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ABSTRACT 

This study was conducted to investigate the application of different levels of peeled and washed quinoa seeds on 
growth performance, immune response, nutrient digestibility and intestinal morphology in broilers. A total 280 Ross 
308, one day old chicks were used in a completely randomized design with seven treatments, four replicates and 10 
chicks per replicate. Experimental groups consisted of seven groups; fed 4, 8 and 12% peeled quinoa, or 4, 8 and 12% 
washed quinoa, and one control group. The results showed that using 4% peeled quinoa significantly increased the 
body weight and the feed intake. Broiler fed 4% peeled quinoa had lower FCR compare to the control (P<0.05). The 
using of 4% peeled quinoa increased the relative weight of carcass components including the breast and thigh 
(P<0.05) but decreased abdominal fat compared to the control group (P<0.05). The relative weight of bursa was 
higher in chicks fed different levels of quinoa (P<0.05). At 42 days of age the quinoa had no effect on the titer of 
immunoglobulin M and G index but increased total anti-SRBC index in broilers fed different levels of processed 
quinoa, compared to control (P<0.05). Quinoa reduced the concentration of cholesterol and LDL in broiler chicks 
(P<0.05). The processed quinoa at 4% increased the villus height and crypt depth (P <0.05), but did not affect the 
villus width of jejunum of broilers. It is concluded that using peeled and washed quinoa at 4% improved growth 
performance of broiler chickens. However, up to 12% washed or peeled quinoa had no negative effect on growth 
performance, and may decrease abdominal fat and blood lipid and may increase immune response of broiler chickens. 
 
Keywords: Carcass efficiency, cholesterol, crypt depth, feed conversion ratio, quinoa. 
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Table 1. The chemical composition the raw, washed and peeled seeds of quinoa 

Phosphorous 

(mg/Kg) 
Calcium 

(mg/Kg) 

Crude fiber 

(%) 

Crude Protein 

(%) 

Crude Fat 

(%) 

Gross Energy 

(Kcal/Kg) 
Quinoa 

60.41 761.25 8.9 17.63 6.19 4000.95 Raw 

55.8 594 7.4 17.72 5.22 4348.64 Washed 

28.75 662.25 4.8 17.75 5.77 4615.87 Peeled 

  

 e�!72g9�W8  �>7� . D)97  34� ��$� T9#)8 � D!"�� (�
$2 67$7 6&348 �� D��]�/� ��$� E$"9#  ��f  ��**  

Table 2. The ingredients and nutrient composition of diet contained quinoa used in broiler chickens 

Ingredients (%) Starter (1-10 days) Grower (11-24 days) Finisher (25-42 days) 

Control 4% 8% 12% Control 4% 8% 12% Control 4% 8% 12% 

Corn grain 54.65 52.18 49.59 46.25 60.2 57.67 55.15 51.77 63.83 61.23 58.63 54.62 

Soybean meal 42.07 40.99 39.94 39.02 36.49 35.42 34.35 33.43 31.27 30.21 29.16 28.37 

Quinoa seed 0.00 4.00 8.00 12.00 0.00 4.00 8.00 12.00 0.00 4.00 8.00 12.00 

Soy bean Oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.57 1.62 1.68 2.21 

DCP 1.39 0.90 0.70 0.80 1.37 0.95 0.7 0.8 1.37 1.09 0.96 0.99 

Calcium Carbonate 1.34 1.37 1.29 1.40 1.39 1.47 1.29 1.46 1.43 1.32 1.10 1.30 

Common salt 0.04 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 

Methionine 0.015 0.00 0.00 0.00 0.01 0.05 0.00 0.00 0.01 0.01 0.00 0.00 

Vitamin & Mineral premix 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Calculated nutrients  

Metabolizable Energy (Kcal/Kg) 3100 3100 3097 3095 3110 3110 3109 3100 3200 3200 3200 3200 

Crude Protein (%) 23.00 23.00 23.00 23.00 21.00 21.00 21.00 21.00 19.00 19.00 19.00 19.00 

