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INTRODUCTION

In the present time and future, extensive inves-
tigation for ecological plant resources is so important 
for obtaining sustainable food and feed security. Not 
many years ago, human and livestock consumed more 
than one thousand species of plants; however, today 
one hundred and fifty species are only cultivated on a 
worldwide scale and most of the international require-
ment for calorie and protein is provided by five plant 
species: wheat, maize, potato, soybean, and rice (Sing et 
al., 2020). For this reason, rediscovering beneficial, often 
forgotten crops have been in consideration of many 
nutritionists all over the world during the last decades 
(Boreli et al., 2020). 

In the last 35 years, plant amaranth (Amaranthus 
spp.) has been recognized as a capable plant mostly 
because of its resistance to warmth, diseases, and 
water shortage, as well as the high number of nutritive 
compounds in both leaves and seeds (Venskutonis & 
Kraujalis, 2013; Martinez-Lopes et al., 2020). The grain 
protein content of this plant is generally noticeable, 
about 14–18% (Martinez-Nunez et al., 2019). Amaranth 
grain contains a high-quality protein with an excellent 
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ABSTRACT

 An experiment was conducted to evaluate the effects of amaranth grain in pellet diet on per-
formance, intestinal morphology of jejunum, and selected blood variables of broilers. A total of 400 
seven-day-old Ross 308 male broilers were allocated to 4 treatments with 5 replicates of 20 birds in a 
completely randomized design. Experimental treatments were included 4 levels of amaranth grain 
(0% (control), 2%, 4%, and 6%) in the isonitrogenous and isocaloric pellet diets. During the experi-
ment, body weight (BW) and feed intake (FI) were recorded weekly and average daily gain (ADG), 
feed conversion ratio (FCR), as well as European broiler index (EBI), were calculated. On day 42, 
blood sera and jejunal tissue samples were obtained from 6 birds per replicate to evaluate morpho-
logical variables including villus height, villus width, and crypt depth, as well as selected blood 
variables. Although intestinal morphology and average daily feed intake (ADFI) were not influenced 
by experimental treatments, birds receiving 2% amaranth grain showed higher BW, ADG, and EBI 
compared to the other treatments (p<0.05). Chickens fed with diets including various levels of ama-
ranth grain showed the decreased low-density lipoprotein (LDL) and cholesterol concentrations in 
the blood sera and reduced relative weight of abdominal fat compared to the control (p<0.05). Dietary 
addition of amaranth grain up to the level of 2% could improve the performance of broiler chickens, 
decreased blood cholesterol and LDL levels, and relative weight of abdominal fat which may have 
healthful effects on the birds and broiler-meat-consumers.   

Keywords: amaranth grain; broiler chickens; growth performance; histomorphology; biochemical blood 
variables

balance of amino acid, which is better than many cere-
als and some legumes (Shevkani et al., 2014). Mota et al. 
(2014) characterize the amino acid composition of ama-
ranth (Amaranthus caudatus) and also two other pseudo-
cereals including buckwheat (Fagopyrum esculentum) and 
Quinoa (Chenopodium quinoa) and conclude that all these 
pseudo cereals contain a rich source of essential amino 
acids and maybe an alternate ingredient in gluten-free 
diets of human. Amaranth albumin and globulin are rel-
atively rich in lysine and sulfur amino acids, while glu-
telin is a source of phenylalanine, tyrosine, and Leucine 
(Lopez et al., 2018). Amaranth grain also contains twice 
the level of calcium in milk, five times the level of iron 
in wheat, higher potassium, phosphorous, zinc, vitamin 
E, and folic acid than cereal grains (Ndungu et al., 2017).   

