
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11250-023-03476-9

REGULAR ARTICLES

Growth performance, nutrient digestibility, antioxidant state, ileal 
histomorphometry, and cecal ecology of broilers fed on fermented 
canola meal with and without exogenous enzymes

Ahmed M. Elbaz1  · Said E. El‑sheikh1 · Ahmed Abdel‑Maksoud1

Received: 5 August 2022 / Accepted: 17 January 2023 
© The Author(s) 2023

Abstract
This study was conducted to evaluate the effects of supplementation of exogenous enzymes in broiler diets that includes fer-
mented canola meal on performance, nutrient digestibility, biochemical indication, antioxidative capacity, digestive enzyme 
activity, immune responses, and gut health. Five hundred 1-day-old Ross 308 broiler chicks were randomly allocated into five 
experimental groups (5 replicate/group), the first group: a control (CON) contained a basal diet, and the second to the fifth 
groups were fed diets as follows: containing 20% canola meal (CM), contains 20% fermented canola meal (FCM), contains 
20% canola meal and exogenous enzymes at 0.02%/kg feed (ECM), and contains 20% fermented canola meal and exogenous 
enzymes at 0.02%/kg feed (EFC), respectively. At the finisher phase, the best body weight gain, feed conversion ratio, and 
nutrient utilization were associated with chickens fed EFC compared to other groups (P < 0.05). Total protein, albumin, ala-
nine aminotransferase, and superoxide dismutase levels increased (P < 0.05), while cholesterol and malondialdehyde levels 
decreased in chickens fed on EFC. Likewise, there was a significant increase in the relative weight of the bursa of Fabricius 
and antibody titer against Newcastle disease, whereas the weight of abdominal fat decreased in the EFC group compared to 
other groups. Furthermore, there was a significant improvement in the activity of lipase and amylase enzymes (P < 0.05) in 
the EFC group. Fermented canola meal addition improved gut health (decreased Escherichia coli, increased Lactobacillus, 
and the highest values of villus height). Overall, these results confirmed that supplementing a fermented canola meal diet with 
exogenous enzymes improved growth performance through enhancing nutrient digestibility, immunity, antioxidant capacity, 
and gut health. Thus, adding enzymes to a diet containing fermented canola meal can be recommended as an alternative 
protein source that could be safely used to replace up to 20% soybean meal in broiler diets.
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Introduction

In poultry production systems, dietary costs and diseases are 
the most important economic challenges (Jayaraman et al. 
2013). The continuous increase in feed ingredient prices 
globally, especially corn and soybean meal, is linked to an 
increase in demand from developing countries. In Egypt, 
about 85–90% of the food raw materials are imported, which 
constitutes an increase in the costs of the poultry industry. 
Therefore, nutritionists began to search for alternatives such 
as oil extraction waste to use in poultry feed to reduce feeds 

cost. However, it should be taken into consideration the “anti 
nutritional” that affects the utilization of oil extraction waste 
(Min et al. 2009).

Canola meal (CM) is a good protein to be used to replace 
parts of soybean meal in the poultry diet for its higher crude 
protein content of approximately 35–40% and its higher 
contents of sulfur-containing amino acids (Newkirk 2009). 
However, it contains some anti-nutritional factors (glucosi-
nolates, tannins, crude fiber, and phytate) that impact the 
utilization of broiler feed (Kocher et al. 2000). There are 
many methods that help to reduce anti-nutritional factors. 
One of these methods is fermentation. Some studies have 
shown that adding probiotics or using the fermentation pro-
cess for some dietary ingredients has improved performance, 
increased nutrient digestibility, and reduced effects of anti-
nutrition (Chiou et al. 2000; Elbaz et al. 2021). Furthermore, 
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the fermentation process leads to enhanced gut health by 
reducing pathogens such as E. coli, and Clostridium perfrin-
gens which resulted in reduced use of antibiotics as a drug or 
growth promoter (Elbaz 2021; Feng et al. 2007).

Although many reports indicated that the nutritional 
value of the feed ingredient improved through the fer-
mentation process (Elbaz 2021; Li et al. 2020), we did not 
reach the desired results, so we used exogenous enzymes 
to enhance the nutritional value of the canola meal in this 
study. Especially with the monogastric animal’s inability to 
digest fibers. Therefore, the addition of exogenous enzymes 
is important to degrade complex fibers (non-starch polysac-
charides, NSP) to improve the nutritional value of unconven-
tional feed ingredients (Jiang et al. 2014; Cowieson 2010). 
High levels of NSP in the diet lead to the binding of a large 
amount of water, which causes the fluid viscosity increases 
which may cause some problems in the digestion of dietary 
(carbohydrate, protein, and fat) and therefore reduce the uti-
lization of nutrients (Alagawany et al. 2018). Enzymes play 
an influential role in improving feed digestion and utilization 
(Cowieson et al. 2006). Some reports also reported that the 
supplementation of enzymes increased the solubility of NSP, 
which improved the utilization of energy and protein (Olu-
kosi et al. 2015). Furthermore, exogenous enzymes improved 
nutrient digestibility in poultry leading to lowering nutrient 
excretion in excreta such as excess nitrogen, phosphorus, 
copper, and zinc (Berwanger et al. 2017; Moghaddam et al. 
2012) which reduces environmental pollution and improves 
feed utilization. Several studies indicated that supplement-
ing broiler feed with exogenous enzymes reduced the effect 
of anti-nutrients and improved productive performance 
(Cowieson et al. 2006; Baidoo et al. 2003). Therefore, we 
presumed that the addition of exogenous enzymes with fer-
mented canola will help reduce anti-nutritional factors, thus 
increasing the nutritional value and improving performance 
and gut health. The current study was conducted to evalu-
ate the growth performance, and digestibility, to disclose 
serum biochemical variables, antioxidant status, digestive 
enzymes activity, immune responses, intestinal morphology, 
and microflora in broilers fed with diets including fermented 
canola meal and exogenous enzymes to explore the possibili-
ties of replacing soybean meal with canola meal in broiler 
diets.

