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ABSTRACT

The poultry industry faces ongoing challenges from bacterial infections. Probiotics have emerged as a promising
strategy to improve the performance and health of animals. The current research aimed to evaluate the effectiveness
of the combination of Bacillus licheniformis and Saccharomyces cerevisiae on blood profile, immune organs,
carcass characteristics, and intestinal health in broiler chickens exposed to Escherichia coli (E. coli). This study
involved the random assignment of 100 male Cobb 500 broiler chicks aged one day, raised for 35 days, each with an
average weight of 44.26 + 1.89¢, to four oral treatments. There were four groups, each group consisting of five
replications, and each replication consisting of five chickens. T1, the control group, received a basal diet. T2
received B. licheniformis (5x10° CFU per 2g), administered at a level of 2g per 1000g of basal diet. T3 received S.
cerevisiae (1.0 x10'° CFU per 2g), administered at a level of 2g per 1000g of basal diet. T4 received a combination
of B. licheniformis (5x10 ° CFU/g) and S. cerevisiae (1.0 x 10'° CFU/g), with each probiotic administered at a level
of 1g per 1000g of basal diet. The data of blood profile parameters, including electrolytes, leukocytes, total protein
of plasma (TPP), fibrinogen, hemoglobin, LDL, HDL, triglycerides, and cholesterol, indicated a notable disparity
between the control group and the group receiving the combination of Bacillus licheniformis and Saccharomyces
cerevisiae, with the control group exhibiting lower values for these parameters compared to the combination group.
Total bacteria counts before and after the challenge showed fewer colonies of E. coli in the group that received the
combination of Bacillus licheniformis and Saccharomyces cerevisiae. The weights of carcass parts (breast, wing, and
thigh) and immune organs (spleen, Bursa Fabricius, and intestine) were all significantly lower in the control group
compared to the group administered a combination of Bacillus licheniformis and Saccharomyces cerevisiae. These
results indicated that the supplementation of Bacillus licheniformis and Saccharomyces cerevisiae to broiler
chickens exposed to E. coli increased their parameters of blood profile, immune system, carcass features, and
intestinal health.

G202 ‘0z 111dy :pasinay
GZ0Z ‘7T YoIelAl :paniadsy

712114V T¥NIOIHO

G20Z 'S¢ aunr :paysijgnd
G20z ‘12 AelN :pardadoy

Keywords: Bacillus licheniformis, Broiler chickens, Immune function, Probiotics, Saccharomyces cerevisiae
INTRODUCTION

Broiler chicken is widely consumed as human population growth contributes to the rapid increase in the consumption of
meat. There are several challenges facing poultry production processes, and one of these includes diseases, which are a
major threat to broiler chicken production (Grzini¢ et al., 2023). Over the past decade, preventative measures, like
antibiotics and vaccinations, have been utilized to manage bacterial infections. However, these preventive measures are
no longer in use because synthetic antibiotics are prohibited in the livestock industry, and the prevalence of chemical
contaminations in animal products is common (Ghimpeteanu et al., 2022). The discontinuation of antimicrobial growth
promoters (AGPs) has made poultry more susceptible to infectious diseases, negatively impacting production efficiency
(Abreu et al., 2023). Several mechanisms have been proposed to prevent or reduce pathogenic infections in poultry,
including modulating gut microbiota composition, enhancing the barrier surrounding the intestines, and boosting
antibodies (Di Vincenzo et al., 2024). The increasing need for sustainable and effective solutions has driven the search
for alternative approaches to poultry production. Feed additives such as probiotics and prebiotics provide a long-term
and efficient way to boost the production and health of chickens. Additionally, they are commonly used in commercial
settings. Probiotics and prebiotics can enhance broiler chicken health by modifying the gut microbiota and fortifying the
gut barrier (Dong et al., 2024). These microorganisms can modulate the gut microbiota to improve host health through
mechanisms such as acidification, immune stimulation, pathogen inhibition, and the reduction of harmful bacteria levels
in the gut.

Bacillus licheniformis (B. licheniformis) is a bacterium recognized as harmless and has been widely utilized in the
livestock sector (Elleithy et al., 2023). Bacillus licheniformis, a promising probiotic strain, exhibits several beneficial
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properties, such as spore-forming ability, resistance to harsh conditions, and the production of antimicrobial substances
(Ramirez-Olea et al., 2022). These attributes make it a valuable alternative for enhancing animal health and productivity.
The strain is used to produce a polypeptide antibiotic known as bacitracin (Zhu et al., 2023). B. licheniformis has the
potential to produce bacteriocin under aerobic conditions, as well as under anaerobic conditions against anaerobic
microorganisms (Shleeva et al., 2023). Among the Bacillus species, B. licheniformis was found to have an
antipathogenic action in the gastrointestinal tract of broilers (Chen and Yu, 2020). B. licheniformis has been documented
to synthesize many biologically active compounds, including digestive enzymes, lysozymes, bacteriocins, and
antimicrobial peptides. They are acknowledged for augmenting animal performance through the enhancement of feed
digestibility, stimulation of immune system development, improvement of intestinal mucosal barrier function, inhibition
of pathogenic bacterial colonization, promotion of beneficial microorganisms proliferation, and maintenance of intestinal
microflora equilibrium (Chen and Yu, 2020; Kan et al., 2021). In broilers, B. licheniformis may be a promising growth
booster of the intestinal balance of the microbial population. It possesses significant promise for enhancing the
performance and productivity of poultry. Therefore, in broiler chickens raised for commercial settings, the application of
B. licheniformis spores as direct-feed microorganisms or probiotics may be a viable substitute for antibiotics in
preventing and treating harmful bacteria (Kan et al., 2021).

Saccharomyces cerevisiae (S. cerevisiae; baker’s yeast) has garnered considerable interest as an alternative to
antibiotics due to its prebiotic and probiotic properties. As the primary components, S. cerevisiae comprises beta-glucans
and mannan-oligosaccharides (MOS). In combination, beta-glucan and MOS from the yeast cell wall may enhance
intestinal development, increase poultry performance, and strengthen the intestinal ecology in broiler chickens by
boosting immunity, which protects against pathogenic infection (Nikpiram et al., 2013; Teng et al., 2021). A variety of
studies have shown that S. cerevisiae is an alternate protein source that improves the immunological response, blood
parameters, and growth potential of the chicken capacity of poultry (Qui, 2023). Additionally, yeast serves as an
outstanding source of short peptides that include free amino acids. This guarantees a swift process of absorption and
digestion, potentially improving feed efficiency substantially. In chicken diets, yeast is used as a prebiotic and probiotic
to stimulate the release of bile acids. It is utilized in the recovery of acid bile, leading to an increased production of
cholesterol as a precursor of acid bile. It assists in the reduction of blood serum cholesterol levels as a precursor of acid
bile (Azrinnahar et al., 2021). Yeast exhibits antibacterial characteristics that contribute to the host’s immunomodulatory
response. Mycocins are produced by yeast to defend against pathogenic bacteria. These mycocins secrete inhibitory
substances that degrade toxins, preventing the adhesion of pathogens to the epithelial cell surface and creating
competition for nutrition (Hatoum et al., 2012).

