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			ABSTRACT

		

		
			This study was planned to evaluate the impacts of Yucca schidigera supplementation in drinking water on the growth performance, nutrient utilization, liver anti-oxidative function, and welfare indices of commercial broilers. A total of 320 one-day-old Cobb 500 chicks were divided into four treatment groups (80 chicks/group). The first control group (G1) was fed with the basal diet without supplementation of Y. schidigera extract. The second, third and fourth groups (G2, G3, and G4) were fed with Y. schidigera extract supplementation rate of 5, 10, and 15ml/200L to drinking water, respectively. The chicks that received Y. schidigera demonstrated the best production performances as compared to the control group. The chicks that received yucca showed a significant decrease in litter nitrogen content when compared to the non-supplemented group. The chicks that received liquid Y. schidigera had reduced total bacterial counts (p<0.05), Escherichia coli, and a non-significant increase in the number of lactic acid-producing bacteria. They also showed increased activity of antioxidant enzymes and decreased levels of lipid peroxidation biomarkers, without a harmful effect on liver and kidney function. In conclusion, the use of natural additives is necessary to improve growth performance, and nutrient digestibility, decrease nitrogen losses, feed cost, and environmental pollution.
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			Introduction

			Antibiotics are used in the poultry industry to enhance growth performance, gut health, and nutrient digestibility. The excessive use of antibiotics at a sub-therapeutic level as a growth promoter in the poultry production cycle has developed antimicrobial resistance (AMR) which has proven to be the greatest threat to human health (Carrique-Mas et al., 2017). An increase in drug resistance to frequently used antimicrobial agents in human and animal production is a public health challenge globally (Pourmand et al., 2017). For that reason, many countries restricted the use of antibiotics in feed as a growth promoter due to the overwhelming situation of AMR (Diarra and Malouin, 2014). In the present situation, it is important to find out an alternative to AGPs, which provides similar results and ensures better production and food safety for human consumption (Yadav et al., 2016). The use of probiotics as an alternative to antibiotic growth promoters has increased in the last few decades (Dhama et al., 2015). Among the phyto-biotics Y. shidigera, can be widely used as an alternative feed additive to replace antibiotics in poultry feed. Y. schidigera is a small tree prevalent in the deserts of the southwestern United States and northern Mexico, considered highly for its pharmaceutical values (Patel, 2012). Yucca schidigera contains active ingredients steroidal, saponins that contribute to the emulsification of oil fats, the promotion of their digestion, and the absorption of vitamins and minerals leading to positive effects in poultry (Su et al., 2016). Other main active components, resveratrol and yuccaols, which possess biological functions, were identified in Y. schidigera besides steroidal saponins (Patel, 2012). Resveratrol is well known to be an effective scavenger of hydroxyl, superoxide radicals, as well as inhibiting reactive oxygen species (ROS) formation in cells. It also protects cells from lipid peroxidation in membranes and DNA damage caused by ROS (Leonard et al., 2003). Phenolic constituents such as yuccaols in Y. schidigera, which are structurally related to resveratrol, also possess radical scavenging activity (Piacente et al., 2004; Patel, 2012). Alagawany et al. (2016), reported that Y. schidigera improved superoxide dismutase (SOD) and reduced glutathione (GSH) level, and reduced malondialdehyde (MDA) concentration in the serum in laying hens. Glutathione peroxidase (GPx) and catalase (CAT) activities were increased with Y. schidigera supplementation in rabbits (Ashour et al., 2014). Y. schidigera can also recompense the toxic effects of lead induced oxidative stress in quails (Alagawany et al., 2018; Farag et al., 2018). Many reports have also shown that dietary Y. schidigera incorporation could produce positive effects on the economic traits, performance, carcass characteristics, and health of broilers (Wang and Kim, 2011). In another study, blood and tissue MDA concentrations were decreased, and the GSH activity in blood and tissues was increased when rats were treated with Y. schidigera. However, total antioxidant capacity (T-AOC) was not affected (Cigerci et al., 2009). Therefore, the purpose of this study was to determine the effect of different concentrations of Y. schidigera supplementation on the growth performance, gut microbiota, nutrient utilization and liver anti-oxidative function, and welfare indices of commercial broilers.

