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			Abstract | The objective of this study was to investigate the effect of feeding quinoa seeds as a source of energy and protein on performance, blood metabolite, and meat quality in broiler chickens.  A total of four hundred and eighty 1-day-old Ross 308 chicks were randomly divided into four experimental groups: Control (CON), 5% of quinoa seeds (QS5), 10% of quinoa seeds (QS10), and 15% of quinoa seeds (QS15) groups. Results indicated that increasing inclusion levels of QS improved body weight gain, feed conversion ratio, and crude protein digestibility of broiler chickens. Including quinoa seeds significantly increased carcass dressing and decreased ( P < 0.05) abdominal fat content. Plasma triglyceride, LDL, creatinine, and uric acid levels were lower (P<0.05) in the birds fed QS supplementation, while HDL was significantly higher. Saturated fatty acid content and shear force value (more tender) were reduced (P<0.05) while increasing the levels of quinoa inclusion in broiler diets. It can be concluded that QS dietary supplementation would be recommended as a feasible approach to improve productive performance, nutrient digestibility, blood metabolite, and meat quality of broiler chickens.
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			Introduction

			 

			The increased demand for animal protein and the rapid development in the poultry industry led to producing broiler chicks characterized by rapid growth that needs a balanced feed to meet all the bird’s requirements of energy, protein, and other elements (Choct, 2009). Also, the shortage and high prices of conventional ingredients feed such as corn and soybean, made nutritionists search for more feed ingredient sources that do not compete with human food, bear different climatic conditions, and are characterized by their high nutritional value to encourage its cultivation in Egypt. Quinoa was chosen as a plant that attracted the world’s attention in recent times due to its high nutritional and biological value and its tolerance to harsh environmental conditions. Quinoa (Chenopodium quinoa) is a stress-tolerant plant (salty/acid soils and cold/ hot climates), characterized by challenging different environmental conditions, also the seeds germinate very fast (Mujica et al., 2001: Yao et al., 2014). QS are distinguished from traditional feed ingredients by their high nutritional value and exceptional balance between fat, oil, and protein.  In addition, QS has a high content of vitamins, minerals (working as cofactors in antioxidant enzymes), protein, and lipids (Filho et al., 2017), and an excellent balance of essential amino acids (high-quality protein). Quinoa protein contains high content of methionine (3.3 - 9.1 g/100 g protein) and lysine (2.4 - 7.8 g/100 g protein) which are the most important amino acids in poultry feeding, especially that most of the conventional cereals (maize) suffer from a lack of them (Dini et al., 2005).  Besides, it’s found to contain numerous phytochemicals including phytosterols, phenolic, and bioactive peptides, which can be used as a natural antioxidant in poultry feed. The high nutritional value of quinoa improves the health of the birds (Dini et al., 2005). Adding to these previous quinoa features, the Food and Agriculture Organization of the United Nations (FAO, 2013) promoted quinoa production and consumption for humans and animals. However, QS contains some anti-nutrients such as saponins, tannins, and phytic acid (Ruales and Nair, 1993), which may hinder its use in poultry feed in large quantities. Anti-nutrition affects the utilization of some nutrients, which negatively affects the growth performance of broiler chickens. Therefore, it is necessary to treat quinoa seeds before adding them to poultry feed (such as soaking). Several studies have shown that soaking of quinoa seeds reduces anti-nutrients such as saponins, tannin, and phytate (Fadahunsi, 2009: Mazahib et al., 2013). This study aimed to evaluate quinoa seed as a feed additive in a chick’s diet and assess the effect on productive performance, blood metabolites, and meat quality of broiler chickens.

			 

			Material and Methods

			 

			Quinoa seed and handling 

			Seeds of quinoa (Chenopodium quinoa) were supplied by the following research project: “Climate Smart Agriculture Entrepreneurship Development of Quinoa Value in Egypt. The quinoa seeds were analyzed at the Central Food and Feed Laboratory in Egypt (Table 1).  The seeds were soaked in distilled water for 48  h thereafter the soaked seeds were washed with distilled water several times in a row, according to the method described by Udensi et al. (2008).  Samples were dried in a room with a temperature of 30 to 32ºC with stirring until complete drying (about 8 days).

			 

			Table 1: Chemical composition of quinoa (g 100 g−1 dried weight)

			
				
					
					
				
				
					
							Chemical composition
							Quinoa
					

					
							
							Protein (g)	

						
							
							15.7

						
					

					
							
							Carbohydrate (g)

						
							
							67.3

						
					

					
							
							Fat (g)

						
							
							7.1

						
					

					
							
							Ash (g)

						
							
							3.4

						
					

					
							
							Fiber (g)

						
							
							2.9

						
					

				
			

			

			 

			Birds and experimental design

			Four hundred and eighty chicks (Ross 308) were purchased from the commercial hatchery and the experiment was conducted for 42 days, divided into 4 equal groups, each group including 120 chicks (6 replicates/20 birds each). One group was fed with control feed (corn-soybean basal diet) while other groups were fed with a diet contained with quinoa seeds. QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and QS15: diet contains 15% of quinoa seeds. Feed, automatic nipple cup drinker, and light provided during the study period. The chemical analysis of the quinoa seeds was done to formulate the experimental diets as shown in Table (1). It was divided into two-phase diets: starter diet from 1-21 days old (iso-caloric = 3050, iso-nitrogenous = 23) followed by grower diet from 22-42 days old (iso-caloric = 3150, iso-nitrogenous = 21) formulated according to the nutritional recommendations of NRC (1994). The composition and calculated analysis of basal diets are shown in Table (2). The chicks were raised at 33.0 ± 0.5 °C, and then the temperature was gradually decreased until 28.0 ± 1 °C was reached by day 15, and then left with the case of natural temperature.

