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Aflatoxicosis is one of the major issues for the public health. Control of aflatoxins is necessary to avoid the health 
hazards in human and animals. Present study was designed to evaluate the efficacy of Bacillus licheniformis as a 
novel feed additive for control of aflatoxicosis. A total of 40 rats were equally divided into the four groups. The 
first group (BD) was kept as control, treated with basal diet. In second group (AF), the rats were treated with 
aflatoxins (28 µg/kg BW). In the third group (AFBL) the rats were treated with aflatoxins (28 µg/g BW) and 
Bacillus licheniformis (1 × 108 cfu/mL). In the fourth group (BDBL) the rats were treated with only Bacillus 
licheniformis (1 × 108 cfu/mL). The parameters studied were, phagocytic response by carbon clearance assay 
system, lymphoproliferative response to PHA-P, antibody response to SRBCs, total antioxidant capacity and 
total oxidant status of the rats and interleukin concentrations, along with histopathology of organs. Results of 
this study confirmed the immunomodulation and antioxidant capacity of Bacillus licheniformis against 28 µg/
kg BW of aflatoxins. 
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INTRODUCTION

Aflatoxins are the potential toxicants of foods and 
feeds which are produced from many types of fungi 

(Aspergillus flavus and Aspergillus parasiticus) along with 
some others under specific conditions (Wu et al., 2009; 
Yoshizawa, 2008). Among all the aflatoxins aflatoxin 
B1 is the most toxic and has teratogenic, mutagenic, 
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immunosuppressive, nephrotoxic and hepatotoxic effects 
in animal and humans (Mishra and Das, 2003). These 
toxins mainly infect cereals such as corn and peanuts and 
thus severe economic losses to the farmers. Aflatoxins also 
affect the health of animals and human by entering into 
the body via food chain. The prevalence of aflatoxicosis is 
serious problem worldwide (Chen et al., 2017). 

As we know that the main part of many food items 
is corn in most parts of the world and aflatoxins mainly 
contaminate the corn which becomes part of food. When 
this food is consumed by the poultry it enters into the 
body and cause severe pathological changes leading to the 
economic health hazards. Removal and decontamination 
of aflatoxins in the food and feed is very necessary to 
avoid these health hazards and it becomes a hot research 
topic in these days (Zhu et al., 2016). 

In the past, numerous chemical and physical methods 
have been used to control the aflatoxins in the foods and 
feeds. These physical and chemical methods have several 
disadvantages. Biological degradation has proven safe, 
feasible and efficient method for the control of aflatoxins 
in foods and feeds (Grenier et al., 2014; Zhao et al., 2011). 
The main benefits of the biological degradation include, 
the raw materials of these methods are highly specific, 
environment friendly and non-pollutant (Wang et al., 
2017; Wu et al., 2017; Chen et al., 2018). Various fungi can 
degrade aflatoxins which include Aspergillus parasiticus, 
Rhizopus usarrhizus, and A. niger (Shantha, 2010; Zjalic 
et al., 2006; Smiley and Draughon, 2000; Teniola et al., 
2005; Samuel et al., 2014). A few studies reported that 
the bacteria also have the ability to degrade the aflatoxins 
including Bacillus and Lactobacillus species (Dowd et al., 
1998). Aflatoxins can be removed from water by using 
probiotic bacteria and lactic acid bacteria (Hormisch et al., 
2004; Elsanhoty et al., 2016; El-Deeb et al., 2013). 

Aflatoxins degrading enzymes have been isolated 
from the bacteria which play important role in the control 
of aflatoxins in poultry feed (Cao et al., 2011). Aflatoxin 
oxidase and manganese peroxidase from the white rot 
fungi have ability to degrade the aflatoxins (Wang et al., 
2011). Chitinases and laccases also have the ability to 
degrade the aflatoxins in the foods and feeds (Dellafiora et 
al., 2017; Loi et al., 2016; Wang et al., 2013). 

