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INTRODUCTION

Pakistan is the 11th largest poultry producer in 
the world, producing about 1.70 million tons of white 
meat annually, which is increasing yearly (Ali et al., 
2019). The challenging issue in broiler production units 
is formulating the least cost ration, which ensures 
70% of total production cost (Maqsood et al., 2022). 
The foremost contest for poultry industrialists is to 
acquire maximum performance while coping with the 
mortality in broilers. The inclusion of feed additives in 
poultry feed resolved this issue for nutritionists. These 
feed additives include antibiotic growth promoters 
(AGPs), probiotics, prebiotics, different enzymes, and 
coccidiostats. Supplementation of antibiotic growth 
promoters in poultry diets at a sub-therapeutic level has 
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ABSTRACT

Probiotics, prebiotics, and immunomodulators like β-glucan have become popular feed 
additives. Thus, this study examined the effects of a β-glucan product fortified with dietary 
biomaterials (fats, proteins, and minerals) on broiler chicks’ growth, carcass features, immunological 
response, white blood cell (WBC) count, and viable count (number of living cells) of lactobacilli. 
Day-old Ross-308 (n=250) were randomly assigned to 1 of 5 dietary treatments; A= basal diet, B= basal 
diet + 40 mg/kg of avilamycin, C= basal diet + 250 g/ton β-glucan product, D= basal diet + 500 g/ton 
β-glucan product, and E= basal diet + 750 g/ton β-glucan product. The starter diet was administered 
from days 1 to 14, the grower diet from days 15 to 21, and the finisher diet from days 22 to 35. Each 
treatment had 5 repetitions of 10 birds. On days 7 and 20, all birds were eye-drop inoculated against 
the Newcastle disease (ND) vaccine. Three chickens from each replication of all treatments were 
slaughtered on day 35 to examine carcass features and collect ileal digesta. White blood cell and 
viable lactobacilli counts at the end of the trial showed the effect of β-glucan supplementation. 
Throughout the trial, β-glucan administration did not increase average daily weight gain. The 
treatments did not change WBC or viable count; however,  lactobacilli count increased (p≤0.05) 
in treatment group E. Treatment E increased (p≤0.05) ND-vaccination antibody-titers but did not 
affect immunological organ development. Treatment diet E (base diet +750 mg/t β-glucan product) 
improved broiler immunity and gut microbiota. In conclusion, the addition of β-glucan to broiler 
feed enhanced the beneficial gut flora, particularly Lactobacilli and immune response, and may serve 
as an alternative to antibiotics. 
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been a common practice for the last 60 years because of 
its optimization in growth performance, feed efficiency, 
and disease prevention (Castanon, 2007). The net 
effect of using antibiotics in poultry feed as growth 
promoters ensures 3%-5% better performance (Gadde et 
al., 2017). The AGP benefits on broiler performance and 
reduction in pathogenic pressure are well documented. 
Supplementation of antibiotics at a sub-therapeutic 
level in poultry diet can precede an imbalance of 
microbiota in the early stages of life and thus it leads to 
compromised immunity in future, ultimately making 
chicks more susceptible to pathogenic microbes in later 
stages of life (Simon et al., 2016). Some later researchers 
illustrated that regular use of AGPs in diet acquires 
antibiotic resistance in poultry (Cosby et al., 2015). 
The indiscriminate use of AGPs in broilers resulted in 
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treatment failure, economic loss, and the development 
of antibiotic resistance and other adverse effects in 
humans (Darwish et al., 2013). 

There is a worldwide trend to decrease the use 
of antibiotics in poultry feed due to contamination 
of antibiotic residues in poultry products (Rayala et 
al., 2017). Different types of supplements have been 
discovered to replace AGPs, which can also sustain 
performance and immunity (Biggs & Parsons, 2008). 
In this context, β-glucan products have been the 
most favorable feed additives possessing unique 
immunomodulation properties and can be used to 
replace AGPs. Beta-glucan is a homopolysaccharide 
constituent of the cell wall of fungi found in the form 
of 1-3 β-glucan with side branches of 1-6 β-glucan and 
a linear form is also found in unicellular alga Euglena 
gracilis (Bacic et al., 2009). Beta-glucan has immunity-
enhancing effects in animals as well as humans (Kil 
et al., 2023). Beta-glucan is receiving attention as 
an immune modulator without compromising the 
production performance and has no undesirable effects 
on birds (Cox et al., 2010). Linear forms of β-glucan 
have attained more interest from researchers for high 
production and bioavailability instead of branched ones 
because the primary innate immune receptors for 1-3 
β-glucan are dectin-1 which are entirely expressed in 
monocytes (Haji et al., 2022). 