			 

			Growth Performance and Carcass traits

			Live body weight (LBW), feed intake (FI) g/chick were at 21 and 42 days recorded, body weight gain (BWG) g/chick, and feed conversion rate (FCR) g FI/g BWG were calculated for the overall period and corrected for mortality rate. At the end of the experiment (42 days), 80 birds (20 birds from each group) were sacrificed and then dissected to measure the relative weights of the dressing, abdominal fat, breast, and thigh to live body weight. Chicken meat from dietary treatments were collected, packed and frozen at -20ºC for subsequent analyses.

			 

			Digestibility experiment

			On day 42, ten broilers per group were randomly assigned to metabolism cages with wire mesh bottom and excreta collection trays. Before the digestibility experiment started, the bird was adapted for 3 days then, excreta from each cage were collected 3 times daily (each 8-h intervals) during 4 -day collection period, a known quantity of the feed was given daily to each bird. Then remaining feed in the excreta trays was carefully removed and weighed, also feathers were removed, and stored in sealed bags at −20 °C after being dried till analyzed. Excreta samples were subsequently analyzed for dry matter (DM), crude protein (CP), ether extract (EE), and nitrogen-free extract (NFE) using routine procedures (AOAC, 1990).

			 

			Blood Samples and Biochemical Analysis

			At day 42 days, blood samples (5 ml) from 20 birds from the group were collected during slaughtering (gathered into heparinized test tubes), and then rapidly centrifuged (3500 rpm for 15 min) to separate the plasma and stored at −20 °C until analysis. Plasma total protein (TP), albumin (AL), uric acid (UA), creatinine (CR), total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (HDL), triglyceride (TG), glucose (GLU), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were measured calorimetrically by using a commer

			Table 2: Feed ingredients and chemical analyses of  experimental diets 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Ingredients (%)
							
							Starter(1-21 d)

						
							
							 

						
							
							 

						
							
							Grower(22-42 d)

						
							
							 

						
					

					
							
							 

						
							
							CON

						
							
							Q5

						
							
							Q10

						
							
							Q15

						
							
							CON

						
							
							Q5

						
							
							Q10

						
							
							Q15

						
					

					
							
							Yellow corn

						
							
							53.35

						
							
							49.60

						
							
							45.95

						
							
							43.44

						
							
							57.70

						
							
							54.05

						
							
							50.12

						
							
							45.56

						
					

					
							
							Soybean meal (44%)

						
							
							33.14

						
							
							32.14

						
							
							31.00

						
							
							29.50

						
							
							28.65

						
							
							28.26

						
							
							27.34

						
							
							26.8

						
					

					
							
							Corn gluten meal (62%)

						
							
							6.35

						
							
							6.35

						
							
							6.35

						
							
							6.35

						
							
							5.75

						
							
							5.20

						
							
							5.20

						
							
							5.20

						
					

					
							
							Quinoa

						
							
							0.00

						
							
							5.00

						
							
							10.00

						
							
							15.00

						
							
							0.00

						
							
							5.00

						
							
							10.00

						
							
							15.00

						
					

					
							
							Soybean oil

						
							
							3.00

						
							
							2.70

						
							
							2.39

						
							
							1.40

						
							
							3.95

						
							
							3.50

						
							
							3.28

						
							
							3.30

						
					

					
							
							Calcium carbonate

						
							
							1.23

						
							
							1.23

						
							
							1.23

						
							
							1.23

						
							
							1.07

						
							
							1.17

						
							
							1.15

						
							
							1.15

						
					

					
							
							Di-calcium phosphate

						
							
							1.93

						
							
							1.93

						
							
							2.03

						
							
							2.03

						
							
							1.98

						
							
							1.85

						
							
							1.88

						
							
							1.90

						
					

					
							
							Broiler premix*

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
					

					
							
							Salt

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.40

						
							
							0.40

						
							
							0.40

						
							
							0.40

						
					

					
							
							DL-methionine

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.15

						
							
							0.17

						
							
							0.20

						
							
							0.22

						
					

					
							
							L-lysine

						
							
							0.00

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.00

						
							
							0.05

						
							
							0.08

						
							
							0.12

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

					
							
							Chemical analysis

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							ME (kcal kgG-1)

						
							
							3050

						
							
							3050

						
							
							3050

						
							
							3050

						
							
							3150

						
							
							3150

						
							
							3150

						
							
							3150

						
					

					
							
							Crude protein

						
							
							23.00

						
							
							23.00

						
							
							23.00

						
							
							23.00

						
							
							21.00

						
							
							21.00

						
							
							21.00

						
							
							21.00

						
					

					
							
							Calcium

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							0.95

						
							
							0.95

						
							
							0.95

						
							
							0.95

						
					

					
							
							Av. phosphorus

						
							
							0.48

						
							
							0.48

						
							
							0.48

						
							
							0.48

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
					

				
			

			

			*Premix: (1%) provided the following (per Kilogram of complete diets). 50 mg vitamin E, 4 mg vitamin K, 3 mg Vitamin B6, 6 mg Vitamin B12, 1400 IU vitamin A, 3000 IU Vitamin D3,60 mg Niacin, 20 mg Pantothenic acid, 0.20 mg folic acid, 48 mg Ca, 3.18 mg P, 150 mg Choline, 100 mg Mn, 50 mg Fe, 80 mg Zn, 10 mg Cu, 0.25 mg Co, and 1.5 mg Iodine.

			 

			Table 3: Effects of feeding quinoa seeds on growth performance and carcass traits (% body weight) in broilers at 42 days.

