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Research article
Ερευνητικό άρθρο

ABSTRACT: Canola meal is a protein source for poultry feeding. Canola has anti-nutritional compounds whose ef-
fects can be reduced during processing. The research aim is to investigate the processing methods of canola seed by 
irradiation, roasting, and enzyme methods on the broiler chicken traits. To experiment, 450 day-old broiler chickens 
of the Ross 308 strain were placed in 30 pens. Treatments included the control (without canola), the raw canola, and 3 
treatments of the processed canola (by enzymes, gamma rays, and roasting). The repeat number was 6 for each treat-
ment. The traits were growth performance, blood and immune parameters, liver enzymes, and antibody titers against 
Bronchitis and Gumboro disease. GLM procedure and Duncan’s test (α=0.05) by SAS software were used for data 
analysis and to compare treatment’ means, respectively. The processing methods effect was significant (P<0.01) on 
the protein solubility percentage in KOH, the peroxide number, and the urease activity. Also, the processing methods 
effect was significant (P<0.05) on the feed consumption in different rearing phases, body weight gains in the starter 
and grower phases, FCR in all rearing phases, the total protein concentration, uric acid, kidney enzymes, and antibody 
titers. The highest increase in total protein and uric acid was observed in canola seeds processed by gamma ray and 
enzyme. The enzyme processing method produced the highest antibody titers. In general, the gamma radiation and 
roasting improved the chicken’s traits. The canola seed processing increases the absorption of its nutrients by reducing 
anti-nutrient compounds. Improving antibody titers against Bronchitis and Gumboro diseases is very effective in health 
management and herd vaccination, and will reduce related costs. Feed processing can change nutrient requirements by 
influencing activities related to feed consumption.
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 INTRODUCTION

Given the limitations on accessing vegetable pro-
tein sources in poultry nutrition, alternative 

sources like canola meal are necessary. Canola, sci-
entifically known as Brassica napus, is a variety of 
Eruca sativa. The high level of unsaturated fats and 
omega 3 and 6 fatty acids in canola seed is remarkable 
(Nelda et al. 2007). Canola seed contains 25-55% 
crude fat and 18-24% crude protein (Gharahveysi and 
Jafari 2021). The use of canola meal in poultry ration 
is restricted because it contains high levels of fiber 
and anti-nutritional factors like non-starch polysac-
charides (16.5-17.5%), sinapine (6-8%), tannin (0.5-
1.5%), phytic acid (2-4%), phenolic compounds (4.5-
10%), and glucosinolates (20-27%) (Gharahveysi and 
Jafari 2021, Khalil et al. 2023). Most glucosinolate 
compounds found in canola include gluconapin, glu-
cobrassicanapine, progoitrin, and glucobrassicin. 
Tannins are polyphenolic compounds ranging in 
molecular weight from 500 to 3000 daltons and are 
categorized into two main groups: hydrolyzable and 
non-hydrolyzable (dense). The major part of tannin 
in the canola seed shell is the dense type (70-96% of 
total tannin) known as cyaniding (Yadav et al. 2022). 
In addition to darkening the feed color, tannin forms 
an indigestible complex with proteins and protein-di-
gesting enzymes in the digestive system and severely 
disrupts protein digestion and absorption (Yasothai 
2016, Yadav et al. 2022). Phytic acid or inositol poly-
phosphate is the main form of phosphorus storage in 
most seeds. The formation of this insoluble complex 
makes the phosphorous unavailable. About 35-70% 
of canola phosphorus exists as phytic acid (Agye-
kum and Woyengo, 2022). Sinapine is the choline es-
ter of sinapic acid, constituting around 1% of canola 
meal. It leads to a fishy odor, particularly noticeable 
in brown-shelled eggs, attributed to the presence of a 
sinapine metabolite in egg yolk known as tri-methyl-
amine (Niu et al. 2022).

To decrease anti-nutritional compounds, feed 
compounds may undergo different processing tech-
niques before being used in feed. Various methods 
are available to minimize or remove the impact of an-
ti-nutritional components in canola. Feed processing 
encompasses all procedures conducted before feeding 
the animals (Gharahveysi and Jafari 2021). Some of 
these methods include roasting, irradiation, microniz-
ing, expansion, and extrusion. The two main effects 
of processing are 1) changes in the micro and macro 
structure of the feed, and 2) changes in some of the 
feed compounds. These changes can significantly im-

pact the function of the bird’s digestive system (Ghar-
ahveysi and Jafari 2021, Inglis et al. 2021). The use 
of enzymes in the ration containing canola meal im-
proves the digestibility of non-starch polysaccharides, 
soluble polysaccharides, and oligosaccharides. About 
60-70% of the phosphorus in canola meal is bound to 
phytic acid. So, the combination of phytic acid with 
proteins, solutes, and starch reduces phosphorus ab-
sorbability. Phytase enzymes facilitate the gradual 
release of phosphate from phytic acid, making phos-
phorus available for utilization (Niu et al. 2022).

