5)

			Table 1: Ingredients and calculated analysis of the basal diet

			
				
					
					
					
					
				
				
					
							Ingredient  
							        %
							Calculated chemical analysis
							 
					

					
							
							Barley

						
							
							      17.5

						
							
							Crude protein (%)

						
							
							      18.26

						
					

					
							
							Wheat bran

						
							
							      32.2

						
							
							Digestible energy (kcal/kg)

						
							
							      2620

						
					

					
							
							Soybean meal (44%)

						
							
							      13.6

						
							
							Crude fiber (%)

						
							
							      11.14

						
					

					
							
							Clover hay (12%)

						
							
							      17.9

						
							
							Ether extract (%)

						
							
							        2.75

						
					

					
							
							Corn gluten (60%)

						
							
							        3.5

						
							
							Calcium (%)

						
							
							        1.23

						
					

					
							
							Yellow corn 

						
							
							      11.5

						
							
							Total phosphorus (%)

						
							
							        0.81

						
					

					
							
							Limestone 

						
							
							        1.5

						
							
							Lysine (%)

						
							
							        0.82

						
					

					
							
							di-Calcium phosphate

						
							
							        1.5

						
							
							Methionine (%)

						
							
							        0.51

						
					

					
							
							NaCl

						
							
							        0.3

						
							
							Methionine + cystein 

						
							
							        0.84

						
					

					
							
							Vitamins and minerals premix*

						
							
							        0.3

						
							
							Sodium 

						
							
							        0.16

						
					

					
							
							Dl- Methionine

						
							
							        0.2

						
							
							 

						
							
							 

						
					

					
							
							Total 

						
							
							      100

						
							
							 

						
							
							 

						
					

				
			

			

			*Each 3 kg contain: 6000000 IU Vit. A; 900000 IU Vit. D3; 40000 mg Vit. E; 2000 mg Vit. K3; 2000 mg Vit. B1; 4000 mg Vit. B2; 2000 mg Vit. B6; 10 mg Vit. B12; 50 mg Biotin; 10000 mg Pantothenic acid; 50000 Niacin; 3000 mg Folic acid; 250000 mg Choline; 8500 mg  Mn; 50000 mg Zn; 50000 mg Fe; 200 mg I; 100 mg Se, 5000 mg Cu, and 100 mg Co.

			 

			Table 2: Effect of  treatments and parities on does performance during gestation and lactation periods of NZW rabbits

			
				
					
					
					
					
					
					
					
				
				
					
							 
							Does weight (g) at:
							Feed intake (g/d) for
					

					
							 
							Mating
							Pre-partum
							Partum
							Weaning
							Pregnant doe
							Lactation doe
					

					
							
							Treatment

						
					

					
							
							G1

						
							
							3057.8b

						
							
							3301.7b

						
							
							3044.4b

						
							
							3548.9b

						
							
							160.8c

						
							
							179.4c

						
					

					
							
							G2

						
							
							3216.9a

						
							
							3523.1a

						
							
							3243.1a

						
							
							3806.7a

						
							
							160.3c

						
							
							181.6bc

						
					

					
							
							G3

						
							
							3343.6a

						
							
							3571.4a

						
							
							3290.0a

						
							
							3882.4a

						
							
							165.1bc

						
							
							192.4a

						
					

					
							
							G4

						
							
							3325.6a

						
							
							3619.3a

						
							
							3333.9a

						
							
							3890.0a

						
							
							170.8ab

						
							
							184.8abc

						
					

					
							
							G5

						
							
							3270.6a

						
							
							3580.0a

						
							
							3290.6a

						
							
							3910.6a

						
							
							177.3a

						
							
							188.3ab

						
					

					
							
							G6

						
							
							3250.0a

						
							
							3549.2a

						
							
							3252.8a

						
							
							3827.7a

						
							
							171.1ab

						
							
							181.6bc

						
					

					
							
							S.E

						
							
							43.1

						
							
							83.2

						
							
							49.2

						
							
							50.5

						
							
							2.47

						
							
							2.79

						
					

					
							
							Parity

						
					

					
							
							1th

						
							
							3063.8c

						
							
							3290.8c

						
							
							3033.3c

						
							
							3420.8c

						
							
							137.9c

						
							
							156.9c

						
					

					
							
							2nd

						
							
							3165.7b

						
							
							3471.3b

						
							
							3182.4b

						
							
							3660.4b

						
							
							164.7b

						
							
							179.9b

						
					

					
							
							3rd

						
							
							3502.8a

						
							
							3810.3a

						
							
							3511.7a

						
							
							4351.9a

						
							
							199.9a

						
							
							217.3a

						
					

					
							
							S.E

						
							
							30.5

						
							
							58.8

						
							
							34.8

						
							
							35.7

						
							
							1.74

						
							
							1.74

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= Mos, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			followed with those fed MOS and Biostrong (G6) compared to the other treatments and control.

			 

			Performance of offspring

			Data of total kits born, litter size per animal, litter weight at birth, weaning and rate of mortality were presented in Table 7. All rabbits in treated groups had a large litter size and body weight for the kits from birth to weaning compared to control.  The number of stillbirth kits did not significantly vary among the different groups.  

			 

			The mixture of turmeric and MOS (G5) added to the diets of pregnant rabbits caused an increase (P ≤ 0.05) in the total number of birth by 10% compared to the control group. This increase continued at the same rate until the rabbits was weaned. The highest growth of kits, milk yield and the best value of milk conversion ratio were recorded during days 1-28 of bunny life in G5 that received the diet with a combination of turmeric and MOS. While the lowest value was recorded in the control group and no differences were observed between groups.

			 

			The interaction between treatments and parities showed no significant effect on litter size from birth to weaning and litter weight in that period, also the weight gained of rabbits from birth to weaning and milk conversion (Table 8).

