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Abstract

The objective of this study was to investigate the effect of feeding diets containing
quinoa seeds processed by hydrothermal, extrusion, and expansion methods on blood
parameters, intestinal morphology, and liver enzyme activity in broiler chickens. This
experiment was conducted using 225 commercial Ross 308 broiler chickens in 5
treatments, 3 replications, and 15 chickens per replication in a completely randomized
design. The experimental treatments included basal diet (without quinoa), diet
containing 15% unprocessed quinoa seeds, diet containing 15% hydrothermally
processed quinoa seeds, diet containing 15% extruded quinoa seeds, and diet containing
15% expanded quinoa seeds. The results indicated a significant decrease in serum
concentration of cholesterol, total protein, ALP and ALT activity and a significant
increase in serum concentration of uric acid of broilers fed raw quinoa seed (p < 0.05).
However, no statistically significant difference was observed in feed intake, triglyceride
content and mineral elements calcium, phosphorus, magnesium, iron, zinc, AST and
LDH of blood serum among different treatments (p < 0.05). Also, replacing raw quinoa
seeds caused a significantly decreased villi height and increased crypt depth (p < 0.05).
Intestinal viscosity was increased by feeding processed quinoa seed, but this parameter
was not affected by the dietary treatments (p > 0.05). The lowest villi height and the
highest crypt depth were observed in the treatment fed with unprocessed quinoa. The
experimental treatments did not have a significant effect on the viscosity of the ileum
sample of the digestive tract (p < 0.05). However, by applying the extrusion method, the
viscosity of the digestive contents of the intestine increased slightly. According to the
results of this study, the use of thermal processes, especially the extrusion method, can
eliminate many anti-nutritional compounds of quinoa seeds and thus quinoa seeds can
be a suitable alternative in the diet of broiler chickens.
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Tablel. The ingredients and chemical composition of the experimental diets

Feed ingredients (%) 1-11d 11-24 d 24-42 d
SBM QS SBM QS SBM QS

Corn grain 55.47 43.99 56.38 43.56 61.20 48.53
Soybean meal 36.53 30.13 37.69 35.63 32.64 30.29
Quinoa seed (16.01%) - 15.00 - 15.00 - 15.00
Soybean Oil 0.9 1.2 2.04 2.21 2.73 291
Corn Gluten 3.00 5.57 - - - -
Dicalcium phosphate 1.77 1.64 1.69 1.52 1.48 1.32
Calcium carbonate 0.94 0.96 0.90 0.91 0.83 0.84
Vitamin supplements 0.05 0.25 0.25 0.25 0.25 0.25
Mineral supplements 0.25 0.25 0.25 0.25 0.25 0.25
DL-Methionine 0.28 0.23 0.25 17 0.19 0.17
L-Lysine 0.20 0.27 0.10 0.05 0.01 0.00
L-Threonine 0.08 0.10 0.03 0.03 0.00 0.02
Common salt 0.25 0.25 0.25 0.25 0.25 0.25
Sodium Bicorbonate 0.17 0.17 0.17 0.17 0.17 0.17
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Chemical composition
(calculated)

Metabolizable energy (kcal/kg) 2850
Crude protein (%) 225
Calcium (%) 0.90
Available phosphorus (%) 0.45
Methionine (%) 0.92
Lysine (%) 1.24

2850
225

0.90
0.45

0.92
1.24

2950 2950 3050 3050
21.00 21.00 19.00 19.00
0.87 0.87 0.78 0.78
0.44 0.44 0.39 0.39
0.85 0.85 0.74 0.74
1.17 1.17 0.98 0.98
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Vitamin-mineral mixture supplied per kilogram of diet: Vit A: 15000 IU, Vit D3: 2000 1U,Vit E:
20mg, Vit K3: 5 mg, Vit B2: 5 mg, Vit B1: 2 mg,VitB12: 0.02 mg,VitB6: 2 mg, Pantothenic acid: 12 mg,
Biotin: 0.1 mg, Niacin: 25 mg, Folic acid: 1 mg, Copper: 5 mg, lodine: 1 mg,Manganese: 70 mg, lIron:

