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Abstract
Background  Gut microbes play a significant role in digestion, developing immunity, and intestinal health. Therefore, 
direct-fed microbials are used to modify gut microbiota, maintain a healthy digestive system, enhance immunity, 
and promote the broilers’ performance. In addition, it has a role in improving the utilization of unconventional feed 
ingredients (olive pulp, OP). This study provides the potential role of Aspergillus awamori in enhancing gut microbial 
content, nutrient utilization, growth performance, and antioxidative status in heat-stressed broiler chickens fed diets 
containing olive pulp.

Methods  Three hundred chicks (Ross 308; one day old) were divided into four treatment groups (75 chick/ group) 
randomly, as follows; CON: chicks fed a basal diet based on corn and soybean meal, OP10: chicks fed a diet containing 
10% OP, OA1: chicks fed a diet containing OP with A. awamori at 100 mg per kg, OA2: chicks fed a diet containing OP 
with A. awamori at 200 mg per kg.

Results  Adding A. awamori to the broiler diet that contains OP had a positive effect on productive performance 
via enhancing nutrition digestibility, body weight gain, feed conversion ratio, and carcass characteristics. A. awamori 
supplementation had a positive impact on immune responses by increasing serum immunoglobulin G and the 
relative weight of bursa of Fabricius (P < 0.05) compared to the other groups. Chickens fed A. awamori showed a 
noticeable improvement in the oxidative status through the increase in the level of serum superoxide dismutase, 
and glutathione peroxidase, and the decrease in the level of malondialdehyde. Feeding A. awamori also modified the 
intestinal microbial content by increasing the population of Lactobacillus (P < 0.05).
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Background
Poultry products are a cheap protein source (egg and 
meat) compared to other protein sources (fish and live-
stock) to provide human protein needs, especially in 
developing countries. The increased demand for poultry 
meat led to the continuous development of the breed-
ing house systems, feeding and expanding its upbringing. 
However, many obstacles affect the sustainability of the 
poultry industry, some of the most important obstacles 
are environmental changes and nutrition. Egypt, as one 
of the developing countries, is suffering from a short-
age of conventional feedstuffs (corn and soybean). The 
recent economic crisis due to Covid-19 as well as other 
economic problems negatively impacted the poultry 
industry. Which made the nutritionist search for the use 
of some agricultural waste or oil extraction residues as 
alternatives to corn and soybean meal [1–3]. Despite the 
unquestionable feeding value of both corn and soybean 
meal, a partial replacement had to be done to reduce feed 
costs without affecting the performance and health of the 
bird. In our current study, olive oil extraction residues 
were selected, especially since Mediterranean countries 
are characterized by high production of olive oil, which 
produces large amounts of waste (cake and residual oil) 
[4].

Olive pulp (OP) is one of the most olive oil extraction 
products, especially since it is rich in fatty acids (oleic, 
linoleic, and linolenic), crude protein, calcium, and cop-
per [5, 6], as well as, some biologically active compounds 
(polyphenol) that have an antioxidant, anti-inflammatory 
and antibacterial properties [7]. However, OP has low 
nutritional value due to its low energy, and indigestible 
proteins, in addition to containing high fiber content and 
lignin [4]. It was necessary to use some feed supplements 
in chicken diets containing these by-products (such as 
OP) to reduce antinutritional factors, thereby reduc-
ing their negative influence on chicken production per-
formance. Furthermore, the poultry industry faces the 
risk of heat stress resulting from environmental changes 
with the emergence of global warming, which led to 
significant economic losses in the poultry industry [8, 
9]. Exposure to heat stress leads the outbreak of conta-
gious diseases and threatens the growth, nutrient uptake, 
digestibility, and physiological functions of the host [8]. 
Moreover, heat stress suppresses the innate immune 
response and induces immune disorders by altering the 
organs’ immune functions [9]. Heat stress also induces 

oxidative stress by damaging the membrane of immune 
cells, leading to apoptosis and increased intestinal bar-
rier permeability and consequently translocation of toxic 
agents into the body [10]. Consequently, it is important 
to implement mitigation strategies for environmental 
heat stressors, such as using some feed additives, includ-
ing vitamins, oils, organic acids, probiotics, etc [9, 11].