Researchers have confirmed the positive impacts 
of microwave radiation (Sadeghi and Shawrang 
2006). It is understood that the chemical composition 
of canola seeds is altered by microwave radiation, 
impacting their digestibility as well (Sadeghi and 
Shawrang 2006). Processing by gamma rays and mi-
crowaves results in the reduction of phytic acid and 
glucosinolates, a constant rate of decomposition, and 
the effective degradability of dry matter and raw pro-
tein of native Eruca sativa seeds (Yadav et al. 2022). 
In a study, canola seed processing by gamma radiation 
at doses of 10, 20, and 30 kGy led to the reduction of 
the anti-nutritional substances such as phytic acid and 
glucosinolate (about 10%), weight gain (about 5%), 
and FCR improvement (about 0.10) (Siddhuraju et al. 
2002).

Due to the limited information and scientific refer-
ences available, the study aims to investigate the pro-
cessing methods of canola seed by irradiation, roast-
ing, and enzyme methods on the broiler chicken traits.

MATERIALS AND METHODS

The research conditions
The research was conducted between July and 

September 2022. The poultry research farm of the 
agriculture faculty at Qaemshahr Islamic Azad Uni-
versity was used for the study. The current study was 
conducted taking into account the procedures of sam-
ple collection, management, and the ethical, scientif-
ic, and administrative standards for animal research 
outlined in the laws of the National Committee for 
Ethics in Biomedical Research of Iran (2018).

Rearing management
Before rearing, the farm was carefully disinfected 

by the flamethrower and formalin gas. The dimensions 
of each pen were 1.5×1.5 m2. The farm had thermom-
eters and ventilation regulators to manage tempera-
ture. Thermometers were placed in the rearing area to 
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control temperature, which started at 32°C, gradually 
dropping to 23°C. Each pen had its own feed and wa-
ter trough. Lighting was provided for 23 hours during 
the rearing phase

Vaccination schedule
The vaccination program was developed based on 

guidelines for rearing Ross 308 chickens and local 
farm conditions (such as existing microbes, chicken 
health, and feed quality). The vaccines administered 
included: bronchitis vaccine (eye drops) at 1-day old, 
influenza and Newcastle Lasota vaccines (via drink-
ing) at 8 days old, bronchitis vaccine (eye drops) at 13 
days old, Gambro vaccine (via drinking) at 14 days 
old, Newcastle Lasota vaccine (via drinking) at 17 
days old, bronchitis vaccine (via drinking) at 24 days 
old, and Newcastle Lasota vaccine (via drinking) at 
28 days old

Canola seed processing
 Canola seed processing with electron (gamma) 

rays at a 100 kGy dose was carried out using a Rhodo-
tron system (Model TT-2200, IBA Co., Belgium). 
Gamma radiation was conducted by the gamma cell 
radiation system at the Yazd radiation center, utiliz-
ing cobalt 60 gamma rays affiliated with the Irani-
an Atomic Energy Organization (Gharaghani et al. 
2008). Canola seed processing was done by a roasting 
technique using direct dry heat inside a cylinder. This 
exposed the seeds to hot air (190 to 200 °C) for 18 
to 20 minutes. By the end of this process, the seed 
temperature reached 144-146 °C. Subsequently, the 
seeds were cooled by transferring them to the ven-
tilation section (Maclsaac et al. 2005). The enzyme 
utilized in this treatment was Avizyme® 1502, which 
was used to process the canola seeds (Bampidis et al. 
2020). Avizyme® 1502 contained protease, amylase, 
and xylanase in effective amounts. This enzyme prod-
uct by Biochem is imported and distributed in Iran by 
its exclusive representative, Arya Dalman Company. 
Avizyme® is coated and can withstand temperatures 
up to 90°C. Specifically designed for feed rations with 
corn and soy. Its inclusion level was 500 grams per 
ton of feed (Bampidis et al. 2020)

Chickens, and experimental treatments
 For the experiment, 450 Ross 308 strain broiler 

chickens aged one day were allocated into 30 pens. 
The study treatments included 1) a control group (no 
canola seeds), 2) raw canola seeds, 3) enzyme-pro-
cessed canola seeds, 4) gamma-ray-processed canola 

seeds, and 5) roasted canola seeds. The repeat number 
was 6 for each treatment. Treatments were randomly 
assigned to the pens, with 15 birds in each pen

Experimental rations: The experimental rations 
were formulated using UFFDA software (Pesti et al. 
1992) based on the nutritional requirements catalog 
of chicken broilers of the Ross 308 strain. The same 
metabolic energy and crude protein were considered 
for all experimental rations (Table 1). Rations were 
divided into three phases including the starter (1-11 
days old), grower (12-24 days old), and finisher (25-
42 days old)