Probiotics have been reported to improve the metabolism and physiology of food animals (Abd El-Hack et al., 2020;
Anee et al.,, 2021). The combining effect of different probiotic strains may be complementary or synergistic.
Complementary probiotics function independently, with each strain contributing its benefits to the host (Cunningham et
al., 2021). For instance, one strain may enhance nutrient absorption while another may improve gut barrier function.
Synergistic probiotics work together to achieve a greater effect than the sum of their contributions. In this case, the
strains may interact to produce metabolites that benefit the host or may compete with pathogens for resources.
Furthermore, the future of probiotic research will be influenced by the development of novel strains. These strains should
be specifically selected and targeted to fill unoccupied niches within the individual’s microbiome. This approach has the
potential to expand the applications of probiotics beyond the gastrointestinal tract, including ex-gut sites. For example, in
poultry, probiotics can positively impact respiratory health. However, studies on the effects of the combination of
Bacillus licheniformis and Saccharomyces cerevisiae on immunity and gut health are limited. This study was motivated
by the lack of research and the inconsistent results to evaluate the hypothesis that the combination of B. licheniformis and
S. cerevisiae could improve the intestinal health and blood profile of broiler chickens, supporting the use of these
probiotics in place of antibiotic growth promoters (AGP) in broiler diets.

MATERIALS AND METHODS

Ethical approval

Every producer of animals used in this study complied with the ethical standards number 021/EA/PDHI/X1/2024 of
the Association of Indonesian Veterinary (PHDI) in Central Java Branch, Indonesia, in addition to national and
institutional regulations regarding animal care and usage. The slaughtering and collection of blood samples were carried
out as per the standard sampling procedure for experimental purposes.

Experimental animals and treatment

A total of one hundred Cobb 500 broiler chickens were used in this 35-day research carried out at the experimental
farm, Faculty of Animal Science, Universitas Jenderal Soedirman, Indonesia. The chickens used for this research were
one day old, with an average body weight of 44.26 + 1.89 g from a bonafide broiler chicken company in Central Java,
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Indonesia. There were four treatment groups to which the poultry were randomly assigned, each of which contained five
chickens, and in five replications. The research treatments consisted of four groups: T1, the control group, received a
basal diet. T2 received B. licheniformis at a dose of 5x10 ? CFU per 2g, administered at a level of 2g per 1000g of basal
diet. T3 received S. cerevisiae at a dose of 1,0 x10 ** CFU per 2g, administered at a level of 2g per 1000g of basal diet.
T4 received a combination of B. licheniformis 5x10  CFU/g feed and S. cerevisiae 1,0 x 10'° CFU/g feed, with each
probiotic administered at a level of 1g per 1000g of basal diet.

Housing and management

All chickens were housed in twenty cages to facilitate precise monitoring and feeding. Each cage plot had a size of
1 m2, and this allowed adequate space for the chickens’ movement while ensuring the necessary containment for feed
and water intake. The poultry were maintained under identical environmental, managerial, and hygienic conditions.
Throughout the experiment, daily readings of the room's relative humidity and ambient temperature were taken; the
averages ranged from 60% to 88% and 26°C to 31°C, respectively. The temperature and humidity range are not in the
comfort zone for chickens, however, this is the daily condition from early morning to midday on the experimental farm
and has been regulated using temperature, humidity, and wind speed controllers. During the research, chickens were
given lighting ranging from 23-24 hours every day, with a light intensity of 25 lux.

Feed and water

The nutritional content of Cobb 500 broiler feed ingredients is shown in Table 1. Chickens are given basal feed with
a protein composition of 21.46%, EM 3115.2 kcal/kg feed (Table 2). This provides essential nutrients to support the
performance of broiler chickens (Ofori et al., 2019). Broiler chickens are first vaccinated with ND by the hatchery
company before being sent to the research site. As soon as the chickens arrive in the coop, they are immediately given
sugar water and starter feed. On the second day until harvest, chickens are given Topmix supplements produced by PT
Medion Farma Jaya, which contain multivitamins, minerals, and amino acids of 5 grams per kg of feed. Additionally,
Bacillus licheniformis, Saccharomyces cerevisiae, and the combination of Bacillus licheniformis and Saccharomyces
cerevisiae were supplemented when broiler chickens were eight days old until 28 days old. At 29 days old, the chickens
in all treatment groups were challenged with a single oral dose of 0.5 mL 1x10° CFU/ml E. coli (Eid et al., 2022). Water
was provided ad libitum to all chickens, with the supply continuously monitored to ensure it met the required standards
for cleanliness and nutrient absorption. After the age of 29 to 35 days following the administration of E. coli, chickens
were observed for symptoms such as fever, diarrhea, loss of appetite, and dehydration.

Table 1. Nutrient content of Cobb 500 broiler chicken feed ingredients

Feed Ingredient Protein Energy Lipid Fiber Ca P Lysin Met
(%) (Kcal/kg) (%) (%) (%) (%) (%) (%)
Corn 85 3350 3,8 2,2 0,02 0,28 0,26 0,18
Rice bran 12,9 2400 5 11,4 0,07 15 0,59 0,26
Soybean meal 44 2230 0,8 7 0,29 0,65 2,69 0,62
Fish Meal 60 2950 13 1,5 3 1,7 31 0,99
Qil 0 8600 0 0 0 0 0 0
CaCO3 0 0 0 0 38 0 0 0
L-lysin 95,6 0 0 0 0 0 90 0
DL- Met 58,6 0 0 0 0 0 0 90
Topmix 0 0 0 0 0,06 0,5 0 0
NaCl 0 0 0 0 0 0 0 0
Ca: Calcium; P: Phosphor
Table 2. Nutrient content of basal feed
Feed Proportion  Protein Energy Lipid Fiber Ca P Lysin Meth
Ingredient (%) (%) (Kcal/kg) (%) (%) (%) (%) (%) (%)
Corn 30 2,55 1005,00 1,14 0,66 0,006 0,03192 0,078 0,054
Rice bran 37,85 4,88 908,40 1,8925  4,3149 0,026495 0,215745  0,223315 0,09841
Soybean Meal 8 3,52 178,40 0,064 0,56 0,0232 0,052 0,2152 0,0496
Fish Meal 17,2 10,32 507,40 2,236 0,258 0,686 0,111112 0,5332 0,17028
Qil 6 0,00 516,00 0 0 0 0 0 0
CaCO3 0,25 0,00 0,00 0 0 0,095 0 0 0
L-lysin 0,1 0,10 0,00 0 0 0 0 0,09 0
DL- Met 0,1 0,10 0,00 0 0 0 0 0 0,09
Topmix 0,2 0,00 0,00 0 0 0,00012 0,00038 0 0
NaCl 0,3 0,00 0,00 0 0 0 0 0 0
100 21,4639 3115,2 53325 57929 0,836815 0,411157  1,139715 0,46229