Direct-fed microbials are live microorganisms that 
confer health benefits on the host. Modification of the 
gut microbiota is the most important mechanism and 
plays an important role in maintaining homeostasis 
and the physiology of the bird, in addition to its direct 
contribution to bird health and productivity. Aspergil-
lus awamori is a fungus that has been used in food for 
a long time in Japan. The Food and Drug Administra-
tion of America announced that it is safe to use [12]. It 
also plays an important role as much as probiotics in 
improving the gut health of the host (bird) by changing 
the microbial content [11]. Furthermore, it can produce 
some enzymes (e.g., α-amylase, glucoamylase, and pro-
tease) that improve the utilization of protein and carbo-
hydrates [13]. Moreover, it produces citric acid which 
enhances growth by acidifying the gastrointestinal con-
tents, reducing pathogenic colonization, and improving 
nutrient digestibility [12]. Thus improving immune and 
oxidative status [14]. In this study, A. awamori as a pro-
biotic was selected, for its role in modifying the microbial 
content of the intestine and improving the utilization of 
nutrients during heat stress [10], in addition, to enhanc-
ing the nutritional value of OP [7]. We assumed that 
the addition of A. awamori will improve the nutritional 
value of OP by improving nutrient utilization, as well 
as, reducing the harmful effect of heat stress on chicks. 
Therefore, different levels of A. awamori were added to 
broiler chicken diets that included OP and evaluated its 
impact on growth performance, carcass characteristics, 
serum metabolism, antioxidant status, and gut microbi-
ota diversity in broilers exposed to heat stress.

Materials and methods
Birds, diets, and management practices
A total of 300 broiler chicks (Ross 308) at 1-day-old were 
obtained from a commercial hatchery (Wadi Poultry 
Company). Broiler chicks were randomly allocated into 
four dietary treatments, 5 replicates per group (15 chicks 
per replicate), as follows: 1: chicks fed a basal diet of corn 
and soybean meal (CON), 2: chicks fed a diet containing 

Conclusions  Our study indicated that adding 200 mg A. awamori reduced the negative effect of heat stress by 
modifying the microbial content of the intestine, immune response, and enhancing feed utilization, thus improving 
broiler performance, as well as, improving the nutritional value of the olive pulp. Therefore, adding A. awamori to the 
OP diet can be effectively used in heat-stressed broiler diets.

Keywords  Aspergillus Awamori, Heat stress, Olive pulp, Growth, Gut microbiota, Antioxidant status
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10% OP to replace part of the corn-soybean meal (OP10), 
3: chicks fed a diet containing 10% OP with A. awamori 
at 100 mg per kg diet (OA1), and 4: chicks fed a diet con-
taining 10% OP with A. awamori at 200 mg per kg diet 
(OA2). The chemical composition of olive pulp [15] was 
9.4% crude protein, and 23.8% crude fiber, as shown in 
Table  1. OP was obtained from a local olive oil manu-
facturer, then it was dried and processed. A. awamori 
(25 × 104 cells per g) was provided in powder form from 
Biogenkoji Research Institute, Kirishima, Japan. The 
starter diet (0–21 days) and grower diet (21–35 days) 
were formulated according to NRC [16], as shown in 
Table 2. The olive meal energy in the diet was calculated 
according to Elbaz et al. [17]. Chicks feed and water were 
provided ad libitum. The room temperature was main-
tained at 32.5 °C for the first two days and then gradually 
reduced by 3 °C weekly until reaching 23 °C, then main-
tained for the rest of the experiment. Starting on the 6th-
day, birds were exposed to heat at 33 °C for 4 hours/daily 
for 4 days a week until the end of the experiment (To sim-
ulate summer conditions in Egypt) with continuous light 
in all experiment stages.

Sampling collection
At the age of 35 days, 20 birds were slaughtered (Koech-
ner Euthanizing Device), 5 birds from each group, to 
obtain carcass characteristics, blood samples, and micro-
bial count samples from the cecum (2  g of cecum con-
tents) and kept at 10  °C until analyzed, in addition, the 
contents of the cecum (about 2–3 g) were emptied to esti-
mate the activity of the digestive system enzymes. Blood 
samples were drawn from the jugular vein right, samples 
were centrifuged at 3000 × g for 15 min, and then serum 
was stored at − 10 °C until analyzed. Five birds were sepa-
rated from each group and placed in individual cages to 
conduct a digestion experiment after starving the birds 
for 8  h to empty the digestive tract, after three days of 
collecting and weighing excreta and feed, they were dried 
and stored until to evaluate the nutrient digestibility.

Performance parameter
Live body weight (LBW), feed intake (FI), and health sta-
tus of broiler chickens from the start of the experiment 
until 35 days of age were recorded. Feed conversion ratio 
(FCR), body weight gain (BWG), and survival rate were 
calculated. After the slaughtering process, the digestive 
tract and internal organs such as the pancreas, liver, giz-
zard, bursa of Fabricius, spleen, and thymus were sepa-
rated and weighed on 0.001  g digital scale, in addition 
to relative weights of the thigh, breast, and abdominal 
fat, and dressing percentage was calculated. The relative 
weight of each organ was calculated as follows: Relative 
weight = (organ weight/live body weight) x 100.