Based upon the above discussion this study was 
designed to investigate the ability of Bacillus licheniformis 
to control the aflatoxins induced oxidative stress and 
immunological alterations in rats. 

MATERIALS AND METHODS

Aflatoxins and Bacillus licheniformis 
Bacillus licheniformis TISTR 2192 was imported 

from culture bank of Thailand Institute of Science and 
Technology Research. Aflatoxins were procured from 
across organics (Gel, Belgium). 

B. licheniformis was activated on nutrient agar plate, 
then mixed and incubated in liquid medium for 24 h. After 
this, BL liquid solution was diluted until the number of 
bacteria reached to required concentration.

Experimental plan 
A total of 40 rats were purchased from the local market 

and were given standard environmental conditions with 
provision of water and basal diet ad libitum. After 3 days 
of acclimatization these rats were equally divided into four 
groups each of 10 rats: BD got basal diet, AF got basal diet 
with 28 µg/kg of body weight aflotoxin, AFBL got basal diet 
with 28 µg/kg of body weight aflotoxin and 1x108 CFU/mL 
of Bacillus licheniformis and BL got basal diet with 1x108 
CFU/mL of Bacillus licheniformis

Antibody titers in response to sheep red blood cells (sRBCs) 
Antibody titers in response to intravenous injection 

of sRBCs were determined following the method of 
(Delhanty and Solomon, 1966). Six rats on 13th day of age 
were selected randomly from each group and were injected 
with 1 ml of 3% washed sRBCs suspension in phosphate 
buffered saline via wing vein. At day 14 post primary 
injection the selected rats were injected with booster 
dose of antigen (sRBC). Blood samples were collected 
from the injected rats on day 7 and 14 post primary and 
booster injection. Serum separated from each sample 
was heat inactivated at 56 ◦C for 30 min) and titrated for 
total and mercaptoethanol (ME)-resistant immunoglobin 
(IgG) antibody titers for injected sRBCs. The titers of 
ME-sensitive IgM antibodies were however measured by 
subtracting the values of ME-resistant antibodies from that 
of total antibody titers. All the values were presented as 
log2.

In vivo cutaneous basophilic response to 
phytohemagglutinin (PHA-P) 

Lymphoproliferative response to PHA-P was 
determined following the method of Corrier and DeLoach 
(1990). On 24th day of trial, three rats were selected from 
each group and injected with 50 μg PHA-P (Thermo 
Fisher) in the interdigital space of right claw with dose of 
0.1 ml while same amount of normal saline was injected 
in interdigital space of left claw which was kept as control. 
Micrometer screw gauge was used to measure thickness 
before the injection (0-min reading) and 24 and 48 h post 
injection. Lymphoproliferative response during each 
interval was measured by subtracting the net change in 
thickness of right foot from that of left foot.

S.S. Alkhalil et al.
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In vivo phagocytic activity of reticuloendothelial system 
(carbon clearance assay) 

At day 22 of age, three rats randomly selected from 
each group were injected with black India ink (Pelikan 
4001, Pelikan, Sharjah, UAE) to assess the phagocytic 
activity of reticuloendothelial system (Sarker et al., 2000). 
Briefly, the ink was centrifuged (3000×g for 30 min) to 
collect the supernanat colloidal carbon prior its injection 
(1 ml per rat) in the the selected rats. Blood samples 
collected before (0 min) and at the time intervals of 3 and 
15 min post injection were immediately suspended into the 
4 mL solution of aqueous sodium citrate solution (1%). 
The suspension mixture was centrifuged at 50×g for 4 
min and the optical density (OD) of collected supernatant 
was estimated at 640 nm using spectrophotometer (U-
2001, Hitachi®, Tokyo, Japan). The relative quantity of 
un-phagocytized carbon particles at each interval was 
determined by subtracting OD value at 3 and 15 min from 
OD value at zero min. Percentage increase in absorbance 
was calculated using the formula, 