			Table 3: Effect of inter action between treatments \and parities on does performance during gestation and lactation periods of NZW rabbits

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							 

						
							 
							Does weight (g) at:
							Feed intake (g/d) for
					

					
							
							 

						
							 
							Mating
							Pre-partum
							Partum
							Weaning
							Pregnant doe
							Lactation doe
					

					
							
							G1

						
							
							1th

						
							
							2995.0

						
							
							3086.7

						
							
							2859.2

						
							
							3234.2

						
							
							133.6

						
							
							151.0

						
					

					
							
							 

						
							
							2nd

						
							
							2855.8

						
							
							3301.7

						
							
							3043.3

						
							
							3403.3

						
							
							156.0

						
							
							180.7

						
					

					
							
							 

						
							
							3rd

						
							
							3322.5

						
							
							3516.7

						
							
							3230.8

						
							
							4009.2

						
							
							192.8

						
							
							206.7

						
					

					
							
							G2

						
							
							1th

						
							
							3066.7

						
							
							3272.5

						
							
							3021.7

						
							
							3367.5

						
							
							131.0

						
							
							157.3

						
					

					
							
							 

						
							
							2nd

						
							
							3119.2

						
							
							3425.8

						
							
							3134.2

						
							
							3713.3

						
							
							158.8

						
							
							170.8

						
					

					
							
							 

						
							
							3rd

						
							
							3465.0

						
							
							3870.8

						
							
							3573.3

						
							
							4339.2

						
							
							191.0

						
							
							216.5

						
					

					
							
							G3

						
							
							1th

						
							
							3106.7

						
							
							3310.8

						
							
							3045.0

						
							
							3539.7

						
							
							133.5

						
							
							165.2

						
					

					
							
							 

						
							
							2nd

						
							
							3300.8

						
							
							3546.7

						
							
							3262.5

						
							
							3714.2

						
							
							169.2

						
							
							183.7

						
					

					
							
							 

						
							
							3rd

						
							
							3623.3

						
							
							3856.7

						
							
							3562.5

						
							
							4393.3

						
							
							192.5

						
							
							228.3

						
					

					
							
							G4

						
							
							1th

						
							
							3074.2

						
							
							3474.7

						
							
							3223.3

						
							
							3485.8

						
							
							134.2

						
							
							156.7

						
					

					
							
							 

						
							
							2nd

						
							
							3380.8

						
							
							3534.2

						
							
							3237.5

						
							
							3700.8

						
							
							168.7

						
							
							180.0

						
					

					
							
							 

						
							
							3rd

						
							
							3521.7

						
							
							3849.2

						
							
							3540.8

						
							
							4483.3

						
							
							209.5

						
							
							217.8

						
					

					
							
							G5

						
							
							1th

						
							
							3060.0

						
							
							3299.2

						
							
							3027.5

						
							
							3479.2

						
							
							151.0

						
							
							164.3

						
					

					
							
							 

						
							
							2nd

						
							
							3179.2

						
							
							3539.2

						
							
							3244.2

						
							
							3752.5

						
							
							170.5

						
							
							181.8

						
					

					
							
							 

						
							
							3rd

						
							
							3572.2

						
							
							3901.7

						
							
							3600.0

						
							
							4500.0

						
							
							210.3

						
							
							218.8

						
					

					
							
							G6

						
							
							1th

						
							
							3080.0

						
							
							3300.8

						
							
							3023.3

						
							
							3418.3

						
							
							144.3

						
							
							146.7

						
					

					
							
							 

						
							
							2nd

						
							
							3158.3

						
							
							3480.0

						
							
							3172.5

						
							
							3678.3

						
							
							165.2

						
							
							182.2

						
					

					
							
							 

						
							
							3rd

						
							
							3511.7

						
							
							3866.7

						
							
							3562.5

						
							
							4386.3

						
							
							203.7

						
							
							215.8

						
					

					
							
							S.E

						
							
							74.6

						
							
							86.4

						
							
							85.3

						
							
							87.5

						
							
							4.27

						
							
							4.84

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= Mos, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			Table 4: Average of Daily milk yield (DMY,g/d) and total milk yield /doe(g) as influenced by treatments and parities during the four weeks of lactation

			
				
					
					
					
					
					
					
				
				
					
							 
							MY1
							MY2
							MY3
							MY4
							TMY
					

					
							
							Treatment  group

						
					

					
							
							G1

						
							
							79.7d

						
							
							180.3b

						
							
							185.6b

						
							
							104.8b

						
							
							3666.4c

						
					

					
							
							G2

						
							
							85.8c

						
							
							193.1a

						
							
							188.6ab

						
							
							103.6b

						
							
							3775.3b

						
					

					
							
							G3

						
							
							89.7abc

						
							
							193.1a

						
							
							186.7b

						
							
							105.1b

						
							
							3803.3b

						
					

					
							
							G4

						
							
							89.2bc

						
							
							195.6a

						
							
							187.2b

						
							
							104.4b

						
							
							3809.6b

						
					

					
							
							G5

						
							
							93.9a

						
							
							198.8a

						
							
							193.6a

						
							
							111.9a

						
							
							3973.7a

						
					

					
							
							G6

						
							
							90.7ab

						
							
							197.5a

						
							
							186.9b

						
							
							107.8ab

						
							
							3864.8b

						
					

					
							
							S.E

						
							
							1.52

						
							
							2.10

						
							
							1.79

						
							
							1.62

						
							
							36.2

						
					

					
							
							Parity

						
					

					
							
							1st

						
							
							87.2

						
							
							191.3

						
							
							186.3

						
							
							104.9

						
							
							3773.8b

						
					

					
							
							2nd

						
							
							87.6

						
							
							192.8

						
							
							189.2

						
							
							106.8

						
							
							3822.8ab

						
					

					
							
							3rd

						
							
							89.7

						
							
							195.0

						
							
							188.9

						
							
							107.2

						
							
							3850.0a

						
					

					
							
							S.E

						
							
							1.07

						
							
							1.48

						
							
							1.26

						
							
							1.14

						
							
							25.6

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= MOS, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			Blood constituents of rabbit does

			The data in Table 9 shows that the plasma total protein and globulin concentration was significantly increased due to feeding with turmeric, MOS and Biostrong compared to the control group. A significant increment were detected in albumin concentration in mixture group MOS and Biostrong compared to the other treatments. The increase in globulin was reflected in a significant improve in A/G

			Table 5: Average of Daily milk yield (DMY,g/d) and total milk yield /doe(g) as influenced by interaction between treatments and parities during the four weeks of lactation

			
				
					
					
					
					
					
					
					
				
				
					
							 
							 
							MY1
							MY2
							MY3
							MY4
							TMY
					

					
							
							G1

						
							
							1th

						
							
							 79.2

						
							
							180.8

						
							
							185.0

						
							
							102.0

						
							
							3630.7

						
					

					
							
							 

						
							
							2nd

						
							
							77.5

						
							
							176.7

						
							
							184.0

						
							
							106.8

						
							
							3649.3

						
					

					
							
							 

						
							
							3rd

						
							
							82.5

						
							
							183.3

						
							
							187.5

						
							
							105.7

						
							