Crude fiber (%) 3.98 3.96 3.93 3.91 3.69 3.68 3.65 3.62 3.4 3.38 3.35 3.32 

Crude Fat (%) 2.12 2.26 2.4 2.54 2.29 2.44 2.58 2.7 3.96 4.16 4.36 4.98 

Lysine (%) 1.36 1.50 1.76 1.97 1.21 1.42 1.62 1.82 1.07 1.27 1.47 1.68 

Met + Cys (%) 0.75 0.88 1.1 1.28 0.69 0.86 1.00 1.12 0.62 0.81 0.92 1.18 

Arginine (%) 1.65 1.90 2.20 2.50 1.48 1.77 2.00 2.34 1.32 1.6 1.89 2.18 

Calcium (%) 1.1 1.1 1.1 1.1 1 1 1 1 1 1 1 1.0 

Phosphorous (%) 0.55 0.55 0.55 0.55 0.50 0.50 0.50 0.50 0.5 0.5 0.5 0.0 

Ash (%) 6 5.76 5.45 5.78 5.82 5.51 5.2 5.57 5.59 5.28 4.96 5.32 

:D!""# Q9��8 D)97 �� (%!=� � 6"9���&� g	�� V)2$*9# )� *  Q9���&�A  (e$"98�)4400000  !f��Q9' **	C� Q9���&� ^(D 72000  !f��Q9' **	C� Q9���&� ^(

E  (:��/� g&)?$#$8 �]CE e�  �)14400 (*9� Q9���&� ^V)2K 2000 (*9� Q9���&� ^V)2B12 640 (*9� Q9���&� ^V)2C 612 (*9� Q9���&� ^V)2B2 3000 

(*9� Q9���&� ^V)2B5 4896 (*9� Q9���&� ^V)2B3 12160 (*9� Q9���&� ^V)2B6 612 (*9� >"i"� ^V)264,5   �� ^V)233,8  m� ^V)28  !& ^V)2640 

(*9� <C�[# ^V)2190 (*9� b9"*/ � V)28 .V)2  
* Vitamin and mineral premix provided per kg of diet: vitamin A (retinol), 4400000 IU; vitamin D, 72000 IU; vitamin E (dI-α- tocopheryl acetate), 

14400 mg; vitamin K, 2000 mg; vitamin B12 (cyanocobalamin), 640 mg; vitamin C, 612 mg; vitamin B2, 3000 mg; vitamin B5, 4896 mg; vitamin B3, 

12160 mg; vitamin B6, 612 mg; Mn, 64.5 g; Zn, 33.8 g; Cu, 8 g; I, 640 mg; Co, 190 mg; Se, 8 g. 
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Table 3. Comparing the means of growth performance traits of broilers fed washed and peeled quinoa seeds 

Treatment 

Weight Gain (g/b) Feed Intake (g/b) Feed Conversion Ratio  

1-10 
days 

11-24 
days 

25-42 
days 

1-10 
days 

11-24 
days 

25-42 
days 

1-42 
days 

10 days 24 days 42 days 1-42 
days 

Control  179.8b 915.9b 1704.4b 194.6 1192.5 1870.1 3257.3ab 1.356 1.624a 2.378ab 1.911a 

WQ 4% 180.5b 906.5b 1681.1b 186 1193.4 1801.8 3181.2b 1.294 1.648a 2.381ab 1.905a 

8% 179.3b 898.2b 1644.8b 191.7 1210.5 1879.6 3281.9ab 1.348 1.684a 2.566ab 2.003a 

12% 181.8b 909.6b 1627.4b 192.9 1190.4 1946.0 3329.2ab 1.324 1.638a 2.746a 2.054a 

PQ 4% 234.8a 1102.8a 2098.3a 228.2 1210.6 1881.1 3411.5a 1.156 1.396b 1.916b 1.589b 

8% 177.8b 919.6b 1738.2b 203.9 1180.4 1919.5 3303.8ab 1.443 1.592ab 2.349ab 1.902a 

12% 169.9b 874.0b 1682.4b 190.5 1233.8 1987.3 3319.9ab 1.428 1.755a 2.499ab 2.033a 

SEM 2.862 13.640 60.280 10.857 17.170 49.982 46.859 0.071 0.048 0.170 0.067 

P-Value            

Treat 0.0001 0.0001 0.0003 0.1622 0.4032 0.2513 0.0759 0.1420 0.0017 0.0766 0.0015 
WQ vs 

PQ 

0.0001 0.0001 0.001 0.0637 0.4781 0.2041 0.0464 0.7290 0.0685 0.0371 0.0143 

*
WQ ^6��
  E$"9# :PQD!"# </$0  E$"9# :.)  a a,b( Q9i%�9�
�W% 
$�/ )� �� �*�_� w�)f �'  ��("=� w\�-� D!"��) </�  ���� ���05/0P<.(  