Increased adsorbance (%) = Abs. of specific time – 
Abs. at time 0/Abs. at time zero × 100

Serum total oxidant, antioxidants and interleukins 
Colorimetric method was used to measure the level of 

total serum oxidants and antioxidants (Erel, 2004). Heme 
oxygenase (HO)-1, Gluthathion-S-transferase (GST) and 
superoxide dismutase (SOD) were determined by using the 
commercially available kits of Thermo Fisher according to 
the given protocol. Interleukin (IL)-2, interferon (IFN)-γ, 
interleukin 1 (IL-1) and Tumor necrosis factor-α (TNF-α) 
were determined by the commercially available kits of 
Thermofisher according to the stand protocol. Interleukin 
1β and interleukin 10 were determined by using the 
commercially available kits of the Sigma Aldrich. 

Statistical analysis 
The obtained data was statistically analyzed by 

analysis of variance (ANOVA) and means were compared 
by Tukey’s, using SAS University Edition online software 
SAS stat 15.1.

RESULTS

Immune response to sheep red blood cells
Figure 1 shows the antibody titers in response to 

primary and secondary injection of sheep red blood cells. 
The antibody titers of second group (AF) were 

significantly lower as compared to control while the 
combination group (AFBL) showed non-significant 
difference as compared to control. The group in which 
only Bacillus was given to the rats showed significantly 

higher serum antibodies. Same trend was observed in the 
IgG concentrations in all the groups. Ig M values of all 
the groups were non-significant as compared to the control 
group. 

 

A B 

 

D C 

 

  

Fig. 1. Antibody response after 7 days of (A) Primary, (B) 
secondary SRBCs injection and after 14 days, (C) primary, 
(D) secondary SRBCs injection.

In vivo lymphoproliferative response to phytohemagglutinin
Figure 2 shows lymphoproliferative response 

to phytohemagglutinin and phagocytic index of rats 
treated with aflatoxins and Bacillus licheniformis. The 
lymphoproliferative response of the group treated with 
aflatoxins significantly reduced as compared as compared 
to control while the lymphoproliferative of the group which 
was treated with Bacillus only was significantly increased 
when compared with control. Lymphoproliferative 
response the group which treated with aflatoxins and 
Bacillus in combination was non-significant as compared 
to control. The highest response was observed in the BL 
group and lowest response was observed in the AF group.

 

 A B 

  

Fig. 2. (A) Lymphoproliferative response to 
phytohemagglutinin of rats treated with aflatoxins and 
Bacillus licheniformis in different combinations and 
(B) Phagocytic index of rats treated with aflatoxins and 
Bacillus licheniformis in different combinations.

 After 3 min phagocytic index of the aflatoxins treated 
group was significantly higher as compared to the control 
group while combination group (AFBL) showed non-
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significant difference when compared with control. The 
group in which only Bacillus was fed to the rats showed 
non-significant difference as compared to control. After 
15 min phagocytic index of the second was significantly 
higher when compared with control while combination 
group (AFBL) and the fourth group (BL) in which only 
Bacillus was fed to the rats showed non-significant as 
compared to the control. Highest phagocytic index was 
observed in the aflatoxins treated group while the all-other 
groups were non-significant when compared to control. 

 

A B 

 

D C 

 

 

 

Fig. 3. Histopathological examination of bursa of Fabricius 
of rats treated with aflatoxins and Bacillus licheniformis 
in different combinations. (A) Photomicrograph of 
group A (Basal diet) showing normal parenchyma of 
bursa of Fabricius. (B) Photomicrograph of group B 
(aflatoxins) showing increased interfollicular spaces. (C) 
Photomicrograph of group C (aflatoxins and Bacillus) 
showing almost normal parenchyma (D) Photomicrograph 
of group D (Bacillus) showing normal bursal parenchyma.