Ca: Calcium; P: Phosphor
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Data collection

On day 35, 3 ml blood samples were collected from 20 chickens, with five chickens per treatment for routine
hematology analysis. A routine hematology analysis is a basic assessment of several blood components. Starting from
the erythrocyte (red blood cell) component to the leukocyte (white blood cell) component. Using sterilized syringes,
samples of blood were obtained from the wing vein and transferred to tubes containing Ethylenediaminetetraacetic acid
(EDTA) as an anticoagulant for plasma separation. After the Islamic slaughter (performed by a Muslim slaughterer
method, and ensuring a swift, humane cut to the jugular vein, carotid arteries, and windpipe to ensure complete
exsanguination), the lymphoid organs, which included the intestine, spleen, and Bursa Fabricius, were assessed at 35
days of age.

Blood profile analysis

Centrifugation was used to separate the blood plasma, which was then kept at -20°C for subsequent analysis for ten
minutes at 3000 rpm. A Seamaty SD1 biochemistry machine with standard biochemical kits and an automated analyzer
were used to measure electrolytes, leucocytes, fibrinogen, hemoglobin (Hb), total protein plasma (TPP), total
cholesterol, triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) in the blood samples.

Microbiological enumeration

Two chickens were euthanized using Natrium pentobarbital from each cage at 28 and 35 days, and samples were
obtained from the duodenum, jejunum, ileum, and cecum. Bacteriological examination was conducted on all samples,
which were stored at 4°C until further investigation. For the analysis of the samples, 1g of the digested contents of each
sample was diluted with 0.1% peptone water and thereafter prepared for serial dilution. The total bacterial count for E.
coli would be determined by spreading 50ul of the serially diluted tubes onto EMB agar. At 39°C, each plate was
incubated for a full day. Ultimately, the colony counts were given as the mean 10-logarithm colony-forming units
(log1oCFU) per gram of sample content. A count of E. coli was performed using the methodology of Jazi et al. (2019).

Statistical analysis

The acquired data were organized with Excel (Microsoft); the data were subjected to one-way ANOVA analysis
with SPSS 25.0 (SPSS Inc., Chicago, IL, USA) and presented as least squares mean + standard deviation. Differences
between treatments were examined using Duncan’s multiple tests. Significance levels are indicated as P < 0.05 *, P <
0.01**, and P < 0.001***,

RESULTS

In Table 3, the blood profile is illustrated by the impact of dietary Bacillus licheniformis, Saccharomyces cerevisiae, and
the combined effect of Bacillus licheniformis and Saccharomyces cerevisiae. When compared to the other groups, the T4
group had considerably higher levels of hemoglobin, fibrinogen, and electrolytes (p < 0,05). Although the T1 and T3
groups did not exhibit any significant differences, the total protein plasma of the T1, T2, and T4 groups did (p < 0.05).
Additionally, all of the groups’ leukocyte levels varied significantly, with T2 having the highest level of leukocytes (p <
0.05). Nevertheless, the control group’s cholesterol level was noticeably greater than that of the T2, T3, and T4 groups (p
< 0.05). On the other hand, triglycerides showed significant differences in all the groups compared with the T4 group,
which recorded low levels of triglycerides (p < 0.05). In comparison to the other groups, the control group exhibited
substantially higher levels of LDL and HDL (p < 0.05).

Table 4 shows the results for the total bacteria population of E. coli in the intestine before the chickens were
challenged with E. coli. The control group recorded higher colonies of E. coli found in all parts of the intestine.
Compared to the T1, T2, and T3 groups, the T4 group was noted to have a lower number of E. coli in all parts of the
intestine (duodenum, jejunum, ileum, and cecum) (p < 0.05). Moreover, the statistical analysis revealed no discernible
changes between the control group and the other groups in the duodenum and the ileum. However, a significant
difference existed between T2, T3, and T4 (p < 0.05). There were no notable variations between the jejunum of the
control group and T4 (p < 0.05).

Table 5 demonstrates the overall population of E. coli bacteria in the intestine following exposure to E. coli. The
results presented similar findings to those in Table 4, with the control group having a higher number of colonies in the
various parts of the intestine. In addition, the T1 group's duodenum showed no discernible differences in T2, T3, or T4,
whereas T2, T3, and T4 showed significant differences (p < 0.05). In the jejunum, there is a substantial difference across
all groups, except for T1 and T4, which did not exhibit any significant difference. Significant changes in T2, T3, and T4
were seen in the ileum (p < 0.05). While there was a substantial change between T1 and T2, there was no discernible
variation in the cecum between the control groups T3 and T4 (p < 0.05). Following the broiler chickens’ exposure to E.
coli, the study’s findings indicated that the number of E. coli had increased.

Table 6 shows the result of the weight values of the T4 groups, which were higher than those of the other groups in
both carcass weight and immunological organs (p < 0.05). Nonetheless, the weight of the wing and thigh exhibited a
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substantial difference across all groups (p < 0.05). While there was no discernible change in the breast weight between
T1 and T4, as well as between T3 and T4, there was a substantial difference in breast weight between the T1, T2, and T3
groups (p < 0.05). The intestine exhibited a substantial variation in weight across all groups as compared to the T4 group,
which demonstrated a larger weight value than the others (p < 0.05). Bursa Fabricius exhibited a notable difference
among the T1, T2, and T3 groups; however, when compared to T4, no significant differences were observed across all
groups. Furthermore, the T1 group exhibited a reduced spleen weight than the other groups; however, this was not
statistically different (p < 0.05). Conversely, the T2, T3, and T4 groups exhibited substantial differences (p < 0.05).

Table 7 shows the results for carcass weight and immune organs after the chickens were challenged with E. coli. The
results showed significant differences in breast weight and thigh weight for the carcass weight in all the groups (p <
0.05). However, the control group showed the lowest weight value amongst all the groups in breast weight, thigh weight,
and wing weight (p < 0.05).