*WQ: Washed Quinoa; PQ: Peeled Quinoa, .a, b; Means within each column with different superscripts are significantly different (P<0.05). 
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Table 4. Comparing the carcass efficiency, means of carcass components (percentage of live weight) of broiler 

chickens fed washed and peeled quinoa at the end of the period 

Diets  Carcass Characteristics (%) 

Carcass  Breast  Leg  Abdominal Fat Bursa  Spleen  Heart  Liver  

Control  57.69b 20.47 17.49 1.915a 0.157b 0.135 0.485 2.315 

WQ 

4% 58.35b 9.12 18.16 0.975b 0.272a 0.132 0.572 2.395 

8% 59.66ab 20.28 18.72 0.875b 0.235ab 0.122 0.535 2.160 

12% 59.97ab 19.91 18.55 0.620b 0.230ab 0.122 0.465 2.477 

PQ 

4% 62.77a 22.26 18.79 0.745b 0.277a 0.130 0.515 2.077 

8% 59.92ab 20.51 16.98 0.610b 0.237ab 0.152 0.462 2.027 

12% 59.94ab 20.10 17.98 0.875b 0.217ab 0.100 0.490 2.405 

SEM 0.836 0.836 0.611 0.185 0.024 0.014 0.037 0.174 

P Value         

Treat  0.0305 0.2990 0.3415 0.0010 0.0504 0.3412 0.3731 0.4379 

0.0553 0.0962 0.2743 0.6025 0.9353 0.8892 0.2643 0.2350 

WQ vs PQ 
**

WQ ^6��
  E$"9# :PQ9# :D!"# </$0  E$".)  a a,b( Q9i%�9�
�W% 
$�/ )� �� �*�_� w�)f �'  ��("=� w\�-� D!"��) </�  ���� ���05/0<P.(  

*WQ: Washed Quinoa; PQ: Peeled Quinoa, .a, b; Means within each column with different superscripts are significantly different (P<0.05). 
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Table 5. Comparing the means of blood lipids of broiler 

chickens fed washed and peeled quinoa at 42 days 

Diets 
Cholesterol 

(mg/dL) 

Triglyceride 

(mg/dL) 

HDL 

(mg/dL) 

LDL 

(mg/dL) 

Control  215.7 89.91 88.23 95.61 

WQ 4% 128.9 77.09 95.14 25.33 
 8% 150.1 78.48 94.79 41.52 

12% 172.5 92.58 119.9 39.42 

PQ 4% 172.6 77.34 123.0 37.23 
 8% 154.1 78.40 98.07 42.02 

 12% 169.7 83.35 114.5 41.45 

SEM 10.984 8.730 8.330 7.080 

P-value     

Treat 0.0001 0.7768 0.0201 0.0001 

PQ vs. WQ 0.1013 0.6736 0.2138 0.4098 
*

WQ ^6��
  E$"9# :PQD!"# </$0  E$"9# :.  

 a,b( Q9i%�9�
�W% 
$�/ )� �� �*�_� w�)f �'  �� w\�-� D!"��

("=�) </�  ���� ���05/0<P.(  

*WQ: Washed Quinoa; PQ: Peeled Quinoa. 
a, b) Means within each column with different superscripts are 
significantly different (P<0.05). 
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Table 6. Comparing the means of protein and blood 

glucose (mg/dL) and liver enzyme activity (unit per liter) 

of broilers fed washed and peeled quinoa at 42 days 

Diets Albumin 
Total 

protein 
Glucose AST ALT 

Control 1.589 2.621 235.1 168.0 6.495 

WQ 

4% 1.392 3.096 216.8 166.0 5.721 

8% 1.285 2.885 222.1 150.3 5.166 
12% 1.651 2.974 232.2 185.6 5.831 

PQ 

4% 1.430 2.799 219.7 161.6 3.876 

8% 1.517 2.931 246.6 177.9 4.905 
12% 1.535 2.909 233.4 161.1 2.984 

SEM 0.138 0.163 7.744 13.461 0.924 

P-Value      

Treat 0.5599 0.5543 0.1119 0.6161 0.1362 
PQ vs. WQ 0.6510 0.4325 0.1380 0.9680 0.0334 