							3719.3

						
					

					
							
							G2

						
							
							1th

						
							
							85.0

						
							
							192.5

						
							
							185.0

						
							
							102.8

						
							
							3738.0

						
					

					
							
							 

						
							
							2nd

						
							
							85.8

						
							
							194.2

						
							
							193.3

						
							
							103.5

						
							
							3808.0

						
					

					
							
							 

						
							
							3rd

						
							
							86.7

						
							
							192.5

						
							
							187.5

						
							
							104.3

						
							
							3780.0

						
					

					
							
							G3

						
							
							1th

						
							
							90.8

						
							
							192.5

						
							
							186.7

						
							
							106.2

						
							
							3817.3

						
					

					
							
							 

						
							
							2nd

						
							
							88.3

						
							
							192.5

						
							
							188.3

						
							
							103.5

						
							
							3784.7

						
					

					
							
							 

						
							
							3rd

						
							
							90.0

						
							
							194.2

						
							
							185.0

						
							
							105.7

						
							
							3808.0

						
					

					
							
							G4

						
							
							1th

						
							
							85.8

						
							
							193.3

						
							
							184.2

						
							
							101.8

						
							
							3733.3

						
					

					
							
							 

						
							
							2nd

						
							
							89.2

						
							
							194.2

						
							
							185.8

						
							
							105.3

						
							
							3803.3

						
					

					
							
							 

						
							
							3rd

						
							
							92.5

						
							
							199.2

						
							
							191.7

						
							
							106.0

						
							
							3892.0

						
					

					
							
							G5

						
							
							1th

						
							
							95.0

						
							
							194.6

						
							
							194.2

						
							
							112.0

						
							
							3959.7

						
					

					
							
							 

						
							
							2nd

						
							
							91.7

						
							
							200.8

						
							
							193.3

						
							
							111.0

						
							
							3962.0

						
					

					
							
							 

						
							
							3rd

						
							
							95.0

						
							
							200.8

						
							
							193.3

						
							
							112.8

						
							
							3999.3

						
					

					
							
							G6

						
							
							1th

						
							
							87.1

						
							
							194.2

						
							
							182.5

						
							
							104.5

						
							
							3763.7

						
					

					
							
							 

						
							
							2nd

						
							
							93.3

						
							
							198.3

						
							
							190.0

						
							
							110.3

						
							
							3929.3

						
					

					
							
							 

						
							
							3rd

						
							
							91.7

						
							
							200.0

						
							
							188.3

						
							
							108.5

						
							
							3901.3

						
					

					
							
							S.E

						
							
							2.63

						
							
							3.64

						
							
							3.09

						
							
							2.80

						
							
							62.8

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= MOS, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			Table 6: Effect of  treatments on milk composition of NZW does rabbits.

			
				
					
					
					
					
					
					
				
				
					
							
							 

						
							Fat
							Protein
							Lactose
							DM
							Ash
					

					
							
							Treatment  group

						
					

					
							
							G1

						
							
							17.82b

						
							
							10.11a

						
							
							3.09bc

						
							
							34.36c

						
							
							2.48

						
					

					
							
							G2

						
							
							15.52c

						
							
							10.28a

						
							
							4.12ab

						
							
							32.56d

						
							
							2.55

						
					

					
							
							G3

						
							
							15.44c

						
							
							10.39a

						
							
							4.13ab

						
							
							32.20d

						
							
							2.48

						
					

					
							
							G4

						
							
							19.09a

						
							
							9.81b

						
							
							3.72c

						
							
							35.15b

						
							
							2.58

						
					

					
							
							G5

						
							
							19.40a

						
							
							10.22a

						
							
							4.24ab

						
							
							38.29a

						
							
							2.78

						
					

					
							
							G6

						
							
							20.06a

						
							
							9.80b

						
							
							4.36a

						
							
							38.08a

						
							
							2.78

						
					

					
							
							S.E

						
							
							0.36

						
							
							0.10

						
							
							0.11

						
							
							0.21

						
							
							0.12

						
					

					
							
							Weeks of lactation period

						
					

					
							
							1st

						
							
							16.47b

						
							
							9.69c

						
							
							3.90b

						
							
							32.98d

						
							
							2.51

						
					

					
							
							2nd

						
							
							17.16b

						
							
							10.0b

						
							
							3.94b

						
							
							34.26c

						
							
							2.50

						
					

					
							
							3rd

						
							
							18.54a

						
							
							10.26a

						
							
							4.18ab

						
							
							35.68b

						
							
							2.64

						
					

					
							
							4th

						
							
							19.37a

						
							
							10.45a

						
							
							4.28a

						
							
							37.51a

						
							
							2.78

						
					

					
							
							S.E

						
							
							0.29

						
							
							0.08

						
							
							0.09

						
							
							0.17

						
							
							0.10

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means. 

			G1= control, G2= Tumeric, G3= MOS, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			ratio in all supplemental groups. 

			 

			Table 10 shows the effect of different treatment on ALT, AST, urea and creatinine. The supplemental groups showed insignificant decrease in ALT in compared to the control, while the G5 group (mixture between the turmeric and the MOS) significantly reduced AST in compared to the control. Data from this study showed that urea and creatinine were not significantly affected by different these supplements.

			Table 7: Effect of dietary treatments and parities on litter performance of NZW rabbits.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							 

						
							Total born
							
							Litter size

							(Birth-weaning)

						
							
							MR( %)

							stillbirth kits

						
							Litter weight (g) at:
							
							Weight gain

							 (g/rabbit)

						
							
							Milk conversion ratio

							(g milk/g gain)

						
					

					
							Birth
							21 day
							Weaning
					

					
							
							Treatments

						
							
							 

						
							
							 

						
					

					
							
							G1

						
							
							7.2

						
							
							6.7b

						
							
							7.14

						
							
							257.2b

						
							
							1734.4e

						
							
							2615.8c

						
							
							358.3

						
							
							2.74

						
					

					
							
							G2

						
							
							7.6

						
							
							7.3a

						
							
							3.16

						
							
							285.8a

						
							
							1818.3d

						
							
							2822.8b

						
							
							350.2

						
							
							2.60

						
					

					
							
							G3

						
							
							7.5

						
							
							7.2a

						
							
							3.16

						
							
							280.8a

						
							
							1895.0c

						
							
							2855.3b

						
							
							358.4

						
							
							2.64

						
					

					
							
							G4

						
							
							7.7

						
							
							7.3a

						
							
							4.32

						
							
							286.7a

						
							