In monogastric animal nutrition, the suitability of 
amaranth grain was previously shown in rabbit (Molina 
et al., 2015), broilers (Longato et al., 2015; Orczewska-
Dudek et al., 2018), and also quails (Szczerbińska et 
al., 2015). Amaranth grain has been used in many 
countries as a source of plant protein for chickens, pigs, 
and rabbits especially in the tropical and subtropical 
areas (Peiretti, 2018). However, Yaghobfar et al. (2014) re-
ported dietary inclusion of amaranth grain (Amaranthus 
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hybridus) in the proportion of 5% and more resulted in 
lower performance parameters of broilers than control. 
This issue can be due to the presence of antinutri-
tional factors like trypsin inhibitor, phenols, and tannins 
(Reyes et al., 2018). Treatments like popping, autoclav-
ing, extruding, and pelleting may be moderately or en-
tirely degraded antinutritional compounds (Gamel et al., 
2006; Siwatch & Yadav, 2017; Thakur & Kumar, 2019). 

Due to the lack of information about the effects of 
dietary addition of amaranth grain in broiler pellet diet 
in subtropical regions of Southwest Asia, this research 
was conducted to evaluate dietary inclusion of ama-
ranth on productive traits, intestinal morphology, and 
selected blood variables of the broiler chickens in Iran.  

MATERIALS AND METHODS

Ethical Standards

The experimental methods used in the present 
study were approved by the Animal Ethics Board of 
Animal Science Research Institute of Iran (Approval No. 
08415). 

Birds, Housing, and Rearing Conditions

The research was conducted at the Research 
Poultry House of Animal Science Research Institute of 
Iran (Kara, Iran). Four hundred one-day-old male broil-

er chickens (Ross 308) were acquired from an industrial 
hatchery (initial BW 40±0.5 g). During the first six days, 
all birds were fed a common diet (Table 1) based on 
Ross 308 recommendations (Avaigen, 2014).  At the age 
of seven days, the chickens with similar weight (BW 
170g ± 0.4) were distributed in 20 pens after three hours 
of fasting. Three square meter space was considered for 
each pen, and wood shaving was used to cover the floor 
of the pens. The initial temperature of the house was 
kept at 33±2°C and regularly declined (2.4°C weekly) to 
get a persistent temperature of 21-23°C at the age of 28 
days. Throughout the period of the experiment, lighting 
regime and relative humidity were maintained in 23:1 h 
of light: darkness and 50%–60%, respectively. The chick-
ens had unlimited access to feed and water during the 
experiment. 

Diet Formulation and Experimental Design
 
Amaranth grain (Amaranthus hybridus, variety 

Ultra) was obtained from Agricultural and Natural 
Resource Research Center of Alborz Province (Karaj, 
Iran). Before formulating diets, the chemical composi-
tion of main feed ingredients including maize, soybean 
meal, and amaranth grain were analyzed according to 
the AOAC procedures (AOAC, 2005) and the data were 
used to formulate the experimental diets. Male broiler 
chicks at the age of seven were arbitrarily allocated to 4 
treatments that contained 5 replicates of 20 birds. Four 

Table 1. Ingredients of feed and nutritional structure of experimental pellet diets

Item Day 1-6
Day 7-21 Day 22-42

Amaranth grain in diet (%) Amaranth grain in diet (%)
0 2 4 6 0 2 4 6

Ingredients (g/kg)
Maize grain 560.0 560.0 541.0 524.1 507.4 610.0 596.0 577.0 558.0
Soybean meal (44% crude protein) 383.5 383.5 382.5 378.0 375.0 330.0 324.0 322.0 320.0
Soybean oil 14.5 14.5 15.6 17.0 17.2 22.5 22.5 23.5 24.5
Amaranth grain - - 20.0 40.0 60.0 - 20.0 40.0 60.0
Limestone 12.0 12.0 11.5 11.5 11.5 10.0 10.0 10.0 10.0
Dicalcium phosphate 18.0 18.0 17.5 17.5 17.0 16.5 16.5 16.5 16.5
Common salt 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
Bicarbonate sodium 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Premix of vitamin-mineralᵃ 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
DL- Methionine 99% 2.2 2.2 2.2 2.2 2.2 1.4 1.4 1.4 1.4
L- Lysine 0.2 0.2 0.1 0.1 0.1 - - - -