Histopathological examination
Normal histological structure of bursa of Fabricius 

was noticed in group A and D. Interfollicular connective 
tissue was minimum between connected bursal follicles. 
Cell population was dense in cortical region and less in 
the medullary region, while these two components were 
separated by a thin layer of elongated cells. Bursal folds 
showed intact superficial pseudo stratified epithelium 
(Fig. 3). Increased empty spaces due to lymphocyte 
depletion were observed both in cortex and medulla of 
bursal follicles in group B. An increased population of 
understated cells and macrophages was noticed. Reduction 
in the size of bursal follicles and increased connective in 
interfollicular spaces were also observed. Almost normal 
histological picture of the bursa of Fabricius was observed 
in group D (Fig. 3).

 

Total antioxidants capacity (TAC) and total oxidants status 
(TOS)

Figure 4 shows concentration of total oxidants and 
antioxidants in serum. Total oxidants were significantly 
increased in the aflatoxins treated groups while the group 
which was treated with aflatoxins and Bacillus showed non-
significant when compared with control. The fourth group 
also showed non-significant difference when compared 
with the control. The highest total oxidants concentration 
was observed in the second group (AF). Aflatoxins treated 
group showed significantly lower concentration of total 
antioxidants the group in which only Bacillus was fed 
to the rats showed significantly higher concentration of 
total antioxidants. The combination group (AFBL) was 
non-significant as compared to control regarding the 
concentration of total antioxidants.

 A B 

  

Fig. 4. (A) Total antioxidants concentration (TAC) in 
the serum of rats treated with aflatoxins and Bacillus 
licheniformis in different combinations and (B) Total 
antioxidants status (TOS) in the serum of rats treated 
with aflatoxins and Bacillus licheniformis in different 
combinations.

Specific anti-oxidant concentrations 
Figure 5 shows concentrations of HO-1, GST and 

SOD. SOD concentrations were significantly reduced in 
the group which was treated with aflatoxins while the SOD 
values were nearly normal in the group which was treated 
with aflatoxins and bacillus. The group which was treated 
with only bacillus also showed non-significant difference 
from the control group. The aflatoxins treated rats showed 
significant reduction in GST concentrations in the serum 
while the all other groups were non-significant as compared 
to control. The aflatoxins treated group showed significant 
increase in the heme oxygenase levels while the all-other 
groups were non-significant as compared to control group.

Serum interleukins
The serum interleukin concentrations have been 

shown in the Figure 6. IL-6 concentrations were 
significantly increased in the aflatoxins treated group as 
compared to control while the combination (AFBL) and the 
group in which only BL was given to the rats showed non-
significant difference as compared to control. Regarding 
the IL-4 serum concentrations second group (AF) showed  

S.S. Alkhalil et al.
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A B 

  

C 

 

Fig. 5. (A) Serum concentrations of heme oxygenease 
1 (HO-1), (B) glutathione S transferase (GST), and (C) 
superoxide dismutase (SOD) of rats treated with aflatoxins 
and Bacillus licheniformis in different combinations

Fig. 6. Serum interleukin concentrations of rats treated 
with aflatoxins and Bacillus licheniformis in different 
combinations.

 

A B 

  

C D 

  

Fig. 7. IFN-γ (A), IL-1 (B), IL-1B (C), and IL-10 (D) 
concentrations in the serum of rats treated with aflatoxins 
and Bacillus licheniformis in different combinations.

significantly higher concentration when compared with 
the control while all other groups were non-significant as 
compared to control. Similar trends were observed in the 
serum concentrations of IL-2 as of IL-4 and IL-6. 

Furthermore, serum concentration of IL-10, ILB, IL-1 
and IFN-γ has been shown in the Figure 7. IL 1β and IL-10 
were significantly increased in the aflatoxins treated groups 
while all other groups were non-significant as compared to 
control. IFN-γ concentrations were significantly reduced 
in the serum of rats treated with aflatoxins while the group 
treated with aflatoxins and bacillus showed nearly normal 
IFN-γ concentrations which were non-significant with 
control. The IL-1 serum concentrations were significantly 
increased in the aflatoxins treated group while the all other 
groups were non-significant as compared to the control 
group. 