Materials and methods

Experimental design and birds

Broilers (Ross 308) were obtained as day-old chicks (total of 
500 chicks), weighed, and randomly assigned to five treat-
ments (100 chicks/group). Each treatment contained five rep-
licates (20 chicks/ replicate). The five treatment diets were as 

follows: CON; 0% CM diet as basal diet, CM; 20% CM diet 
as control, FCM; 20% fermented CM diet, ECM; 20% CM 
diet with no multi-enzyme added (0.02%/kg), and EFC; 20% 
fermented CM diet with multi-enzyme added. The enzyme 
complex used in this study was Allzyme® SSF, Alltech, 
which contains protease, amylase, β-glucanase, xylanase, 
pectinase, cellulase, and phytase. The diet (Table 1) was 
prepared according to the needs of the bird on a foundation 
NRC (1994). The water and mashed diets ad libitum were 
available throughout the 42-day trial period. The chicks were 
subjected to 24 h of light for the first week, and then daylight 
hours were reduced to 22 h per day till the end of the experi-
ment. The room temperature was maintained at 32.0 ± 0.5 °C 
during the first 3 days, then gradually reduced to 28 °C by 
the end of week 2, and gradually reduced to 21 °C by the end 
of the experiment. On day 7, NDV plus and avian influenza 
(H5N1) vaccines were injected subcutaneously in the back 
of the neck and on days 17 and 27 were inoculated against 
Newcastle disease virus (NDV) in the water.

Fermentation process

Canola meal was obtained from the Environmental Section 
of the Desert Research Center. The meal was separately 
inoculated which each of the Lactobacillus fermentum and 
Bacillus subtilis at 0.1% based on the dry matter of the can-
ola meal. The probiotic strains were mixed with distilled 
water to prepare a solution for spraying dry canola to begin 
the fermentation process (to elevate moisture to 70%) and 
were mixed thoroughly manually (Pandey et al. 2008). The 
treated canola was spread on the floor of a well-ventilated 
room, keeping the room temperature at 30–32 °C for 1 week 
with continuous stirring. After the fermentation period, fer-
mented CM was dried at 50 °C for 2 days and then packed 
in bags, until mixed with the experiment diet.

Performance and carcass traits

Feed intake (FI) and live body weight (LBW) were weekly 
recorded manually. Body weight gain (BWG) and feed con-
version ratio (FCR) values were calculated. Mortality was 
also recorded daily for each group individually. At the age of 
42 days, ten chickens were slaughtered from each treatment 
to estimate the specifications of the carcass such as dressing, 
carcass yield, and abdominal fat. Lymphoid organs such as 
the thymus, spleen, and bursa of Fabricius were weighed as 
an immune index.

Blood biochemistry

On day 42, before slaughter (10 birds/ group), blood sam-
ples were drawn from the jugular vein and then centrifuged 
(3000 rpm for 15 min) to obtain the serum. Total protein, 
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albumin, creatinine, uric acid, triglycerides, total cholesterol, 
glucose, aspartate aminotransferase (AST), and alanine ami-
notransferase (ALT) were estimated by a spectrophotometer 
(Milton Roy, Ivyland, PA, USA) according to the manufac-
turer’s instructions (Spinreact Co., Girona, Spain). Assays 
of superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px), and malondialdehyde (MDA) were examined 
using commercial kits (Spinreact Co. Girona, Spain) as an 
indicator of antioxidant capacity. To detect antibody titer 
against (NDV) and avian influenza virus (AIV) in serum 
samples, the hemagglutination inhibition (HI) test was used 
according to El-Moneim, et al. (2020) and Saleh et al. (2020) 
respectively.