							1945.8bc

						
							
							2886.4b

						
							
							356.3

						
							
							2.63

						
					

					
							
							G5

						
							
							7.6

						
							
							7.4a

						
							
							2.54

						
							
							289.4a

						
							
							1990.8ab

						
							
							2999.4a

						
							
							367.7

						
							
							2.59

						
					

					
							
							G6

						
							
							7.5

						
							
							7.3a

						
							
							2.03

						
							
							296.4a

						
							
							2038.3a

						
							
							3034.4a

						
							
							372.3

						
							
							2.70

						
					

					
							
							S.E

						
							
							0.19

						
							
							0.15

						
							
							1.87

						
							
							6.7

						
							
							22.0

						
							
							28.3

						
							
							5.5

						
							
							0.06

						
					

					
							
							Parity

						
							
							 

						
							
							 

						
					

					
							
							1st

						
							
							7.4

						
							
							6.9b

						
							
							4.91

						
							
							257.8b

						
							
							2090.7a

						
							
							2880.6

						
							
							378.1a

						
							
							2.8a

						
					

					
							
							2nd

						
							
							7.6

						
							
							7.2ab

						
							
							4.61

						
							
							289.0a

						
							
							1770.4c

						
							
							2879.4

						
							
							361.5b

						
							
							2.7b

						
					

					
							
							3er

						
							
							7.6

						
							
							7.4a

						
							
							1.66

						
							
							301.4a

						
							
							1850.3b

						
							
							2847.1

						
							
							341.9c

						
							
							2.5c

						
					

					
							
							S.E

						
							
							0.13

						
							
							0.10

						
							
							1.32

						
							
							4.7

						
							
							15.6

						
							
							20.0

						
							
							3.88

						
							
							0.04

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= turmeric, G3= MOS, G4= Biostrong, G5= turmeric+ MOS, G6= MOS+ Biostrong, MR= mortality rate

			 

			Table 8: Effect of dietary interaction between treatments and parities on litter performance of NZW rabbits.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							 
							 
							Total born
							
							Litter size

							(Birth-weaning)

						
							
							MR( %)

							stillborn kits

						
							Litter weight (g) at:
							
							Weight gain

							 (g/rabbit)

						
							
							Milk conversion ratio

							(g milk/g gain)

						
					

					
							Birth
							21 day
							weaning
					

					
							
							G1

						
							
							1th

						
							
							6.8

						
							
							6.3

						
							
							6.25

						
							
							227.5

						
							
							1800.0

						
							
							2600.8

						
							
							378.8

						
							
							2.93

						
					

					
							
							 

						
							
							2nd

						
							
							7.2

						
							
							6.5

						
							
							8.92

						
							
							258.3

						
							
							1694.2

						
							
							2562.5

						
							
							358.6

						
							
							2.78

						
					

					
							
							 

						
							
							3rd

						
							
							7.7

						
							
							7.2

						
							
							6.25

						
							
							285.8

						
							
							1709.2

						
							
							2684.2

						
							
							337.2

						
							
							2.53

						
					

					
							
							G2

						
							
							1th

						
							
							7.2

						
							
							7.0

						
							
							2.08

						
							
							250.8

						
							
							1941.7

						
							
							2796.7

						
							
							364.9

						
							
							2.73

						
					

					
							
							 

						
							
							2nd

						
							
							7.8

						
							
							7.3

						
							
							5.55

						
							
							292.5

						
							
							1717.5

						
							
							2870.8

						
							
							352.7

						
							
							2.60

						
					

					
							
							 

						
							
							3rd

						
							
							7.6

						
							
							7.5

						
							
							1.85

						
							
							314.2

						
							
							1795.8

						
							
							2800.8

						
							
							332.7

						
							
							2.48

						
					

					
							
							G3

						
							
							1th

						
							
							7.5

						
							
							7.2

						
							
							3.70

						
							
							264.2

						
							
							2078.3

						
							
							2925.8

						
							
							373.6

						
							
							2.73

						
					

					
							
							 

						
							
							2nd

						
							
							7.6

						
							
							7.2

						
							
							5.78

						
							
							384.2

						
							
							1774.2

						
							
							2850.0

						
							
							360.1

						
							
							2.65

						
					

					
							
							 

						
							
							3rd

						
							
							7.3

						
							
							7.3

						
							
							0

						
							
							294.2

						
							
							1832.5

						
							
							2790.0

						
							
							341.4

						
							
							2.51

						
					

					
							
							G4

						
							
							1th

						
							
							7.7

						
							
							7.0

						
							
							7.93

						
							
							253.6

						
							
							2199.3

						
							
							2897.1

						
							
							378.6

						
							
							2.81

						
					

					
							
							 

						
							
							2nd

						
							
							7.4

						
							
							7.3

						
							
							1.58

						
							
							295.0

						
							
							1776.4

						
							
							2940.0

						
							
							363.7

						
							
							2.65

						
					

					
							
							 

						
							
							3rd

						
							
							7.8

						
							
							7.7

						
							
							1.58

						
							
							310.0

						
							
							1883.6

						
							
							2870.0

						
							
							332.8

						
							
							2.38

						
					

					
							
							G5

						
							
							1th

						
							
							7.6

						
							
							7.4

						
							
							2.50

						
							
							277.0

						
							
							2281.0

						
							
							3067.0

						
							
							377.9

						
							
							2.68

						
					

					
							
							 

						
							
							2nd

						
							
							8.0

						
							
							7.4

						
							
							6.66

						
							
							297.0

						
							
							1801.0

						
							
							3041.0

						
							
							371.6

						
							
							2.61

						
					

					
							
							 

						
							
							3rd

						
							
							7.4

						
							
							7.4

						
							
							0

						
							
							298.0

						
							
							1887.0

						
							
							2891.0

						
							
							351.6

						
							
							2.46

						
					

					
							
							G6

						
							
							1th

						
							
							7.5

						
							
							7.0

						
							
							6.08

						
							
							277.5

						
							
							2257.5

						
							
							3024.2

						
							
							394.3

						
							
							2.95

						
					

					
							
							 

						
							
							2nd

						
							
							7.5

						
							
							7.5

						
							
							0

						
							
							307.5

						
							
							1863.3

						
							
							3029.2

						
							
							363.7

						
							
							2.60

						
					

					
							
							 

						
							
							3rd

						
							
							7.5

						
							
							7.5

						
							
							0

						
							
							304.2

						
							
							1994.2

						
							
							3050.0

						
							
							358.8

						
							