			
				
					
					
					
					
					
					
					
					
				
				
					
							Phase
							Items
							CON
							
							QS5

						
							
							QS10

						
							
							QS15

						
							SEM
							P-value
					

					
							
							Starter (1 to 21 d)

						
							
							BWG (g/d)

						
							
							32.8

						
							
							33.6

						
							
							34.7

						
							
							34.2

						
							
							0.703

						
							
							0.62

						
					

					
							
							 

						
							
							FI(g/d)

						
							
							46.1

						
							
							45.8

						
							
							46.6

						
							
							45.1

						
							
							0.515

						
							
							0.19

						
					

					
							
							 

						
							
							FCR (g feed /g gain)

						
							
							1.40

						
							
							1.37

						
							
							1.34

						
							
							1.32

						
							
							0.032

						
							
							0.21

						
					

					
							
							Grower (22 to 42 d)

						
							
							BWG (g/d)

						
							
							67.3b

						
							
							70.3ab

						
							
							72.5a

						
							
							73.8a

						
							
							0.777

						
							
							0.04

						
					

					
							
							 

						
							
							FI (g/d)

						
							
							115.9

						
							
							118.4

						
							
							119.2

						
							
							120.6

						
							
							1.031

						
							
							0.06

						
					

					
							
							 

						
							
							FCR (g feed /g gain)

						
							
							1.72a

						
							
							1.70a

						
							
							1.64ab

						
							
							1.63b

						
							
							0.025

						
							
							0.05

						
					

					
							
							Overall (1 to 42 d)

						
							
							BWG (g/d)

						
							
							50.2b

						
							
							51.9ab

						
							
							53.6a

						
							
							53.9a

						
							
							0.701

						
							
							0.02

						
					

					
							
							 

						
							
							FI (g/d)

						
							
							80.6

						
							
							81.2

						
							
							82.7

						
							
							82.5

						
							
							0.590

						
							
							0.09

						
					

					
							
							 

						
							
							FCR  (g feed /g gain)

						
							
							1.62a

						
							
							1.57ab

						
							
							1.54b

						
							
							1.53b

						
							
							0.012

						
							
							0.03

						
					

					
							
							Carcass traits (%)

						
							
							Dressing 

						
							
							70.7b

						
							
							71.2ab

						
							
							72.8a

						
							
							72.3a

						
							
							0.971

						
							
							0.01

						
					

					
							
							 

						
							
							Breast 

						
							
							26.71

						
							
							26.94

						
							
							27.15

						
							
							27.02

						
							
							0.544

						
							
							0.10

						
					

					
							
							 

						
							
							Thigh 

						
							
							16.28

						
							
							16.36

						
							
							16.48

						
							
							16.27

						
							
							0.422

						
							
							0.35

						
					

					
							
							 

						
							
							Abdominal Fat

						
							
							2.08a

						
							
							1.81b

						
							
							1.72b

						
							
							1.79b

						
							
							0.131

						
							
							0.02

						
					

				
			

			

			a-b means within the same row with different superscripts letters are different (P<0.05).  CON: control diet, QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and  QS15: diet contains 15% of quinoa seeds. SEM: Standard error of means, BWG: Body weight gain, FI: Feed intake, FCR: Feed Conversion Ratio.

			 

			 

			 

			 

			Table 4: Effects of feeding quinoa seeds on nutrient digestibility in broilers at 42 days.

			
				
					
					
					
					
					
					
					
				
				
					
							Items
							CON
							
							QS5

						
							
							QS10

						
							
							QS15

						
							SEM
							P-value
					

					
							
							DM (%)

						
							
							71.3

						
							
							71.8

						
							
							72.2

						
							
							71.6

						
							
							0.631

						
							
							0.19

						
					

					
							
							CP (%)

						
							
							66.4b

						
							
							67.3ab

						
							
							68.9a

						
							
							68.2a

						
							
							0.805

						
							
							0.03

						
					

					
							
							EE (%)

						
							
							70.1

						
							
							69.7

						
							
							71.0

						
							
							70.6

						
							
							1.671

						
							
							0.17

						
					

					
							
							NFE (%)

						
							
							82.8

						
							
							84.2

						
							
							83.7

						
							
							84.3

						
							
							0.457

						
							
							0.09

						
					

				
			

			

			a-b means within the same row with different superscripts letters are different (P<0.05).  CON: control diet, QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and  QS15: diet contains 15% of quinoa seeds. SEM: standard error of means. DM: dray matter, CP: crude protein, EE: ether extract, and  NFE: Nitrogen-free extract.

			 

			cial kit (Diamond Diagnostics, Cairo, Egypt), using spectrophotometry analysis.

			 

			Fatty acid profile

			The fatty acid profiles of broiler chicken meat were analyzed as described by AOAC (2012). The fatty acids are methylated with boron trifluoride in methanol, extracted with heptanes, and determined on a gas chromatograph with FID detector (PE Auto System XL) with an auto-sampler and Eȥchrom integration system. Carrier gas (He); ca. 25Psi- air 450ml/min- Hydrogen 45ml- split100 ml/min. Oven temperature 200 °C, injectors, and detector 250 °C. Lipid extraction and direct methylation were performed as described by Folsch et al. (1957).

			 

			pH value

			pH values of raw chicken meat samples were determined as described by Hood (1980). Using a digital pH-meter (Jenway 3310 conductivity and pH meter) Values of pH were determined in triplicate for each treatment.

			 

			Water Holding Capacity (WHC)

			The water holding capacity of raw meat was measured as described by Grau and Hamm (1953). 

			 

			[image: Image31216668.PNG] 

			 

			Cooking loss and Shear force value

			Chicken meat samples of each treatment were cooked in a water bath at 85°C until the internal temperature reached 75 ±3°C. The cooking loss was determined as reported by Meek et al. (2000) as follows:

			 

			[image: Image31218776.PNG] 

			 

			Cooked chicken meat samples of each treatment were sheared three times at different positions by using Intron Universal Testing Machine (Model 2519-105, USA). The average shear force was calculated from the three obtained results (Kg/f).