In monogastric diets, β-glucan has been of 
major interest as a potential prebiotic possessing 
immunomodulating properties (Zhou et al., 2013; 
Tykałowski & Koncicki, 2022; Murphy et al., 2013). 
Results suggested that the incorporation of 50% glucan 
and 50% non-glucan biomaterials (sugars, proteins, 
and fats) promoted the growth of both Lactobacillus and 
Bifidobacterium which are beneficial microorganisms 
and protect the gut environment from pathogenic 
microbes. Supplementation of β-glucan in the diet 
has beneficial effects by enhancing immune function 
in monogastric animals but has no adverse effects on 
growth performance (Horst et al., 2019; Divya et al., 2020; 
Zhou et al., 2013).

The use of antibiotics as growth promoters in poul-
try feed has been banned in many countries due to con-
cern over the emergence of antibiotic-resistant bacteria. 
This has led to the increased interest in alternative feed 
additives such as probiotics, prebiotics, and immuno-
modulators like β-glucan. Recently, there has been inter-
est in combining β-glucan with non-glucan biomaterials 
such as chitosan, collagen, and alginate to enhance its 
efficacy as a feed additive. These biomaterials have 
been shown to have health benefits, including antibacte-
rial and antioxidant properties, and may enhance the 
immune-modulating effects of β-glucan. Overall, using 
β-glucan as a feed additive for broilers shows promise 
as an alternative to antibiotics for improving growth 
performance and immune function. The combination 
of β-glucan with non-glucan biomaterials may further 
enhance its efficacy and provide additional health 
benefits. Therefore, the current study was conducted to 
fully understand the impact of β-glucan product on the 
broiler-chick’s immune response, growth performance, 
carcass traits and gut microbial population.

MATERIALS & METHODS

Ethical Approval and Study Area

The current study was approved by the ethical 
committee of the Directorate of Advance Studies and 
Research Board (ASRB) of the University of Veterinary 
and Animal Sciences (UVAS) Lahore with ethical 
number DAS/918, and conducted at the poultry research 
and training center (PRTC), Ravi campus Pattoki. In the 
trial, 250 Ross 308 mixed-sexed were procured from the 
local hatchery. After flushing, chicks were checked for 
abnormalities. 

Study Population and Experiment

All the chicks were weighed initially at day 0 and 
randomly divided into five treatment groups, each with 
five replicates using a completely randomized design 
(CRD). The total duration of the biological trial was 35 
days, divided into starter, grower, and finisher phases, 
respectively. The starter diet was given from day 1 to 
14, the grower diet was given from day 15 to 21, and 
the finisher diet was given from 22 days to 35 days. 
Aleta-a commercially available product of β-glucan 
fortified with dietary non-glucan biomaterial having 
a composition of 50% β-glucan and 50% non-glucan 
biomaterial (fat, protein, and minerals) was used in 
the experiment. Among the treatment groups, the 1st 
group was negative control with no antibiotics and no 
inclusion of β-glucan with non-glucan biomaterials in 
the diet, and the 2nd group was positive control with 
antibiotics and no inclusion of β-glucan with non-glucan 
biomaterials in the diet, the 3rd, 4th, and 5th treatment 
groups were allocated β-glucan with non-glucan 
biomaterials in the diet at the rate of 250 g/ton, 500 g/
ton, and 750 g/ton, respectively. Both control groups 
were given a commercial corn-soya based diet. Chicks 
were given ad-libitum feed and water after arrival. All 
experimental rations were formulated according to the 
standard prescribed in the manual of Ross 308. The 
dietary ingredients and calculated nutrient contents of 
the diets required for the three fundamental phases of 
growth of broiler chicks are presented in Table 1. All 
management practices were followed during the trial. 