Nutrient compositionᵇ
Metabolizable energy (MJ/kg) 11.8 11.8 11.8 11.8 11.8 12.3 12.3 12.3 12.3
Crude protein (g/kg) 215.0 215.0 215.8 215.4 215.6 194.8 194.0 194.3 194.0
Calcium (g/kg) 9.7 9.7 9.4 9.4 9.4 8.5 8.5 8.5 8.6
Available phosphorus (g/kg) 4.6 4.6 4.5 4.6 4.5 4.2 4.2 4.3 4.4
Sodium (g/kg) 1.7 1.7 1.6 1.6 1.7 1.7 1.7 1.7 1.7
Lysine (g/kg) 11.3 11.3 11.3 11.2 11.3 9.8 9.7 9.8 9.8
Methionine+Cystine (g/kg) 8.6 8.6 8.6 8.6 8.7 7.3 7.3 7.3 7.4

Note:  a To supply certain amount of minerals and vitamins per kilogram of diet (vitamin D3: 4500 IU; vitamin A: 18100 IU; vitamin K3: 6 mg; vitamin 
E: 38 mg; thiamine: 2.99 mg; vitamin B12: 1.7 mg; niacin: 58 mg; riboflavin: 7.6 mg; pyridoxine: 4.55 mg; folic acid: 1.8 mg; biotin: 0.19 mg; eth-
oxyquin: 0.128 mg; pantothenic acid: 17.9 mg; cyanocobalamin: 0.02 mg; choline chloride: 487.5 mg; Fe-sulfate: 40.5 mg; Mn-sulfate: 160 mg; 
Zn-sulfate: 84 mg; iodine (calcium iodate): 1.26 mg; Cu-sulfate: 20 mg; and selenium (sodium selenite): 0.31 mg); 

 ᵇDetermined by feed individual analysis and applied result for calculating nutritious composition.
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levels of amaranth grain (0% (control), 2%, 4%, and 
6%) were included in the dietary treatments (Table 1). 
Dietary treatments were exposed to the steam pelleting 
process using a California press form pelleting ap-
paratus (Simon Barron Firm, England) in Roshd-Daneh 
Animal and Poultry Feed Company (Karaj, Iran). The 
steam was applied at the pressure of 5.3 kg/cm2 and 
the average pelleting temperature was about 72°C. All 
diets contained a similar amount of energy and protein 
and formulated based on Ross 308 recommendations 
(Aviagen, 2014).

Data and Sample Collection

Performance variables including feed intake (FI) 
and body weight (BW) were recorded weekly. The dif-
ference between given and residual feed was considered 
as FI. Mortality was recorded daily and data including 
feed conversion ratio (FCR), average daily gain (ADG), 
and average daily feed intake (ADFI) were corrected 
based on it. The amount of feed needed to increase the 
live BW unit was considered as FCR. This variable was 
calculated as the ratio of ADFI to ADG during particular 
period of time. The ADG, ADFI, and FCR were calcu-
lated for days 7 to 21, 22 to 42, and 7 to 42 days of age. 

At the end of the experiment (42 days of age), 30 
birds from each treatment (6 birds/pen which had close 
weight to the average of the pen) were chosen. They 
were weighed and slaughtered after 3 h fasting; then 
the slaughtered birds were plucked and visceral organs 
were excised to determine the relative weight of carcass 
and organs. Carcass was obtained by removing the 
head, feathers, feet, and visceral organs. Carcass, breast, 
legs, and visceral organ weights were determined by 
weighing scale (00.001 g, model GF 400; A&D Weighing, 
San Jose, CA, USA) to calculate carcass and organs 
relative weight (g/100 g of live body weight). Two-
centimeter portions of the jejunum were taken from the 
midpoint between pancreo-biliary ducts and Meckel’s 
diverticulum and washed by 0.9% saline solution to 
eliminate the jejunal contents. Then, these portions were 
fixed in a 10% formalin solution for subsequent morpho-
logical assay. The formalin solutions were replaced after 
24 h, then samples were kept until morphological study. 