			 

			Color measurements

			The color of raw chicken meat samples was measured by Chroma meter (Konica Minolta, model CR 410, Japan) calibrated with a white plate and light trap supplied by the manufacturer (CIE, 1976). The color was expressed as L* (lightness), a* (the redness), and b* (the yellowness).  Color measurements were calculated as the average of three spectral readings at different locations for each treatment.

			 

			Statistical analysis

			All data were analyzed by a one-way analysis procedure (ANOVA) using the General Linear Models (GLM) procedure of SAS software (SAS., 2004). Differences in the mean values between the groups were assessed via Duncan’s multiple range test (Duncan, 1955), the effects were considered significant if P < 0.05.

			 

			Results

			 

			Performance and Carcass trait

			Growth performance did not differ during the starter period (1-21 d) with the inclusion of quinoa seeds in broiler diets, as shown in Table (3).  However, the body weight gain increased significantly, and the feed conversion ratio improved with the increase in the inclusion of quinoa seeds in the diet during the grower period (22-42 d) and overall, while the feed intake was not affected during the experiment. The inclusion of quinoa seeds in broiler diets led to a significant increase in carcass dressing and a decrease in abdominal fat compared to the control group (p<0.05), while the relative weights of the breast and thigh did not differ among the groups, as shown in Table (3).

			 

			Nutrient Digestibility

			Total digestibility of dry matter (DM), crude protein (CP), ether extract (EE), and nitrogen-free extract (NFE) in broilers at day 42 are presented in Tables (4). The total digestibility of CP in the QS group was significantly higher than in the control group (P< 0.05). While, the total digestibility of  DM, EE, and NFE  were insignificantly affected by the addition of QS.

			Table 5: Effects of feeding quinoa seeds on blood metabolites and lipid profile in broilers at 42 days.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							 

						
							
							Items

						
							
							CON

						
							
							QS5

						
							
							QS10

						
							
							QS15

						
							
							SEM

						
							
							P-value

						
					

					
							
							Plasma metabolites

						
							
							AST   (U/L)

						
							
							218.5

						
							
							214.0

						
							
							221.3

						
							
							209.6

						
							
							3.116

						
							
							0.15

						
					

					
							
							 

						
							
							ALT   (U/L)

						
							
							27.28

						
							
							26.87

						
							
							26.45

						
							
							26.69

						
							
							0.655

						
							
							0.09

						
					

					
							
							 

						
							
							TP     (g.dl-1)

						
							
							3.63

						
							
							3.55

						
							
							3.68

						
							
							3.64

						
							
							0.023

						
							
							0.13

						
					

					
							
							 

						
							
							AL    (g.dl-1)	

						
							
							1.72

						
							
							1.69

						
							
							1.71

						
							
							1.66

						
							
							0.019

						
							
							0.34

						
					

					
							
							 

						
							
							UA   (mg.dl-1)

						
							
							6.12a

						
							
							6.07a

						
							
							5.25b

						
							
							5.19b

						
							
							0.038

						
							
							0.02

						
					

					
							
							 

						
							
							CR    (mg.dl-1)

						
							
							0.461a

						
							
							0.405b

						
							
							0.396b

						
							
							0.391b

						
							
							0.091

						
							
							0.03

						
					

					
							
							Lipid profile

						
							
							TC    (mg.dl-1)

						
							
							174.7

						
							
							170.2

						
							
							168.5

						
							
							171.9

						
							
							3.545

						
							
							0.14

						
					

					
							
							 

						
							
							LDL (mg.dl-1)

						
							
							124.1a

						
							
							108.7ab

						
							
							95.7b

						
							
							96.9b

						
							
							3.062

						
							
							0.01

						
					

					
							
							 

						
							
							HDL (mg.dl-1)

						
							
							46.2b

						
							
							45.7b

						
							
							47.5ab

						
							
							48.5a

						
							
							0.894

						
							
							0.04

						
					

					
							
							 

						
							
							TG    (mg.dl-1)

						
							
							231.6a

						
							
							214.5b

						
							
							219.1b

						
							
							206.5c

						
							
							2.677

						
							
							0.03

						
					

					
							
							 

						
							
							GLU (mg.dl-1)

						
							
							242.3

						
							
							235.0

						
							
							239.2

						
							
							236.7

						
							
							4.051

						
							
							0.11

						
					

				
			

			

			a-c means within the same row with different superscripts letters are different (P<0.05).  CON: control diet, QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and  QS15: diet contains 15% of quinoa seeds. SEM: standard error of means. ALT= Alanine aminotransferase, AST: Aspartate aminotransferase, TP: Total Protein, UA:  Uric Acid, AL: Albumin, CR:  Creatinine, TC:  Total Cholesterol, TRI: Triglyceride, GLU: Glucose, HDL: high-density lipoprotein, LDL: low-density lipoprotein

			 

			Table 6: Effects of feeding quinoa seeds on fatty acid composition (% of total fatty acids) of broiler chicken meat

			
				
					
					
					
					
					
					
					
				
				
					
							Fatty acids
							CON
							
							QS5

						
							
							QS10

						
							
							QS15

						
							SEM
							P-value
					

					
							
							Lauric acid                         C12:0

						
							
							2.08b

						
							
							0.58d

						
							
							4.71a

						
							
							0.75c

						
							
							0.02

						
							
							0.03

						
					

					
							
							Myristic acid                      C14:0

						
							
							1.00b

						
							
							0.58c

						
							
							2.26a

						
							
							0.47c

						
							
							0.04

						
							
							0.01

						
					

					
							
							Palmitic acid                      C16:0

						
							
							22.03d

						
							