The growth performance was measured in terms 
of feed intake, body weight gain, feed conversion 
ratio (FCR), and livability in terms of survival by 
international standard methods as mentioned in the 
manual of Ross 308. Carcass evaluation was done on 
the 35th day. Three birds per replicate were selected and 
subjected to pre-slaughter fasting for 10 hours. Later, 
birds were weighed to check the live weight at slaughter 
to determine carcass and carcass yield. Birds were 
slaughtered by the halal Muslim method (Dhabihah). 
Each bird was cut into different body parts according 
to the standard method for calculation of carcass 
weight, giblet weight (liver, heart, spleen, gizzard, and 
bursa), breast yield, and leg quarter yield (Silveira et 
al., 2017). Antibody titers were checked for Newcastle 
disease (ND) vaccine using hemagglutination (HA) and 
hemagglutination inhibition (HI) tests.
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Moreover, the immune response was also observed 
from the development of immune organs such as the 
spleen and bursa. The weights of the spleen and bursa 
were recorded from slaughtered birds of all treatment 
groups, and data were compared. Leukocytes were 
counted by using an automatic hematology analyzer. 
At slaughtering on day 35, samples of digesta were 
collected from 15 birds of each treatment through the 
proximal ileum into sterile plastic vials and stored at 
4 °C temperature for 24 h until they were analyzed. 
One gram of sample was used and subjected to serial 
dilutions with sterile saline solution (0.9%) and 

was plated on deMan, Rogosa, Sharpe (MRS), and 
nutrient agar media. The plates were incubated at 37 
°C for 24 hours. Bacterial colonies were computed in a 
colony counter expressed as log10 cfu/g of the sample 
(Bortoluzzi et al., 2018). Gastrointestinal bacteria 
Lactobacillus was counted in the small intestine and 
digesta of the 15 selected birds per treatment on the 
35th day. Homogenized samples were diluted 10 folds 
with sterile Phosphate Buffer Saline (PBS). From each 
dilution, 1 µL was placed on a specific media plate 
of Lactobacillus and incubated aerobically at 37 °C for 
24 hours. Visible colonies were computed in a colony 
counter and expressed as log10 cfu/g of the sample 
(Ghosh et al., 2012).

Statistical Analysis

The data were analyzed by analysis of variance 
(one-way ANOVA) and expressed as the mean and 
standard error of the mean (SEM). The p-value<0.05 
was considered statistically significant. The means of 
treatment groups were further challenged by Duncan’s 
Multiple Range test (DMRT) for statistical differences. 

RESULTS

Growth Performance

The dietary effects of β-glucan with non-glucan 
biomaterials treatment on the growth performance of 
the broiler over 35 days of the experimental period are 
presented in Table 2. The results indicated that feed 
intake was not affected by the supplementation of 
β-glucan compared with those fed with antibiotic and 
non-antibiotic diets. Feed intake was approximately 
the same during this period among the treatments, 
but numerically lower feed intake was observed in 
treatment A and higher in E. Body weight and FCR gain 
were not significantly influenced by the treatment of 
β-glucan in all experimental groups. 

Carcass Traits

Data on carcass traits are presented in Table 3. 
The live weight of randomly selected birds was not 
improved significantly among all the treatment groups. 
Breast weight was higher in group D, and leg quarter 
weight was higher in group B among the treatments. 
There were no significant differences in the weight 
of the liver, gizzard, and heart among the dietary 
treatments.

Livability

The effects of β-glucan product on the livability 
percentage of broilers are summarized in Table 4. There 
was no significant difference observed in livability 
among all treatments during 35 days period. The 
numerical value of treatment E was 1.3% greater than A 
but not statistically significant. 