 *WQ ^6��
  E$"9# :PQD!"# </$0  E$"9# :  
* WQ: Washed Quinoa; PQ: Peeled Quinoa;   
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Table 7. Comparing the means of nutrient digestibility and metabolisable energy broilers fed washed and peeled 

quinoa at 42 days 
Diets NDF ADF Ash CP  EE NFE ME 

Control  54.02c 12.94 53.25c 79.00 81.64 92.66a 2824b 

WQ 
4% 67.65a 11.22 63.77ab 82.39 84.32 92.32a 3129a 
8% 60.45bc 10.13 60.13abc 80.23 80.93 86.95ab 3039a 
12% 59.82bc 9.33 64.54ab 79.34 83.29 77.40b 3021ab 

PQ 
4% 66.00ab 11.84 54.67bc 81.26 83.94 90.68a 2983ab 
8% 65.92ab 12.36 58.28abc 80.95 85.37 84.32ab 3019ab 
12% 65.64ab 12.01 66.73a 81.59 82.58 79.08b 2985ab 

SEM 1.544 1.179 2.160 0.935 1.440 2.443 42.98 
P-Value      

Treat 0.0001 0.3570 0.0013 0.1672 0.3626 0.0006 0.0042 
PQ vs. WQ 0.3105 0.4389 0.0958 0.4327 0.9103 0.6243 0.0844 

 *WQ ^6��
  E$"9# :PQD!"# </$0  E$"9# :. 

*** NDF(s"- D!"&$
 �� e$*G� )[9? :� ADF !9/� D!"&$
 �� e$*G� )[9? :� Ash)��#�- :� CPV�- Q9A8�)0 :�  EE ^V�- (')y :NFE ^:�� ��  ��+ D��J+ :
ME  k)%� :<-$/ ��/�.  

* WQ: Washed Quinoa; PQ: Peeled Quinoa; NDF: Neutral detergent fiber; ADF: Acid detergent Fiber; Ash, CP: Crude protein; EE: Ether extract; 
NFE: Nitrogen free extract; ME: Metabolizable energy. 
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Table 8. Comparing the means of intestinal morphological indices (µm) of broilers fed washed and peeled quinoa at 

42 days 

Diets Villus Height (µm) Villus Width (µm) Crypt Depth (µm) Villus Height/Crypt Depth 

Control  1012.5ab 145.0 177.5bc 5.754 

Washed 

Quinoa 

4% 1134.5a 190.0 202.0ab 5.627 

8% 906.0b 133.0 192.0abc 4.754 

12% 823.0b 141.0 166.0bc 4.952 

Peeled 

Quinoa 

4% 1162.0a 190.5 197.5abc 5.893 

8% 1163.0a 187.0 206.0a 5.650 

12% 882.5b 134.0 158.5c 5.635 

SEM 42.044 12.714 8.505 0.273 

P Value     

Treat 0.0001 0.0036 0.0034 0.0536 

PQ vs. WQ 0.0031 0.1421 0.9433 0.0117 
*

WQ ^6��
  E$"9# :PQD!"# </$0  E$"9# :                                                                            .  

a ,b( Q9i%�9�
�W% 
$�/ )� �� �*�_� w�)f �'  ��("=� w\�-� D!"��) </�  ���� ���05/0<P.( 

*WQ: Washed Quinoa; PQ: Peeled Quinoa. 
a ,  b) Means within each column with different superscripts are significantly different (P<0.05). 
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Table 9. Comparing the means of IgM, IgG and total 
antibody against sheep red blood cells of broilers fed 

washed and peeled quinoa at 42 days 
Diets Total antibody  IgG IgM 

Control 5.000b 2.000 3.000 

Washed 
Quinoa 

4% 6.50ab 3.500 2.750 
8% 6.500a 4.250 2.250 
12% 6.500a 2.750 3.750 

Peeled Quinoa 
4% 6.250ab 4.250 2.750 
8% 6.250ab 4.250 2.000 
12% 7.000a 4.000 2.500 

SEM 0.0155 0.6172 0.5563 
P Value    
Treat 0.0811 0.1018 0.4289 
PQ vs. WQ 0.6283 0.2001 0.2835 

*
WQ ^6��
  E$"9# :PQD!"# </$0  E$"9# : .  

 a,b( Q9i%�9�
�W% 
$�/ )� �� �*�_� w�)f �'  �� w\�-� D!"��

("=�</�  ���� ��� )05/0<P.( 

*WQ: Washed Quinoa; PQ: Peeled Quinoa. 
a, b) Means within each column with different superscripts are 
significantly different (P<0.05). 
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