			 

			MATERIALs AND METHODS

			Bird’s husbandry

			A total of 320-days old broiler chicks (Cobb 500) purchased from a local hatchery were weighed and randomly allocated into four treatment groups consisting of four replications for each treatment, with 20 broilers in each replicate in a completely randomized design (CRD) experimental model. The broilers were reared in the open-sided house for 35 days. All chicks were vaccinated as per recommended schedule for broilers. Feed and fresh water were available ad libitum.

			Diets and treatments 

			The broilers were fed with commercial diets containing corn and soybean meals as the basal diet. The starter diet was used from day 1 until day 21, while the finisher diet was used from day 22 to day 35. The first control group (G1) was fed on the basal diet without any Y. schidigera liquid extract (DK YUCCA manufactured by Desert king pharma USA) supplementation in water, while the 2nd, 3rd, and 4th groups (G2, G3, and G4) were fed on basal diets with Y. schidigera liquid extract at the rate of 5mL, 10mL and 15mL to drinking water, respectively. The nutrient content of both starter and finisher diets supplemented are presented in Table I.

			Table I. Composition and nutrient content of the basal experimental diet.

			
				
					
					
					
				
				
					
							
							Ingredients (%)

						
							
							Starter diet (1-21)

						
							
							Finisher diet (22-35)

						
					

					
							
							Maize

						
							
							66.5

						
							
							67.0

						
					

					
							
							Sesame cake 

						
							
							5.00

						
							
							7.00

						
					

					
							
							Fish meal

						
							
							9.00

						
							
							6.50

						
					

					
							
							Wheat bran

						
							
							15.8

						
							
							15.0

						
					

					
							
							Methionine

						
							
							0.10

						
							
							0.02

						
					

					
							
							Lysine

						
							
							0.60

						
							
							0.05

						
					

					
							
							Sesame Oil

						
							
							2.20

						
							
							3.13

						
					

					
							
							Salt

						
							
							0.40

						
							
							0.40

						
					

					
							
							Lime stone

						
							
							0.40

						
							
							0.90

						
					

					
							
							Calculated %

						
					

					
							
							Dry matter

						
							
							92.2

						
							
							93.0

						
					

					
							
							Ash

						
							
							8.40

						
							
							8.44

						
					

					
							
							Crude fibre

						
							
							14.3

						
							
							14.3

						
					

					
							
							Crude protein

						
							
							21.2

						
							
							18.2

						
					

					
							
							Ether extract

						
							
							4.72

						
							
							4.74

						
					

				
			

			Growth performance parameters

			Throughout the five weeks study period, body weight (BW) and feed intake (FI) were weekly recorded for each replicate using a digital weighing scale with a measurement accuracy of two decimal points. Data recorded on weekly BW and FI were used to calculate the feed conversion ratio (FCR).

			 

			Litter sampling and nitrogen analysis

			On days, 21 and 35 of the production period litter samples from each poultry pen were randomly collected from 12 different locations. The collected samples were thoroughly mixed in a plastic bag, and 250 g was weighed and shifted to the laboratory for further analysis. The dry matter (DM) of the litter was determined by oven drying at 105 oC for 48 h, and calculating the differences in weight. Nitrogen in the litter samples was determined by using the Kjeldahl method, according (AOAC, 2000).

			Nutrient digestibility 

			To calculate the apparent ileal digestibility on day 35 of the experiment, representative chicken from each treatment was transferred to metabolic cages for digestibility. All the chickens were fed with a diet containing 0.2% Cr2O3 for three days as an indigestible marker before slaughtering. After slaughtering on day 42, the ileal content was collected and stored at −20 oC for further analyses of nutrient content (Islam et al., 2022). Chromium concentrations were determined with a UV absorption spectrophotometer (Shimadzu, UV-1201, Shimadzu, Kyoto, Japan) using the method of (Williams et al., 1962). The following formulas were used to calculate the apparent ileal digestibility and ileal digestible energy (Stefanello et al., 2020).