The control group exhibited significant differences in intestine weight compared to the T2, T3, and T4 groups after
the chickens were challenged with E. coli (p < 0.05). Although there was no discernible difference in the spleen between
the control group and the other groups, the T4 group had the largest spleen weight, and the control group had the lowest
(p < 0.05). Nonetheless, a substantial difference was observed among the T2, T3, and T4 groups (p < 0.05). The Bursa
Fabricius weight recorded the highest weight value in T4 as compared to the other groups, and the T1 group recorded the
lowest weight value. Comparing the T1 group and the T4 group showed significant differences (p < 0.05).

Table 3. Combination effect of dietary Bacillus licheniformis and Saccharomyces cerevisiae on blood parameters in 35-
day-old broiler chickens challenged with E. coli

Parameters T1 T2 T3 T4
Electrolytes (uL) 1.60 +1.22° 2.02 £0.45° 1.73 £0.39° 2.29 +0.54°
Leukocytes (1L) 7.29 £2.62° 8.58 £1.92" 8.03 £1.20° 6.03 £ 1.75¢
TPP (g/dL) 2.84 +0.36° 2.4+037° 2.24 +0.17° 2.60 £ 0.4°
Fibrinogen (g/dL) 0.12+0.18° 0.04 +0.09° 0.16 +0.17° 0.2 +0.2¢
Hemoglobin (g/dL) 532 £1.72° 5.32 £0.54 5.52 £0.91° 6.13 £ 0.64¢
LDL (%) 59.04 + 22.25° 51.56 +5.51° 53.02 +3.18° 56.07 +9.32°
HDL (%) 59.94 + 4.67° 47.08 £7.54° 44,62 £7.80° 50.87 +7.92°
TG (%) 75.84 £5.52° 80.86 + 18.78° 107.80 + 68.45° 7027 £11.71°
Cholesterol (%) 136.04 + 28.30° 117.50 £11.12° 113.32 £ 12.57° 128.03 + 20.61°

TTP: Total protein plasma; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG: Triglycerides. Data are expressed as mean * Standard
deviation (SD). ***“ Mean values with different superscript letters in the same row indicate significant differences (P < 0.05). T1: Control, T2: Bacillus
licheniformis group, T3: Saccharomyces cerevisiae group, and T4: Cerevisiae.

Table 4. Combination effect of dietary supplementation of Bacillus licheniformis and Saccharomyces cerevisiae on total
bacteria count of E. coli (log;oCFU) from the intestinal digesta

Treatment Duodenum Jejunum lleum Cecum

T1 131.25 + 34.28° 210.25 + 102.87° 165.25 + 30.57° 276.50 + 53.61°
T2 66.25 + 6.40% 81.00 +7.07° 60.25 + 4.27% 111.50 + 28.52°
T3 40.75 + 21.85% 48.50 + 12.48° 83.75 £ 9.0% 79.00 + 9.52%

T4 27.25 + 4.11% 26.50 + 6.14° 49.75 + 21.79% 71.50 + 26.19%

Data are expressed as mean + Standard deviation (SD). **“® Mean values with different superscript letters in the same column indicate significant
differences (p < 0.05).

Table 5. Combination effect of dietary supplementation of Bacillus licheniformis and Saccharomyces cerevisiae on total
bacteria count of E. coli (log;oCFU) from the intestinal digesta in 35-day-old broiler chickens challenged with E. coli

Treatment Duodenum Jejunum lleum Cecum

T1 234.0 £ 92.76° 186.0 + 53.35° 268.0 £ 121.82% 277.25 + 56.75°

T2 62.75 + 38.91% 169.5 + 54.19° 114.50 + 32.52%® 139.25 + 128.49°
T3 71.40 + 28.74% 110.4 + 57.29° 70.2 + 68.24% 90.20 + 101.137%
T4 68.50 + 31.44% 68.25 + 69.95° 405+ 11.21% 99.25 + 101.10™

Data are expressed as mean + Standard deviation (SD). **“9 Mean values with different superscript letters in the same column indicate significant
differences (p < 0.05). T1: Control, T2: Bacillus licheniformis group, T3: Saccharomyces cerevisiae group, and T4: Combination of Bacillus
licheniformis and Saccharomyces cerevisiae.
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Table 6. Combination effect of dietary Bacillus licheniformis and Saccharomyces cerevisiae on carcass and immune
organs weights in 35-day-old broiler chickens

T1 T2 T3 T4
Carcass part
Breast (g) 326.92 + 17.67° 356.16 + 15.95" 335.664 + 7.98° 392.0 + 43.18%
Wing (g) 114.62 +10.372 120.86 + 20.88" 116.58 +7.72° 113.52 + 18.80¢
Thigh (g) 383.02 + 48.13? 378.13+0.04° 384.42 + 57.45° 316.06 + 103.06°
Immune Organs
Spleen (g) 1.90 + 0.66° 3.58 + 0.51% 3.78 +0.95% 4.54 +0.56
Bursa Fabricius (g) 2.56 +0.313% 3.6 +0.48™ 3.12 +1.05% 5.56 + 0.88¢
Intestine (g) 146.84 + 23.10°% 149.40 + 26.85" 236.22 +31.41° 208.84 + 18.08¢

Data are expressed as mean + Standard deviation (SD). **“® Mean values with different superscript letters in the same row indicate significant
differences (p < 0.05). T1: Control, T2: Bacillus licheniformis group, T3: Saccharomyces cerevisiae group, and T4: Combination of Bacillus
licheniformis and Saccharomyces cerevisiae.

Table 7. Combination effect of dietary Bacillus licheniformis and Saccharomyces cerevisiae on carcass and immune
organs weights in 35-day-old broiler chicken challenged with E. coli

T1 T2 T3 T4
Carcass part
Breast (g) 428.38 + 23.38° 453.6 6 + 17.54° 466.94 + 44.08° 499.00 + 41.19°
Wing (g) 258.4 +59.72° 334.40 + 38.89% 320.92 + 14.24%° 354.28 + 17.54
Thigh (g) 487.06 + 35.03° 493.42 + 35.03 495.52 + 49.21° 452.34 + 57 45"
Immune Organs
Spleen (g) 5.94 + 2.39° 17.50 + 5.35% 14.14 + 2,15 23.12 + 2.49%
Bursa Fabricius (g) 2.180 +0.48° 4.060 +0.53" 5.00 + 0.60™ 6.08 +1.77%
Intestine (g) 184.64 + 12.26° 189.40 + 62.93" 228.22 + 35.08° 216.44 + 23.71°

Data are expressed as mean * Standard deviation (SD). **°? Mean values with different superscript letters in the same row indicate significant
differences (p < 0.05). T1: Control, T2: Bacillus licheniformis group, T3: Saccharomyces cerevisiae, and T4: Combination of Bacillus licheniformis
and Saccharomyces cerevisiae.