							2.57

						
					

					
							
							S.E

						
							
							0.33

						
							
							0.25

						
							
							3.25

						
							
							11.5

						
							
							35.5

						
							
							49.3

						
							
							9.5

						
							
							0.10

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= Mos, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			 

			 

			 

			Table 9: Effect of treatments on total protein (TP), albumin (Alb), globulin (Glb) and A/G ratio of  NZW does rabbits 

			
				
					
					
					
					
					
				
				
					
							 
							TP (g/dl)
							Alb (g/dl)
							Glb (g/dl)
							A/G ratio
					

					
							
							Treatment  group

						
					

					
							
							G1

						
							
							6.30b

						
							
							4.05ab

						
							
							2.25c

						
							
							1.90a

						
					

					
							
							G2

						
							
							7.40a

						
							
							4.20a

						
							
							3.19b

						
							
							1.32b

						
					

					
							
							G3

						
							
							7.26a

						
							
							4.18a

						
							
							3.08b

						
							
							1.37b

						
					

					
							
							G4

						
							
							7.46a

						
							
							3.70bc

						
							
							3.77ab

						
							
							0.98bc

						
					

					
							
							G5

						
							
							7.20a

						
							
							3.72b

						
							
							3.48b

						
							
							1.08bc

						
					

					
							
							G6

						
							
							7.57a

						
							
							3.53c

						
							
							4.21a

						
							
							0.80c

						
					

					
							
							S.E

						
							
							0.17

						
							
							0.11

						
							
							0.22

						
							
							0.15

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= MOS, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			Table 10: Effect of treatments on aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea and Creatinine of NZW does rabbits.

			
				
					
					
					
					
					
				
				
					
							 
							AST (U/L)
							ALT (U/L)
							Urea (mg/dl)
							Creatinine (mg/dl)
					

					
							
							Treatment group

						
					

					
							
							G1

						
							
							37.3a

						
							
							55.0

						
							
							37.3

						
							
							1.00ab

						
					

					
							
							G2

						
							
							25.7ab

						
							
							40.0

						
							
							38.7

						
							
							1.09a

						
					

					
							
							G3

						
							
							25.0ab

						
							
							37.7

						
							
							34.7

						
							
							0.86ab

						
					

					
							
							G4

						
							
							32.7ab

						
							
							42.7

						
							
							42.0

						
							
							0.96ab

						
					

					
							
							G5

						
							
							18.7b

						
							
							50.3

						
							
							43.0

						
							
							0.74ab

						
					

					
							
							G6

						
							
							27.7ab

						
							
							51.0

						
							
							43.0

						
							
							0.64b

						
					

					
							
							S.E

						
							
							4.59

						
							
							7.63

						
							
							2.83

						
							
							0.13

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= MOS, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			Table 11: Effect of treatments on antioxidant status of NZW rabbits.

			
				
					
					
					
					
					
				
				
					
							 
							TAO(µmol/mg)
							GPx(µmol/mg)
							SOD(µmol/mg)
							MDA(nmol/ml)
					

					
							
							Treatment  group

						
					

					
							
							G1

						
							
							3.68c

						
							
							1304.3c

						
							
							434.3c

						
							
							6.40a

						
					

					
							
							G2

						
							
							3.63c

						
							
							1345.0c

						
							
							462.0c

						
							
							5.44b

						
					

					
							
							G3

						
							
							4.27bc

						
							
							1448.7b

						
							
							619.7b

						
							
							4.51c

						
					

					
							
							G4

						
							
							4.81b

						
							
							1547.7a

						
							
							675.7a

						
							
							4.54c

						
					

					
							
							G4

						
							
							5.71a

						
							
							1582.7a

						
							
							654.7a

						
							
							4.67c

						
					

					
							
							G6

						
							
							6.44a

						
							
							1597.3a

						
							
							687.7a

						
							
							4.18c

						
					

					
							
							S.E

						
							
							0.24

						
							
							29.96

						
							
							10.58

						
							
							0.18

						
					

				
			

			

			a, b and c Means in the same Column with different superscripts are significantly different at (P<0.05). SE = Standard error of means.

			G1= control, G2= Tumeric, G3= MOS, G4= Biostrong, G5=MOS+Tumeric, G6= MOS+Biostrong

			 

			Antioxidant enzymes

			The effects of different treatments (Turmeric, MOS and Biostrong) individual or mixture form on the antioxidant profile  of female rabbits during trial period are illustrated in Table 11. All rabbits in treated groups recorded a significant increased in TAO, GPx and SOD compared to control except G2. The highest value was observed for G6 in TAO, GPx and SOD. In contrast, MDA significantly decreased in rabbits treated groups compared to control group.

			Discussion

			 

			Stress caused by climate change or pregnancy and lactation in female rabbits increases Reactive Oxygen Species (ROS) formation and had an effect on rabbit productivity by activating cellular oxidative stress. The use of plant as feed additives that are characterized by antioxidants was one of the ways to defense as antioxidants against the formation of ROS. Supplementation with Turmeric, MOS and Biostrong as an addition to the diet of rabbits exposed to heat stress, they mitigate the harmful effect of this stress by positively affecting body weight (from mating to weaning) and feed intake. The improvement in the weight of rabbits fed diets containing Turmeric, MOS or Biostrong may be due to increased feed consumption (Alsaied, et al., 2019). In addition, Turmeric or MOS may have a stimulating effect on digestion and increased digestibility, the combinations supplement increased nutrients absorbed from the small intestine, increased nutrient utilization efficiency and led to more gain (Ibrahim, 2016). From the results obtained, the mixed form of turmeric and MOS had the highest effect on the weights of rabbits and the feed consumption. This effect of the mixture may be due to the synergistic relationship between turmeric and MOS, as turmeric has a phytobiotic activity (Okanlawon, et al., 2020) similar to that of MOS as a prebiotic (Morsy and Abd El-Lateif, 2017), as it acts as a protection against harmful bacteria to improve nutrient absorption and reflection on the health of the doe. The use of turmeric leads to a balanced gut microbial ecosystem by controlling the growth and colonization of many pathogenic species of bacteria in rabbit gut this is reflected in the better feed utilization reflected in live body weight (Al-Mashhadani, 2015). Abdel Magied et al. (2021) found that rabbits fed diet supplement with turmeric decreased the cholesterida spp content, cholestrida prevent weight gain by blocking the intestine ability to absorb fat.