Table 1. 	Dietary ingredients and nutrient contents (calculation) 
of the diets required for all the three different phases of 
broiler chicks (as-fed basis)

Items Starter 
ration

Grower 
ration

Finisher 
ration

Ingredients (%)
Maize 39.20 39.20 45.10
Wheat 10.00 10.00 10.00
Rice polish 7.70 7.70 8.00
Soy bean meal 16.40 16.40 17.30
Canola meal 19.0 19.0 11.40
Guar meal 3.00 3.00 3.00
Oil 2.50 2.50 2.50
Limestone 0.60 0.60 1.00
Bone ash 0.40 0.40 0.50
DL-meth 0.10 0.10 0.12
Lysine sulphate 0.40 0.40 0.32
Premix* 0.20 0.20 0.20
Choline 0.10 0.10 0.10
Soda bicarb 0.30 0.30 0.25
Salt 0.10 0.10 0.10
Zinc-bacitracin 0.01 0.01 0.01
L-threonine 0.01 0.01 0.04
Aleta 0.00 0.00 0.00
Total 100.00 100.00 100.00

Calculated composition
ME (kcal/kg)  3150.00 3200.00 3250.00
DM (%) 92.30 92.40 94.50
CP % 22.70 22.20 21.20
Crude fiber (%) 4.43 6.30 5.21
Crude fat (%) 5.98 5.65 6.90
Ash (%) 7.70 7.88 7.71
Calcium (%) 1.50 0.95 0.80
Phosphorous (%) 0.50 0.45 0.39
Lysine (%) 1.20 1.00 0.85
Methionine (%) 0.50 0.40 0.52
Arginine (% 1.25 0.00 0.90
Cysteine (%) 0.00 1.10 0.00
Methionine + 
Cysteine (%)

0.90 0.74 8.40

Note:	 *Premix= Vitamin-mineral premix supplemented per ton of feed: 
Phytase 200, Manganese 110, Zinc 90, Niacin 50, Tocopherol 
50, Iron 40, Copper 20, Pantothenate 18, Retinol 12, Riboflavin 
9, Pyridoxine 5, Cholecalciferol 5, Menadione 3, Thiamine 3, 
Molybdenum 2, Folate 2, Iodine 1, Biotin 0.3, Selenium 0.3, Cobalt 
0.25, Cobalamin added at rate of gram per ton of the feed.
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Table 2. Growth performance of broiler chicks fed ration containing β-glucan and non-glucan biomaterials

Variables Treatments
Age (days)

0-7 8-14 15-21 22-28 29-35 0-35
(Starter) (Grower) (Finisher) (Cumulative)

Feed intake A 160.65 390.52 650.97 949.91 1093.09 3245.15
(g/bird/week) B 154.05 387.18 663.97 942.46 1086.19 3233.87

C 151.44 383.96 658.41 952.93 1092.51 3239.25
D 158.44 387.16 652.04 949.55 1083.85 3231.02
E 155.87 390.15 665.36 958.41 1084.26 3254.05

Pooled SEM 1.99 2.55 4.44 5.52 6.07 9.05
p -value 0.494 0.932 0.738 0.944 0.847 0.932

Body weight gain A 135.96 296.25 483.39 563.76 582.17 2062.14
(g/bird/week) B 147.46 310.90 476.75 574.48 596.46 2105.91

C 137.61 319.36 464.54 569.50 600.38 2091.33
D 144.87 307.29 480.26 601.76 631.05 2164.64
E 141.61 298.92 471.88 586.04 605.92 2104.39

Pooled SEM 1.91 5.11 5.11 5.81 8.18 15.30
p-value 0.252 0.362 0.651 0.050 0.334 0.157

Feed conversion ratio A 1.18 1.32 1.34 1.68 1.87 1.57
B 1.04 1.24 1.39 1.64 1.82 1.53
C 1.10 1.20 1.42 1.67 1.82 1.55
D 1.09 1.26 1.36 1.58 1.72 1.49
E 1.10 1.31 1.41 1.63 1.79 1.54

Pooled SEM 0.01 0.02 0.01 0.02 0.02 0.01
p-value 0.204 0.469 0.455 0.164 0.299 0.091

Note: 	A= basal diet, B= basal diet + 40 mg/kg of avilamycin, C= basal diet + 250 g/ton β-glucan product, D= basal diet + 500 g/ton β-glucan product, E= 
basal diet + 750 g/ton β-glucan product. 