DISCUSSION

Blood profile

Both probiotics and prebiotics are popular feed additives that are crucial for improving the nutrition and overall
health of poultry. The combination of probiotics and prebiotics improves the effectiveness in enhancing physiological
parameters, health, and productivity of poultry. A technique whereby the active substances, probiotics, and prebiotics
cooperate to enhance the physiological state of broiler chickens. The method by which probiotics and prebiotics, the
active ingredients, work in concert to improve the physiological condition of poultry. A study by Sunu et al. (2021) used
the combination of garlic extract (prebiotic) and Lactobacillus (probiotic) to improve the blood profile and antioxidant
capacity of broilers. This is consistent with the present study, whereby the combination of Bacillus licheniformis and
Saccharomyces cerevisiae groups improved the blood profile. Blood is an indicator of poultry health because it is a vital
component in regulating the physiology of the body of poultry (Tugiyanti et al., 2016).

The amount of red blood cells in the blood is closely correlated with hemoglobin levels. Hemoglobin, the protein
within red blood cells, is responsible for oxygen transport. A decrease in hemoglobin levels (anemia) can significantly
impact poultry health by reducing oxygen delivery to tissues, impairing growth, and increasing susceptibility to
infections. Fibrinogen is a plasma protein that plays a crucial role in blood clotting. While not considered a primary
antioxidant, it can indirectly influence oxidative stress pathways (Mafiucat-Tan et al., 2021). In this investigation,
hemoglobin and fibrinogen levels were lowest in the control group, whereas the combination group of Bacillus
licheniformis and Saccharomyces cerevisiae obtained the greatest value and differed significantly from the control
group, the Bacillus licheniformis group, and the Saccharomyces cerevisiae group. This finding suggested the possibility
that the Bacillus cerevisiae and Saccharomyces cerevisiae groups could work in concert to raise hemoglobin and
fibrinogen levels.
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The leukocytes play an essential role in protecting the body against various pathogens by way of phagocytes and
production. A high number of leukocytes influences the immunity of the host; this high blood cell count indicates
increased production of white blood cells to fight against infection. According to Table 3, the Bacillus licheniformis and
Saccharomyces cerevisiae groups had the highest number of leukocytes, while the combination group had the lowest
number when compared to the control group. Lawrence-Azua et al. (2018) discovered that adding dietary
Saccharomyces cerevisiae to broiler diets resulted in high leukocyte levels, which supports the high leukocyte levels in
the Saccharomyces group in this study. The increase in lymphocyte concentration indicates the high immune status of
broilers supplemented with Saccharomyces cerevisiae because the mannan-oligosaccharides and beta-glucan
components of the yeast cell wall have been reported to modulate immunity (Teng et al., 2021; Bi et al., 2022; Osman et
al., 2024). The leukocyte levels in the current study, which are slightly lower than the normal range, may be influenced
by the high environmental temperature and relative humidity that were recorded during the study. This could have
contributed to potential stress in Cobb 500 broiler chickens.

Dietary probiotics and prebiotics have an influence on the concentration of blood lipids. The results of this study
indicate that the concentration of plasma triglycerides, total cholesterol, HDL, and LDL is significantly different in all
groups, with the control group exhibiting a higher concentration. This suggests that the dietary supplementation of
Bacillus licheniformis and Saccharomyces cerevisiae affects the concentrations of the aforementioned plasma blood
lipids. The results obtained were analogous to those published by Khalil et al. (2021), who indicated that various feed
additives, including prebiotics and synbiotic combinations, affected the concentration of many plasma blood metabolites,
namely cholesterol, triglycerides, LDL, and HDL. In this investigation, the concentration of cholesterol was decreased by
the Saccharomyces cerevisiae group, while the triglycerides levels were decreased by the combination of Bacillus
licheniformis and Saccharomyces cerevisiae group reduced the triglycerides levels. As reported by Kumar et al. (2019)
and Ahmed (2015), dietary Saccharomyces cerevisiae is responsible for the reduction of cholesterol levels. This implies
that Saccharomyces cerevisiae might be responsible for the blood of broilers by affecting absorption and metabolism.
Furthermore, it would support the cellular during its development and aid in the binding of cholesterol to the cellular
surface (Mollinedo, 2012). As a result of the digestion of dietary components and the assimilation of fatty acids,
triglycerides are produced in the intestinal mucosa and liver. Triglycerides in the treatment groups and the control group
differed significantly, which suggests lipid metabolism (Table 3). According to Regar et al. (2019), the triglyceride
concentrations for this study fall within the normal ranges of 75.84 + 5.52, 80.86 + 18.78, 107.80 + 68.45, and 70.27 £
11.71.

Carcass traits and immune organs

In this study, the carcass characteristics were improved by the addition of the combination of Bacillus licheniformis
and Saccharomyces cerevisiae in the broiler diet (Tables 6 and 7), which might be related to the inhibition of
colonization by intestinal pathogens, thereby improving the utilization of nutrients in the diet. Probiotics can thrive in the
digestive system when they are accompanied by prebiotics, as the two exhibit a synergistic effect that allows them to
withstand an anaerobic environment, which is characterized by low pH, temperature, and oxygen. Moreover, the mannan
and beta-glucan constituents of the yeast cell wall are utilized in conjunction with probiotic bacteria; the prebiotic effect
is evidenced by their capacity to promote the growth, metabolism, and/or advantageous functions of probiotics, which
translates into favorable carcass characteristics, thereby augmenting the weight of the thigh, wings, and breast, as
observed in this study (Bilal et al., 2023; Elghandour et al., 2024). Nevertheless, the findings of the current investigation
contradict the effect of probiotics, prebiotics, and symbiotics on carcass features shown in the research conducted by
Salehimanesh et al. (2016).

The findings indicated that the combined Bacillus licheniformis and Saccharomyces cerevisiae group's immune
organ weight increased (Tables 6 and 7). This is in contrast to Salehimanesh et al. (2016), who found no increase in
immune organ weight following synbiotic treatment added to broiler diets. According to the study's results (Tables 6 and
7), the group that received a combination of Bacillus licheniformis and Saccharomyces cerevisiae had higher weights for
the Bursa Fabricius, intestine, and spleen than the control group, Bacillus licheniformis only, and Saccharomyces
cerevisiae only. The Bursa Fabricius is a hematopoietic location where B-cell maturation and antibody production take
place. A low Bursa Fabricius weight may result in fewer lymphocytes, which may decrease the number of antibodies that
serve as an indicator of immunity (Yazdi et al., 2014).