Chemical analysis
Dry matter (AOAC #, 934.01), crude protein (AOAC #, 
954.01), ether extract (AOAC #, 920.39), and crude fiber 
(AOAC #, 962.09) were determined according to the 
method of the Association of Official Analytical Chem-
ists [18], to estimate nutrient digestibility. To estimate the 
effect of treatments on the activity of digestive enzymes, 
cecum digesta was collected from the slaughtered birds 
and diluted 4 and 10 times with phosphate-saline buf-
fer followed by centrifugation at 8,000× g for 20  min at 
4  °C. The supernatant was collected to lipase, protease, 
and amylase activity was analyzed using the method 
described by Najafi et al. [19], Lynn and Clevette-Radford 
[20], and Elbaz et al. [21] respectively.

Biochemical indices
Serum cholesterol, triglycerides, HDL, LDL, glucose, 
total protein, albumin, aspartate aminotransferase (AST), 

Table 1  Chemical composition of olive pulp used in the experiment
Item DM (%) CP (%) EE (%) Ash (%) CFA (%) Ca (%) P (%)
Olive pulp 91.5 9.4 23.8 7.9 12.6 0.5 0.1
DM: Dry matter; CF: crude fiber; CP: crude protein; EE: ether extract; Ca: calcium; and P: Phosphorus

Table 2  Composition and calculated analysis of experimental 
diets fed to broiler chickens
Ingredient (%) Starter 1–21 days Grower 22–35 days

CON OP CON OP
Olive pulp 0.00 10.00 0.00 10.00
Yellow corn 56.7 44.25 61.4 49.8
Soybean meal 32.0 33.40 26.53 26.6
Corn gluten meal 5.00 5.00 5.00 5.00
Sunflower oil 2.13 3.38 3.24 4.77
Di-Calcium Phosphate 2.10 2.10 1.90 1.90
Calcium carbonate 1.27 1.12 1.06 1.02
Mineral mix1 0.15 0.15 0.15 0.15
Vitamin mix2 0.15 0.15 0.15 0.15
Salt 0.20 0.20 0.20 0.20
DL-Methionine 0.20 0.15 0.20 0.20
Hcl-Lysine 0.00 0.00 0.07 0.11
Sodium bicarbonate 0.10 0.10 0.10 0.10
Calculated analysis
Crude protein (%) 22 22 20 20
ME (Kcal / kg)3 3000 3000 3150 3150
Crude fiber (%) 3.59 5.06 3.37 5.44
Calcium (%) 1.05 1.06 0.92 0.91
Av. phosphorus (%) 0.51 0.51 0.46 0.46
1Supplied per kilogram of diet: 150 mg Choline, 48 mg Ca, 3.18 mg P, 100 mg 
Mn,, 0.25 mg Co, 1.5 mg Iodine, 50 mg Fe, 80 mg Zn, 10 mg Cu.2Supplied per 
kilogram of diet: 1400 IU vitamin A, 3000 IU Vitamin D3, 3 mg Vitamin B6, 50 mg 
vitamin E, 4 mg vitamin K, 20 mg Pantothenic acid, 6 mg Vitamin B12, 60 mg 
Niacin, 0.20 mg folic acid.3ME=Metabolizable energy
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alanine aminotransferase (ALT), and alkaline phospha-
tase (ALP) were measured by an automatic biochemical 
analyzer (CX9, Beckman). Chick serum-specific anti-
bodies (immunoglobulins) such as IgA, IgG, and IgM 
concentrations were determined in diluted samples 
(1:100) by enzyme-linked immunosorbent assay ELISA) 
using microtiter plates (NuncImmunoplate 96-well, cat. 
no. 446,612) as per manufacturer’s ELISA quantitation 
kits (Bethyl Laboratories Inc., Montgomery, TX, USA). 
Serum malondialdehyde (MDA), superoxide dismutase 
(SOD), and glutathione peroxidase (GPx) levels were 
determined according to the instruction of the commer-
cial kits of Nanjing Jincheng Bioengineering Institute 
(China).

Cecum microbial enumeration
For microbial estimation, the cecum contents were 
squeezed into sterilized stomacher bags at 35 days of 
age. Five fresh samples (3  g/sample) from each group 
were diluted and plated onto MacConkey agar, Rogosa, 
deMan, Sharpe agar, and plate count agar to enumerate 
Lactobacillus, coliforms, Escherichia coli, and Enterococ-
cus respectively, and the number of microorganisms was 
converted to log10 [22].

Statistical analysis
Collected data were statistically analyzed using the one-
way analysis of variance (ANOVA) of the statistical 
analysis software SPSS (v. 20.0; SPSS Inc., Chigaco, IL, 
USA). Duncan Multiple Range Test [23] was performed 
to detect differences among treatments at a significance 
level of 0.05.