At the end of the experiment (day 42), European 
broiler index (EBI) of broiler chicks (including the 
sacrificed birds), was calculated through the following 
formula (Marcu et al., 2013):
EBI= [livability (%) × average daily gain (g)] / 
 [feed coversion ratio (g/g) × 10]

Intestinal tissue samples were transferred from 
formaldehyde, after dehydration by passing tissue 
through a series of alcohol solutions; they were then 
cleared in xylene and embedded in paraffin. Chemicals 
were obtained from Sigma-Aldrich Company (St. Louis, 
MO). Leica Rotary Microtome (RM 2145, Wetzlar, 
Germany) was used to cut 5 mm longitudinal sections. 
After that, the sections were placed on glass slides 
and stained with haematoxylin-eosin, as described by 
Ebrahimi et al. (2017). To calculate the morphometric 
variables, micrographs were taken with Olympus light 

microscope BX44 (Tokyo, Japan) applying Epix XCAP 
software (Buffalo Grove, IL, USA).    

Ten intact and vertically located villi were selected 
from each sample and considered for morphological as-
say. The measured variables were included: villus width 
(evaluated at the mid-point of villus), villus height (from 
the top of the villus to the junction of villus and crypt), 
and crypt depth (determined from the junction of villus 
and crypt to the base of the crypt). The surface area of 
villus was calculated through the following formula 
(Sakamoto et al., 2000):  2π × (VW/2) × VH, in this for-
mula: VW was villus width, VH was villus height, and 
π was 3.14.

On day 40, 6 birds/replicate were selected and bled 
via wing vein using sterile syringes (2 mL). Obtained 
blood samples were exposed to centrifuge (3000×g for 
15 min) to separate serum. Then serum samples were 
kept at -20°C until metabolite analysis was carried 
out. A commercial laboratory kit (Parsazmoon, Iran) 
and god-pap method were applied to determine the 
glucose concentration as mg/dL at 546 nm wavelengths 
(Datar et al., 2006). The concentrations of cholesterol, 
triglyceride, low- and high-density lipoproteins (LDL 
and HDL) were determined using commercial labora-
tory kits (Parsazmoon, Iran) and methods described by 
Friedewald et al. (1972) and Gordon & Amer (1977). 

Statistical Analysis

The GLM procedures of SAS 9.1 software (SAS, 
2003) were used to analyze data in a completely 
randomized design. For each treatment, there were 5 
replicates for performance traits (20 birds/pen) and 30 
samples for carcass characteristics, morphological traits, 
and blood variables (six birds/pen). Values in percent-
age were first transformed to arcsine. The pen of birds 
functioned as the experimental unit. Duncan’s mul-
tiple range test was applied for comparing the means 
(Duncan, 1955). Performance traits were analyzed 
considering seven-day-old body weight as a covariate. 
To determine linear and quadratic relationships among 
treatments, orthogonal contrasts were performed. 
Differences were considered to be statistically significant 
at p<0.05.

RESULTS
 

Chemical Analysis of Amaranth 

Table 2 shows the chemical compositions including 
crude protein, ether extract, dry matter, nitrogen-free 
extract, ash, crude fiber, calcium, available phosphorus, 
selected anti nutrient factors, and content of amino 
acid in the experimental diet pellet contained amaranth 
grain.