E. coli bacterial count

The present result emphasized that the combination of Bacillus licheniformis and Saccharomyces cerevisiae group
reduced the E. coli population as compared to the control group (Tables 4 and 5). The study by Sunu et al. (2021)
supports this, showing that a synbiotic combination of Allium sativum and Lactobacillus acidophilus reduced the number
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of bacteria, such as Coliform, E. coli, and lactic acid bacteria. The decrease in pathogenic bacteria in the chicken
intestine is achieved by enhancing the generation of short-chain fatty acids, which affect host function (Liu et al., 2021;
Ali et al., 2022; Huang et al., 2023). The creation of short-chain fatty acids by probiotics and prebiotics can boost the
immune response by inducing the production of cytokines in the host's immune cells. This aligns with the current
investigation, which revealed that the combination of Bacillus licheniformis and Saccharomyces cerevisiae diminished
the E. coli colony counts before and after the chickens were challenged with E. coli relative to the control group. It is
thought that Saccharomyces cerevisiae's ability to increase Bacillus licheniformis in the gastrointestinal tract helps the
digestive system's competitive exclusion of pathogens, in this case, E. coli. The microbiome study has contributed to the
creation of awareness about microorganisms, which has evolved from disease-causing agents that should be avoided to a
more critical perspective that incorporates a more comprehensive understanding of their beneficial functions
(Cunningham et al., 2021).

CONCLUSION

The Bacillus licheniformis (5xx10 9 CFU per 2g), and Saccharomyces cerevisiae (1,.0 xx10 10 CFU per 2g) as a dietary
supplementation modulated a synergistic effect on the blood profile (Electrolytes, Leukocytes, TPP, Fibrinogen, LDL, HDL,
TG, and Cholesterol), organ immunity (Spleen, Bursa Fabricius, and Intestine) and intestinal health (Duodenum, Jejunum,
lleum, Cecum) after chickens were challenged with E. coli. The highest results of the study were observed in the
combination of Bacillus licheniformis and Saccharomyces group (administered at a level of 1g per 10009 of basal diet).
Therefore, the supplementation of a combination of Bacillus licheniformis and Saccharomyces cerevisiae can be
recommended to boost health and immunity in poultry production. Future research should explore the antioxidant
capacity and molecular study of these dietary supplements. It is also necessary to explore the different levels or
increments of the dosage of the combination of Bacillus licheniformis and Saccharomyces cerevisiae.

DECLARATIONS

Funding
This study received funding from the Chancellor of Jenderal Soedirman University through a special assignment
facilitation scheme for Professors under the funding number 26.748/UN23.35.5/PT.01/11/2024.

Acknowledgments
The Authors acknowledge the Chancellor of Jenderal Soedirman University, who provided funding for research with
a special assignment facilitation scheme for the Professors on February 26, 2024.

Authors’ contributions

Elly Tugiyanti contributed to conceptualization and design, data acquisition, and original draft preparation. Rosidi
conducted the analysis and interpretation of the data. Mariama Abdula was involved in the evaluation and editing of the
manuscript. All authors verified the article's most recent edition before publication.

Availability of data and materials
The data to support this study's findings is available upon reasonable request from the corresponding author.

Competing interests
The authors declare that they have no competing interests.

Ethical considerations
The authors confirm that all authors have reviewed and submitted the manuscript to this journal for the first time.
Additionally, all authors checked the originality of data and sentences via plagiarism checkers.

REFERENCES

Abd El-Hack ME, El-Saadony MT, Shafi ME, Qattan SY, Batilha GE, Khafaga AF, Abdel-Moneim AME, and Alagawany M (2020). Probiotics in
poultry feed: A comprehensive review. Journal of Animal Physiology and Animal Nutrition, 104(6): 1835-1850. DOI:
https://www.doi.org/10.1111/jpn.13454

Abreu R, Semedo-Lemsaddek T, Cunha E, Tavares L, and Oliveira M (2023). Antimicrobial drug resistance in poultry production: Current status and
innovative strategies for bacterial control. Microorganisms, 11(4): 953. DOI: https://www.doi.org/10.3390/microorganisms11040953

312


https://www.doi.org/10.1111/jpn.13454
https://www.doi.org/10.3390/microorganisms11040953

World Vet. J., 15(2): 305-314, 2025

Ahmed EM (2015). Effect of dietary yeast (Saccharomyces cerevisiae) supplementation on performance, carcass characteristics and some metabolic
responses of broilers. Animal and Veterinary Sciences, 3(5-1): 5-10. DOI: https://www.doi.org/10.11648/j.avs.s.2015030501.12

AliQ,Mas, La S, Guo Z, Liu B, Gao Z, Farooq U, Wang Z, Zhu X, Cui Y et al. (2022). Microbial short-chain fatty acids: A bridge between dietary
fibers and poultry gut health—A review. Animal bioscience, 35(10): 1461-1478. DOI: https://www.doi.org/10.5713/ab.21.0562

Anee 1J, Alam S, Begum RA, Shahjahan RM, and Khandaker AM (2021). The role of probiotics on animal health and nutrition. The Journal of Basic
and Applied Zoology, 82: 52. DOI: https://www.doi.org/10.1186/s41936-021-00250-x

Azrinnahar Mst, Islam N, Shuvo AAS, Kabir AKMA, and Islam KMDS (2021). Effect of feeding fermented (Saccharomyces cerevisiae) de-oiled rice
bran in broiler growth and bone mineralization. Journal of the Saudi Society of Agricultural Sciences, 20(7): 476-481. DOI:
https://www.doi.org/10.1016/j.jssas.2021.05.006

Bi S, Zhang J, Zhang L, Huang K, Li J, and Cao L (2022). Yeast cell wall upregulated cell-mediated immune responses to Newcastle disease virus
vaccine. Poultry Science, 101(4): 101712. DOI: https://www.doi.org/10.1016/j.psj.2022.101712

Bilal RM, Ul Hassan F, Saeed M, Rafeeq M, Zahra N, Fraz A, Saeed, Khan MA, Mahgoub HA, Farag MR S et al. (2023). Role of yeast and yeast-
derived products as  feed additives in broiler  nutrition.  Animal Biotechnology, 34(2): 392-401. DOl:
https://www.doi.org/10.1080/10495398.2021.1942028

Chen YC and Yu YH (2020). Bacillus licheniformis—fermented products improve growth performance and the fecal microbiota community in broilers.
Poultry Science, 99(3): 1432-1443. DOI: https://www.doi.org/10.1016/j.psj.2019.10.061