Table 3. Carcass traits of broiler chicks fed ration containing β-glucan with non-glucan biomaterials

Treatments

Variables

Live weight 
(g/bird)

Carcass 
weight 
(g/bird)

Carcass 
yield (%)

Breast 
weight 
(g/bird)

Leg quarter 
weight 
(g/bird)

Giblets weight (%)
Liver weight 

(%)
Gizzard 

weight (%)
Heart 

weight (%)
A 2163.60 1350.8 62.3 776.60 288.33 2.36 1.91 0.66
B 2205.06 1395.4 63.4 784.80 294.60 2.37 1.87 0.65
C 2196.73 1387.73 63.0 783.80 285.33 2.32 1.87 0.68
D 2247.73 1424.93 63.4 794.60 291.00 2.34 1.88 0.69
E 2244.86 1425.26 63.4 787.86 293.00 2.37 1.87 0.67

Pooled SEM 17.93 13.87 0.44 7.91 5.62 0.02 0.04 0.01
p-value 0.110 0.085 0.699 0.650 0.945 0.787 0.983 0.628

Note: 	A= basal diet, B= basal diet + 40 mg/kg of avilamycin, C= basal diet + 250 g/ton β-glucan product, D= basal diet + 500 g/ton β-glucan product, E= 
basal diet + 750 g/ton β-glucan product. 

Table 4. Livability of broiler chicks fed ration containing β-glucan with non-glucan biomaterials (%)

Treatments
Observation time

Cumulative
Week 1 Week 2 Week 3 Week 4 Week 5

A 94 100 100 97.7 98 97.9
B 98 98 100 100 98 98
C 98 98 98 100 98 98.4
D 100 98 100 96 100 98.8
E 100 98 98 100 100 99.2

Pooled SEM 0.84 0.77 0.57 0.71 0.68 0.22
p-value 0.113 0.906 0.569 0.237 0.736 0.516

Note: 	A= basal diet, B= basal diet + 40 mg/kg of avilamycin, C= basal diet + 250 g/ton β-glucan product, D= basal diet + 500 g/ton β-glucan product, E= 
basal diet + 750 g/ton β-glucan product. 
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Leukocytes, Viable Count of Lactobacilli, and Immune 
Response

The blood profile, viable count, and immune 
response of birds fed different levels of β-glucan 
product are shown in Table 5. Dietary treatments 
of β-glucan products had no impact on total white 
blood cell count. Treatment E had a higher numerical 
value than treatments A and B but was not positively 
affected. Dietary treatments of the β-glucan product 
had no positive impact on the total viable count 
but significantly improved the intestinal beneficial 
Lactobacilli count among the treatments (p<0.05). 
Lactobacilli count in group E was significantly (p<0.05) 
higher than in group B; however, treatments A, C, and 
D remain unchanged. The antibody titer against NDV 
was influenced significantly (p<0.05) by the dietary 
supplementation of β-glucan product. The maximum 
titer was observed in treatment E. The weight of 
immune organs, including the spleen and bursa remains 
unaffected, while the numerical value of bursa was 
higher in treatment A and the weight of the spleen 
was elevated among treatment group E. Increasing 
the dietary level of β-glucan products had no effect on 
immune organ development among all the treatments. 

DISCUSSION

It was hypothesized that β-glucan products may 
replace the antibiotics as growth promoters used in the 
feed of broilers without any adverse effect on overall 
bird performance to resolve the issue related to the 
development of antibiotic resistance in humans by the 
consumption of broiler meat and to overcome the gap of 
deficiency of animal origin protein.  

Growth Performance

In the current study, no positive effect was 
observed on feed intake, BWG, and FCR among treat-
ments, whereas higher numerical values were observed 
in broilers fed with commercially available β-glucan 
products. The current study’s findings match the previ-
ous studies (Cox et al., 2010; Tykałowski & Koncicki, 
2022) in which supplementation of β-glucan had no 

effects on feed intake and body weight gain in broilers. 
Similar results had previously been reported (Holanda 
et al., 2020; Maqsood et al., 2022) that supplementation 
of β-glucan had no positive effects on average daily feed 
intake and gain-to-feed ratio (G:F ratio) in weanling 
monogastric animals which are also supported by the 
current findings. Compatible results with our study 
found (Niu et al., 2022) that β-glucan extracted from 
Chinese herbs had no beneficial impact on growth 
performance. The results of the present study showed 
that dietary supplementation of β-glucan supported 
the birds in a similar way as that of antibiotics, which 
reduce the chances of disease outbreaks related to 
opportunistic pathogens, thereby allowing birds to 
perform optimally. Although the results from the nega-
tive control group are non-significant, higher numerical 
values are indicators of optimism in performance. 