50mg, Zinc: 50 mg and Selenium:0.1 mg
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Table 2. The effect of experimental treatments on feed intake in broiler chickens (g)

T1 T2 T3 T4 T5 SEM
1-10d 505.9 459 490.6 486.8 503 6.08
11-24d 1198.8 1192 1204 1180 1179 6.53
24-42d 2735 2657 2726 2711 2716 23.74
1-42d 4439.8 4309 4421.7 4386 4396 23.39

i 4 el (680 8 (gl S Al s 3N 0 b dals o W lasipl (SIS 4ils 13 10 L dald 6 )Y e ¢ (ol o)) sl
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AP < /o) wile ialesT slaes S pm 55 Jls gme DDl Slo sy s ps alieé s~ :C 5D a
Treatmentl, control diet; Treatment2, control diet supplemented with 150 g/kg of raw quinoa seed;
Treatment3, control diet supplemented with 150 g/kg quinoa seed processed with hydrothermal;
Treatment4, control diet supplemented with 150 g/kg quinoa seed processed with extrusion; Treatment5,
control diet supplemented with 150 g/kg quinoa seed processed with expansion methods. *>¢ Means
followed by different letters in the same row are different (p < 0.05).

o S on D858 Slaer s S gl b 1 23T (laslas 36 1 U
Table 3. The effect of experimental treatments on blood metabolites in broiler chickens (mg/dl)

T1 T2 T3 T4 T5 SEM
Total protein 5.26ab 4.72b 5.07b 5.67a 5.08b 0.10
Chol. 222.54a 162.89c 175.27b 184.46b 177b 0.07
TG 172.74 155.37 163.81 152.33 160.05 6.41
Uric Acid 4.19c 4.81c 4.57ab 4.26bc 4.41bc 4.31
Ca. 10.22 9.88 9.96 9.98 10.83 0.14
P 4.68 3.82 4.07 4.01 3.64 0.15
Mg 3.59 3.78 3.54 3.69 3.71 0.06
Fe 1.41 1.43 1.34 1.33 1.39 0.04
Zinc 1.77 1.57 1.69 1.58 1.72 0.06

AP < 0700) dile siolosl (gloos S o 55 Jls e OMetl SKly sy o 55 aline b Gy > € 5 D A23
ab¢ Means followed by different letters in the same row are different (p < 0.05).
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Table 4. the effect of experimental treatments on the intestinal morphology in broiler chickens (um)

T1 T2 T3 T4 T5 SEM
villi height 1050° 936.8° 087.3" 1065.8° 1036.9 16.55
crypt depth 168.5 193.8° 179.9° 159.7° 175.6° 3.40
villi height /crypt 6.23% 4.84° 5.49° 67.6° 5.90™ 0.18

depth

AP < 00) il siolesl glaes S o o3 Jls e Ml Slo sy o ys aline b Gy~ € 5D @
2¢ Means followed by different letters in the same row are different (p < 0.05).
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Table 5. The effect of experimental treatments on liver enzymes activity in broiler chickens

T1 T2 T3 T4 T5 SEM
ALP(U/L) 2320° 1920° 1997™ 2110° 2107° 241.2
ALT(U/L) 13.6° 10.16° 10.81° 12.1° 11.84° 0.53
AST(U/L) 162.8 148.2 149.9 153.2 143.5 3.47
LDH(U/L) 345.1 305.3 325.7 331.4 349.1 7.54
Ileum viscosity(cP) 2.91 3.72 3.44 4.80 4.06 0.23

AP < v 0) il siolosl slaes S o 53 Lls e Ol Slo Cinny ja ys aline 8 Gy~ € 5D @
ab¢ Means followed by different letters in the same row are different (p < 0.05).
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