Cunningham M, Azcarate-Peril MA, Barnard A, Benoit V, Grimaldi R, Guyonnet D, Holscher HD, Hunter K, Manurung S, Obis D et al. (2021).
Shaping the future of probiotics and prebiotics. Trends in Microbiology, 29(8): 667-685. DOI: https://www.doi.org/10.1016/j.tim.2021.01.003

Di Vincenzo F, Del Gaudio A, Petito V, Lopetuso LR, and Scaldaferri F (2024). Gut microbiota, intestinal permeability, and systemic inflammation: A
narrative review. Internal and Emergency Medicine, 19(2): 275-293. DOI: https://www.doi.org/10.1007/s11739-023-03374-w

Dong S, Li L, Hao F, Fang Z, Zhong R, Wu J, and Fang X (2024). Improving quality of poultry and its meat products with probiotics, prebiotics, and
phytoextracts. Poultry Science, 103(2): 103287. DOI: https://www.doi.org/10.1016/j.psj.2023.103287

Eid S, Tolba HMN, Hamed RI, and Al-Atfeehy NM (2022). Bacteriophage therapy as an alternative biocontrol against emerging multidrug resistant E.
coli in broilers. Saudi Journal of Biological Sciences, 29(5): 3380-3389. DOI: https://www.doi.org/10.1016/j.sjbs.2022.02.015

Elghandour MMM, Hafsa SHA, Cone JW, Salem AZM, Anele UY, and Alcala-Canto Y (2024). Prospect of yeast probiotic inclusion enhances
livestock feeds utilization and performance: An overview. Biomass Conversion Biorefinery, 14: 2923-2935. DOI:
https://www.doi.org/10.1007/s13399-022-02562-6

Elleithy EMM, Bawish BM, Kamel S, Ismael E, Bashir DW, Hamza D, and Fahmy KNE (2023). Influence of dietary Bacillus
coagulans and/or Bacillus licheniformis-based probiotics on performance, gut health, gene expression, and litter quality of broiler chickens.
Tropical Animal Health Production, 55(1): 38. DOI: https://www.doi.org/10.1007/s11250-023-03453-2

Ghimpeteanu OM, Pogurschi EN, Popa DC, Dragomir N, Drigotoiu T, Mihai OD, and Petcu CD (2022). Antibiotic use in livestock and residues in
food—A public health threat: A review. Foods, 11(10): 1430. DOI: https://www.doi.org/10.3390/foods11101430

Grzini¢ G, Piotrowicz-Cie$lak A, Klimkowicz-Pawlas A, Gorny RL, Lawniczek-Walczyk A, Piechowicz L, Olkowska E, Potrykus M, Tankiewicz M,
Krupka M et al. (2023). Intensive poultry farming: A review of the impact on the environment and human health. Science of The Total
Environment, 858: 160014. DOI: https://www.doi.org/10.1016/j.scitotenv.2022.160014

Hatoum R, Labrie S, and Fliss | (2012). Antimicrobial and probiotic properties of yeasts: From fundamental to novel applications. Frontiers in
Microbiology, 3: 421. DOI: https://www.doi.org/10.3389/fmich.2012.00421

Huang SC, He YF, Chen P, Liu KL, and Shaukat A (2023). Gut microbiota as a target in the bone health of livestock and poultry: Roles of short-chain
fatty acids. Animal Diseases, 3(23): 23. DOI: https://www.doi.org/10.1186/s44149-023-00089-5

Jazi V, Mohebodini H, Ashayerizadeh A, Shabani A, and Barekatain R (2019). Fermented soybean meal ameliorates Salmonella Typhimurium
infection in young broiler chickens. Poultry Science, 98(11): 5648-5660. DOI: https://www.doi.org/10.3382/ps/pez338

Kan L, Guo F, Liu Y, Pham VH, Guo Y, and Wang Z (2021). Probiotics Bacillus licheniformis improves intestinal health of subclinical necrotic
enteritis-challenged broilers. Frontiers in Microbiology, 12: 623739. DOI: https://www.doi.org/10.3389/fmich.2021.623739

Khalil KKI, Islam MA, Islam MM, Sujan KM, Islam MK, and Miah MA (2021). Effect of selected probiotics and synbiotics on growth performance
and blood-biochemical changes in broiler chickens. Journal of the Bangladesh Agricultural University, 19(4): 471-476. DOIl:
https://www.doi.org/10.5455/JBAU.120923

Kumar S, Yadav SP, Chandra G, Sahu DS, Kumar R, Maurya PS, Yadav DK, Jaiswal V, and Ranjan K (2019). Effect of dietary supplementation of
yeast (Saccharomyces cerevisiae) on performance and hemato-biochemical status of broilers. Indian Journal of Poultry Science, 54(1): 15-19.
DOI: https://www.doi.org/10.5958/0974-8180.2019.00002.3

Lawrence-Azua OO, Awe AO, Saka AA, Okotie UJ, Awodele OA, and Isegbe EI (2018). Effect of yeast (Saccharomyces cerevisiae) supple-mentation
on the growth performance, haematological and serum biochemical parameters of broiler chicken. Nigerian Journal of Animal Science, 20(1):
191-199. DOI: https://www.ajol.info/index.php/tjas/article/view/166112

Liu L, Li Q, Yang Y, and Guo A (2021). Biological function of short-chain fatty acids and its regulation on intestinal health of poultry. Frontiers in
Veterinary Science, 8: 736739. DOI: https://www.doi.org/10.3389/fvets.2021.736739

Mafiucat-Tan N, Zeineddine Abdallah R, Kaur H, Saviane D, Wilson MR, and Wyatt AR (2021). Hypochlorite-induced aggregation of fibrinogen
underlies a novel antioxidant role in blood plasma. Redox Biology, 40: 101847. DOI: https://www.doi.org/10.1016/j.redox.2020.101847

Mollinedo F (2012). Lipid raft involvement in yeast cell growth and death. Frontiers in Oncology, 2: 140. DOL:
https://www.doi.org/10.3389/fonc.2012.00140

Nikpiram H, Vahdatpour T, Babazadeh D, and Vahdatpour S (2013). Effects of Saccharomyces cerevisiae, Thepax and their combination on blood
enzymes and performance of Japanese quails (Coturnix japonica). Journal Animal and Plant Sciences, 23(2): 369-375. Available at:
https://www.thejaps.org.pk/docs/v-23-2/06.pdf