DISCUSSION

Aflatoxicosis is a serious problem worldwide which 
is affecting not only the animal health but also the human 
health. Particularly if we talk about the effects of aflatoxins, 
they cause severe pathological changes in human and 
animals. So, keeping in mind the above mentioned 
facts this study was designed to check the ameliorative 
potential of B. licheniformis against the aflatoxins induced 
immunological alterations in the rats. 

Significant reduction in serum Ig concentrations was 
observed in the aflatoxins intoxicated group (AF) when 
compared with control. Ig concentrations of combination 
group (AFBL) were not significant when compared with 
control. The group in which only Bacillus was given in the 
basal diet showed significantly higher Ig concentrations 
as compared to control. Similar trend was observed in the 
concentrations of IgG and IgM of all the groups as of Ig. 

Similar to our study Bhatti et al. (2017) and Khan et 
al. (2017) also reported reduced total antibody and IgG 
titers in aflatoxins treated rats. 

When aflatoxins enter into the body, they reach to the 
immune organs via blood circulation, where the cause the 
reduction in immune organs. As we know that antibodies 
are produced in the bursa of Fabricius and the reduction in 
the size of bursa of Fabricius is actually responsible for the 
low production of antibodies. The available literature is 
silent regarding the effects of B. licheniformis on antibody 
titers in aflatoxins intoxicated rats. So, enhancement of 
antibody titers by using B. licheniformis is the new finding 
of our study. Significant reduction in the lymphocyte 
response was observed in the group which was treated 
with aflatoxins while the group which was treated 
with aflatoxins and Bacillus in combination was non-
significant as compared to control. Significantly higher 
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lymphoproliferative response was observed in the group 
which was treated with only Bacillus. 

Bhatti et al. (2017) reported the similar findings, that 
in AFB1 contaminated group avian tuberculin response 
was low. Khan et al. (2017) also reported that birds fed 
AFB1 contaminated diet had low lymphoproliferative 
response to subcutaneous injection of avian tuberculin 
(Morrison et al., 2017). Some notable works in this regard 
are also reported by Khan et al. (2017) and Morrison et 
al. (2017). Lymphocytes are produced in the thymus 
and bone marrow and aflatoxins has the direct damaging 
effect on these organs. Reduction in the size of thymus 
due to aflatoxins is responsible for the low production of 
lymphocytes. Significantly higher phagocytic response was 
observed in the group which was treated with aflatoxins 
while the phagocytic response of the combination group 
(AFBL) and group in which only Bacillus was fed to the 
birds in the basal diet were non-significant when compared 
with control. 

Similar findings had also been reported by few 
authors that feeding of aflatoxins in the diet increased 
the phagocytic response (Khan et al., 2017; Morrison et 
al., 2017; Khanian et al., 2019). The effects of Bacillus 
on the phagocytic index of rats had not reported by any 
previous researcher so this is a new finding of our research. 
Significantly higher TAC concentrations were observed in 
the group which was treated with Bacillus only while the 
lowest TAC concentrations were observed in the group 
which was treated with aflatoxins. The combination group 
(AFBL) showed non-significant difference as compared to 
control regarding the serum TAC concentrations. Regarding 
the serum concentrations of TOS significantly higher 
concentration were observed in the second group which 
was treated with aflatoxins when compared with control. 
The combination group (AFBL) and the group which was 
treated with only Bacillus (BL) showed non-significant 
difference when compared with control. Khanian et al. 
(2019) also reported the increase in concentration of total 
oxidants in the rats intoxicated with aflatoxins.