Digestibility and digestive enzymes activity

On day 42, ten broilers (2 birds/ replicated) per group were 
taken and placed in battery cages with a wire mesh bottom 
and excreta collection trays. Each cage has separate water 
and feed sources for each bird. The birds were starved for 
12 h before the start of the digestion experiment (to initial-
ize). Thereafter, excreta were collected for 3 days, with an 
average of every 8 h each day. The remaining feed and feath-
ers in the excreta trays were carefully removed and weighed. 
Excreta were dried and stored in sealed bags at − 10 °C for 

analysis later. Feed and excreta samples were analyzed for 
dry matter (DM), crude protein (CP), ether extract (EE), 
and nitrogen-free extract using routine procedures (AOAC 
1990). During slaughter at 42 days, samples of intestine con-
tents (5 birds/ group) were collected and placed in a neutral 
saline solution for preservation. At the start of the analysis, 
the solution was separated through centrifugation (1792 g 
for 15 min) and then separated the supernatant part to esti-
mate the activity of digestive enzymes. Lipase (Sklan and 
Halevy 1985), amylase (Pinchasov et al. 1990), and trypsin 
(Sklan et al. 1975) were evaluated.

Histological and microflora enumeration

The samples of ileum were collected (5 birds/group) as seg-
ments of approximately 2 cm taken from the mid-point. Seg-
ments were fixed in a 10% neutral-buffered formalin solution 
and embedded in paraffin wax. Then stained with hema-
toxylin and eosin, and then the slides were examined under 
the electron light microscope (ZEISS Axio Imager. A2) to 
measure histological evidence of ilea such as villus height 
(VH) and crypt depth (CD) and calculated the villus height/
crypt depth ratio (VH/CD).

Samples were taken from the cecum directly after slaugh-
ter (five per group), about 5 g, and placed in a homogeneous 

Table 1  Ingredient and 
chemical composition of diets 
used for feeding broiler

* Vitamin A 12,000 IU, vitamin B12 0.02 mg, vitamin D3 3000 IU, vitamin E 40 mg, vitamin K3 3 mg, 
vitamin B2 6 mg, vitamin B1 2 mg, vitamin B6 5 mg, biotin 0.075 mg, niacin 45 mg, folic acid 2 mg, pan-
tothenic acid 12 mg, manganese 100 mg, zinc 600 mg, iron 30 mg, selenium 0.2 mg, copper 10 mg, iodine 
1 mg, cobalt 0.1 mg. **Protease, pectinase, amylase, β-glucanase, cellulase, xylanase, and phytase

Starter diet Finisher diet

CON CM FCM ECM EFC CON CM FCM ECM EFC

Ingredient
  Canola meal - 20 - 20 - - 20 - 20 -
  Fermented Canola meal - - 20 - 20 - - 20 - 20
  Yellow corn 53.50 50.08 50.08 50.08 50.08 63.50 57.21 57.21 57.21 57.21
  Soybean meal (48%) 34.38 15.17 15.17 15.17 15.15 27.20 11.49 11.49 11.49 11.49
  Corn gluten 5.32 7.70 7.70 7.70 7.70 3.00 3.34 3.34 3.34 3.34
  Corn oil 2.50 2.95 2.95 2.95 2.95 2.52 4.50 4.50 4.50 4.50
  Di calcium phosphate 2.00 1.95 1.95 1.95 1.95 1.75 1.66 1.66 1.66 1.66
  Limestone 1.40 1.17 1.17 1.17 1.17 1.15 0.92 0.92 0.92 0.92
  Premix* 0.30 0.30 0.30 0.30 0.30 0.20 0.20 0.20 0.20 0.20
  Salt 0.30 0.30 0.30 0.30 0.30 0.20 0.20 0.20 0.20 0.20
  DL-methionine 0.13 0.12 0.12 0.12 0.12 0.20 0.18 0.18 0.18 0.18
  L-lysine 0.17 0.26 0.26 0.26 0.26 0.28 0.30 0.30 0.30 0.30
  Multi-enzyme** - - - 0.02 0.02 - - - 0.02 0.02

Chemical composition
  ME (kcal/kg) 3000 3000 3000 3000 3000 3150 3150 3150 3150 3150
  Crude protein 23 23 23 23 23 20 20 20 20 20
  Calcium 1.08 1.08 1.08 1.08 1.08 0.9 0.9 0.9 0.9 0.9
  Available phosphorus 0.52 0.52 0.52 0.52 0.52 0.45 0.45 0.45 0.45 0.45
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solution and a serial of decimal dilution was prepared. An 
agar medium for enumeration was prepared for the targeted 
bacteria in this experiment (using conventional microbio-
logical techniques). In particular, total Lactobacillus, total 
coliform, and Escherichia coli were enumerated using nutri-
ent agar according to Czerwiński et al. (2012). Results were 
estimated as log10 colony-forming units per gram of cecal 
digesta.

Statistical analysis

All data collected were subjected to analysis using the one-
way ANOVA procedure of SPSS (SPSS version 22). The 
effect of treatment difference will be compared using Dun-
can’s multiple area tests (P < 0.05).