Chemical composition determination of cano-
la seed: Canola seed samples were placed in 65×35 
cm2 polyethylene bags, with two kg in each. These 
samples were then analyzed for chemical compounds 
at the specialized laboratory of Qaemshahr Islamic 
Azad University

In the laboratory, the chemical composition of 
canola seeds was measured. They included the dry 
matter, ether extract, crude protein, crude fiber and 
ash (AOAC 1997), urease activity (AOCS 1998), pro-
tein solubility index in potassium hydroxide (AOCS 
1998), and peroxide index (AOCS 1998)

Traits measured: From the beginning of the ex-
periment’s first week, experimental rations for each 
pen were poured into numbered buckets. At the end 
of each phase, the remaining feed of each pen was 
weighed. Then, the feed consumed in each phase was 
measured for each of the pens by deducting the feed 
remaining amount from the total amount of feed. So, 
the daily feed consumption was calculated for the 
starter, grower, finisher, and the whole phase (1 to 
42 days old). At the end of each phase, the chickens 
of each pen were weighed. To weigh the chickens, 
feeding was stopped two hours before weighing. The 
dead chicks were collected and recorded daily. Daily 
weight gain was calculated for the starter, grower, fin-
isher, and whole phase (1 to 42 days old). The FCR 
was calculated by dividing the amount of feed con-
sumed of each pen by the weight gain of the same pen. 
Therefore, FCR was calculated for the starter, grower, 
finisher, and whole phase (1 to 42 days). Blood sam-
pling was done at the end of the experiment (day 42)

Two chickens were randomly selected from each 
pen, and blood was taken from their wing veins. 
Blood samples were immediately collected with test 
tubes containing anticoagulants. Then, blood samples 
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were sent to the specialized laboratory. In the labora-
tory, blood parameters, immune parameters, and liver 
enzymes were measured using the Iranian Pars Az-
moun kits and autoanalyzer (RA1000). The measured 
parameters were uric acid, glucose, albumin, choles-

terol, triglyceride, total protein, lymphocyte, hetero-
phile, alkaline phosphatase (ALP), alanine transferase 
(ALT), and aspartate aminotransferase (AST). Anti-
body titers against bronchitis and Gumboro diseases 
were determined by ELISA serological test (using 

Table 1 Experimental rations in different phases and treatments of the research 
Rearingphases

StarterphaseGrowerphaseFinisherphase
Ingredients(%)Control 

(without 
canola)

Treatments 
contain the raw 
and processed 

canola

Control
(without 
canola)

Treatments 
contain the raw 
and processed 

canola

Control
(without 
canola)

Treatments 
contain the raw 
and processed 

canola
Corn (8% CP1)52.95525452.2053.6053.50

Corn gluten meal 
(60% CP)

2.4021.90200

Soybean meal (43% 
CP)

342731272819.30

Canola seed (19% CP)010010010
Wheat (12% CP)33531010

Oil1.6002.35031.60
Di-calcium 
phosphate2

1.901.901.901.901.801.90

Calcium carbonate1.401.401.401.401.401.40
Salt0.250.250.200.230.100.10

Bentonite111111
Vitamin premix30.500.500.400.400.300.30
Mineral premix40.500.500.400.400.300.30
DL Methionine0.200.170.150.170.170.20
Lysine sulfate0.250.230.250.250.280.30
L Threonine0.050.050.050.050.050.10
CalculatedchemicalComposition

Metabolizable energy 
(kcal/kg5)

286028602920294030003000

Crude protein (%)20.4020.6019191717
Crude fiber (%)2.534.272.524.272.484.29
Crude fat (%)3.703.203.5033.52.8
Calcium (%)1.061.041.061.041.061.02

Available phosphorus 
(%)

0.460.440.450.440.430.42

Sodium (%)0.180.160.160.170.160.16
Linoleic acid (%)1.372.191.372.201.342.20

Arginine6 (%)1.351.381.261.341.181.17
Lysine (%)1.261.261.181.231.211.11

DL Methionine (%)0.560.520.480.480.460.45
DL Methionine + 

Cysteine (%)
0.890.860.800.800.750.75

Threonine (%)0.860.870.810.800.720.70
Tryptophan (%)0.250.260.240.240.200.21

1. Crude protein- 2. Di-calcium phosphate contained: 16% phosphorous and 23% calcium- 3. Vitamin premix (per kg of ration); 
Vitamin A: 14000 IU, Vitamin D3: 5000 IU, Vitamin E: 50 IU, Vitamin k3: 4 mg, Thiamine: 3 mg, Riboflavin: 8 mg, Pantothenic 
acid: 20 mg, Pyridoxine: 4 mg, Cyanocobalamin: 0.016 mg, Niacin: 730 mg, Biotin: 0.02 mg, Folic acid: 1.75 mg and Choline 
chloride: 1.60 g- 4. Mineral premix (per kg of ration); Fe: 50.00 mg, Mn: 100.00 mg, Zn: 100.00 mg, Cu: 10.00 mg, I: 1.00 mg and 
Se: 0.20 mg- 5. Kilocalorie per kilogram- 6. On a digestible basis 
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IDEXX kit)