Results
Growth performance
Table  3 shows the effect of supplementing with A. 
awamori on the productive performance of broilers fed a 
diet containing OP under heat stress conditions. Chick-
ens fed 200 mg A. awamori (AO2) showed a significant 
increase (P < 0.05) in LBW and BWG compared to chick-
ens fed AO1, OP10, and the control group. However, 
feed intake (FI) was not affected (P < 0.05) among the 
experimental groups during all trial periods. In addition, 
the experimental treatments led to a significant change 
in FCR during all experimental stages. FCR decreased 
(P < 0.05) in chickens received 200 mg A. awamori com-
pared to the other experimental groups during 1–21 d 
and 22–35 days. Overall, FCR significantly decreased 
in the group fed AO2, followed by the group fed AO1 
(P < 0.05) compared with the group fed OP10 and the 
control. Liver, thigh, breast, pancreas, and gizzard rela-
tive weights were not statistically affected by OP, A. 
awamori, or both combined (Table 4). Meanwhile, dress-
ing (%) increased, and abdominal fat (P < 0.05) decreased 
in broilers fed a diet including 200 mg A. awamori (OA2) 
compared with the other groups (P < 0.05).

Nutrient digestibility and enzymatic activity
The effect of dietary treatments on nutrient digestibility 
and digestion enzymes activities of heat-stressed broilers 
at day 35 are shown in Table 5. Broilers fed A. awamori 
diets at 200 mg/kg diet (OA2) had significantly increased 
digestibility of crude protein, and crude fiber compared 
to broilers fed other diets (P < 0.05). The digestibility of 
the dry matter and ether extract was not affected by the 
experimental supplementation (P < 0.05). Broilers fed 200 

Table 3  Growth performance of heat-stressed broilers fed diets containing olive pulp with different levels of A. awamori at 35 days
Parameters CON OP10 OA1 OA2 SEM p-Value
LBW (g)
IBW 39.52 39.73 39.48 39.65 0.051 0.256
21 days 746b 738b 749b 767a 9.263 0.020
35 days 1685b 1670b 1691b 1743a 14.09 0.003
BWG (g/bird/day)
1–21 days 33.5b 33.2b 33.7b 34.5a 0.074 0.027
22–35 days 66.8b 66.5b 67.2b 69.7a 0.153 0.015
1–35 days 48.1ab 47.6b 48.4ab 49.6a 0.086 0.001
FI (g/bird/day)
1–21 days 45.2 45.1 45.3 45.2 0.218 0.409
22–35 days 136.4 135.4 135.7 136.6 0.627 0.287
1–35 days 81.7 81.3 81.5 81.8 0.106 0.713
FCR (g feed/g gain)
1–21 days 1.35ab 1.36a 1.34ab 1.32b 0.017 0.025
22–35 days 2.04a 2.05a 2.02a 1.96b 0.032 0.019
1–35 days 1.69b 1.72a 1.68b 1.65c 0.004 < 0.001
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori 
at 200 mg. a–b Means within the same row with different superscripts differ. SEM, standard error of means. IBW, Initial body weight; LBW, live body weight, FI; feed 
intake, FCR, feed conversion ratio
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mg A. awamori diets presented significantly higher pro-
tease and amylase enzyme activity (P < 0.05) compared to 
the AO1, OP10, and control groups (Table 5). Addition-
ally, the protease activity was significantly higher in broil-
ers fed the diet with 100 mg A. awamori (OA1) compared 
to the OP10 and control groups, while the lipase enzyme 
activity was not affected by the experimental treatments.

Biochemical indices
Biochemical indices were positively influenced by com-
bining A. awamori and OP in heat-stressed broiler 
(Table  6). Triglycerides and cholesterol levels decreased 
(P < 0.05) in chickens fed OA2 compared to other groups 
under heat stress. LDL level lowered significantly 
(P < 0.05) in the OA2 group than the other groups. HDL 

level increased significantly in chickens fed 200 mg A. 
awamori (P < 0.05) compared with other experimental 
groups. However, there was a slight increase in the level 
of HDL in chickens fed 100 mg A. awamori (AO1) com-
pared to OP10 and control group. Total protein, albumin, 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and alkaline phosphatase (ALP) concen-
trations were not changed among the experimental 
groups. Oxidative enzyme activity greatly differed among 
the experimental groups (Table 7). GPx and SOD levels 
increased (P < 0.05) in broiler fed OA2 compared to OA1, 
OP10, and control. Moreover, MDA decreased slightly 
(P < 0.05) in broiler fed OA2 compared to other groups. 
Furthermore, the SOD level was higher slightly in the 
chickens fed on OP and AO1 (P < 0.05) than in chickens 