			 

			On the other hand, milk yield in this experiment was high in rabbits treated with a mixture of turmeric and MOS, and this increase may be due to the increased litter size from birth to weaning this is in agreement with Okanlawon, et al. (2020) and Ragab et al. (2021) who reported that doe milk yield is positively related to litter size at weaning. The high intake of feed from rabbits treated with turmeric and MOS was reflected in an increase in milk yield (Nour El-Din, 2015; Morsy and Abd El-Lateif, 2017; Amber, et al., 2020).

			 

			The results of the study showed that milk yield of does during the first to the third parity was increased until the third lactation (Casado et al., 2006). These phytochemicals can enhance estrogen excretion, stimulating mammogenesis and milk production (Gopalakrishnan et al., 2016).

			 

			From this study, we found that milk components in terms of fat, protein and lactose were affected by adding turmeric, MOS and Biostrong to rabbit diets during pregnancy and lactation. The percentage of fat and lactose in the milk components increased, especially in the mixed groups between turmeric and MOS or between MOS and Bo-strong, and the protein of the milk components decreased in all treatments this result agreement with Maertens et al. (2006) who reported that the protein content gradually decreased during the lactation weeks with increasing daily milk yield. Rabbits in group 5, especially in the third parity recorded high milk yield, this increase may be due to the interactive effect of turmeric and MOS to stimulate milk production while reducing oxidative stress caused by high temperature or physiological processes of rabbits, and it was evident in the third parity over the second and the first, to highlight the cumulative effect of additives.

			 

			Also from this study the results showed that supplementation with Turmeric, MOS or Biostrong in the diet of rabbits improved their performance under heat stress. Where the study indicated an improvement in litter size and kit weight at birth, litter weight at weaning and increased percentage of viability in bunnies from birth till weaning. The effect of turmeric on ovarian cells was reflected in the formation and growth of rabbit follicles, thus increasing the rate of ovulation. This effect was evident in increasing of litter size at birth (Alsaied, et al., 2019). The antioxidant, antimicrobial activity and essential oils in these medicinal plants which were secreted in the milk of their mothers was improved the viability in bunnies from birth to weaning Gupta and Sharma, (2014).

			 

			The mixture between Turmeric, MOS and Biostrong were increased the number of rabbits born and weaned due to the medicinal (turmeric and thymol present in Biostrong) or MOS enhance the reproductive efficiency of rabbits by reducing rabbit mortality and also improves the viability of adults (Sirotkin, et al., 2018). The best weight gain was in the group 6, and the best milk conversion ratio was in the group 5. This supports the theory that the mixed groups are more effective than the individual groups, due to the synergistic effect of additives between MOS and turmeric or between MOS and Biostrong, and the improvement was evident in the third parity than in the previous parities this is due to the cumulative effect of additives.

			 

			The increase in total Protein in the combinations containing turmeric, MOS and Biostrong may be due to better absorption of proteins from the diet due to extending the absorption surface of the intestinal wall and increased production of digestive enzymes (Bacova et al., 2020). The increase in globulin was reflected in a significant improvement in the A/G ratio in all rabbits in treated groups compared to the control. The improvement of A/G ratio was reflected in the decrease in stress of the rabbits (El-Kholy, et al., 2018), which improved their performance. Decrease in AST and ALT in rabbits in treated groups were considered a positive indicator for feeding does with Turmeric, MOS and Biostrong.

			 

			Oxidative stress is due to an imbalance between the formation of cellular free radicals and the antioxidant defense. The cellular components are vulnerable to attack due to the excessive production of free radicals (Harrison, et al., 2003). Glutathione peroxidase plays an important role in the elimination of hydrogen peroxide, which stops the proliferation of free radicals, and this is the main protection against oxidative stress and cell death in mammals. El-Speiy, et al. (2014) found that the improved antioxidant capacity was due to the increased activity of GSH-Px and SOD  (Elkomy, et al., 2021). In this study, the results showed that turmeric, MOS and Biostrong increased the TAO, GPx and SOD activities that promoted the ability of rabbits treated to resist the stress of the biological and environmental. These results were in agreement with the results of (Zeweil, et al., 2016; Abdelnour, et al., 2022). 

			 

			Harrison, et al. (2003), Zeweil, et al. (2016) and Badr (2019) concluded that Turmeric, MOS and Biostrong have pharmacological antioxidant activities, especially the mixture of their, therefore, it can reduce oxidative damage to lipids and proteins as well as DNA to provide a defense against cellular damage.  

			 

			Also MDA decreased in rabbits in treated groups in compared to control, especially, rabbits fed diet with MOS and Biostrong (G6), this results is in agreement with Placha et al. (2013) who suggested that thymol (component of Biostrong) contains phenolic OH groups that donate hydrogen to peroxy radicals produced during the lipid peroxidation phase and thus prevent the formation of more peroxide.

			 

			Conclusion 

			 

			It can be concluded that the addition of turmeric, MOS and Biostrong in the diets of rabbit does reduced the effect of heat stress. Especially in the treatment with a mixture between turmeric and MOS or a mixture between MOS and biostrong, which led to an improvement in the antioxidant status, which was reflected in an improvement in the performance of rabbits, and these additions succeeded in alleviating the negative effects of heat stress conditions on the productivity and reproductive of rabbits.

			 

			acknowledgements

			 

			Authors are greatly thankful Animal Production Research Institute, for providing the facilities and field of work that help us in carrying the experiment in successful way.

			 

			Conflict of interest

			 

			The authors have declared no conﬂict of interest.

			 

			novelty statement

			 

			We found that the addition of a mixture between turmeric and MOS or a mixture between MOS and biostrong can significantly improve the antioxidant status of the doe rabbits to improve the reproductive status that was affected by the stress.

			 

			Authors contribution

			 

			NMA, HAA, MNG, NAR, EHA, YSH and HHH checked and confirmed the final revised manuscript.

			 

			References

			 

			Abdel Magied Hemat A., Ghazal Mervat N. and Abo El-Azayem Enayat H. (2021). Synergic effect of raw or extracted phytogenic with prebiotic on productive and physiological traits of growing rabbits. Egypt. J. Rabbit Sci. 31 (1): 25-56. https://doi.org/10.21608/ejrs.2020.131973

			Abdelnour S. A., El-Ratel I. T., Peris S. I., El-Raghi A. A. and Fouda Sara F. (2022). Effects of dietary thyme essential oil on blood haematobiochemical, redox status, immunological and reproductive variables of rabbit does exposed to high environmental temperature, Italian Journal of Animal Science, 21:1, 51-61. https://doi.org/10.1080/1828051X.2021.2006807

			Al-Mashhadani, H. E. (2015). Effect of different levels of turmeric (Curcuma longa) supplementation on broiler performance, carcass characteristic and bacterial count. Al-Anbar J. Vet. Sci. 8.2: 12-19.