Statistical analysis: This research was conducted 
in the form of a completely randomized design using 
5 treatments, and 6 repeats. The statistical model used 
was as follows

yij = μ + Ai + eij

which: yij, the value of each observation; μ, the 
mean effect; Ai, the effect of each treatment and eij, 
the random effect of the experimental error (residual). 
GLM procedure and Duncan’s test (α= 0.05) by SAS 
software (2004) were used to study the effect of ex-
perimental treatments on different traits and compare 
the treatment means, respectively

RESULTS
Chemical composition determination of cano-

la seed: The results of the chemical composition of 
canola seed and its quality indicators are presented in 
Table 2. The effect of canola seed processing methods 
was significant on KOH solubility percentage, perox-
ide value, and urease activity (P<0.01). The highest 
and lowest percentages of solubility in KOH were in 
the control treatment (91.55%) and canola seed treat-
ment processed by roasting (82.35%), respectively. 
The highest and lowest peroxide values were in the 
canola seed treatment processed by roasting (4.45 kg/
mE) and the control treatment (2.94 kg/mE), respec-
tively. The highest and lowest urease activity was ob-
served in raw canola seed treatment (1.88) and canola 
seed treatment processed by roasting (1.05), respec-
tively. The solubility percentage in KOH was signifi-
cantly higher (p<0.01) in the control treatment com-

pared to the treatments with enzyme-processed canola 
and gamma-ray-processed canola. Peroxide levels 
were significantly higher (p<0.01) in the gamma-ray 
processed canola compared to treatments with raw 
canola and the control treatment. Additionally, Ure-
ase activity was significantly higher (p<0.01) in the 
raw canola compared to treatments with raw canola, 
enzyme-processed canola, and gamma-ray-processed 
canola

Feed consumption: According to Table 3, it can 
be seen that the effect of different canola seed pro-
cessing methods on feed consumption in different 
rearing phases is significant (P<0.05). In the starter 
(1-11 days old), the highest and lowest feed consump-
tion was observed in the control treatment (279.28 g) 
and the treatment containing raw canola seeds (272.78 
g), respectively. In the grower (12-24 days old), the 
highest and lowest feed consumption is related to the 
processed treatment by gamma radiation (931.20 g) 
and the control treatment (837.16 g), respectively. In 
the finisher (25-42 days old), the highest and lowest 
feed consumption is related to the control treatment 
(2902.80 g) and the treatment containing raw canola 
seeds (2643.60 g), respectively. In the whole phase, 
the highest and lowest feed consumption was related 
to the control treatment (4019.24 g) and the treatment 
containing raw canola seeds (3760.65 g), respectively. 
Feed consumption was significantly higher (p<0.05) 
in the control treatment compared to treatments with 
raw, enzyme-processed, and roasted canola during the 
starter phase. In the grower phase, gamma-ray pro-
cessed canola showed significantly higher (p<0.05) 
feed consumption compared to other treatments. For 

Table 2 The effect of canola seed processing methods on the chemical composition, and quality indicators of canola seed
ChemicalCompositions(%)QualityIndicators

Treatments\TraitsDry 
matter

Crude 
protein

Crude fiberAshCrude 
fat

Solubility 
in KOH 

(%)

Peroxide 
(kg/mE)

Urease 
activity (pH 
difference)

Control91.8219.429.102.4748.3591.55a2.94c1.85a
Containing the raw 

canola
91.7219.439.222.3648.2790.63ab3.39b1.88a

Containing the enzyme 
processed canola

91.4019.549.372.5048.4688.81b3.91ab1.58b

Containing the gamma 
ray processed canola

91.4619.469.322.3548.4884.51bc4.26a1.07c

Containing the roasted 
canola

91.5219.509.282.4548.3782.35c4.45a1.05c

SEM0.140.070.060.050.090.3370.080.04
P.value0.580.940.620.550.820.010.010.01

SEM: Standard error of the mean. Non common superscripts in each column indicate the significant statistical difference (p<0.05).
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the finisher phase, feed consumption was significant-
ly higher (p<0.05) in the control treatment compared 
to treatment with raw canola. Throughout all phases, 
feed consumption was significantly higher (p<0.05) 
in the control treatment compared to treatments with 
raw and roasted canola.