Growth Performance

As Table 3 shows, dietary supplementation of 
amaranth had a quadratically significant effect (p≤0.05) 
on BW (d 42) and ADG (d 22-42 and 7-42). The results 
showed the increased BW of chicks receiving 2% ama-
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ranth grain compared to the other groups at the ages 
of 21 and 42 days (p<0.05). On day 42, chicks fed with 
6% amaranth grain showed lower BW in comparison 
with birds receiving 2% amaranth and the control 
(p<0.05). No significant difference was observed among 
the experimental groups regarding ADFI (p>0.05). 
Considering the whole period of the experiment (days 
7-42), birds fed with 2% amaranth grain showed sig-
nificantly higher ADG than the other groups, but those 
receiving 4% and 6% amaranth showed lower ADG than 
the birds fed with 2% amaranth (p<0.05). The addition 
of 4% or 6% amaranth grain into diets linearly increased 
FCR and decreased EBI (p<0.05), but no difference was 
detected between chicks fed with 2% amaranth and the 
control regarding FCR and EBI (p>0.05). The total liv-

ability percentage was 90.75, and this variable was not 
influenced by dietary treatments.

Carcass Yield and Relative Weight of Organs

Table 4 presents the effects of amaranth grain in a 
pellet diet on carcass yield and relative weight of organs 
on day 42. The effects of dietary addition of amaranth 
on carcass yields and relative weights of abdominal fat 
and liver were quadratically significant (p<0.05). Birds 
receiving 6% amaranth grain showed decrease percent-
ages of carcass yield and liver compared to those fed 
with 2% or 4% amaranth (p<0.05); however, there was 
no significant difference in these variables between 
chicks receiving 6% amaranth and the control (p>0.05). 

Table 2. Chemical compositions of amaranth grain used in this experimentᵃ

Item Value Amino acids Value
Dry matter (g/kg) 900.8 Lysine (g/kg) 7.5
Crude protein (g/kg) 143.1 Methionine (g/kg) 2.1
Ether Extract (g/kg) 71.5 Cysteine (g/kg) 3.63
Nitrogen-free extract (g/kg) 599.1 Threonine (g/kg) 4.8
Crude fiber (g/kg) 45.0 Arginine (g/kg) 10.5
Ash (g/kg) 33.7 Isoleucine (g/kg) 6.3
Calcium (g/kg) 2.4 Leucine (g/kg) 7.2
Available phosphorus (g/kg) 4.1 Valine (g/kg) 6.3
Phytic acid (g/kg) 4.3 Histidine (g/kg) 2.6
Gross energy (MJ/kg) 13.03 Phenylalanine (g/kg) 5.5
Metabolizable energy (MJ/kg) 11.40 Serine (g/kg) 9.2
Tannin (% catechin equivalent) 0.09 Proline (g/kg) 5.1
Trypsin inhibitor (unit of enzyme) 4.05 Glycine (g/kg) 11.1

Note: ᵃChemical compositions of amaranth grain determined in a lab based on AOAC (2000) methods, metabolizable energy amount calculated based 
on the results.

Table 3. Performances of broiler chicks fed pellet diet containing amaranth grain

Variables
Levels of amaranth grain in diets (%)

SEM P-value
Contrasts

0 (control) 2 4 6 Linear Quadratic
BW (g)
   d 21 558.91ᵇ 616.83ᵃ 526.51ᵇ 574.03ab 10.79 0.014 0.563 0.765
   d 42 2028.62ᵇ 2291.24ᵃ 1968.22bc 1884.41c 39.31 <0.001 0.001 <0.001
ADFI (g/d/ bird)
   d 7-21 46.71 49.03 44.43 46.22 0.78 0.219 0.362 0.846
   d 22-42 114.52 119.24 123.44 124.21 2.54 0.537 0.531 0.194
   d 7-42 85.81 90.42 88.24 87.93 1.18 0.636 0.721 0.334
ADG (g/d/ bird)
   d 7-21 28.81 31.03 24.74 29.12 0. 87 0.057 0.436 0.504
   d 22-42 66.92ᵇ 77.04ᵃ 63.03bc 60.81c 1.66 <0.001 0.001 0.005
   d 7-42 50.71ᵇ 56.42ᵃ 45.84c 47.23bc 1.14 <0.001 0.004 0.008
FCR (g/g)
   d 7-21 1.63 1.60 1.80 1.59 0.03 0.090 0.825 0.146
   d 22-42 1.71ᵇ 1.60ᵇ 1.96ᵃ 1.96ᵃ 0.04 0.001 <0.001 0.342
   d 7-42 1.69ᵇ 1.60ᵇ 1.92ᵃ 1.86ᵃ 0.03 <0.001 0.001 0.757
Livability (d 7-42), % 930.00 89.20 89.80 910.00 1.83 0.907 0.762 0.533
EBI (d 7-42) 280.61ab 318.44ᵃ 215.72ᵇ 230.83ᵇ 13.95 0.020 0.024 0.622