Results

Performance and carcass measurements

The obtained results showed that adding exogenous enzymes 
to diets containing fermented canola meal significantly 
improved the productive performance, as shown in Table 2. 
BWG and FCR were significantly lower in the group fed on 
an untreated canola meal diet compared with the control 
group. There was a noticeable improvement (P < 0.05) in 
BWG and FCR in chickens fed a fermented canola meal diet 

supplemented with enzymes (EFC) during all experimental 
stages. However, the FI differed during the experimental 
stages, as it was not affected (P < 0.05) during the starter 
stage (0–21 days), while it was affected during the other 
stages (22–42 days and 0–42 days). Chickens fed with EFC 
showed the best BWG and FCR compared to the rest of the 
experimental treatments. Interestingly, chickens with fed 
EFC diets had a higher FI (P < 0.05) than the other groups; 
however, it recorded the best FCR (P < 0.05). Furthermore, 
the percentage of mortality decreased in the groups fed on 
FCM, ECM, and EFC (P < 0.05); compared to those groups 
fed on CM, the best was the FCM group. The effect of 
treated canola meal on the carcass traits is shown in Table 2. 
At 42 days, EFC and FCM groups recorded the lowest rela-
tive weight of abdominal fat (P < 0.05) compared to CM and 
other groups. Relative weights of dressing, carcass yield, and 
liver were not affected by the different dietary treatments 
(P < 0.05).

Digestibility and digestive enzymes

Table 3 shows the impact of feeding a treated canola meal 
on the digestibility of nutrients in chickens. Digestibility of 
DM, CP, and EE in chicks fed with FCM, EFC, and ECM 
diet increased (P < 0.05) compared to those fed with CM, 
while the results are similar to chicks fed with the con-
trol diet (CON). Interestingly, broilers fed with EFC and 
FCM had the best digestion of DM, CP, and EE. However, 

Table 2  Performance of broilers 
fed different dietary treatments 
at 42 days

a ,b,cEach trait with different superscripts differ significantly at p < 0.05; FI, feed intake; BWG, body weight 
gain; FCR, feed conversion ratio; Mor., mortality; CON, basal diet as control group; CM, added 20% CM 
in diet no processing; FCM, added 20% fermented CM in diet; ECM, added 20% CM plus multi-enzyme in 
diet; and EFC, added 20% FCM in diet with multi-enzyme

CON CM FCM ECM EFC SEM P-value

0–21d
  FI (g/b) 942 933 938 941 944 7.220 0.815
  BWG (g/b) 743a 720b 741a 737a 745a 24.61 0.030
  FCR 1.259b 1.295a 1.266b 1.276ab 1.267b 0.085 0.024

22–42d
  FI (g/b) 1929a 1754b 1920a 1885ab 1918a 34.80 0.029
  BWG (g/b) 1032a 875b 1020a 997ab 1063a 71.00 0.016
  FCR 1.868b 2.004a 1.882b 1.891b 1.805c 0.121 0.001

0–42d
  FI (g/b) 2871a 2687b 2859a 2826a 2861a 42.55 0.042
  BWG (g/b) 1776ab 1595c 1761ab 1732b 1808a 39.10 0.001
  FCR 1.617b 1.686a 1.623b 1.632b 1.582c 0.107 0.011
  Mor. (%) 2 4 0 2 2 - -

Carcass traits (%)
  Dressing 70.30 69.85 70.11 70.8 71.05 3.251 0.203
  Carcass yield 75.23 74.09 74.50 75.14 74.61 1.545 0.171
  Liver 2.18 2.05 2.23 2.21 2.35 0.252 0.610
  Abdominal fat 1.70a 1.58ab 1.34b 1.68a 1.39b 0.430 0.001

46   Page 4 of 11 Tropical Animal Health and Production (2023) 55:46



1 3

there was no difference in nitrogen-free extract utilization 
(P < 0.05).

Digestive enzyme activities (lipase, amylase, and trypsin) 
in the intestine are shown in Table 3. The highest activity 
of lipase enzyme (P < 0.05) was recorded in birds fed on 
fermented canola meal (FCM and EFC). On the other hand, 
there was a noticeable increase in the activity of amylase 
enzyme (P < 0.05) in birds fed with only exogenous enzymes 
(ECM) compared to the other groups. The activity of trypsin 
was not affected by the experimental treatments.

Immune response

The immune response of broilers fed with fermented canola 
meal with or without exogenous enzymes was evaluated by 
the relative weight of lymphoid organs and humoral immune 
response, as shown in Table 4. The weight of the thymus 
and spleen and AIV levels was not affected by any dietary 
experiment. However, a significant difference (P < 0.05) was 
observed in the weight of the bursa of Fabricius; among 
experimental treatments, the highest values (P < 0.05) were 
observed in birds fed FCM and EFC in a comparison with 
other groups. Likewise, the highest (P < 0.05) antibody lev-
els against NDV were in birds fed FCM and EFC compared 
to the values in other groups.