							27.31b

						
							
							29.65a

						
							
							23.59c

						
							
							0.25

						
							
							0.04

						
					

					
							
							Stearic acid                        C18:0

						
							
							6.84c

						
							
							8.39b

						
							
							8.70a

						
							
							6.22d

						
							
							0.05

						
							
							0.02

						
					

					
							
							                         ∑SFA

						
							
							33.46c

						
							
							37.38b

						
							
							46.78a

						
							
							31.46d

						
							
							0.25

						
							
							0.01

						
					

					
							
							                                        C16:1ω7

						
							
							3.84b

						
							
							5.24a

						
							
							2.63c

						
							
							5.33a

						
							
							0.12

						
							
							0.05

						
					

					
							
							Oleic acid                        C18:1ω9

						
							
							40.50a

						
							
							40.52a

						
							
							35.51c

						
							
							40.35b

						
							
							0.04

						
							
							0.02

						
					

					
							
							Eicosaenoic acid             C20:1ω11

						
							
							0.31c

						
							
							0.49b

						
							
							0.60a

						
							
							0.31c

						
							
							0.01

						
							
							0.01

						
					

					
							
							                         ∑MUFA

						
							
							47.99b

						
							
							48.99a

						
							
							43.83c

						
							
							48.29b

						
							
							0.16

						
							
							0.04

						
					

					
							
							Linoleic acid                   C18:2ω6

						
							
							14.80b

						
							
							11.89c

						
							
							7.86d

						
							
							18.51a

						
							
							0.03

						
							
							0.01

						
					

					
							
							                                        C20:2ω6

						
							
							0.26a

						
							
							0.13b

						
							
							0.22a

						
							
							0.11b

						
							
							0.01

						
							
							0.05

						
					

					
							
							Linolenic acid                 C18:3ω3

						
							
							0.88b

						
							
							0.44c

						
							
							0.28d

						
							
							1.14a

						
							
							0.01

						
							
							0.02

						
					

					
							
							Arachidonic acid            C 20:4ω6

						
							
							1.18a

						
							
							0.32c

						
							
							0.40b

						
							
							0.25d

						
							
							0.01

						
							
							0.04

						
					

					
							
							                         ∑PUFA

						
							
							18.14b

						
							
							13.49c

						
							
							9.41d

						
							
							20.15a

						
							
							0.05

						
							
							0.02

						
					

					
							
							                         ∑UFA

						
							
							66.13b

						
							
							62.49c

						
							
							53.24d

						
							
							68.44a

						
							
							0.16

						
							
							0.02

						
					

					
							
							                        UFA/SFA

						
							
							1.97b

						
							
							1.66c

						
							
							1.14d

						
							
							2.17a

						
							
							0.01

						
							
							0.03

						
					

					
							
							                        MUFA/ SFA

						
							
							1.43b

						
							
							1.30c

						
							
							0.93d

						
							
							1.53a

						
							
							0.01

						
							
							0.04

						
					

					
							
							                        PUFA/ SFA

						
							
							0.54b

						
							
							0.36c

						
							
							0.20d

						
							
							0.64a

						
							
							0.04

						
							
							0.05

						
					

					
							
							                        ∑ω6

						
							
							16.95b

						
							
							12.58c

						
							
							9.12d

						
							
							19.01a

						
							
							0.04

						
							
							0.05

						
					

					
							
							                        ∑ω3

						
							
							1.19a

						
							
							1.06b

						
							
							0.62c

						
							
							1.14a

						
							
							0.01

						
							
							0.03

						
					

					
							
							                        n-6:n-3

						
							
							14.24b

						
							
							11.88c

						
							
							14.71b

						
							
							16.67a

						
							
							0.21

						
							
							0.04

						
					

					
							
							    Non identified

						
							
							0.31

						
							
							0.1

						
							
							0.0

						
							
							0.1

						
							
							0.15

						
							
							0.09

						
					

				
			

			

			a-d means within the same row with different superscripts letters are different (P<0.05).  CON: control diet, QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and  QS15: diet contains 15% of quinoa seeds. SEM: standard error of means. ∑SFA: sum of saturated fatty acids. ∑MUFA: sum of monounsaturated fatty acids.  ∑PUFA: sum of polyunsaturated fatty acids. ∑UFA: sum of total unsaturated fatty acids (MUFA + PUFA). ∑ω6: sum of polyunsaturated fatty acids n-6. ∑ω3: sum of polyunsaturated fatty acids n-3. n-6:n-3: ∑ω6/∑ω3.

			Table 7: Effects of feeding quinoa seeds on physical properties of broiler chicken meat

			
				
					
					
					
					
					
					
					
				
				
					
							Items
							CON
							
							QS5

						
							
							QS10

						
							
							QS15

						
							SEM
							P-value
					

					
							
							pH

						
							
							5.71a

						
							
							5.64a

						
							
							5.27b

						
							
							5.31b

						
							
							0.05

						
							
							0.01

						
					

					
							
							Cooking loss (%)

						
							
							28.71a

						
							
							26.43a

						
							
							28.57a

						
							
							26.58a

						
							
							1.35

						
							
							0.02

						
					

					
							
							WHC (%)

						
							
							25.43b

						
							
							31.24a

						
							
							23.36b

						
							
							24.02b

						
							
							1.35

						
							
							0.03

						
					

					
							
							Shear force(kg/f)

						
							
							2.87a

						
							
							2.20b

						
							
							2.90a

						
							
							2.14b

						
							
							0.15

						
							
							0.01

						
					

				
			

			

			a-b means within the same row with different superscripts letters are different (P<0.05). CON: control diet, QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and  QS15: diet contains 15% of quinoa seeds. SEM: standard error of means. WHC: water holding capacity.