Weight Gain: The results of investigating the ef-
fects of different canola seed processing methods on 
broiler body weight gain are presented in Table 4. In 
the starter and grower phases, the effect of different 
canola seed processing methods on body weight gain 
was significant (P<0.05). In the starter (1-11 days 
old), the highest and lowest weight gain was related 
to the treatment containing canola seed processed by 
gamma rays (224.38 g) and the treatment containing 
canola seed processed by the enzyme (211.86 g), re-
spectively. The highest and lowest weight gain during 
the grower phase was observed in the treatment con-
taining canola seeds processed by the enzyme (572.73 
g) and the control treatment (539.88 g), respective-
ly. Weight gain was significantly higher (p<0.05) in 
gamma-ray-processed canola compared to treatments 
with raw and enzyme-processed canola during the 
starter phase. In the grower phase, weight gain was 
significantly higher (p<0.05) in all treatments con-
taining canola compared to the control treatment. The 
canola seed processing by gamma radiation in the 
starter compared to other processing methods caused 

an improvement in weight gain by reducing the neg-
ative effects of raw canola seed consumption. During 
the grower phase, canola seed processing, especial-
ly the enzyme method, improved the weight gain of 
broilers (Table 4)

FCR: As can be seen in Table 5, the effect of dif-
ferent canola seed processing methods on the FCR of 
broilers was significant in all rearing phases (P<0.05). 
In the starter (1-11 days), the lowest FCR was ob-
served in treatments containing canola seeds pro-
cessed by gamma rays and roasting methods (1.24), 
and the highest FCR was observed in the treatment 
with enzyme processing (1.29). In the grower (12-24 
days), the lowest and highest FCR was observed in 
treatments containing raw canola seeds (1.48) and 
treatments processed by gamma rays (1.64), respec-
tively. In the finisher (25-42 days), the lowest and 
highest FCR was observed in the treatments contain-
ing raw canola seeds (1.98) and the control treatment 
(2.15), respectively. In the whole phase, the lowest 
and highest FCR was observed in the treatment con-
taining raw canola seeds (1.81) and the control treat-
ment (1.96), respectively. FCR was significantly low-
est (p<0.05) in all treatments compared to those with 
enzyme-processed canola during the starter phase. 
In the grower phase, FCR was significantly lowest 
(p<0.05) in raw and enzyme-processed canola com-
pared to treatment with gamma-ray-processed canola. 

Table 3 The effect of canola seed processing methods on the feed consumption of broiler chickens in rearing phases (g)
Treatments\TraitsStarterGrowerFinisherWhole phase

Control279.28a837.16b2902.80a4019.24a
Containing the raw canola272.78b844.27b2643.60b3760.65b

Containing the enzyme processed canola274.20b877.40b2738.00ab3889.60ab
Containing the gamma ray processed canola278.02ab931.20a2721.60ab3930.82ab

Containing the roasted canola273.36b846.54b2659.00ab3778.90b
SEM0.8611.6923.6322.67

P.value0.040.040.020.03
SEM: Standard error of the mean. Non common superscripts in each column indicate the significant statistical difference (p<0.05).

Table 4 The effect of canola seed processing methods on the weight gain of broiler chickens in rearing phases(g)
Treatments\TraitsStarterGrowerFinisherWhole phase

Control217.32b539.88b1345.802047.88
Containing the raw canola216.60b572.54a1334.672069.06

Containing the enzyme processed canola211.86b572.73a1365.602094.52
Containing the gamma ray processed canola224.38a565.62a1323.002057.22

Containing the roasted canola219.74a551.86a1341.602057.64
SEM2.078.2218.5916.24

P.value0.040.030.960.90
SEM: Standard error of the mean. Non common superscripts in each column indicate the significant statistical difference (p<0.05).
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In the finisher phase, FCR was significantly lowest 
(p<0.05) in all treatments compared to those with 
the control treatment. Additionally, FCR was signifi-
cantly lowest (p<0.05) in raw and enzyme-processed 
canola compared to the control treatment during the 
whole phase. By studying the results of the research, 
it can be seen that in the starter, the presence of canola 
seeds processed by gamma-ray and roasting methods 
improved the FCR in broiler chickens (P<0.05)

Blood parameters: The results of investigating 
the effects of canola seed processing methods on the 
blood parameters of broiler chickens are presented 
in Table 6. The effect of processing methods on the 
concentration of total protein, uric acid, AST, ALT 
and ALP was significant (P<0.05). The highest and 
lowest concentrations of total protein were observed 
in the treatment containing canola seed processed by 
gamma rays (4.22 mg/dl) and the treatment contain-

ing roasted canola seed (3.70 mg/dl), respectively. 
The highest and lowest concentrations of uric acid 
were observed in the treatment containing canola 
seeds processed by enzyme (5.62 mg/dl) and control 
treatment (3.78 mg/dl), respectively. Also, the high-
est and lowest concentrations of AST were observed 
in the treatment containing canola seed processed by 
enzyme (219.00 U/L) and the treatment containing 
canola seed processed by gamma radiation (181.80 
U/L), respectively. On the other hand, the highest and 
lowest ALT concentrations were observed in the treat-
ment containing raw canola seeds (17.90 U/L) and the 
control treatment (11.01 U/L), respectively. The high-
est and lowest concentrations of ALP were found in 
the treatment containing roasted canola seeds (71.80 
U/L) and the treatment containing raw canola seeds 
(49.40 U/L), respectively. Total protein was signifi-
cantly higher (p<0.05) in gamma-ray-processed cano-
la compared to the others. Uric acid was significantly 