No previous report is available regarding the 
improvement of TAC by using Bacillus against the 
aflatoxins induced reduction of TOS. However, Zhou et al. 
(2019) reported that the use of B. licheniformis improved 
the total antioxidants in the serum of rat challenged with 
Clostridium perfringens (Lei et al., 2013). Improvement in 
the total antioxidants in the serum using B. licheniformis 
was also reported by Lei et al. (2013), Lin et al. (2022) 
and Zhao et al. (2020). The group which was treated with 
aflatoxins showed significantly higher concentrations of 
serum IL-6 while the combination (AFBL) group and 
the group which was treated with Bacillus only showed 
non-significant as compared to control. Similar trend was 

observed in the serum concentrations of IL-4 and IL-2. This 
is a new finding of our study as no one has reported these 
results before this. Significant reduction was observed in 
the serum concentrations of SOD and GST in the group 
treated with aflatoxins while the HO concentration was 
significantly increased in the aflatoxin treated group. Liu 
et al. (2016) and Chen et al. (2006) reported the similar 
results as observed in our study. Bacillus normalizes these 
concentrations GST and SOD. The increase in the GST 
and SOD concentrations have not been reported yet so, this 
is a new finding of our study (Chen et al., 2006; Abarca 
et al., 2010). Significant enhancement was observed in 
the IL 1B, IL-10 and IFN-γ serum concentrations in the 
aflatoxin treated group while IL-1 concentrations was 
significantly reduced. Similar findings were observed by 
Abarca et al. (2010) and Luongo et al. (2012) in the serum 
concentrations of IL 1B, IL-10 and IFN-γ as in our study. 
Bacillus returned these values to the normal concentrations. 
No previous study reported the effect of bacillus on these 
parameters so this is a new finding of our study. 

CONCLUSION

In conclusion, this study underscores the significance 
of aflatoxicosis as a major public health concern and 
emphasizes the imperative need for effective control 
measures to mitigate health hazards in both humans 
and animals. The research specifically investigates the 
potential of Bacillus licheniformis as a novel feed additive 
for controlling aflatoxins. The experimental results 
demonstrate the immunomodulatory and antioxidant 
capacities of B. licheniformis in the presence of aflatoxins at 
a concentration of 28 µg/kg body weight. Key parameters, 
including phagocytic response, lymphoproliferative 
response, antibody response, total antioxidant capacity, 
total oxidant status, interleukin concentrations, and organ 
histopathology, were considered in the evaluation. While 
the findings are promising, the study acknowledges the 
necessity for further research to determine the optimal 
aflatoxin to B. licheniformis ratio for enhanced outcomes. 
This research contributes valuable insights into potential 
strategies for aflatoxin control, paving the way for future 
investigations and interventions in this critical area of 
public health.

ACKNOWLEDGMENT

The author are grateful for the support from  Princess 
Nourah bint Abdulrahman University Researchers 
Supporting Project number (PNURSP2024R213), 
Princess Nourah bint Abdulrahman University, Riyadh, 
Saudi Arabia.



7                                                                                        

Onlin
e F

irs
t A

rtic
le

Immunomodulatory Effect of Bacillus licheniformis against the Aflatoxins 7

Funding
The study was funded by Princess Nourah bint 

Abdulrahman University Researchers Supporting Project 
number (PNURSP2024R357), Princess Nourah bint 
Abdulrahman  University, Riyadh, Saudi Arabia.

Ethical approval
The study was conducted following the guidelines 

and approval of an international ethical committee and the 
institutional bioethics committee. The study was subjected 
to ethical review and met the required ethical standards 
for conducting research. Additionally, all study is reported 
in accordance with ARRIVE (Animal Research: Reporting 
of In Vivo Experiments) guidelines.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abarca, M.L., Briones, L., Maldonado, I., Segovia, 
M. and  González, J., 2010. Effects of a single 
intraperitoneal injection of aflatoxin B1 on immune 
response in rats. Inter. Immunopharmacol., 10: 
930-935.