Note: BW= body weight; ADFI= average daily feed intake; ADG= average daily gain; FCR= feed conversion ratio; EBI= European broiler index; SEM= 
Pooled standard error of the mean. Means in the same row with different superscripts differ significantly (p<0.05).
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The addition of amaranth grain in the pellet diet sig-
nificantly reduced abdominal fat percentage compared 
to the control (p<0.05) and the lowest percentage was 
observed in birds receiving 6% amaranth grain. Other 
organs’ relative weights were not influenced by dietary 
treatments. 

Intestinal Histomorphology

Table 5 shows the effects of amaranth grain in a pel-
let diet on the morphology of jejunum in broiler chicks 
on day 42. Dietary inclusion of amaranth grain affected 
none of the morphological variables in jejunum; mean-
while, the greatest and least numerical values of villus 
surface area, villus height, and villus height to crypt 
depth ratio were observed in birds fed with 2% and 4% 
amaranth, respectively. 

Hematological Analysis

Table 6 summarizes the effects of amaranth grain 
in a pellet diet on selected blood variables of broilers 
on day 40. Most of the blood variables evaluated in this 
experiment were not significantly affected by dietary 
treatments (p>0.05) except cholesterol and LDL. The 
concentrations of LDL and cholesterol in the serum 
of broilers were linearly decreased with the increased 
dietary inclusion level of amaranth grain in the experi-
mental pellet ration (p<0.05). 

DISCUSSION

The results of amaranth chemical analysis were 
in agreement with the data published in the previous 
study (Ravindran et al., 1996). Improvement of produc-

Table 4. Carcass yield and organs relative weights (g/100 g of live body weight) of 42 day-old broiler chicks fed pellet diet containing 
amaranth grain

Variables
Levels of amaranth grain in diets (%)

SEM P-value
Contrasts

0 (control) 2 4 6 Linear Quadratic
Carcass yield 73.87ab 74.42ᵃ 74.67ᵃ 72.15ᵇ 0.34 0.036 0.094 0.021
Breast 25.04 25.47 25.72 23.99 0.31 0.205 0.286 0.083
Legs 19.64 19.65 19.16 19.41 0.15 0.646 0.400 0.707
Back and neck 20.63 20.70 21.26 20.94 0.17 0.683 0.408 0.635
Heart 0.49 0.48 0.50 0.48 0.01 0.970 0.997 0.858
Liver 1.98ab 2.15ᵃ 2.09ᵃ 1.85ᵇ 0.03 0.014 0.137 0.003
Pancreas 0.20 0.23 0.38 0.20 0.04 0.437 0.694 0.265
Gall bladder 0.07 0.05 0.06 0.09 0.005 0.136 0.432 0.088
Gizzard 1.88 1.65 1.81 1.72 0.07 0.686 0.634 0.640
Bursa of Fabricious 0.08 0.06 0.08 0.09 0.006 0.303 0.154 0.302
Spleen 0.12 0.11 0.12 0.12 0.004 0.608 0.861 0.341
Abdominal fat 1.65ᵃ 1.11bc 1.16ᵇ 0.79c 0.07 ≤0.001 0.031 0.002

Note: SEM= Pooled standard error of the mean. Means in the same row with different superscripts differ significantly (p<0.05).