Table 5 The effect of canola seed processing methods on the feed conversion ratio of broiler chickens in rearing phases
Treatments\TraitsStarterGrowerFinisherWhole phase

Control1.28b1.55ab2.15a1.96a
Containing the raw canola1.26b1.48b1.98b1.81b

Containing the enzyme processed canola1.29a1.53b2.00b1.85b
Containing the gamma ray processed canola1.24b1.64a2.06b1.91ab

Containing the roasted canola1.24b1.54ab1.99b1.84ab
SEM0.010.020.020.02

P.value0.040.030.020.02
SEM: Standard error of the mean. Non common superscripts in each column indicate the significant statistical difference (p<0.05).

Table 6 The effect of canola seed processing methods on blood parameters, and liver enzymes
Treatments\

Traits
Glucose 
(mg/dl)

Cholesterol 
(mg/dl)

Triglyceride 
(mg/dl)

Total 
protein 
(mg/dl)

Albumin 
(mg/dl)

Uric 
acid 

(mg/dl)

AST 
(U/L)

ALT 
(U/L)

ALP 
(U/L)

Control198.60105.8881.623.83b1.253.78b195.20ab11.01b52.60b
Containing the 

raw canola
187.20104.7679.953.75b1.254.87ab194.00ab17.90a49.40b

Containing 
the enzyme 
processed 

canola

190.40105.9679.223.72b1.335.62a219.00a14.89ab63.40ab

Containing 
the gamma 

ray processed 
canola

197.20105.9280.784.22a1.305.02ab181.80b15.20ab59.80ab

Containing the 
roasted canola

194.20106.1482.703.70b1.205.16ab181.90b14.80ab71.80a

SEM4.582.704.710.110.040.174.670.513.32
P.value0.830.720.900.040.850.040.040.010.03

SEM: Standard error of the mean. Non common superscripts in each column indicate the significant statistical difference (p<0.05). 
AST: Aspartate aminotransferase. ALT: Alanine transferase. ALP: Alkaline phosphatase.
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higher (p<0.05) in enzyme-processed canola com-
pared to the control treatment. AST was significantly 
higher (p<0.05) in enzyme-processed canola com-
pared to treatments with gamma-ray processed and 
roasted canola. ALT was significantly higher (p<0.01) 
in raw canola compared to treatments with the con-
trol treatment. Additionally, ALP was significantly 
higher (p<0.05) in roasted canola compared to raw 
canola and control treatment. By studying the results 
of blood parameters in the present research, it can be 
seen that the treatment of canola seeds processed by 
the gamma-ray method increased the total protein (as 
an immune index). Also, the use of gamma-ray pro-
cessing caused a significant decrease in the level of 
liver enzymes in broiler chickens

Antibody titers, and Immune parameters: As 
can be seen in Table 7, the effect of processing meth-
ods on the antibody titer against bronchitis and Gum-
boro diseases and Immune parameters were significant 
(P<0.05). The highest and lowest heterophile percent-
ages were observed in the treatment containing canola 
seeds processed by gamma rays (20.20) and the con-
trol treatment (15.30), respectively. The highest and 
lowest percentages of lymphocytes were observed in 
the treatment containing roasted canola seeds (44.80) 
and the control treatment (40.00), respectively. Also, 
the highest and lowest ratio of heterophil to lympho-
cyte was found in the treatment containing canola 
seed processed by gamma radiation (0.50) and the 
control treatment (0.38), respectively. The highest 
and lowest antibody titers against Bronchitis were 
in the treatment containing canola seeds processed 
by enzyme (1739.40) and the treatment containing 
roasted canola seeds (1385.40), respectively. The 

highest and lowest antibody titers against Gumboro 
were observed in the treatment containing canola seed 
processed by enzyme (2676.00) and canola seed pro-
cessed by gamma radiation (2286.40), respectively. 
The heterophile percentage was significantly higher 
(p<0.05) in gamma-ray-processed canola compared 
to the control treatment. The lymphocyte percentage 
was significantly higher (p<0.05) in roasted canola 
compared to gamma-ray processed canola and control 
treatment. The heterophile to lymphocytes ratio (H/L) 
was significantly higher (p<0.05) in gamma-ray pro-
cessed canola compared to the control treatment and 
roasted canola. The antibody titer for Bronchitis was 
significantly higher (p<0.05) in raw and enzyme-pro-
cessed canola compared to others. Also, the antibody 
titer for Gumboro was significantly higher (p<0.05) in 
enzyme-processed canola compared to others