Table 4  Carcass characteristics (%) of heat-stressed broilers fed diets containing olive pulp with different levels of A. awamori at 35 
days
Parameters CON OP10 OA1 OA2 SEM p-Value
Dressing 70.54b 70.31b 71.08ab 71.61a 2.080 0.027
Breast 24.15 24.09 24.25 24.21 0.029 0.113
Thigh 16.27 16.21 16.30 16.29 0.115 0.095
Gizzard 1.96 2.01 1.99 1.97 0.027 0.207
Abdominal fat 0.66a 0.64a 0.58ab 0.46b 0.016 0.016
Pancreas 0.29 0.31 0.30 0.28 0.008 0.088
Liver 2.32 2.29 2.31 2.35 0.013 0.153
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori 
at 200 mg. a–b Means within the same row with different superscripts differ. SEM, standard error of means. Carcass characteristics are expressed as a percentage of 
live body weight

Table 5  Nutrient digestibility (%) and enzymatic activity (U/ml) of heat-stressed broilers fed diets containing olive pulp with different 
levels of A. awamori at 35 days
Parameters CON OP10 OA1 OA2 SEM p-Value
Nutrient digestibility
Dry matter 71.29 71.06 71.31 72.02 0.977 0.083
Ether extract 86.51 87.02 86.64 86.59 0.353 0.405
Crude protein 73.80b 72.65c 74.47b 75.71a 0.126 0.021
Crude fiber 67.22b 65.95c 67.43b 68.68a 0.069 < 0.001
Enzymatic activity
Protease 11.21c 10.96c 12.56b 14.27a 0.504 < 0.001
Amylase 4.07b 4.13b 4.71ab 5.34a 0.122 0.013
Lipase 7.35 7.59 7.26 7.41 0.087 0.140
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori 
at 200 mg. a–b Means within the same row with different superscripts differ. SEM, standard error of means

Table 6  Biochemical indices of heat-stressed broilers fed diets containing olive pulp with different levels of A. awamori at 35 days
Parameters CON OP10 OA1 OA2 SEM p-Value
Triglycerides 217a 201b 196b 182c 2.047 0.001
Cholesterol 231a 224a 227a 216b 1.009 0.040
LDL 144.2ab 152.7a 141.5ab 127.8bc 0.871 < 0.001
HDL 56.8b 51.5b 61.9ab 70.2a 0.095 0.031
Glucose 229 231 225 213 0.469 0.243
Total protein 3.86 3.57 3.68 3.97 0.027 0.116
Albumin 2.07 2.11 2.03 2.19 0.133 0.052
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori at 
200 mg. LDL, low-density lipoprotein; HDL, high-density lipoprotein; a–b Means within the same row with different superscripts differ. SEM, standard error of means
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fed the control diet, while the highest level was SOD in 
the group fed with OA2.

Immune response
The effect of dietary treatments on immune responses 
such as immunoglobulins and lymphoid organs of heat-
stressed broilers are shown in Table  8. Broilers fed A. 
awamori diets at 200 mg/kg diet (OA2) had significantly 
higher levels of IgG and relative weight bursa of Fabri-
cius compared to broilers fed OA1, OP10, and control 
diet (p < 0.05). The relative weight of the thymus and 
spleen was not affected by A. awamori supplementation 
(p < 0.05). Additionally, the IgM and IgA levels were not 
affected (p < 0.05) by the experimental treatments.

Cecum microbial enumeration
Regarding the cecum, heat stress and the addition of A. 
awamori showed a significant effect on the microbial 

content of the intestine, as shown in Table 9. Supplement-
ing the diet with 200 mg A. awamori led to an increase in 
Lactobacillus spp. count, whilst the E. coli count slightly 
decreased (P < 0.05) in broiler fed AO2 compared with 
the other groups. In contrast, no significant effects 
(P < 0.05) were observed for Enterococcus and coliform 
counts. Cecum microbial content was not affected in the 
OP10 group (P < 0.05) compared with the control group 
under heat stress conditions.

Discussion
Recently, nutritionists have been attracted by the uses 
of direct-fed microbials (A. awamori) in chicken feed 
for their beneficial effect on heat-stressed broiler per-
formance by managing gut microbes, and enhancing the 
immune status of the host [4, 5, 7]. Furthermore, probi-
otics enhance the digestion of nutrients, especially in 
unconventional feed materials, by reducing anti-nutritive 

Table 7  Liver and antioxidant enzymes of heat-stressed broilers fed diets containing olive pulp with different levels of A. awamori at 
35 days
Parameters CON OP10 OA1 OA2 SEM p-Value
Liver enzymes
AST (U/L) 192 203 195 193 3.029 0.137
ALT (U/L) 24.7 23.4 23.9 24.3 0.054 0.085
ALP (U/L) 22.1 21.7 22.3 21.5 0.021 0.206
Antioxidant enzymes
SOD (U/ ml) 1.125c 1.306bc 1.347b 1.411a 0.008 < 0.001
MDA (nmol/ ml) 1.594a 1.604a 1.518ab 1.465b 0.006 0.020
GPx (U/ ml) 19.61b 18.80b 20.03b 23.94a 0.110 0.005
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori 
at 200 mg. a–b Means within the same row with different superscripts differ. SEM, standard error of means