Table 5. Morphological indices of jejunum in 42 day-old broiler chicks fed pellet diet containing amaranth grain

Variables
Levels of amaranth grain in diets (%)

SEM P-value
Contrasts

0 (control) 2 4 6 Linear Quadratic
Villus height (µm) 1273.11 1347.03 1067.12 1122.24 72.98 0.541 0.295 0.951
Villus width (µm) 147.52 153.01 137.54 149.03 4.52 0.706 0.802 0.759
Crypt depth (µm) 223.94 223.12 219.31 220.13 2.70 0.931 0.576 0.889
Villus surface area (×10-3, µm²) 559.01 645.41 467.32 529.32 42.80 0.517 0.341 0.930
Villus height to crypt depth ratio 5.6 6.0 4.8 5.1 0.31 0.548 0.333 0.985

Note: SEM= Pooled standard error of the mean. Means in the same row with different superscripts differ significantly (p<0.05).

Table 6. Selected blood variables of 40 day-old broiler chicks fed pellet diet containing amaranth grain

Variables (mg/dL)
Levels of amaranth grain in diets (%)

SEM P-value
Contrasts

0 (control) 2 4 6 Linear Quadratic
Glucose 143.80 123.20 132.00 133.70 4.47 0.459 0.596 0.223
Total protein 3.20 3.20 3.50 3.00 0.09 0.287 0.712 0.174
Triglyceride 71.70 66.00 81.20 82.00 2.84 0.134 0.068 0.557
Cholesterol 112.00a 88.90b 94.30b 89.30b 2.88 0.009 0.003 0.086
High density lipoprotein (HDL) 51.20 51.60 51.00 51.00 0.11 0.206 0.238 0.377
Low density lipoprotein (LDL) 160.00a 158.00ab 157.20b 157.²0ᵇ 0.40 0.042 0.010 0.196

Note: SEM= Pooled standard error of the mean. Means in the same row with different superscripts differ significantly (p<0.05).
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tive traits using limited amount of amaranth in diet was 
consistent with the studies conducted by Rouckova et 
al. (2004) and Orczewska-Dudek et al. (2018). This result 
can be related to a high nutritional value, balanced 
amino acid profile, and also heat treatment of amaranth 
which can lead to partial degradation of antinutrients 
like tannin (Siwatch & Yadav, 2017; Thakur & Kumar, 
2019). It must be mentioned that Pisarikova et al. (2006) 
replaced amaranth grain (raw and popped) with meat 
and bone meal (up 8% of diet) without any negative ef-
fects on performance traits including BW, FI, and FCR. 
Reduced BW, ADG, EBI, and impaired FCR by dietary 
inclusion of 4% or 6% amaranth in the present study 
were similar to the results of Yaghobfar et al. (2014) 
which reported retarded growth of broilers when using 
more than 5% of amaranth in diet. This may imply that 
heat-processing conducted in this experiment was not 
hard enough to degrade the antinutrient content of this 
variety of amaranth at levels more than 2%. However, it 
seemed to be helpful for 2% inclusion of this grain.  

Reduced amount of abdominal fat percentage ob-
served in the birds fed with 6% amaranth was in agree-
ment with the results of Orczewska-Dudek et al. (2018) 
and may be attributed to the considerable amounts of 
20-Hydroxyecdysone which have been received in this 
treatment. 20-Hydroxyecdysone is a phytochemical 
of quinoa and amaranth, reported to regulate protein 
synthesis, blood glucose levels, and to have anti-obesity 
effect (Tang & Tsao, 2017). However, these researchers 
stated that further studies are necessary, particularly 
for deepening the existent knowledge about the effect 
of amaranth on the prevention of fat deposition and the 
associated mechanisms.  