			[image: ]

			Ci and Co are concentration of chromium in the diet and digesta (%); Ni and No are concentration of nutrient in the diet and digesta (%), respectively.

			Evaluation of ileal microbial count

			At 21 and 35 days of age, thirty-six birds were randomly selected and slaughtered. In order to evaluate the effect of Y. schidigera supplementation at different concentrations in drinking water on the colonization of pathogenic and beneficial bacteria in comparison to the control group, a total of 20 cecal samples were collected from all chickens, throughout the experimental period (5 samples/group). Samples were transferred to test tubes and stored at -80°C until further analysis. One gram (1 g) of excreta was diluted in 9 mL of 1% peptone broth, homogenized, and then added to the selective media for growth. The bacterial counts were performed by serial 10-fold dilutions (10 g/l peptone solution) onto Lactobacillus MRS Agar plates and MacConkey to isolate the Lactobacillus, and Escherichia coli, respectively. The bacteria colonies were counted using a colony counter (Gao et al., 2019).

			Blood hematological and serum biochemical parameters analysis

			During the third and fifth weeks of the experimental period, four birds from each group at day 35 were randomly selected and fasted overnight. Blood samples were collected in replicates in sterile vacutainer tubes containing EDTA (Ethylene diamine tetra acetic acid) for hematology analysis. While for serum biochemical, analysis blood samples were collected in non-heparinized chilled tubes and centrifuged at 3500 rpm for 15 min. The separated sera were kept at -20 oC for biochemical investigation. LPO, GSH, CAT activity, SOD, and ALT, were measured were measured using assay kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and automated spectrophotometric analyzer (Cao et al., 2015; Liao et al., 2015). Serum proteins, globulin, albumin, and creatinine were spectrophotometrically determined using industrially available kits.

			Statistical analysis

			The analysis of all data was done using one-way analysis of variance (ANOVA) based on the completely randomized design model, using Statistical Analysis System (SAS, 2012), and the Tukey posthoc test was used to estimate the significant difference among treatment groups. Results were considered significant at p < 0.05.

			Results

			Growth performance measurements

			Table II presents the overall growth performance results of broilers on day 21 and 35. A significant difference was observed in growth performance in the starter and overall production period of the broiler chickens. Significant differences (p< 0.05) were noted in body weight gain and cumulative FCR during the starter and overall production period. The highest final body weight gain as well as the lowest FCR was demonstrated in G4 supplemented with Y. schidigera 15 mL /200L of water as compared to the other treatments.

			Litter moisture, nitrogen and ash content 

			The results on the litter nitrogen and moisture % on day 21 and 35 are shown in Table III. Significant differences (p<0.05) in these parameters during both the starter and finisher phases were recorded. Both at the starter and at finisher phases the supplementation of Y. schidigera in groups G2, G3, and G4 significantly decrease the litter nitrogen content as compared to G1 at day 21. Concerning the effect of Y. schidigera supplementation on litter moisture content, days 21 and 35 showed significant decreases in moisture content, compared to the G1.

			Nutrient digestibility

			The results on the apparent ileal digestibility of broilers are shown in Table IV. There were significant differences (p<0.05) in all the digestibility parameters. Significantly, higher DM, crude CP, and EE digestibility were demonstrated in G4 broilers compared to other

			Table II. Effect of different levels of Yucca schidigera extract on growth performance parameters.