Table 8  Immune responses (immune organs (%) and immunoglobulin (mg/dl)) of heat-stressed broilers fed diets containing olive 
pulp with different levels of A. awamori at 35 days
Parameters CON OP10 OA1 OA2 SEM p-Value
Immune organs
Thymus 0.121 0.118 0.128 0.122 0.007 0.093
Spleen 0.107 0.112 0.109 0.114 0.019 0.064
Bursa of Fabricius 0.134b 0.129b 0.142b 0.197a 0.002 < 0.001
Immunoglobulin
IgG 415c 395c 486b 557a 41.27 0.021
IgA 252 246 255 264 16.08 0.085
IgM 127 131 138 133 12.44 0.116
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori 
at 200 mg. a–b Means within the same row with different superscripts differ. SEM, standard error of means

Table 9  Cecum microbial enumeration (Log10 CFU g), of heat-stressed broilers fed diets containing olive pulp with different levels of 
A. awamori at 35 days
Parameters CON OP10 OA1 OA2 SEM p-Value
Lactobacillus 5.06b 4.97b 5.24b 6.71a 0.251 0.010
Total Coliforms 4.43 4.21 4.35 4.51 0.676 0.224
Enterococcus 6.11 5.94 6.13 6.08 0.058 0.109
Escherichia coli 4.39b 4.46b 4.02ab 3.34b 0.034 < 0.001
CON, a basal diet; OP10, diet contains 10% olive pulp; OA1, diet contains 10% olive pulp with A. awamori at 100 mg; OA2, diet contains 10% olive pulp with A. awamori 
at 200 mg. a–b Means within the same row with different superscripts differ. SEM, standard error of means
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substances [5]. In the present study, A. awamori was 
added to the diet that includes OP to improve the 
nutritional value of OP and to partially replace it in a 
heat-stressed broiler diet. As we expected, our results 
showed a significant improvement in the performance 
of heat-stressed birds fed a diet that includes OP with A. 
awamori.

Our results showed that supplementing with 200 mg 
A. awamori improved broiler growth performance indi-
cated by the increase in BWG and the decrease in FCR 
under heat-stress conditions, in addition to enhanc-
ing the nutritional value of the OP in the diet. These 
results agree with those of Saleh et al. [12]. Similarly, 
Yamamoto et al. [24] have noticed a significant improve-
ment in BWG and FCR of broilers after feeding on diets 
containing A. awamori. The improvement in growth 
performance might be due to the reduction in the anti-
nutritional factor of the feed and the improvement in gut 
health [5]. These improvements are due to the activa-
tion of several health-promoting bacteria, improving the 
intestinal epithelial cells structure, and selectively stimu-
lating their growth, as well as, stimulating the immune 
system, which enhances the welfare and health of the 
chickens [25]. In addition, adding A. awamori to the diet 
containing OP leads to stimulating the activity of some 
enzymes (active amylase, glucoamylase, and protease) in 
the digestive system, leading to an improvement in the 
metabolism of energy, protein, and carbohydrates [13]. 
The noticeable improvement in the productive perfor-
mance in our results may be due to the efficient role of A. 
awamori in improving the intestinal microbial environ-
ment by decreasing the pH value, reducing disease-caus-
ing microbes, and decreasing the levels of antinutrients 
in OP, which improves broiler health and food utilization 
efficiency [4, 7, 12, 17]. This supports our hypothesis that 
adding A. awamori leads to improving the nutritional 
value of OP, in addition to reducing the negative effect of 
heat stress on broilers.

Our results indicated an improvement in the carcass 
traits through the increase in dressing percentage and 
the decrease in the abdominal fat content in broiler fed 
a diet containing 200 mg A. awamori and OP. This agrees 
with Yamamoto et al. [24]., who reported that there was 
a significant increase in the carcass weight of broilers 
when fed diets containing A. awamori. This improvement 
may be due to the growth-promoting action produced by 
A. awamori [26], which stimulates protein synthesis in 
muscle tissue [27]. The growth of chickens is primarily 
regulated by genes of the somatotropic axis that have a 
significant role in muscle development and growth, such 
as insulin-like growth factor 1 (IGF1) and the growth 
hormone secretagogue receptor (GHSR). The IGF1 gene 
plays an important role in stimulating amino acid uptake, 
protein synthesis, and glucose uptake [28]. GHSR plays 