			 

			Table 8: Effects of feeding quinoa seeds on color measurement of broiler chicken meat

			
				
					
					
					
					
					
					
					
				
				
					
							
							Items

						
							
							CON

						
							
							QS5

						
							
							QS10

						
							
							QS15

						
							
							SEM

						
							
							P-value

						
					

					
							
							L*

						
							
							54.99a

						
							
							53.48b

						
							
							49.50d

						
							
							52.57c

						
							
							0.25

						
							
							0.03

						
					

					
							
							a*

						
							
							9.99c

						
							
							12.09b

						
							
							13.39a

						
							
							11.98b

						
							
							0.23

						
							
							0.01

						
					

					
							
							b*

						
							
							12.24b

						
							
							9.80c

						
							
							14.33a

						
							
							11.81b

						
							
							0.43

						
							
							0.01

						
					

				
			

			

			a-d means within the same row with different superscripts letters are different (P<0.05). CON: control diet, QS5: diet contains 5% of quinoa seeds, QS10: diet contains 10% of quinoa seeds, and QS15: diet contains 15% of quinoa seeds. SEM: standard error of means. L*: (lightness), a*: (redness), b* (yellowness). 

			 

			Blood metabolites

			Data presented in Table (5) showed that the QS group exhibited a significant decrease in TG and LDL compared with the control group. However, the concentration of total protein, albumin, glucose, cholesterol, and HDL didn’t show any significant changes. Results of liver and kidney functions were presented in  Table (5) revealed that QS decreased (P< 0.05) creatinine and uric acid level compared with the control group, while there was no significant effect of QS on AST and ALT.

			 

			Fatty acid profile

			It was observed that meat of broiler chicken fed on diets containing a higher level of quinoa seeds (QS15) had a lower content of saturated fatty acids than those fed on control and lower levels of quinoa seeds (QS5, and QS10), as shown in Table (3). Conversely, meat from feeding groups of control and lower level of quinoa seeds (CON and QS5) showed significantly higher content of oleic acid (C18:1ω9) than that containing higher levels of quinoa seeds (QS10, and QS15). Regarding linoleic acid (C18:2ω6) the highest value was found in the meat of QS15 followed by meat of CON (control group) and QS5, while the lowest value was found in the meat of QS10. Similar trends were found in linolenic acid. The polyunsaturated fatty acids (PUFA) content was significantly higher in broiler chicken of QS15. No significant differences were found in ω3 between the control (CON) and QS15 groups. On the other hand, broiler fed on different levels of quinoa seeds had a significantly higher n-6: n-3 ratio compared with broiler fed on the control group. 

			 

			Physical properties 

			Results of pH values indicated that no significant differences were found in pH values between the meat of CON and QS5 feeding groups, as shown in Table (7). However, no significance was found in pH values between the meat of QS10 and QS15 feeding groups. Generally, meat from feeding groups of control and lower level of quinoa seeds (CON and QS5) showed higher pH values than that feeding on higher levels of quinoa seeds (QS10, and QS15). Data of cooking loss of chicken meat samples revealed that feeding on different levels of quinoa seeds did not significantly affect the cooking loss of meat.  No significant differences were found in WHC of broiler meat fed on the control group (CON) and different levels of quinoa seeds groups (QS10 and QS15) except for meat of QS5. Results of shear force values of meat exhibited that meat of CON and QS10 had the highest shear force value (low tender) while; meat of QS5 and QS15 had the lowest value (more tender).

			 

			Color measurements

			The results of L* values revealed that the meat of the control feeding group (CON) had the highest L* value, followed by the meat of QS15 and QS5, as shown in Table (8). The lowest L* value was found in the meat of QS10. Conversely, the meat of CON showed the lowest a* value, while the highest value was found in the meat of QS10. On the other hand, data of b* values showed that no significant differences were found in the meat of CON and QS15, whereas the highest value was found in the meat of QS10 and the lowest found in the meat of the QS5 group.

			 

			Discussion

			 

			Performance and Carcass trait

			The present study was designed to study the possibility of using quinoa seeds (which are known to have high nutrient value)  as a feed material for poultry by adding different levels of it and studying its effect on performance, carcass characteristics, physiological responses, and meat quality in broilers. It was hypothesized that adding QS in broiler feed enhancing the bird’s health and improving nutrient utilization would result in improving productive performance. Although the feed intake was not affected between the experimental groups, there was a noticeable improvement in the BWG and FCR, especially in birds fed on higher levels of quinoa seeds (QS10 and QS15). The improvement in the growth performance of birds fed on diets containing QS may be due to its higher biological value and possesses a balance of proteins and lipids, also rich protein content (15.7% CP). As quinoa does not contain only a high amount of protein, but it also contains all the essential amino acids in high quantities and balance (Filho, et al., 2017), meaning that the bioavailability of amino acids is high (high-quality proteins), especially the methionine, lysine, and tryptophan (Comai, 2007), which the chicks need. It is rich in micronutrients, such as vitamins (riboflavin, pyridoxine, and folic acid) and minerals (Alvarez-Jubete et al., 2010). Similar results were obtained by Marzoni et al. (2014) who reported that dietary inclusion of plants or herbal extracts was reported to have a positive effect on growth by improvement of nutrients digestion and absorption. Shaimaa et al. (2020) also reported that adding quinoa led to the protection of the hepatic tissue and the enhancement of digestive function, immunological responses, and antioxidant status, which led to an enhanced productive performance.