DISCUSSION
Chemical composition determination of canola 

seed: Biological methods for determining the quality 
of processed canola are time-consuming and expen-
sive. Therefore, various practical and reliable meth-
ods have been proposed to determine the quality of 
processed canola in laboratory conditions, among 
them tests of urease activity index, protein solubili-
ty in potassium hydroxide, and protein differentiation 
index. They are more reliable and common than other 
methods (Monari 1996). As seen in Table 2, roasting 
reduced the KOH solubility percentage index and 
improved the urease activity. To determine whether 
canola seeds have been overheated or not, there are 
suitable methods, one of which is protein solubility in 
potassium hydroxide. The amount of protein solubil-
ity in potassium hydroxide is used to identify canola 

Table 7 The effect of canola seed processing methods on blood parameters, and the antibody titers
BloodparametersAntibodytiter

Treatments\TraitsHeterophile (%)Lymphocytes (%)H/LBronchitisGumboro
Control15.30b40.00b0.38b1408.40b2421.20b

Containing the raw 
canola

18.80ab41.90ab0.45ab1690.20a2290.80b

Containing the enzyme 
processed canola

17.80ab42.20ab0.42ab1739.40a2676.00a

Containing the gamma 
ray processed canola

20.20a40.80b0.50a1398.80b2286.40b

Containing the roasted 
canola

17.20ab44.80a0.39b1385.40b2552.20b

SEM0.380.380.0193.0283.68
P.value0.030.040.040.030.04

SEM: Standard error of the mean. Non common superscripts in each column indicate the significant statistical difference (p<0.05). 
H/L: The ratio of heterophil to lymphocyte.
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seeds that have been overheated. This test is based on 
the solubility of canola proteins in a diluted solution 
of potassium hydroxide, which decreases as the tem-
perature increases. The amount of protein solubility 
in potassium hydroxide is 70 to 85% indicating good 
seed processing, and an index lower than 70% indi-
cates excessive heat of the seed, which reduces the 
growth of chickens (AOCS 1998). As can be seen in 
Table 2, the amount of protein solubility in the pres-
ent research is more than 80% in all treatments. The 
results of a study showed that roasting decreased ure-
ase activity (Karr-Lilienthal et al. 2006), which was 
consistent with the results of the present experiment. 
Urease activity is an indicator of trypsin inhibitory ac-
tivity. If the amount of trypsin inhibitors in the diet is 
very high, it can increase the size of the pancreas in 
birds (McNaughton et al. 1981). The urease activity 
test is one of the reliable methods to determine the 
quality. The inhibitory activity of trypsin is similar to 
the urease enzyme and is sensitive to heat and can 
be deactivated at high temperatures. The inhibitory 
activity of trypsin is deactivated in canola seeds pro-
cessed by heat-based methods. Therefore, the use of 
urease is not suitable for canola seeds that have been 
processed by heat-based methods. The peroxide in-
dex, taste, and smell of the oil are highly related to 
the initial amount of Linolenate. By measuring the 
amount of Linolenate in the oilseed, it is possible to 
understand to some extent the stability of the taste and 
the stability of the oil against oxidation (when the oil 
is heated). Heat increases oxidation and increases per-
oxide value. The rate of production and breakdown 
of peroxides in canola oil is lower and slower than in 
soybean oil due to less linoleic acid and more oleic 
acid (Ifeoma et al. 2011). In the present research, the 
application of heat treatment during the roasting of 
canola seed increased its peroxide value compared to 
other processing methods

In a study, by extruding soybeans at the tempera-
ture of 140 °C for 20 seconds, it was observed that the 
urease activity index increased from 2.03 in raw soy-
beans to 0.05 in roasted soybeans (Perilla et al. 1997). 
In another experiment, researchers extruded soybean 
samples at different temperatures and reported a dif-
ferent urease activity index, which is slightly different 
from the urease activity in the present study (Palic 
et al. 2011). These partial differences are due to dif-
ferences in the duration of extrusion, seed variety, or 
laboratory conditions and errors (Leeson et al. 1987)