an essential role in food conversion rate, while the over-
expression of the IGF1 gene in the muscle tissue leads 
to boosting muscle growth in chickens [29]. Some stud-
ies reported that the addition of A. awamori as a probi-
otic had a role in stimulating both IGF1 and GHSR [28, 
29], which explains the improvement in carcass weight 
by enhancing muscle growth in the present experiment. 
However, our results showed a significant reduction in 
abdominal fat in groups fed a diet containing A. awamori. 
These results were similar to those of Abdullah et al. [30] 
and Elbaz et al. [2] who found a significant reduction in 
the abdominal fat content of the broilers fed probiotics. 
Navidshad et al. [31] found that chickens fed on diets 
including probiotics have significantly lower abdomi-
nal fat. This may be attributed to certain microflora that 
is present in the gut of chicks impairing the absorption 
of cholesterol and bile acid [32], which led to reducing 
abdominal fat. The decrease in abdominal fat when add-
ing A. awamori is beneficial for meat quality and eco-
nomically. The decrease in abdominal fat indicates the 
role that A. awamori plays in the distribution of fat in the 
carcass, which may improve the quality of the meat, as 
the fatty acids increase in the tissues contributes to the 
succulence, quality, and flavor of meat [33]. In addition 
to that, there is an economic benefit, as the decrease in 
abdominal fat (slaughterhouse waste) increases carcass 
weight [3]. Therefore, it can be concluded from the previ-
ous results that the addition of A. awamori had a major 
role in improving carcass characteristics.

With the high costs of feed ingredients (about 75–80% 
of the total production costs) and exposed birds to much 
stress, it was necessary to track the digestion and absorp-
tion of nutrients to determine the extent of benefits to 
the bird, in addition to the role of additives in improv-
ing the utilization of unconventional feed ingredients 
[2]. Therefore, probiotics (A. awamori) were used in the 
current study to enhance nutrient digestion and reduce 
anti-nutrients in OP by improving the status of gastroin-
testinal and microbial composition, as well as, mitigating 
the negative effect of heat stress. Thus, we evaluated the 
nutrient digestibility and the digestive enzyme activity 
in chickens fed a diet that included OP with the addi-
tion of 200 mg A. awamori. Our results showed a sig-
nificant improvement in the digestion of crude protein, 
and crude fiber, in addition to an increase in the level of 
protease and amylase enzymes in chickens that received 
a diet containing A. awamori. This is consistent with sev-
eral reports that have confirmed the stimulating effect 
of probiotic supplementation on nutrient and enzyme 
activity [25, 28]. However, some reports indicated that 
the digestion of nutrients was not affected in chickens 
fed probiotics [34]. The difference in the results of previ-
ous reports may be due to the composition of probiotics, 
i.e., the type of microbe added to the experimental diet 
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and its concentration. It is possible that the improve-
ment in nutrient digestion is due to improved gut health 
[11], inhibition of pathogenic bacteria and reduction of 
intestine pH, and stimulation of the secretion of diges-
tive enzymes [28]. We concluded from the results of our 
study that adding A. awamori improved the digestion of 
nutrients and enhanced the activity of enzymes, indicat-
ing that A. awamori could be used in a diet containing 
OP, to enhance the nutrition value of OP, in addition to 
the important role in improving feed utilization during 
exposure to heat stress.

The results of the current study showed that adding 
only OP or with A. awamori had a significant effect on 
lipid metabolism, meanwhile, it did not affect serum pro-
tein concentration and liver enzymes (AST and ALT). 
Some previous studies agree that there was no effect of 
OP or A. awamori supplementation on liver activity [35, 
36]. In this study, adding A. awamori or OP decreased 
serum cholesterol, while the triglyceride and LDL level 
decreased and HDL level increased in broiler fed 200 
mg A. awamori compared to other groups. These results 
agree with those obtained by Kim et al. [37] and Elbaz et 
al. [5] who found a decrease in cholesterol and triglycer-
ides levels in birds fed probiotics, which may be due to 
the inhibition of cholesterol biosynthesis. Hypocholes-
terolemia may be a consequence of feeding on olive pulp 
due to its high content of soluble fiber, which increases 
the viscosity of food, leading to decreasing intesti-
nal motility, postponing the evacuation of the gut, and 
reducing fat absorption [38]. Likewise, It has been noted 
that A. awamori affects lipid metabolism, by inhibiting 
3-hydroxyl-3- methylglutaryl-coenzyme (HMG-CoA) 
reductase that leads to cholesterol-lowering [12]. From 
our results, it can be concluded that the decrease in 
serum lipids resulted from the dual effect of adding OP 
and A. awamori.