			
				
					
					
					
					
					
					
				
				
					
							
							Production parameters

						
							
							Treatment groups

						
							
							P value

						
					

					
							
							G1

						
							
							G2

						
							
							G3

						
							
							G4

						
					

					
							
							Starter phase (day 1-21)

						
					

					
							
							BWG, g

						
							
							728.43± 0.97b

						
							
							780.34±0.37 a

						
							
							787.18± 0.85a

						
							
							795.92±0.96a

						
							
							0.003

						
					

					
							
							FI, g

						
							
							1128.62±0.20

						
							
							1129.31± 0.50

						
							
							1130.92±0.14

						
							
							1128.52±0.71

						
							
							0.986

						
					

					
							
							FCR

						
							
							1.54±0.25a

						
							
							1.44±0.04b

						
							
							1.42±0.30b

						
							
							1.40± 0.01b

						
							
							0.020

						
					

					
							
							Finisher phase (day 22-35)

						
					

					
							
							BWG, g

						
							
							1061.82±0.67

						
							
							1080.51± 0.60

						
							
							1087.25± 0.15

						
							
							1099.01±0.08

						
							
							0.000

						
					

					
							
							FI, g

						
							
							2264.72±0.65

						
							
							2263.81±0.63

						
							
							2255.53± 0.46

						
							
							2258.71±0.52

						
							
							0.154

						
					

					
							
							FCR

						
							
							2.13±0.04

						
							
							2.09± 0.01

						
							
							2.07±0.05

						
							
							2.04± 0.08c

						
							
							0.229

						
					

					
							
							Overall period (day 1 to 35)

						
					

					
							
							BWG, g

						
							
							1790.25±0.91c

						
							
							1860.36± 0.20b

						
							
							1874.43±0.68 ab

						
							
							1894.93±0.02a

						
							
							0.000

						
					

					
							
							FI, g

						
							
							3393.11± 0.48

						
							
							3393.01±0.99

						
							
							3386.71± 0.75

						
							
							3438.01± 0.48

						
							
							0.444

						
					

					
							
							FCR

						
							
							1.89±0.04a

						
							
							1.82±0.07ab

						
							
							1.80a±0.50bc

						
							
							1.81± 0.013c

						
							
							0.000

						
					

				
			

			Different superscripts along the row indicate significant difference (p <0.05). G1, basal diet; G2, basal diet + 5ml of Yucca schidigera liquid extract; G3, basal diet + 10 ml of Yucca schidigera liquid extract; G4, basal diet + 10 ml of Yucca schidigera liquid extract.

			Table III. Effect of liquid Yucca schidigera supplementation on litter content of nitrogen and moisture.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Treatment groups

						
							
							P value

						
					

					
							
							G1

						
							
							G2

						
							
							G3

						
							
							G4

						
					

					
							
							Day 21 

						
					

					
							
							Nitrogen %

						
							
							0.913 ±0.02 a

						
							
							0.82 ±0.013 b  

						
							
							0.62 ±0.03c 

						
							
							0.52 ±0.02 c

						
							
							0.001

						
					

					
							
							Moisture %

						
							
							34.51 ± 0.12 a

						
							
							32.97 ±0.16 b  

						
							
							30.90 ±0.06 c  

						
							
							30.60 ±0.06 c  

						
							
							0.001

						
					

					
							
							Day 35 

						
					

					
							
							Nitrogen %

						
							
							1.24 ±0.03 a c 

						
							
							0.92±0.05 b  

						
							
							0.86c ±0.02 

						
							
							0.65 ±0.02c

						
							
							0.001

						
					

					
							
							Moisture %

						
							
							31.98 ±0.15 a  

						
							
							30.87 ±0.15 b  

						
							
							29.77c ±0.20

						
							
							29.67 ±0.20 c  

						
							
							0.001

						
					

				
			

			Different superscripts along the row indicate significant difference (p <0.05). For composition of feed for different group, see Table II.

			Table IV. Effect of Yucca schidigera supplementation on the apparent ileal nutrient digestibility of broilers on day 42. 