			Alsaied A. H., Abdel-Halim A. E., Abdel-Mageed S. N., Ahmed K. S. (2019). Impact of Some Medicinal Plants Supplement on Pregnant Rabbits Diet During Hot Summer Season. Res. J. Med. Plants., 13: 145-154. https://doi.org/10.3923/rjmp.2019.145.154

			 Amber K.H., Neamt A. B., Morsy W.A. , El-Desoukey Shereen M. (2020).  Milk Yield, Productive and Reproductive Performance of Rabbit Does Fed Different Levels of Arabic Gum in Diet. J. Sus. Agric. Sci. 46 (1): 25- 33.

			Aquilina G., Bampidis V., Bastos M.D.L., Bories G., Puent S.L., Alinso M.L., Mantovani A., Mayo B., Ramos F., Rychen G., Saarela M., Villa R.E., R.J. Wallace, P. Wester (2016). Safety and efficiency Biostrong 510 (essential oil of thyme and star anise) for chicks and minor avian species for fattening and rearing to point of lay.  EFSA J. 14 (7). https://doi.org/10.2903/j.efsa.2016.4351

			Attia Y.A., Bovera F., El-Tahawy W.S., El-Hanoun A.M., Al Harthi M.A., Habiba H. I. (2015). Productive and reproductive performance of rabbits does as affected by bee pollen and/or propolis, inulin and/or mannan-oligosaccharides. World Rabbit Sci. 23: 273-282. https://doi.org/10.4995/wrs.2015.3644

			Bacova K., Zitterl-Eglseer  K., Chrastinova  L., Laukova  A., Madarova  M., Gancarcikova  S., Sopkova  D., Andrejcakova  Z, Placha  I. (2020). Effect of Thymol Addition and Withdrawal on Some Blood Parameters, Antioxidative Defence System and Fatty Acid Profile in Rabbit Muscle. Animals, 10, 1248. https://doi.org/10.3390/ani10081248

			Badr Azza M.M. (2019). Using anise leaves (pimpinella anisum l.) For improving of performance New Zealand rabbits. Egyptian J. Nutrition and Feeds, 22 (3): 591-503. https://doi.org/10.21608/ejnf.2019.79442

			Casado C., Piquer O., Cervera C., Pascual J.J. (2006). Modelling the lactation curve of rabbit does: Towards a model including fit suitability and biological interpretation. Livestock Prod. Sci., 99, 39-49. https://doi.org/10.1016/j.livprodsci.2005.05.019

			Duncan  D.B. (1955). Multiple range and multiple F tests. Biometrics, 11: 1-42. https://doi.org/10.2307/3001478

			El-Kholy, K.H., Safaa A. Barakat , W.A. Morsy, K. Abdel-Maboud, M.I. Seif-Elnaser and Mervat N. Ghazal (2018). Effect of aqueous extract of moringa oleifera leaves on some production performance and microbial ecology of the gastrointestinal tract in growing rabbits. Pakistan Journal of Nutrition, 17: 1-7. https://doi.org/10.3923/pjn.2018.1.7

			El-Kholy KH, Wafa WM, El-Nagar HA, Aboelmagd AM, El-Ratel IT (2021). Physiological response, testicular function, and health indices of rabbit males fed diets containing phytochemicals extract under heat stress conditions. J. Adv. Vet. Anim. Res. 8(2):256–265. https://doi.org/10.5455/javar.2021.h510

			Elkomy A., El-Hanoun A., Abdella M., El-Sabrout K. (2021). Improving the reproductive, immunity and health status of rabbit does using honey bee venom. J. Anim. Physiol. Anim. Nutr.105:975–983. https://doi.org/10.1111/jpn.13552

			El-Speiy M. E., Elkomy A. E., Kamel K. I. (2014). Effect of adding protein high viscosity (gelatin) in tris extender on semen conservation status fertility rates, antioxidant status and sex ratio of rabbits. Global Vet., 12: 840–849.

			Gopalakrishnan L., Doriya K., Kumar D.S. (2016). Moringa oleifera: A review on nutritive importance and its medicinal application. Food Sci. Hum. Wellness. 5: 49–56. https://doi.org/10.1016/j.fshw.2016.04.001

			Gupta S.K. and Sharma A. (2014). Medicinal properties of Zingiber officinale Roscoe-a review. IOSR J. Pharm. Biol. Sci., 9: 124-129. https://doi.org/10.9790/3008-0955124129

			Harrison D.,  Griendling K.K., Landmesser U., Hornig B., Drexler  H. (2003).Role of oxidative stress in atherosclerosis. Am J. Cardiol., 91: 7A-11A. https://doi.org/10.1016/S0002-9149(02)03144-2

			Hashem N.M., Hassanein E.M., Simal-Gandara J. (2021). Improving reproductive performance and health of mammals using honeybee products. Antioxidants. 10: 336. https://doi.org/10.3390/antiox10030336

			Ibrahim M.M. (2016). Effect of nutrition some medicinal plants on the reproductive performance of male and female rabbits under Sinai condition. Ph.D. Thesis, Faculty of Environmental and Agriculture Sciences, Suez Canal University, Egypt.

			Mady E., Karousa M., El-laithy S., Ahmed S. (2018). Effect of Season on New Zealand White (NZW) Rabbits’ Behaviorand Reproductive and productive Performance. Benha Vet. Med. J. 35: 274–284. https://doi.org/10.21608/bvmj.2018.38761

			Maertens L., Lebas F. and Szendrö Zs (2006). Rabbit milk: A review of quantity, quality and non-dietary affecting factors. World Rabbit Sci. 14: 205-230. https://doi.org/10.4995/wrs.2006.565

			Marai I. F. M., Ayyat M. S., Abd El-Monem U. M. (2001). Growth performance and reproductive traits at first parity of New Zealand white female rabbits as affected by heat stress and its alleviation under Egyptian conditions. Trop. Anim. Health Prod. 33: 451-462. https://doi.org/10.1023/A:1012772311177

			Morsy W.A., Abd El-Lateif  A.I. (2017). Effect of supplemental mannan oligosaccharide to rabbit diets on productive and reproductive performance of does during summer season in egypt. Egyptian J. Nutrit. Feeds., 20 (2) Special Issue: 255-264. https://doi.org/10.21608/ejnf.2017.104134

			Newall C.A, Anderson L.A., Phillipson J.D (1996). Herbal Medicines, A Guide for Health-care Professionals, London, The Pharmaceutical Press.