Chick’s oxidation state is affected by many factors, the 
most important of which are environmental (including 
heat stress) and nutritional changes. More recently, the 
involvement of heat stress in inducing oxidative stress 
has received much interest. Oxidative stress is defined as 
the presence of reactive species over the available antiox-
idant capacity of poultry cells. Reactive species can mod-
ify several biologically cellular macromolecules and can 
interfere with cell signaling pathways. Furthermore, there 
has been an ever-increasing interest in the use of some 
feed additives that have potential antioxidant properties 
for poultry. Thus, the estimation of oxidative enzymes in 
the blood or tissues is a significant indicator that shows 
the extent of the bird’s exposure to oxidative stress. In the 
current study, the addition of A. awamori. and the par-
tial replacement of the diet with OP led to a significant 
effect on the oxidative stress enzymes. MDA significantly 
decreased, while SOD and GPx significantly increased in 

groups that received 200 mg A. awamori compared to 
other groups. The decrease in MDA level indicates how 
the cell membrane is not affected by the oxidative stress 
of the bird with feed additives [35, 39]. The addition of 
A. awamori. improved the oxidative state of the bird 
exposed to heat stress in the current study. In agreement 
with our study, Saleh et al. [12]., indicated that probiotics 
have antioxidant properties. Moreover, the present study 
showed a positive result in the antioxidant status when 
adding OP. The positive effect of OP on broilers’ antioxi-
dant status may be due to polyphenols (oleuropein and 
hydroxytyrosol) in OP, that boost the antioxidant activ-
ity of birds [4, 40]. It can be concluded that adding olives 
with A. awamori is considered a protective mechanism 
against heat stress to mitigate the oxidative stress of 
broilers.

In this study, we examined whether supplement-
ing A. awamori will enhance broiler chickens’ immune 
responses. Immunoglobulins and lymphoid organic 
and their responses were used as an efficacy indicator 
of that supplementation. The current study showed that 
the immune response increased significantly regarding 
the IgG level and relative weight bursa of Fabricius, as 
a result of the addition of 200 mg A. awamori in broiler 
diets under heat stress. The same results were reported 
by Humam et al. [41]and Yin et al. [42], where feeding 
probiotics had a positive impact on immune response, 
indicated by the increase in the serum levels of IgA and 
IgG in broilers. In addition, Qiu et al. [43] reported that 
broilers fed diets containing probiotics exhibited a rapid 
production rate in serum IgG compared with a control 
diet. It has been proven that the increase in the relative 
weight of the immune organs through food additives is 
usually associated with better immunity [21]. This is con-
sistent with our results, which indicated the improve-
ment in the immune response (by the relative weight of 
the bursa of Fabricius) of birds fed A. awamori. under 
heat stress. A. awamori., as a probiotic, has a modulating 
impact on gut microbes and plays a beneficial role in the 
development of the immune system [21, 42]. The notice-
able amelioration in immunity may be due to the role of 
A. awamori. as an antimicrobial, and anti-inflammatory 
[43], which helps in providing nutrients necessary for 
the development of the immune system by promoting 
the proliferation of lymphocytes in the primary immune 
organs and enhancing intestinal integrity [44], thus stim-
ulating immune response, and produces immunoglobu-
lins. From that can be deduced, adding A. awamori. had a 
significant role in enhancing immune response.

Dietary compositional differences, diet physical prop-
erties, and the presence of feed additives have a signifi-
cant role in altering broiler gut microbial composition 
and functionality [45]. Furthermore, gut microbes, play 
an important role in utilizing food by stimulating the 



Page 9 of 11Abdel-Moneim et al. BMC Veterinary Research          (2024) 20:205 

secretion of some enzymes, digestion and absorption of 
nutrients, and enhancing immunity [46]. The results of 
the current study showed a positive effect of adding 200 
mg A. awamori on the cecum population in heat-stressed 
broiler chickens by increasing the Lactobacillus popula-
tion and decreasing the E. coli population. Numerous 
reports indicated that physiological effects related to pro-
biotics have been proven to boost the growth of Lacto-
bacillus and inhibit E. coli in broiler gut [46, 47] which 
is consistent with our results. Adding probiotics provides 
a facilely available substrate for the gut-beneficial micro-
bial to grow and reduce toxic microbial activities [48], 
which promotes birds’ health during heat stress. Our 
results indicated that A. awamori addition altered the gut 
microbiota diversity, which is beneficial to bird health. 
From the above, we conclude that adding probiotics had 
a significant role in improving the utilization of agricul-
tural waste and reducing the burden resulting from heat 
stress by improving gut microbial content and enhanc-
ing the utilization of the diet [2, 49]. Similarly, our results 
indicated that adding A. awamori (as a probiotic) to a 
diet containing OP had beneficial effects on birds’ health 
under heat-stress conditions, in addition to improving 
the nutritional value of OP.

Conclusions
The current study revealed that the addition of 200 mg 
A. awamori. had a role in improving the nutritional 
value of OP, which supports its use with a mixture of 
A. awamori. as a partial replacement in the broiler diet. 
Performance, serum lipid profile, antioxidant functions, 
immune responses, and intestinal microbiota diversity 
of heat-stressed broilers improved when fed A. awamori. 
It can be concluded that adding A. awamori enhanced 
the nutritional value of OP while reducing the negative 
effects of heat-stress in broilers.
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