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							     G1

						
							
							    G2

						
							
							    G3

						
							
							    G4

						
							
							P-value

						
					

					
							
							Dry matter

						
							
							69.51±0.01c

						
							
							70.33±0.21c

						
							
							72.32±0.00c

						
							
							74.74±0.00b

						
							
							0.000

						
					

					
							
							Crude protein

						
							
							70.50±0.00d

						
							
							73.66±0.31d

						
							
							75.60±0.00c

						
							
							76.70±0.00b

						
							
							0.001

						
					

					
							
							Ether extract

						
							
							71.40±0.00b

						
							
							73.68±0.35b

						
							
							74.36±0.26b

						
							
							76.70±0.00a

						
							
							0.000

						
					

					
							
							AME

						
							
							2650.21±0.47c

						
							
							2655.20±0.13c

						
							
							2755.23±0.48b

						
							
							2826.71±0.35a

						
							
							0.000

						
					

				
			

			Means within the same row that carry different superscripts are significantly different at p < 0.05.

			treatment groups and G1. Likewise, similar findings were exhibited for apparent metabolizable energy in-group G4 broilers supplemented with the highest concentration of Y. schidigera extract.

			Ceacal microbial count evaluation 

			The results in Table V show that cecal samples taken at 21 days of age had a significant decrease in total colony counts (p < 0.05) in the group supplemented with yucca as compared to the control group. In addition, a significant decrease in the count of E. coli (p<0.05) in Y. schidigera-supplemented groups was detected, compared to the control group. No significant change in the count of lactic acid-producing bacteria (p>0.05) in either Y. schidigera-supplemented group was recorded. At 35 days of age, a numerical decrease in the total colony count (p > 0.05) in the Y. schidigera-supplemented groups was found.

			 

			Table V. Effect of dietary yucca supplementation on the on the cecal microbial counts (log10 cfu g-1) of broilers on days 21 and 35.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Treatment groups

						
							
							P-value

						
					

					
							
							G1

						
							
							G2

						
							
							G3

						
							
							G4

						
					

					
							
							Day 21 

						
					

					
							
							Total count (log10 cfu/g)

						
							
							7.2 ± 0.12a

						
							
							6.4 ± 0.29ab 

						
							
							6.2 ± 0.30b 

						
							
							6.1 ± 0.01b 

						
							
							0.013

						
					

					
							
							Escherichia coli (log10 cfu/g)

						
							
							8.4 ± 0.13a

						
							
							6.3 ± 0.32b 

						
							
							6.0 ± 0.27b 

						
							
							5.99 ± 0.38b 

						
							
							0.001

						
					

					
							
							Lactobacillus (log10 cfu/g) 

						
							
							4.2 ± 0.17

						
							
							5.3 ± 0.18

						
							
							4.3 ± 0.15

						
							
							4.2 ± 0.15

						
							
							0.743

						
					

					
							
							Day 35

						
							
					

					
							
							Total count (log10 cfu/g)

						
							
							6.1 ± 0.36a 

						
							
							4.0 ± 0.23b 

						
							
							6.0 ± 0.22a 

						
							
							6.0 ± 0.21a 

						
							
							0.011

						
					

					
							
							Escherichia coli (log10 cfu/g)

						
							
							4.3± 0.19

						
							
							3.2 ± 0.20

						
							
							4.0 ± 0.12

						
							
							4.0 ± 0.20

						
							
							0.623

						
					

					
							
							Lactobacillus .(log10 cfu/g) 

						
							
							4.0 ± 0.22

						
							
							4.6 ± 0.64

						
							
							4. 5± 0.47

						
							
							4.5 ± 0.17

						
							
							 0.743

						
					

				
			

			Means within the same row that carry different superscripts are significantly different at p < 0.05. For details of groups, see Table II.