			 

			The improvement in carcass dressing in broilers fed quinoa may be due to the higher nutritional value of quinoa, which is reflected in an increase in the digestibility of nutrients and improved growth performance. Our results are in agreement with Vilcacundo et al. (2017) who found that improve performance in broilers, means increasing carcass dressing percentage.  Statistical analysis showed less fat abdominal in chickens fed QS than that fed control diet. This represents an economic benefit in the poultry industry, where abdominal fat is considered a waste. Lippens, (2003); Jennen, (2004) indicated that abdominal and subcutaneous fat (excess fat), which is the main source of waste in the slaughterhouse, is one of the problems facing the poultry industry because it reduces carcass yield. On the other hand, the presence of fatty acids in the tissues or muscles contributes to the quality, succulence, and flavor development of meat and is essential for the nutritional value of meat (Wood, 2008). From here, it can be said that adding quinoa to broiler diets is economically feasible because of its ability to improve the distribution of fat within the carcass.

			 

			Nutrient Digestibility

			Statistical analysis of the data showed significantly higher CP digestibility of the diet supplemented with QS fed to broilers compared with the control group. Higher crude protein digestibility might be due to chemical composition, which revealed that QS is a top-quality protein and contain several bioactive compounds (natural antioxidants) that improve nutrient digestion. Wang et al. (2008) found improvement in broilers’ performance due to the antioxidant positive effect on health and nutrient digestibility when fed broiler on dietary inclusion of natural antioxidants, such as QS.

			 

			Blood metabolites

			Blood biochemical indices are essential indicators of broilers’ physiological status, especially with environmental changes or feed additions. The obtained results indicated that adding QS reduced the plasma concentration of LDL and TG and gave a healthy result for the consumer. There was also an insignificant decrease in the total cholesterol level of chickens fed quinoa. These results demonstrate that the inclusion of QS in broilers feed may have a possible role in altering the lipid profile in the blood. Also, the inclusion of QS in broilers diet may reduce the accumulation of cholesterol and LDL, and the reason may be due to the distinctive fat content of quinoa, which is considered beneficial to the bird and the consumer (Çiftçi, et al. 2018). 

			 

			Moreover, the beneficial changes in the blood lipids of chickens fed QS can be characterized by its distinct content of fatty acids, which can play a role in lipid metabolism and enhance enzyme activity that promotes the biliary cholesterol secretion, lowering fractional absorption of diet cholesterol (Abd El-Hack et al., 2020). Another effect of adding QS to the diet on blood lipids can be explained by its ability to deconjugate and dehydroxylate bile acids which results in inhibiting lipids absorption, fatty acid synthesis, and increasing fatty acids fecal excretion, which results in lowering blood lipid profiles (Abd El- Moneim and Sabic, 2019). In addition, the present study revealed that increasing the level of QS in the diets resulted in a higher level of plasma HDL. It is known that the high level of HDL in the blood has a beneficial effect on the bird’s body and conditioning the transport of cholesterol from the peripheral tissue to the liver. Our data did not a significant clear effect of adding different levels of QS on plasma total protein and albumin. While, a significant difference (P<0.05) was noticed in the levels of creatinine and uric acid. The main protein metabolism product in birds is uric acid. It is known that the lower the level of uric acid in the blood indicates good protein metabolism, which is affected by dietary protein quality, total food intake, and others. This confirms the high quality of quinoa protein, as shown by several studies (Nowak et al., 2016; Lin et al., 2019). Liver enzymes as ALT and AST have been studied as an indicator of liver tissue integrity and function, as the liver is involved in many metabolic processes (Minafra et al., 2009). Any changes in the physiological state of the bird are a result of environmental or nutritional changes that may affect the liver tissue state, whether beneficial or harmful, resulting in changes in  ALT and AST levels. Our results also indicated that ALT and AST levels were not affected, which indicated that the liver tissue was not affected by any damage with the addition of quinoa seeds. Results of the current study indicated that the inclusion of quinoa seeds in the diet led to an improvement in the physiological condition of the broiler, which has a positive impact on growth performance.

			 

			Fatty acid profile

			Recently, the consumer has become more interested in the healthy aspects of food, especially the association of many diseases with the type of fatty acids in meat (Russo, 2009). Some studies have also shown that nutrition plays an effective role in the formation of fatty acid profiles in poultry meat (Viveros et al., 2009). Therefore, it was necessary to shed light on the effect of feeding chicken a diet containing quinoa seeds on the fat content of meat. In this study, feeding broiler chicken on different levels of QS had a significant effect on the fatty acid profile of broiler chicken meat. Where the meat of broilers fed a diet containing a higher level of quinoa seeds (QS15) had the lowest content of saturated fatty acids. Higher content of linoleic acid (C18:2ω6) was found in the meat of QS15 than in the control group.  Likewise, the meat of the feeding group QS15 had the highest content of linolenic acid (C18:3ω3). Similar results were obtained by Schilling et al. (2010). The fatty acids profile of chicken meat from dietary groups is reflecting the composition of fatty acids of quinoa seeds as found by Altuna et al. (2018).  Additionally, the chemical analysis of fatty acids indicated a balance in them because they contain: unsaturated fatty acids oleic (19.7%-29.5%), linoleic (49.0%-56.4%), and alpha-linolenic (8.7%-11.7%) acids, while palmitic acid (10 - 11.5%) is the major saturated fatty acid found in quinoa, which affects blood lipids (Repo-Carrasco, et al., 2003). In view of the current study, it could be concluded that including quinoa seeds in broilers diets resulted in modifying the fatty acid profile and improving the nutritional value of chicken meat. 