Feed consumption: It has been reported that in-

creasing the level of raw canola seed in the broilers’ 
ration leads to a gradual decrease in feed consump-
tion (Szymeczko et al. 2010, Talebali and Farzinpour 
2005). Also, in another study, it was reported that the 
consumption of raw canola seed reduces feed con-
sumption (Rakita et al. 2023, Katuk et al. 2003). In 
a study, the feed consumption of broilers increased 
under the influence of treatment containing processed 
canola seeds (Rezaeipour et al. 2015). In another 
study, it was reported that irradiation with gamma 
rays in soybean seeds reduced anti-nutrient com-
pounds such as phytic acid and glucosinolates and 
improved the digestibility of seed nutrients (Maclsaac 
et al. 2005). The mentioned results are in accordance 
with the results of the present research. The decrease 
in feed consumption in the treatment containing raw 
canola seeds in the present study may be due to the 
presence of phenolic compounds and high levels of 
sulfur in canola glucosinolates. Of course, research-
ers consider the variety of canola used to be effective 
(Yadav et al. 2022). The processing methods improve 
the availability of fats and proteins and increase their 
nutritional value. Processing by reducing the speed of 
movement of materials in the digestive system causes 
the feed to stay longer in the digestive tract and diges-
tive enzymes spend more time affecting nutrients. The 
processing increases the ability to digest and absorb 
nutrients (Fathi Lehmali and Jafari 2020)

Weight Gain: It has been reported that the cano-
la seeds processing by enzymes improves the weight 
gain of broiler chickens (Rezaeipour et al. 2015). On 
the other hand, it has been reported that gamma radia-
tion is effective in reducing glucosinolates, and phytic 
acid and improving chemical composition, degrad-
ability of dry matter, crude protein, and digestibility 
of the Eruca Sativa seed protein (Siddhuraju et al. 
2002). Researchers reported that the use of multi-en-
zymes in a ration containing high-fat canola improved 
the absorption of nutrients and ultimately improved 
the body weight of broiler chickens (Jozefiak et al. 
2010, Meng et al. 2006). The results of the aforemen-
tioned research are consistent with the results of the 
present research. One of the reasons for weight loss in 
the treatment containing raw canola seeds in the pres-
ent study could be the high raw fibers of canola seeds, 
which prevents the absorption of nutrients in the two 
parts of soluble and insoluble non-starch polysaccha-
rides. On the other hand, not being palatable (due to 
bitterness) reduces food consumption

FCR: The canola seed processing reduces the 
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FCR by reducing anti-nutritional factors, increas-
ing feed consumption, and improving body weight. 
Several reports have confirmed the positive effect of 
canola seed processing by irradiation and enzyme on 
improving the FCR in broiler chickens (Rezaeipour 
et al. 2015, Meng et al. 2006). All these reports are 
consistent with the results of this research. Feed pro-
cessing can change nutrient requirements by affecting 
activities related to feed consumption. Birds will use 
less energy to feed, so they will have more energy 
available for growth

Blood parameters: In the present research, the 
percentage of crude fiber and fat of all rations was 
similar, so the effect of processing temperature and 
its rate could not significantly affect triglycerides and 
lipoproteins in blood serum. In a study, canola seed 
processing by microwaves reduced the blood choles-
terol concentration of broiler chickens (Abbasi Rad 
and Irani 2014), which is inconsistent with the results 
of the current research. One possible reason for this 
inconsistency could be a different processing meth-
od (microwave). An increase in the concentration of 
ALT or AST that enters the bird’s bloodstream from 
the liver indicates liver damage (Sirtori et al. 1998, 
Gharahveysi and Jafari 2021)

Antibody titers, and Immune parameters: In 
the present research, the treatment containing cano-
la seed processed by the enzyme improved the anti-
body titer against Bronchitis and Gumboro disease 
in broilers. Also, roasting and gamma-ray methods 
had an improving effect in increasing the percentage 
of lymphocytes and heterophils. By breaking large 
molecules of soluble non-starch polysaccharides into 
small polymers, enzymes reduce the viscosity of di-
gestive materials and improve the immune status of 

birds by improving the absorption of micronutrients 
such as zinc (Scott et al. 1997). Some nutrients direct-
ly affect the immune system by changing the actions 
of immune cells. Some also affect the immune system 
indirectly through hormonal or nervous pathways. 
The most important nutrients that indirectly affect 
the immune system are energy and protein, which are 
provided through dietary sources (Szymeczko et al. 
2010). Improving antibody titers against Bronchitis 
and Gumboro diseases will be very effective in health 
management, and herd vaccination. It will reduce re-
lated costs

CONCLUSIONS
The research results indicated that canola seed 

and its processing are beneficial for improving broiler 
chicken traits. Processing techniques involving gam-
ma rays and roasting were found to decrease liver 
enzyme secretion, thus reducing liver damage. These 
methods also enhance immune parameters, and anti-
body titers for Bronchitis and Gumboro diseases, ul-
timately improving chicken health. Based on the find-
ings of the present research, it can be hoped that the 
use of processed canola seeds in the ration will have 
beneficial and positive effects on the performance of 
broiler chickens. The present results can inspire future 
research
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