			Nishiyama T., Mae T., Kishida H., Tsukagawa M., Mimaki Y., Kuroda M., Sashida Y., Takahashi K., Kawada T., Nakagawa K., Kitahara M. (2005). Curcuminoids and sesquiterpenoids in Turmeric (Curcuma longa L.) suppress an increase in blood glucose level in type 2 diabetic KK-Ay mice. J. Agric. Food Chem. 53: 959-963. https://doi.org/10.1021/jf0483873

			Nour El-Din  A. N. M. (2015). Milk production and some blood metabolite responses to yeast supplementation in early lactating holstein dairy cows. Egyptian J. Anim. Prod., 52 (1):11-17. https://doi.org/10.21608/ejap.2015.93634

			NRC (1977). Nutrient requirements of rabbits. National Research Council, Washington DC., USA.

			 Okanlawon E.O., Bello K.O., Akinola O.S., Oluwatosin O.O., Irekhore O.T., Ademolue R.O. (2020). Evaluation of growth, reproductive performance and economic benefits of rabbits fed diets supplemented with turmeric (curcuma longa) powder. Egypt. Poult. Sci. (40). (701-714). https://doi.org/10.21608/epsj.2020.115968

			Placha Iveta, Chrastinova Lubica, Laukova Andrea, Cobanova Klaudia, Takacova Jana, Strompfova Viola, Chrenkova Maria, Formelova Zuzana and Faix Stefan.(2013). Effect of thyme oil on small intestine integrity and antioxidant status, hagocytic activity and gastrointestinal microbiota in rabbits. Acta Vet. Hungarica. 61 (2): 197–208. https://doi.org/10.1556/avet.2013.012

			Ragab M., Mostfa S.M.M., El-Kholy K.H., Radwan L.M., El-Shafie A., El-Ratel I.T. (2021). Effects of Genotype and Weaning Age Interaction on Growth Traits in Rabbits. World Vet. J., 11 (2): 249-256. https://doi.org/10.54203/scil.2021.wvj32

			SAS (2004). SAS statistics users Guide statistical analysis system 8thEdn., 8.2 -versionm SAS Institute Inc, Carry, NC.

			Sirotkin A.V., Kadasi A., Stochmalova A., Balazi A., Foldesiova M., Makovicky P., Chrenek P., Harrath A.H. (2018). Effect of turmeric on the viability, ovarian folliculogenesis, fecundity, ovarian hormones and response to luteinizing hormone of rabbits. Animal., 12: 1242-1249. https://doi.org/10.1017/S175173111700235X

			Spring S., Wenk C., Connolly A. J., Kiers A. (2015). A review of 733 published trials on Bio-Mos , Mannan oligosaccharides and Actigen , second generation mannose rich fraction, on publication. J. Appl. Anim. Nutrit., 3; e7; page 1 of 11. https://doi.org/10.1017/jan.2015.6

			Zeweil H.S., Zahran S.M., Ahmed M. H., El-Gindy Y.M.,  Khoshera N.S.M. (2016). Effect of dietary supplementation of cinnamon and curcumin on performance, carcass traits, humoral immune responses, and blood serum metabolites in growing rabbits. Egyptian J. Nutrit. Feeds., 19 (3): 521-533 https://doi.org/10.21608/ejnf.2016.74993.

		

	OEBPS/image/814.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Improve Reproductive and Health Status of Rabbit Does Under Heat
Stress by Using Phytogenic and Prebiotic Sources

Nona M. Asp EL-Azeem*, HEMAT A. ABDEL MAGIED, MERVAT N. GHAZAL, NEHAD A. RAMADAN,
Enavat H. ABo EL-Azavem, Y. S. Hussein, HeBa H. Hasi

Animal Production Research Institute, Agriculture Research Center, Dokki, Giza, Egypt.

Abstract | Ninety mature does New-Zealand White rabbits age 6 months and weighting 3.2 kg were assigned ran-
domly into six treatment groups. The treatments were fed basal diet as control (G1), basal diet plus 0.3 % turmeric
(G2), 0.05 % MOS® (G3), 0.015 % Biostrong® 510 (G4), 0.05 % MOS +0.3 % turmeric (G5) and 0.05% MOS
+0.015 % Biostrong (G6), respectively. Rabbits fed with turmeric, MOS and Biostrong recorded a significant (P<0.05)
increase in doe weight at mating, prepartum, partum and weaning period, and the rate of feed intake increased in the
treated groups, especially the G5 through gestation period and the G3 in lactation stage. The milk yield also increased
in the rabbits in treated groups, especially the G5, and it appeared clearly in the third parity. Birth size at birth and at
weaning, birth weight and milk production were increased (P < 0.05) in all treated groups in compared to the control
group. Results have also shown that turmeric, MOS and Biostrong led to a significant increase in total protein, globu-
lin, total antioxidant capacity (TAO), glutathione peroxidase (GPx) and superoxide dismutase (SOD), with significant
improve in A/G ratio and decrease malondialdehyde (MDA) in the treated groups in compared to the control group.
In conclusion, turmeric, MOS and Biostrong supplements had a beneficial effect as natural antioxidant additives, es-
pecially the mixture among them, by protecting against oxidative stress factors caused by pregnancy and lactation in
female rabbits under heat stress.
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ty before and after weaning increase (Morsy and Abd El-
Lateif, 2017).

INTRODUCTION

ne of the main reasons for the low productivity of
farm animals, especially rabbits, is climatic changes
because they have thick fur and lack of sweat glands, which

Rabbits are characterized by critical physiological and hor-
monal changes during their reproductive cycle, making

makes them suffer from excessive heat loss, which affects
their productivity. The growth and reproduction rates of
adult female rabbits are affected as a result of exposure
to severe heat stress (30-31 °C) (Marai et al., 2001). The
consequences of exposure to high temperatures on rabbits
were shown in terms of low pregnancy rate, fetal growth,
birth size, birth weight and milk production, and mortali-

them more susceptible to these climatic influences (Mady,
et al., 2018). The solution was to find effective nutrition-

al supplement alternatives to improve the harmful effects
of heat stress (EI-Kholy et al., 2018; 2021; Hashem et al.,
2021).

Turmeric (Curcuma longa) is phytogenic additives, rich in
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