Ofori H, Amoah F, Arah I, and Krampah EK (2019). Proximate analysis and metabolizable energy of poultry feeds. ARPN Journal of Engineering and
Applied Sciences, 14(5): 1026-1032. Available at: https://www.arpnjournals.org/jeas/research_papers/rp_2019/jeas _0319_7649.pdf

Osman MA, Motawe HFA, Shoukry MM, El-Komy EM, Khattab MS, Radwan AS, and Hamouda RES (2024). The influence of mannan
oligosaccharides and Beta glucan supplementation on growth performance, blood constituents, and cecal parameters of broiler chickens. World's
Veterinary Journal, 14(1): 74-84. DOI: http://www.doi.org/10.54203/scil.2024.wvj10

Qui NH (2023). Baker’s yeast (Saccharomyces cerevisiae) and its application on poultry’s production and health: A review. Iraqi Journal of Veterinary
Sciences, 37(1): 213-221. DOI: https://www.doi.org/10.33899/ijvs.2022.132912.2146

313


https://www.doi.org/10.11648/j.avs.s.2015030501.12
https://www.doi.org/10.5713/ab.21.0562
https://www.doi.org/10.1186/s41936-021-00250-x
https://www.doi.org/10.1016/j.jssas.2021.05.006
https://www.doi.org/10.1016/j.psj.2022.101712
https://www.doi.org/10.1080/10495398.2021.1942028
https://www.doi.org/10.1016/j.psj.2019.10.061
https://www.doi.org/10.1016/j.tim.2021.01.003
https://www.doi.org/10.1007/s11739-023-03374-w
https://www.doi.org/10.1016/j.psj.2023.103287
https://www.doi.org/10.1016/j.sjbs.2022.02.015
https://www.doi.org/10.1007/s13399-022-02562-6
https://www.doi.org/10.1007/s11250-023-03453-2
https://www.doi.org/10.3390/foods11101430
https://www.doi.org/10.1016/j.scitotenv.2022.160014
https://www.doi.org/10.3389/fmicb.2012.00421
https://www.doi.org/10.1186/s44149-023-00089-5
https://www.doi.org/10.3382/ps/pez338
https://www.doi.org/10.3389/fmicb.2021.623739
https://www.doi.org/10.5455/JBAU.120923
https://www.doi.org/10.5958/0974-8180.2019.00002.3
https://www.ajol.info/index.php/tjas/article/view/166112
https://www.doi.org/10.3389/fvets.2021.736739
https://www.doi.org/10.1016/j.redox.2020.101847
https://www.doi.org/10.3389/fonc.2012.00140
https://www.thejaps.org.pk/docs/v-23-2/06.pdf
https://www.arpnjournals.org/jeas/research_papers/rp_2019/jeas_0319_7649.pdf
http://www.doi.org/10.54203/scil.2024.wvj10
https://www.doi.org/10.33899/ijvs.2022.132912.2146

Tugiyanti et al., 2025

Ramirez-Olea H, Reyes-Ballesteros B, and Chavez-Santoscoy RA (2022). Potential application of the probiotic Bacillus licheniformis as an adjuvant in
the treatment of diseases in humans and animals: A systematic review. Frontiers in Microbiology, 13: 993451. DOI:
https://www.doi.org/10.3389/fmich.2022.993451

Regar MN, Tulung B, Londok JJIMR, Moningkey SAE, and Tulung YRL (2019). Blood lipid profile of broiler chicken as affected by a combination of
feed restriction and different crude fiber sources. IOP Conference Series: Earth and Environmental Science, 387(1): 012053. DOI:
https://www.doi.org/10.1088/1755-1315/387/1/012053

Salehimanesh A, Mohammadi M, and Roostaei-Ali MM (2016). Effect of dietary probiotic, prebiotic and synbiotic supplementation on performance,
immune responses, intestinal morphology and bacterial populations in broilers. Journal of Animal Physiology and Animal Nutrition, 100(4): 694-
700. DOI: https://www.doi.org/10.1111/jpn.12431

Shleeva MO, Kondratieva DA, and Kaprelyants AS (2023). Bacillus licheniformis: A Producer of Antimicrobial Substances, including
Antimycobacterials, Which Are Feasible for Medical Applications. Pharmaceutics, 15(7): 1893. DOl:
https://www.doi.org/10.3390/pharmaceutics15071893

Sunu P, Sunarti D, Mahfudz LD, and Yunianto VD (2021). Effect of synbiotic from Allium sativum and Lactobacillus acidophilus on hematological
indices, antioxidative status and intestinal ecology of broiler chicken. Journal of the Saudi Society of Agricultural Sciences, 20(2): 103-110. DOI:
https://www.doi.org/10.1016/j.jssas.2020.12.005

Teng PY, Adhikari R, Llamas-Moya S, and Kim WK (2021). Effects of combination of mannan-oligosaccharides and B-glucan on growth
performance, intestinal morphology, and immune gene expression in broiler chickens. Poultry Science, 100(12): 101483. DOI:
https://www.doi.org/10.1016/j.psj.2021.101483

Tugiyanti E, Zuprizal Z, Rusman R, Yuwanta T, and Ismoyowati I (2016). Effect of A-Tocopherol and Ascorbic Acids on Performance and Blood
Immunity Profile of Male Native Muscovy Duck. Journal of the Indonesian Tropical Animal Agriculture, 41(3): 145-152. DOI:
https://www.doi.org/10.14710/jitaa.41.3.145-152

Yazdi FF, Ghalamkari G, Toghyani M, Modaresi M, and Landy N (2014). Efficiency of Tribulus terrestris L. as an antibiotic growth promoter
substitute on performance and immune responses in broiler chicks. Asian Pacific Journal of Tropical Disease, 4(2): S1014-S1018. DOI:
https://www.doi.org/10.1016/S2222-1808(14)60774-X

Zhu J, Wang S, Wang C, Wang Z, Luo G, Li J, Zhan Y, Cai D, and Chen S (2023). Microbial synthesis of bacitracin: Recent progress, challenges, and
prospects. Synthetic and Systems Biotechnology, 8(2): 314-322. DOI: https://www.doi.org/10.1016/j.synbio.2023.03.009

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits

- use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

314


https://www.doi.org/10.3389/fmicb.2022.993451
https://www.doi.org/10.1088/1755-1315/387/1/012053
https://www.doi.org/10.1111/jpn.12431
https://www.doi.org/10.3390/pharmaceutics15071893
https://www.doi.org/10.1016/j.jssas.2020.12.005
https://www.doi.org/10.1016/j.psj.2021.101483
https://www.doi.org/10.14710/jitaa.41.3.145-152
https://www.doi.org/10.1016/S2222-1808(14)60774-X
https://www.doi.org/10.1016/j.synbio.2023.03.009
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