			Table VI. Effect of dietary Yucca schidigera supplementation on some blood hematological parameters of broiler chickens.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Treatment groups

						
							
							P-value

						
					

					
							
							G1

						
							
							G2

						
							
							G3

						
							
							G4

						
					

					
							
							RBCs (106ul)

						
							
							2.8±0.21

						
							
							2.9±0.62

						
							
							2.9±0.70

						
							
							2.9±0.4 0

						
							
							0.071

						
					

					
							
							Hemoglobin (g/dl)

						
							
							9.9±0.71

						
							
							9.9±0.71

						
							
							9.9±0.60

						
							
							10±0.61

						
							
							0.081

						
					

					
							
							WBCs (103ul)

						
							
							3.10±0.01

						
							
							3.06±0.01

						
							
							3.05±0.03

						
							
							3.07±0.01

						
							
							0.001

						
					

					
							
							Neutrophils (%)

						
							
							39.8±0.9 c

						
							
							41.9±0.8 c

						
							
							47±0.41 b

						
							
							55.8±0.4 a

						
							
							0.001

						
					

					
							
							Eosinophils (%)

						
							
							1.8±0.1 a

						
							
							2.1±0.8a

						
							
							2±0.8a

						
							
							2±0.8a

						
							
							0.91

						
					

					
							
							Basophils (%)

						
							
							0.7±0.2

						
							
							0.8±0.2

						
							
							0.7±0.2

						
							
							0.9±0.6

						
							
							0.71

						
					

					
							
							Lymphocytes (%)

						
							
							35.6±0.5 d

						
							
							44.3±1.5c

						
							
							49.9±0.4 b

						
							
							52.2±0.5 a

						
							
							0.001

						
					

					
							
							Monocytes (%)

						
							
							5.5±1.3

						
							
							5.5±1.3

						
							
							4.6±1.3

						
							
							4.5±0.6

						
							
							0.511

						
					

				
			

			Different superscripts along the row indicate significant difference (p <0.05). For details of groups, see Table II.

			Table VII. Effect of dietary Yucca schidigera supplementation on some serum Biochemical Parameters of broiler chickens.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Treatment groups

						
							
							P-value

						
					

					
							
							G1

						
							
							G2

						
							
							G3

						
							
							G4

						
					

					
							
							Day 21 

						
					

					
							
							ALT 

						
							
							36.07 ±1.49

						
							
							35.84 ± 2.11

						
							
							37.69±1.21

						
							
							36.69±1.21

						
							
							0.941

						
					

					
							
							SOD 

						
							
							37.84±0.38b 

						
							
							40.16±1.5b

						
							
							56.35±0.88 a

						
							
							56.35±0.78a

						
							
							0.001

						
					

					
							
							MDA

						
							
							62.34± 0.27

						
							
							57.89± 0.33

						
							
							57.930±0.03

						
							
							57.747±0.59

						
							
							0.567

						
					

					
							
							CAT

						
							
							23.88±0.74c

						
							
							26.91± 0.08b

						
							
							32.20±0.84 a  

						
							
							32.20±0.84a

						
							
							0.016

						
					

					
							
							Creatinine 

						
							
							0.48 ±0.04

						
							
							0.47± 0.04

						
							
							0.48±0.01

						
							
							0.48±0.01

						
							
							0.771

						
					

					
							
							Day 35

						
							
					

					
							
							ALT 

						
							
							43.76 ±0.04

						
							
							43.41 ±0.06

						
							
							42.96±0.69

						
							
							42.97±0.69

						
							
							0.350

						
					

					
							
							SOD

						
							
							49.02 ±0.84

						
							
							50.19 ±0.18

						
							
							50.52±0.68

						
							
							50.42± 0.78

						
							
							0.373

						
					

					
							
							MDA

						
							
							81.54 ±0.79a

						
							
							68.04 ±0.2b

						
							
							60.66±0.42c

						
							
							60.86±0.05c

						
							
							0.005

						
					

					
							
							CAT

						
							
							39.35 ±0.81c

						
							
							53.62 ±0.58b

						
							
							64.45±0.08a

						
							
							64.95 ±0.07a

						
							
							0.001

						
					

					
							
							Creatinine 

						
							
							0.87 ±0.03

						
							
							0.84 ±0.03

						
							
							0.83±0.05

						
							
							0.83 ±0.05

						
							
							0.836

						
					

				
			

			Means within the same row that carry different superscripts are significantly different at p < 0.05. SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde; ALT, alanine amino transferase. For details of groups, see Table II.