Rouckova et al. (2004) observed that boilers’ carcass 
yield receiving 7% amaranth grain was significantly 
lesser than the control (p≤0.05). Conversely, Pisarikova 
et al. (2006) did not report any significant effect of us-
ing 8% amaranth on carcass and abdominal fat yield. 
In their report, the liver, heart, and stomach yields 
were significantly higher in the bird fed with dried 
above-ground amaranth grain compared to the control. 
Moreover, Szczerbińska et al. (2015) demonstrated that 
the liver’s relative weights in Japanese quails fed with 
4% or 7% amaranth were higher than control, even 
though they were not statistically significant. Minor 
morphological changes have been shown in birds’ liv-
ers receiving amaranth (Kabuage et al., 2002). A similar 
process might have happened in our study and resulted 
in the liver’s lower relative weight when using a high 
level of amaranth grain in the diet; however, there were 
no obvious anomalies within the birds’ internal organs. 
Inconsistency of our results with the others is not easy 
to interpret; however, it may be related to different 
amaranth varieties, antinutrient content, or processing 
applied in different experiments. The more antinutrient 
content is available in the plant protein sources of diet, 
and the less performance efficiency will be obtained at 
the end of the poultry production period (Gamel et al., 
2006).  

The authors could not find any report regarding the 
effect of amaranth on the intestinal morphology in poul-

try. However, it is known that antinutritional factors, 
like tannin and trypsin inhibitor (found in feedstuff), 
impair gastrointestinal development and destroy the in-
testinal microvilli of animals (Rocha et al., 2014; Beski et 
al., 2015). There was no significant adverse effect on the 
villus health and absorbance area of broilers by dietary 
inclusion of amaranth grain in the present study. This 
found result is possibly due to the heat-treatment pro-
cess which may be efficient enough to cover or alleviate 
the harmful effects of antinutrients on the intestinal 
morphology. As previously noted, treatments (such as 
popping, pelleting, etc.) can relatively degrade antinu-
tritional compounds in the feedstuff (Siwatch & Yadav, 
2017; Thakur & Kumar, 2019).

Some reports have revealed that the dietary addi-
tion of amaranth can reduce the blood concentrations 
of cholesterol fragments (LDL and VLDL), in animals 
including rabbit (Caselato-Sousa et al., 2014), hamsters 
(Chmelik et al., 2019), and rats (Lado et al., 2015). In 
another study, Longato et al. (2015) reported that the 
dietary inclusion of amaranth grain (5% and 10%) sig-
nificantly decreased serum levels of triglycerides and 
cholesterol in broiler chickens compared to the control 
group. Amaranth seeds contain a considerable amount 
of a valuable compound named squalene. Squalene 
is a superior antioxidant triterpene recognized for its 
extensive biological efficacy, especially against hyper-
cholesterolemia (Hein et al., 2017), cancer (Kotelevets 
et al., 2017); and also as a cardio-protectant (Ibrahim et 
al., 2020). In addition, Salvamani et al. (2016) introduced 
plant amaranth as a powerful inhibitor of HMG-CoA re-
ductase enzyme. This finding is very relevant since this 
specific enzyme is the target for hypercholesterolemia 
occurrence. Herbal components that inhibit or reduce 
the HMG-CoA reductase activity may possibly be ap-
plied as an agent of hypocholesterolemia. The lowered 
concentration of LDL in sera was in agreement with less 
fat deposition observed in the birds receiving amaranth 
grain. Due to the association of cholesterol intakes and 
coronary heart disease (Li et al., 2015), decreased serum 
LDL levels in poultry would be advantageous for the 
broiler-meat-consumers. It is suggested to conduct more 
studies about this grain and its processing in poultry 
nutrition all over the world, especially in the tropical 
and subtropical regions challenging with drought and 
severe climate change.

CONCLUSION

Dietary inclusion of amaranth grain (Amaranthus 
hybridus) in pellet diet up to the level of 2% can improve 
productive traits of broiler chickens and reduce serum 
cholesterol and LDL levels which may have healthful 
effects on the birds and broiler-meat-consumers.   
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