			 

			Physical properties 

			Data of pH values indicated that the addition of quinoa seeds had no significant effects on pH values of CON and QS5 or between QS10 and QS15 feeding groups. These results are coming in accordance with that obtained by Marino et al. (2018) they found that no significant differences were found in pH values of meat fed a diet containing quinoa seeds and /or quinoa with linseed. On the same basis, George et al. (2017) found that pH values were not affected by the addition of sorghum in broiler diets. Shim et al. (2018) found that no significant difference was found in pH values of broiler meat fed on different levels of dried grains. The addition of quinoa seeds had no significant effects on the cooking loss of broiler chicken meat. These results are in line with that obtained by Parpinelli et al. (2020) who indicated that cooking loss % of breast meat was not affected by the level of dried grains in the broiler diet.  Similarly, was found by Shim et al. (2018). The incorporation of different levels of quinoa seeds into the broiler diet had no significant effect on the WHC of chicken meat. These results are consistent with Parpinelli et al. (2020) they indicated that supplemented broiler diet with different levels of dried grains had no significant effect on the WHC of meat.

			 

			Data of shear force values indicated that supplemented broiler diet with different levels of quinoa seeds did not significantly affect the tenderness of chicken meat.  These results are close to that obtained by Marino et al. (2018) they found that the shear force value of meat from the control group was higher than that of feeding on quinoa seed and /or linseed. Concurrently, the differences in shear force values of meat from the quinoa and linseed feeding group were not significant. On the other hand, Shim et al. (2018) found that the addition of dried grains in the broiler diet resulted in a significant increase in shear force values of breast meat.  Our results are in line with that obtained by Parpinelli et al. (2020) they found that using different levels of dried grains in broiler diets had no significant effect on the shear force values of meat.

			 

			Color measurements

			Data of color measurements indicated that the color characteristics of broiler chicken meat were significantly affected by feeding on different levels of quinoa seeds. Generally, the meat of quinoa feeding groups had higher a* values (more red) than the meat of the control group. This may be attributed to the higher content of phenolic and flavonoid compounds of quinoa seeds, which play as a source of natural antioxidant agents resulting in improvement of meat color (Bastidas et al., 2016). Also, Easssawy et al. (2016) reported that the addition of quinoa seed extract in broiler diets can be delayed the lipid oxidation of chicken meat. On the same basis, the results of our study are close to that obtained by Marino et al. (2018) they found that a* values of meat fed on quinoa seeds and /or linseed were higher than the control meat. On the other hand, Shim et al. (2018) found that using dried grains in a broiler diet resulted in a significant difference in meat color.

			 

			Conclusion

			 

			Results of the current study revealed that the inclusion of quinoa seeds in broilers diet resulted in enhancing productive performance, improving blood metabolites, and nutrient digestion. Further, quinoa seeds in broilers diet improved the fatty acid profile and the nutritional value of chicken meat without any negative effect on meat quality. These results uphold the potential of adding quinoa seed to broiler feed to reduce costs and enhance productive performance and meat quality. Moreover, we need more research into the possibility of adding larger quantities of quinoa seed to broilers feed.
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Productive Performance, Physiological Responses, Carcass Traits, and

Meat Quality of Broiler Chickens Fed Quinoa Seeds

AnMED M. ErBaz*, ENGY F. Zaki, Morsy A. S.

Desert Research Center, Cairo, Egypt.

Abstract | The objective of this study was to investigate the effect of feeding quinoa seeds as a source of energy and
protein on performance, blood metabolite, and meat quality in broiler chickens. A total of four hundred and eighty
1-day-old Ross 308 chicks were randomly divided into four experimental groups: Control (CON), 5% of quinoa seeds
(QS;), 10% of quinoa seeds (QS,,), and 15% of quinoa seeds (QS,;) groups. Results indicated that increasing inclusion
levels of QS improved body weight gain, feed conversion ratio, and crude protein digestibility of broiler chickens.
Including quinoa seeds significantly increased carcass dressing and decreased (P < 0.05) abdominal fat content. Plasma
triglyceride, LDL, creatinine, and uric acid levels were lower (P<0.05) in the birds fed QS supplementation, while HDL
was significantly higher. Saturated fatty acid content and shear force value (more tender) were reduced (P<0.05) while
increasing the levels of quinoa inclusion in broiler diets. It can be concluded that QS dietary supplementation would
be recommended as a feasible approach to improve productive performance, nutrient digestibility, blood metabolite,

and meat quality of broiler chickens.
Keywords | Quinoa, Broilers, Performance, Nutrient digestibility, Fatty acids, Meat quality
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quinoa) is a stress-tolerant plant (salty/acid soils and cold/
hot climates), characterized by challenging different envi-
ronmental conditions, also the seeds germinate very fast

(Mujica et al.,, 2001: Yao et al., 2014). QS are distinguished

INTRODUCTION

he increased demand for animal protein and the rapid
development in the poultry industry led to producing

broiler chicks characterized by rapid growth that needs a
balanced feed to meet all the bird’s requirements of ener-
gy, protein, and other elements (Choct, 2009). Also, the
shortage and high prices of conventional ingredients feed
such as corn and soybean, made nutritionists search for
more feed ingredient sources that do not compete with
human food, bear different climatic conditions, and are
characterized by their high nutritional value to encourage
its cultivation in Egypt. Quinoa was chosen as a plant that
attracted the world’s attention in recent times due to its
high nutritional and biological value and its tolerance to
harsh environmental conditions. Quinoa (Chengpodium

from traditional feed ingredients by their high nutritional
value and exceptional balance between fat, oil, and protein.
In addition, QS has a high content of vitamins, minerals
(working as cofactors in antioxidant enzymes), protein, and
lipids (Filho et al., 2017), and an excellent balance of es-
sential amino acids (high-quality protein). Quinoa protein
contains high content of methionine (3.3 - 9.1 g/100 g
protein) and lysine (2.4 - 7.8 g/100 g protein) which are
the most important amino acids in poultry feeding, espe-
cially that most of the conventional cereals (maize) suffer
from a lack of them (Dini et al., 2005). Besides, it’s found
to contain numerous phytochemicals including phytoster-
ols, phenolic, and bioactive peptides, which can be used as
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