			 Blood hematology and serum biochemical parameters

			No significant differences were observed in RBC count and Hb level among the treatment groups. Groups supplemented with Y. schidigera liquid extract had higher WBC, counts as compared to the control group Table VI. The results revealed that the addition of Y. schidigera significantly (p<0.05) increased the activity of antioxidant enzymes (SOD) and decreased the level of malondialdehyde (MDA) (a lipid peroxidation biomarker), compared to the G1 at the end of the study. On the other hand, kidney and liver function biomarkers were not affected Table VII. 

			Discussion

			In broiler production, growth performance is considered an important parameter, which can be affected by many factors such as the environment and nutrition (Chung et al., 2020). In the present study, the growth performance parameters were improved by the supplementation of Y. schidigera at different concentrations. The result of this study is in line with previous studies that reported improved performance of broilers with the supplementation of Y. schidigera (Sahoo et al., 2015; Mousa et al., 2019). The growth-promoting effects of Y. schidigera were attributed to the presence of steroidal saponins, which have a positive effect on the digestive tract through the activation of digestive enzymes and enhancement of gut morphology (Wang and Kim, 2011). Similarly, Y. schidigera also contains polyphenols, which have anti-inflammatory, antimicrobial, and antioxidant activity, as well as free-radical hunting characteristics and immune enhancement, which all improve the growth performance of broilers (Su et al., 2016). Phytogenic feed additives like Y. schidigera contain steroidal saponins that have the ability to enhance intestinal health, improve the gut microbiota and stabilize bowel health while preventing intestinal disorder, which could lead to improved nutrient digestibility and absorption (Begum et al., 2015). In the current study, the highest CP, CF, and EE digestibility and apparent metabolizable energy were demonstrated in the groups supplemented with Y. schidigera liquid extract. The supplementation of Y. schidigera extract can affect energy metabolism by modulating hormone secretions and depressing energy compounds in the organism, which may increase nutrient digestibility. Similarly, previous work has documented significantly higher energy and protein values indicating better energy utilization and protein digestibility in broiler chicks supplemented with Y. schidigera (Alghirani et al., 2021). Additionally, the saponin content in Y. schidigera extracts also decreases urea in the blood, ammonia production, and odors from poultry excreta. In the present study, the supplementation of Y. schidigera significantly reduced the nitrogen and moisture content in the excreta. These results confirm that Y. schidigera liquid extract added to drinking water can improve the immersion of nitrogen and reduce its excretion, and ultimately the level of ammonia in the digestive tract and excreta (Alghirani et al., 2019). The impact of Y. schidigera extract supplementation is manifested in mitigating levels of ammonia in the caecum of animals (Mousa et al., 2019; Patoary et al., 2020). The results indicated that the addition of Y. schidigera to the broiler drinking water is of value in reducing total bacterial count and the number of Escherichia coli in different ages, especially at a young age. Wang and Kim (2011) found that Escherichia coli counts were linearly inhibited by Y. schidigera extract treatments, compared with the non-treated group at both five and eight weeks, and no difference was observed in the Lactobacillus population throughout the experimental period. The level of ALT and creatinine were not affected by the supplementation of Y. schidigera liquid extract in drinking water. This revealed that yucca had no adverse effect on liver and kidney functions. Similar results were reported by (Mousa et al., 2019) who observed a non-significant effect of Y. schidigera liquid extract on liver and kidney functions. Regarding anti-oxidative biomarkers, the addition of yucca improved the activity of antioxidant enzymes including SOD, and CAT, and decreased lipid peroxidation biomarkers. SOD is an important substance that exists in various tissues and organisms, and is believed to protect cells from damage caused by superoxide radicals (O2) (Kurutas, 2016). Similarly, Mousa et al. (2019); Su et al. (2016) demonstrated that broiler chickens fed a liquid extract of Y. schidigera showed a significant improvement in SOD activity and exhibited a strong ant-oxidative effect. Y. schidigera contains resveratrol, which has an inflammatory, and antioxidant effect (Farag et al., 2016; Alagawany et al., 2015). The level of MDA in the liver is proven a sensitive indicator of lipid oxidative tendency (Shafey et al., 2015). In the present study, the level of MDA decreased with the increasing level of Y. schidigera supplementation. Dengsheng et al. (2017) observed that MDA concentration was higher finisher period as compared to the starter period. In the current study, the decreases in MDA concentrations and the increases in SOD concentrations might be attributed to the Y. schidigera ability in terms of scavenging secondary reactive radicals or preventing the formation of superoxide and hydrogen peroxide (Enginar et al., 2006).