Serum biochemical and antioxidant status

Table 5 shows, serum total protein, and albumin concen-
trations were significantly (P < 0.05) elevated in FCM and 
EFC groups, while cholesterol concentrations decreased 
(P < 0.05) in FCM, ECM, and EFC groups compared with 
CM. However, no differences were noticed between experi-
mental groups in glucose, triglycerides, uric acid, and creati-
nine at 42 days. Furthermore, AST enzyme levels increased 
in ECM and EFC groups compared to the CM and other 
groups (P < 0.05). However, the level of the enzyme ALT 
was not affected by dietary treatments. The antioxidant sta-
tus of birds fed on fermented canola meal only or mixed 
with multienzyme was evaluated by estimating blood SOD, 
MDA, and GPx, as shown in Table 6. Broilers fed with a diet 
including FCM, ECM, and EFC exhibited higher (P < 0.05) 
levels of SOD and lower (P < 0.05) levels of MDA compared 
to those fed the other diets. Birds fed on EFC had higher 
SOD and lower MDA. However, the level of GSH-Px was 
not influenced by dietary treatments (P < 0.05).

Microbial enumeration and histomorphology

Screening of cecal microbial enumeration (Lactobacillus, 
Escherichia coli, and Total Coliform) of broilers fed with 

Table 3  Nutrient digestibility 
(%) and digestive enzymes 
activities (U/ml) of broilers fed 
different dietary treatments at 
42 days

a,b,c Each trait with different superscripts differ significantly at p < 0.05; CON, basal diet as control group; 
CM, added 20% CM in diet no processing; FCM, added 20% fermented CM in diet; ECM, added 20% CM 
plus multi-enzyme in diet and EFC added 20% FCM in diet with multi-enzyme

CON CM FCM ECM EFC SEM P-value

Nutrient digestibility
  Dry matter 78.1a 74.2b 78.4a 76.4ab 77.9a 1.073 0.020
  Crude protein 87.4a 80.0b 86.8a 84.2ab 88.2a 0.541 0.016
  Ether extract 65.0bc 60.8c 69.3a 68.7a 70.2a 1.760 0.032
  Nitrogen-free extract 81.5 80.4 82.0 81.1 81.7 0.475 0.181

Digestive enzymes activities
  Lipase 8.41b 8.22b 11.7a 9.35ab 10.9a 12.25 0.003
  Amylase 5.06c 4.84c 5.78b 6.37a 5.95b 8.461 0.011
  Trypsin 22.5 21.8 22.3 21.6 22.1 21.37 0.227

Table 4  Lymphoid organs and 
humoral immune response of 
broilers fed different dietary 
treatments at 42 days

a,b,c Each trait with different superscripts differ significantly at p < 0.05; CON, basal diet as control group; 
CM, added 20% CM in diet no processing; FCM, added 20% fermented CM in diet; ECM, added 20% CM 
plus multi-enzyme in diet; and EFC, added 20% FCM in diet with multi-enzyme. NDV, Newcastle disease 
virus; AIV, avian influenza virus (H9N1)

CON CM FCM ECM EFC SEM P-value

Thymus 0.26 0.21 0.19 0.21 0.23 0.182 0.160
Bursa of fabricius 0.076ab 0.059b 0.089a 0.62b 0.083a 0.027 0.043
Spleen 0.23 0.21 0.19 0.20 0.22 0.180 0.110
NDV 5.57b 5.05b 6.88a 5.41b 6.76a 0.224 0.002
AIV 3.44 3.19 3.73 3.56 4.17 0.157 0.091
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different dietary treatments is presented in Table 7. The E. 
coli population significantly decreased (P < 0.05) in cecal 
contents due to feeding on the FCM and EFC compared 
to the other group. Moreover, the Lactobacillus population 
increased significantly in the birds fed FCM and EFC groups 
compared to the birds fed the rest of the treated groups. 
While, the count of Total Coliform in cecal contents was 
not affected by the experimental dietary (P < 0.05). Results 
in Table 7 revealed that feeding on a diet containing FCM 
and EFC exhibited significant enhancement (P < 0.05) in 
villus height (VH) compared to the rest groups (P < 0.05), 
even though the crypt depth (CD) and VH/CD ratio were 

not significantly (P < 0.05) different throughout experimen-
tal groups.

Discussion

A previous study showed that the fermentation process 
improved the nutritional value of the canola meals and 
enhanced growth performance, even though we did not 
obtain the desired results (Elbaz 2021). Therefore, it was 
speculated that adding exogenous enzymes might enhance 
the nutritional value of fermented canola meals, which 

Table 5  Serum biochemical 
of broilers fed different dietary 
treatments at 42 days

a,b,c Each trait with different superscripts differ significantly at p < 0.05; CON, basal diet as control group; 
CM, added 20% CM in diet no processing; FCM, added 20% fermented CM in diet; ECM, added 20% 
CM plus multi-enzyme in diet; and EFC, added 20% FCM in diet with multi-enzyme. LDL, low-density 
lipoprotein; HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase

CON CM FCM ECM EFC SEM P-value

Total protein (g/dL) 5.51b 5.46b 5.98ab 6.05ab 6.28a 0.441 0.016
Albumin (g/dL) 3.47a 3.12b 3.50a 3.37a 3.41a 1.645 0.037
uric acid (mmol/L) 133 135 131 136 132 0.134 0.210
Creatinine (mmol/L) 17.3 17.1 16.9 17.5 17.3 0.221 0.130
Triglycerides (mg/dL) 167 171 162 173 159 6.541 0.296
Cholesterol (mmol/L) 4.24a 4.17a 3.88ab 3.35b 3.72ab 2.450 0.030
Glucose (mmol/L) 6.26 5.95 6.47 6.87 6.05 0.596 0.701
ALT (U/L) 5.26 5.51 5.11 5.37 5.29 0.388 0.123
AST (U/L) 237b 246b 261ab 278a 265ab 16.43 0.011

Table 6  Antioxidant capacity 
of broilers fed different dietary 
treatments at 42 days

a,b,c Each trait with different superscripts differ significantly at p < 0.05; CON, basal diet as control group; 
CM, added 20% CM in diet no processing; FCM, added 20% fermented CM in diet; ECM, added 20% CM 
plus multi-enzyme in diet; and EFC, added 20% FCM in diet with multi-enzyme. Superoxide dismutase 
(SOD); methane dicarboxylic aldehyde (MDA); glutathione peroxidase (GSH-Px)

CON CM FCM ECM EFC SEM P-value

SOD (U/mL) 7.26ab 6.55b 8.14a 7.09ab 7.81a 1.271 0.036
MDA (nmol/L) 3.01b 3.49a 3.11b 3.57a 3.05b 0.920 0.015
GSH-Px (U/mL) 186.2 180.0 189.5 178.9 184.8 2.335 0.127

Table 7  Histological and 
microbial counts (log10 CFU 
 g−1) of broilers fed different 
dietary treatments at 42 days

a,b,c Each trait with different superscripts differ significantly at p < 0.05; CON, basal diet as control group; 
CM, added 20% CM in diet no processing; FCM, added 20% fermented CM in diet; ECM, added 20% CM 
plus multi-enzyme in diet; and EFC, added 20% FCM in diet with multi-enzyme. VH/CD, villus height/
crypt depth ratio

CON CM FCM ECM EFC SEM P-value

Histological
  Villus height (μm) 489b 456b 556a 465b 537a 8.250 0.001
  Crypt depth (μm) 110 98 112 105 108 2.541 0.130
  VH/CD ratio 4.45 4.64 4.97 4.43 4.96 0.107 0.071

Microbial count
  Lactobacilli 6.93b 6.80b 7.75a 6.76b 7.60a 0.065 0.010
  Escherichia coli 7.59ab 8.16a 7.12b 7.95a 7.34b 0.070 0.026
  Total coliform 5.16 4.90 5.06 5.11 5.09 0.109 0.094
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should reflect on improving the productive performance with 
the potential of replacing soybean meal in larger quantities 
in a broiler diet. In this study, we found that adding exog-
enous enzymes changed the nutritional characteristics of 
the fermented canola meal. Our results showed a significant 
improvement in growth performance in chickens fed on EFC 
and FCM diets, which is indicated by the increase in BWG 
and the decrease in FCR during all the experimental stages 
compared with other groups. Interestingly, chickens fed with 
EFC had the highest BWG and lowest FCR (P < 0.05). The 
improvement in growth performance in the group fed on 
fermented canola meal with exogenous enzymes may be 
due to the enhancement in nutritional values, the increase in 
digestibility, and the palatability of the feed ingredients as a 
result of the fermentation process with the addition of some 
enzymes. The enhanced FCR values seen in all treatments 
during the experiment could be due to the increase in FI for 
the birds to meet the needs of growth requirements. Several 
studies reported an improvement in BWG and FCR due to 
the fermentation process of unconventional feed ingredients 
or supplementing it with exogenous enzymes (Chiang et al. 
2009; Xu et al. 2012). Similar to the results of this study, 
previous studies reported that the fermentation process or 
adding exogenous enzymes improved nutritional values 
(Elbaz 2021; Skrede et al. 2003) through the degradation of 
fibers; the breakdown of protein (more amino acids avail-
able), non-starch polysaccharides, also, led to a reduction 
in antinutritional content which increases the nutritional 
value of unconventional feed ingredients (Jakobsen et al. 
2015). It also showed that crude protein content increased 
in the dry matter in the diet as a result of the fermenta-
tion process (Murekatete et al. 2012). Furthermore, adding 
exogenous enzymes as a supplement to the diet enhanced 
the broiler chicken’s digestibility by increasing substrate 
availability, which led to accelerating the activity of diges-
tive enzymes and consequently enhanced the building units 
of protein, lipids, and carbohydrates of intestinal transport-
ers by increasing nutrient transport capacity through the 
intestinal epithelial cells (Horvatovic et al. 2015). These 
different effects of the fermentation process and the addi-
tion of enzymes to canola meal explain the reason for the 
improvement in the general performance of the bird and 
the enhanced digestion. Therefore, the noticeable improve-
ment in the growth performance of chickens fed on EFC 
can be explained by the synergistic positive effect of add-
ing enzymes to the fermented canola meal, which enhances 
the nutritional value and increases the available nutrients, 
in addition to the improvement of the intestinal composition 
(histological and microbial), as our results show later. The 
results of the current study showed a significant decrease 
in the relative weight of abdominal fat in chickens fed with 
FEC and FCM in comparison with the other experimental 
groups, while the rest of the carcass characteristics were not 