In contrast, some authors reported opposite the 
results with that of our study that supplementation of 
β-glucan improved growth performance in terms of 
body weight gain and FCR in some phases of growth 
in broilers (Cho et al., 2013; Ding et al., 2019; Tykałowski 
& Koncicki, 2022; Ahiwe et al., 2021; Kiarie et al., 2022). 
The reasons behind these contradicted results might 
be a difference in the breed of chicks, the difference in 
experimental design, challenging feed with Escherichia 
coli, and the immunomodulation potential of β-glucan. 
Some of these authors used different breeds of broilers 
like Haidong, Arbor Acres, and Cobb and also used 
different sources of origin of β-glucan (yeast derived 
β-glucan). There were also variations in the feed type 
they used during their experiments, such as challenging 
feed fortified with E. coli. The diversity in experimental 
conditions and design, like hypoxia-reared chicks and 
disease-challenged like coccidiosis-infected chicks 
under β-glucan treatment, might be other main factors 
responsible for this discrepancy. 

Carcass Traits

Supplementation of β-glucan product has no 
improvement on carcass characteristics and weight of 
relative organs in broilers because β-glucan has been 
proven as an immune modulating agent which has no 
significant effects on breast weight and leg quarter 

Note: 	A= basal diet, B= basal diet + 40 mg/kg of avilamycin, C= basal diet + 250 g/ton β-glucan product, D= basal diet + 500 g/ton β-glucan product, E= 
basal diet + 750 g/ton β-glucan product. WBC= white blood cell; ND= Newcastle disease. Means in the same column with different superscripts 
differ significantly (p<0.05).

Table 5. 	White blood cell, viable count of Lactobacilli, and immune response in broiler chicks fed ration containing β-glucan with 
non-glucan biomaterials

Treatments
Variables

WBCs count 
(10)3

Total viable 
count (log cfu)

Lactobacilli       
count (log cfu) ND titer Bursa weight (g) Spleen weight (g)

A 24.13 6.89 5.26bc 4.33bc 1.80 2.85
B 23.80 6.73 5.01c 4.13c 1.73 2.94
C 24.73 6.88 5.38ab 4.80abc 1.79 2.88
D 25.00 6.89 5.74ab 5.07ab 1.76 2.99
E 25.20 6.95 5.91a 5.33a 1.77 3.09

Pooled SEM   0.43 0.04 0.11 0.19 0.07 0.06
p-value 0.4250 0.244 0.012 0.0180 0.9829 0.4113
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weight. The results of the current study are in line with 
the findings of the previous studies (Baurhoo et al., 2009; 
Rahimi et al., 2019; Kil et al., 2023; Kiarie et al., 2022) in 
which dietary supplementation of 1-3 and 1-6 β-glucan 
did not improve the carcass yield, dressing percentage, 
relative carcass weight, and weight of visceral organs.

Livability

Livability percentage is an index of broiler 
production which has been improved by different 
satisfactory methods. In the current study, broiler 
chicks supplemented with β-glucan product have 
ameliorated survival rate as compared to control groups 
by augmenting the immune system for pathogenic 
protection or pathogenic susceptibility. The results of 
our study are compatible with the observations found 
in previous studies (Tykałowski & Koncicki, 2022; Moon 
et al., 2016; Ngunyangi et al., 2019). In a single previous 
study, contrasting outcomes may be due to heat stress, 
different precursors of prebiotics, and inclusion levels in 
the diet of broilers (Kil et al., 2023).

Leukocytes, Viable Count of Lactobacilli, and Immune 
Response

The β-glucan attracted poultry researchers in re-
cent years because of its immune-modulating potential 
by enhancing the proliferation of white blood cells. 
However, the absence of a challenge in the trial did 
not affect the WBC, lymphocyte, or IgG levels among 
treatments (Ngunyangi et al., 2019; Zhang et al., 2012), 
justifying the results of our study that supplementation 
of β-glucan does not affect WBC count as compared to 
the control group. In opposite to our findings, beneficial 
effects of β-glucan have been reported on adaptive im-
munity and proliferation of macrophages with increased 
phagocytosis (Amer et al., 2022) that significantly 
improved the white blood cells and lymphocytes pro-
liferation in chicks and mice respectively (Ding et al., 
2019), this may be due to the bioactivator properties of 
β-glucan. 