			Conclusion

			Y. schidigera liquid extract supplementation at a rate of 15ml/200 liter of drinking water showed an improved growth performance and ileal nutrient digestibility. Y. schidigera appeared to decrease nitrogen excretion, thus improving litter quality and bird welfare, and consequently, improving the gut health, and oxidative status of broiler chickens. Based on the results obtained Y. schidigera supplementation can be recommended as an alternative to antibiotic growth promoters in post-antibiotic era.
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ABSTRACT

This study was planned to evaluate the impacts of Yucca schidigera supplementation in drinking water
on the growth performance, nutrient utilization, liver anti-oxidative function, and welfare indices of
commercial broilers. A total of 320 one-day-old Cobb 500 chicks were divided into four treatment groups
(80 chicks/group). The first control group (G1) was fed with the basal diet without supplementation of
Y. schidigera extract. The second, third and fourth groups (G2, G3, and G4) were fed with Y. schidigera
extract supplementation rate of 5, 10, and 15ml/200L to drinking water, respectively. The chicks that
received Y. schidigera demonstrated the best production performances as compared to the control group.
The chicks that received yucca showed a significant decrease in litter nitrogen content when compared
to the non-supplemented group. The chicks that received liquid Y. schidigera had reduced total bacterial
counts (p<0.05), Escherichia coli, and a non-significant increase in the number of lactic acid-producing
bacteria. They also showed increased activity of antioxidant enzymes and decreased levels of lipid %
peroxidation biomarkers, without a harmful effect on liver and kidney function. In conclusion, the use
of natural additives is necessary to improve growth performance, and nutrient digestibility, decrease
nitrogen losses, feed cost, and environmental pollution.
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INTRODUCTION

Antibiotics are used in the poultry industry to enhance
growth performance, gut health, and nutrient
digestibility. The excessive use of antibiotics at a sub-
therapeutic level as a growth promoter in the poultry
production cycle has developed antimicrobial resistance
(AMR) which has proven to be the greatest threat to human

ique- of ( An increase in drug
resistance to frequently used antimicrobial agents in human
and animal production is a public health challenge globally
(Pourmand et al., 2017). For that reason, many countries
restricted the use of antibiotics in feed as a growth promoter
due to the overwhelming situation of AMR (Diarra and
Malouin, 2014). In the present situation, it is important
to find out an alternative to AGPs, which provides similar
results and ensures better production and food safety

for human consumption (Yadav ef al., 2016). The use of
probiotics as an alternative to antibiotic growth promoters
has increased in the last few decades (Dhama ef al., 2015).
Among the phyto-biotics Y. shidigera, can be widely used
as an alternative feed additive to replace antibiotics in
poultry feed. Y. schidigera is a small tree prevalent in the
deserts of the southwestern United States and northern
Mexico, considered highly for its pharmaceutical values
(Patel, 2012). Yucca schidigera contains active ingredients
steroidal, saponins that contribute to the emulsification
of oil fats, the promotion of their digestion, and the
absorption of vitamins and minerals leading to positive
effects in poultry (Su ef al., 2016). Other main active
components, resveratrol and yuccaols, which possess
biological functions, were identified in Y schidigera
besides steroidal saponins (Patel, 2012). Resveratrol
is well known to be an effective scavenger of hydroxyl,
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