affected. These results are in agreement with those obtained 
by Bidura et al. (2007), who noticed that the abdominal fat 
content in broiler chickens fed a diet that included probi-
otics was significantly lower compared with the control 
group. The decreased relative weight of abdominal fat in 
the groups fed on fermented canola can be explained by the 
role of beneficial microbes (probiotics) in the conversion of 
excess energy from the metabolism process or by the rate of 
fatty acid synthesis being reduced through a decreased in 
the activity of acetyl-CoA carboxylase (responsible enzyme 
limiting in fatty acid synthesis), by Santoso et al. (1995).

The present study results showed that adding exogenous 
enzymes to the fermented canola meal improved the nutri-
tional value by enhancing DM, CP, and EE. Looking at the 
previous results, one of the most important strategies that 
are used to improve the nutritional value of unconventional 
feed ingredients in chicken diets is the use of some biologi-
cal additives or treatments, such as the fermentation process 
and the addition of enzymes, where previous experiments 
indicated that the fermentation process or the addition of 
enzymes led to a lowering the fiber content (Shahowna 
et al. 2013), improved protein solubility (Nie et al. 2015), 
increased lipid content, increased crude protein content, 
improved vitamin availability (Canibe and Jensen 2012; 
Elbaz 2021), and increased feedstuff palatability (Shahowna 
et al. 2013). Furthermore, reduced antinutritional factors 
such as glucosinolate, phytate, and tannins (Chiang et al. 
2009; Sokrab et al. 2014). The current study clarified the 
significant impact of experimental dietary treatments on the 
activity of digestive enzymes. The activity of both amylase 
and lipase enzymes increased in broilers fed with a ration 
containing fermented canola or exogenous enzymes. Fol-
lowing up on the results of previous studies, it was clear that 
adding exogenous enzymes or fermenting raw feed materials 
is used in poultry feed to improve the nutritive value of the 
feed by facilitating the breakdown of antinutritional (such as 
phytic acid and dietary fiber) and increasing the activity of 
digestive enzymes (Hamdi et al. 2018) that lead to enhancing 
feed efficiency and improve productive performance of the 
chickens (Zou et al. 2013). That data may explain our results 
about the performance improvement (enzyme activities) of 
broiler chicken fed fermented canola meal or exogenous 
enzymes. These findings reflect how fermenting the canola 
meal and adding exogenous enzymes enhanced metabolism 
and absorption for broilers.

The results of the current study showed a reduction in 
total cholesterol concentrations in broilers fed on EFC and 
FCM compared to other groups. Similar hypocholester-
olemic effects of probiotics added on serum lipids of chick-
ens had been reported by Mayahi et al. (2009). The decrease 
in the cholesterol level in the blood can be explained by the 
fact that some strains of probiotics may contain bile salt 
hydrolase (BSH) activity, which led to the deconjugation of 
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bile salts (Klaver and van der Meer 1993). Moreover, it may 
be that some lactic acid bacteria can assimilate cholesterol 
into their cells, which led to cholesterol reduction in the 
surrounding environment (Gilliland et al. 1985). In addi-
tion, this study’s results showed including fermented canola 
meal or adding enzymes to the diet significantly increased 
the level of total protein and albumin in the blood. Simi-
lar observations have also been made in chickens receiving 
feed with FSBM (Feng et al. 2007). The diet with fermented 
canola meal or exogenous enzymes also caused an increase 
in AST activity. A similar effect was reported by Otto-
Ślusarczyk et al. (2016). Possibly, the cause of increased 
AST enzyme concentrations is the result of an increase in 
the rate of amino acid transformation, especially with the 
increase in protein metabolism, and no symptoms appeared 
with diagnostics of liver disease.

Oxidative stress was studied because of its severe dam-
age to the cells and the metabolism process, which damages 
protein, nucleic acids, and some biological macromolecules 
(produce large amounts of MDA), which damage tissues and 
thus make them more susceptible to diseases. Our results 
indicate that feeding broiler chickens a diet that includes 
fermented canola meal with the supplementation of exog-
enous enzymes improved antioxidant status by significantly 
increasing the level of SOD and decreasing MDA (P < 0.05). 
In agreement with our results, Drażbo et al. (2018) found 
that the fermentation of rapeseed cake could be beneficial 
in oxidation resistance and promoting antioxidant capabil-
ity. These results confirm that the cells were not under stress 
which is confirmed by the reduced level of MDA. The rea-
son for the low level of MDA can be due to the increase in 
free amino acids, such as tyrosine, methionine, and lysine 
as a result of the fermentation process, which plays a role as 
an antioxidant (Wang and De Mejia 2005). Another expla-
nation, due to the action of microbial glucosidases, some 
lipophilic aglycones are produced during the fermentation 
process, which are more effective scavengers of free radicals 
than the corresponding glycosides (Lin et al. 2006) leading 
to an increase in oxidative activity. In numerous researches, 
dietary probiotics have been proven to be beneficial in pro-
moting the activities of antioxidant enzymes and reducing 
the adverse influence of oxidative stress (Deng et al. 2012), 
thus improving the health of the bird (host).