Intestinal microbial populations directly nega-
tively or positively affect an organism’s performance. 
β-glucan, a non-starch polysaccharide, had been used as 
a prebiotic for encouraging the population of beneficial 
bacteria. In the current study, results showed a positive 
increase in numbers of Lactobacilli with β-glucan supple-
mentation and supporting the findings of the previous 
studies (Goh et al., 2023) which reported that β-glucan 
supplementation increased beneficial bacteria in mono-
gastric animals. Similar results have also been reported 
that barley extracted β-glucan enhanced health-friendly 
microbes in older healthy human volunteers (Song et 
al., 2021). The outcomes of our study are in line with 
the previous findings (Allen & Stabler, 2008), in which 
it was claimed that prebiotics contribute to the prolif-
eration of beneficial bacteria and improve the microbial 
diversity in the gut. The concentration of β-glucan as a 
prebiotic affects the intestinal microbial community and 
selectively favored the butyrate-producing bacteria. The 
latest research studies have proved that prebiotics are 

more likely to be used by bacteria such as Lactobacillus to 
produce large amounts of short-chain fatty acids which 
rapidly reduce the gut pH. This manipulation sup-
presses the growth of pH-sensitive E. coli (Bader et al., 
2019). In coincidence with our hypothesis, the beneficial 
gut microbes halt the colonization of pathogenic bacte-
ria and are also recognized for exporting bacteriocins, 
which can target and kill invading pathogens. Another 
piece of evidence proved that E. coli colonization is re-
placed with Lactobacilli in the gut by supplementing of 
prebiotics (Okrouhlá et al., 2020). The significant decline 
in the growth of E. coli and coliform (Nakashima et al., 
2018) due to extended colonization of Lactobacilli is ben-
eficial for optimum performance chicken, supporting 
our hypothesis.

Being relevant to our study, β-glucan has 
been proven as an immunity-enhancing agent and 
augmented protective mechanism against infectious 
diseases (Nakashima et al., 2018). Due to the immune-
activating response of β-glucan, many studies have 
been conducted in an infectious challenging condition 
and found that β-glucan has a magical response in 
activating the immune system (Tykałowski & Koncicki, 
2022). The results of our study match the previous 
findings that β-glucan is a magnifying agent for plasma 
proteins IgG and IgA in broilers, which contribute to 
up-regulation of humoral immune response (Zhang et 
al., 2012). Dietary β-glucan has been proven to increase 
the size of the primary and secondary lymphoid organs, 
providing further evidence of their immunomodulation 
capabilities (Amer et al., 2022). Similar supporting 
observations were reported in other previous studies 
that supplementation of β-glucan showed significantly 
higher serum antibodies and high relative weight of 
bursa of Fabricius as compared to the non-treated 
group. 

In a few previous studies, inconsistent results 
were reported that supplementation of β-glucan has no 
significant effects on the size of primary and secondary 
lymphoid organs, including bursa and spleen in broilers 
(Haghshenas et al., 2014). Similar contradicted results 
were also reported that there is no significant impact of 
β-glucan supplementation in diet on ND vaccine titer 
in broilers. This may be due to the difference in sex, age 
group, and experimental conditions (Haghshenas et al., 
2014). The differences in experimental conditions and 
design might be the main factors responsible for the 
disparity of some of our findings. 

CONCLUSION

The overall findings of the current study indicated 
that feeding commercially available β-glucan product 
(Aleta) enhanced gut-beneficial microbes, such as 
Lactobacilli. The supplementation of the product further 
enhanced the immune response of vaccines against 
ND in broilers. Hence, it is concluded that the use of 
β-glucan might benefit the health status of the chicken 
but not the production parameters as well as be safe 
for human health, having the potential to replace the 
prophylactic antibiotics application in the feed without 
compromising the production performance of broilers.
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