The results of the current study indicated that adding 
exogenous enzymes to broiler diets containing fermented 
canola (EFC) had a beneficial effect on antibody production 
against Newcastle disease compared to the other experimen-
tal groups (P < 0.05). This shows that the manipulation of 
gut microbiota by feeding on fermented canola meal (as a 
role probiotic) influences the development of the immune 
response in birds. These positive effects of improving the 
immune response to the virus antibodies (by producing a 
high level of blood antibody) are a result of the fermentation 

process as one of the ways to use probiotics to improve the 
health status of the birds, which are in agreement with the 
findings of Dalloul et al. (2003) and Koenen et al. (2004). 
Furthermore, the relative weight of the bursa increased in 
the groups fed on fermented canola meal (EFC and FCM) 
compared to the rest of the groups. The remarkable improve-
ment in the weight of immune organs (bursa of Fabricius) 
in chickens fed with fermented canola meal may be due to 
the improvement in the microbial load inside the intestine, 
which affects the immune response of broilers. The increase 
in LAB bacteria in the gut is a result of the fermentation pro-
cess which had a positive effect on the immune functions of 
chickens (Missotten et al. 2013); moreover, it may stimulate 
the immune cells to produce cytokines, which promotes B 
cell development switching required for antibody production 
(Lutful Kabir 2009). These results show how birds fed on 
fermented canola meal with the addition of enzymes had an 
enhanced immunity, which reflects on the general perfor-
mance of the birds.

The importance of studying intestinal microbes and 
mucosa is in their role in host immune defense mechanisms 
against pathogens, enhancing utilization of nutrition, and 
gut morphology, which positively influences the general per-
formance of birds. In the present study, the results showed 
that the fermentation process had a beneficial modulator 
effect on the cecal microflora in broilers, which appeared in 
the increase in the populations of Lactobacillus (beneficial 
bacteria), while the population of E. coli (harmful bacteria) 
decreased. The beneficial influences of fermented feeds on 
broiler health are due to the healthy gut ecosystems, through 
the high numbers of Lactobacillus, low pH, high lactic acid, 
and acetic acid concentrations (Engberg et al. 2009). In this 
regard, fermenting certain feed ingredients is an effective 
strategy in reducing chicken enteric diseases by beneficial 
modulator effects on the gut microflora (gut health), which 
is reflected in the reduction of the use of antibiotics and the 
better performance of birds (Heres et al. 2003).

One of the most important factors that need to be 
assessed to determine the carrying capacity and health of 
the intestine is studying villus height (VH), crypt depths 
(CD), VH:CD ratio, and the maintenance of intestinal 
mucosal integrity (Alshelmani et al. 2016; Chiang et al. 
2009). This study focused on studying villus height (VH), 
crypt depths (CD), and VH:CD ratio. In the present study, 
the results showed that the fermenting canola meal had 
beneficial effects on the gut histomorphology in broilers, 
meaning that the villus height significantly increased. Sim-
ilarly, Chiang et al. (2009) and Elbaz (2021) found that 
feeding fermented feed led to an increase in villus height. 
The noticeable improvement in intestinal histology may 
be due to the positive modification of the gut microbiota 
as a result of the fermented feed by reducing the patho-
gen such as harmful bacteria, and antinutritional dietary. 
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Furthermore, a study carried out by Montanhini Neto et al. 
(2013) reported that there was an increase in immunity and 
activity of the intestinal mucosa intestinal cells when add-
ing multi-enzymes to diets containing unconventional feed 
ingredients. It may have occurred due to better digestibil-
ity of the ingredients and the increase in the breakdown of 
antinutrients; therefore, the number of nutrients available 
for growth increases. The current study results showed 
that fermenting canola meal is more beneficial to broilers 
on intestinal morphology (Perez-Maldonado et al. 2003). 
As mentioned previously, adding exogenous enzymes to a 
broiler diet containing fermented canola meal has multiple 
positive effects on the nutritional value of feed ingredients: 
enhancing digestive enzymes activity and immunity, along 
with improving intestinal mucosa morphology and intes-
tinal ecosystems in broilers, which may be responsible for 
the growth and feed conversion promotion.

Conclusion

Adding enzymes to broiler diets containing fermented can-
ola meal (20%) improved nutrient digestibility and digestive 
enzyme activity and enhanced growth performance, and gut 
health. Furthermore, it improved antioxidant status, which 
helps to protect against oxidative stress. Thus, it is concluded 
that adding enzymes improved the nutritional value of diets 
that contain fermented canola meal (unconventional feed), 
which increases the possibility of replacing larger quantities 
of soybean meal with treated canola meal in broiler feed.
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