Bhatti, S.A., Khan, M.Z., Saleemi, M.K., Saqib, M., 
Khan, A. and Ul-Hassan, Z., 2017. Protective role 
of bentonite against aflatoxin B1- and ochratoxin 
A-induced immunotoxicity in broilers. J. 
Immunotoxicol., 14: 66–76. https://doi.org/10.108
0/1547691X.2016.1264503

Cao, H., Liu, D., Mo, X., Xie, C. and Yao, D. 2011. 
A fungal enzyme with the ability of aflatoxin 
B1 conversion: purification and ESI-MS/MS 
identification. Microbiol. Res., 166: 475–483. 
https://doi.org/10.1016/j.micres.2010.09.002

Chen, J., Yu, H. and Yang, G. 2006. The effect of alpha-
tocopherol on the hepatic glutathione S-transferase 
activity of rats fed with aflatoxin B1. Toxicology, 
226: 181-185.

Chen, X., He, S., Liang, Z., Li, Q.X., Yan, H. and Hu, 
J., 2018. Biodegradation of pyraclostrobin by two 
microbial communities from Hawaiian soils and 
metabolic mechanism. J. Hazard. Mater., 354: 225-
230. https://doi.org/10.1016/j.jhazmat.2018.04.067

Chen, Y., Peng, H.M., Wang, X., Li, B.Q., Long, M.Y. 
and Tian, S.P., 2017. Biodegradation mechanisms 
of patulin in Candida guilliermondii: An iTRAQ-
based proteomic analysis. Toxins, 9: 48. https://doi.
org/10.3390/toxins9020048

Corrier, D.E. and DeLoach, J.R., 1990. Evaluation of 
cell-mediated, cutaneous basophil hypersensitivity 

in young chickens by an interdigital skin test. Poult. 
Sci., 69: 403–408. https://doi.org/10.3382/
ps.0690403

Delhanty, J.J. and Solomon, J. B. 1966. The nature of 
antibodies to goat erythrocytes in the developing 
chicken. Immunology, 11: 103–113.

Dellafiora, L., Galaverna, G., Reverberi, M. and 
Dall’Asta, C., 2017. Degradation of aflatoxins by 
means of laccases from Trametes versicolor: An in 
silico insight. Toxins, 9: 17. https://doi.org/10.3390/
toxins9010017

Dowd, P.F., Vega, F. E., Nelsen, T.C. and Richard, 
J.L., 1998. Dusky sap beetle mediated dispersal 
of Bacillus subtilis to inhibit Aspergillus flavus 
and aflatoxin production in maize Zea mays L. 
Biocontrol. Sci. Technol., 8: 221-235. https://doi.
org/10.1080/09583159830298

El-Deeb, B., Altalhi, A., Khiralla, G., Hassan, S. and 
Youssuf, G., 2013. Isolation and characterization 
of endophytic Bacilli bacterium from maize grains 
able to detoxify Aflatoxin B1. Fd. Biotechnol., 27: 
199-212. https://doi.org/10.1080/08905436.2013.8
11083

Elsanhoty, R.M., Al-Turki, I.A. and Ramadan, M.F. 
2016. Application of lactic acid bacteria in removing 
heavy metals and aflatoxin B1 from contaminated 
water. Water Sci. Technol. A J. Inter. Assoc. Water 
Pollut. Res., 74: 625–638. https://doi.org/10.2166/
wst.2016.255

Erel, O., 2004. A novel automated method to measure 
total antioxidant response against potent free 
radical reactions. Clin. Biochem., 37: 112–119. 
https://doi.org/10.1016/j.clinbiochem.2003.10.014

Grenier, B., Loureiro-Bracarense, A.P., Leslie, J.F. and 
Oswald, I.P., 2014. Physical and chemical methods 
for mycotoxin decontamination in maize. Mycot. 
Reduc. Grain Chains, 116: 129. https://doi.
org/10.1002/9781118832790.ch9

Hormisch, D., Brost, I., Kohring, G.W., Giffhorn, F., 
Kroppenstedt, R.M. and Stackebrandt, E. 2004. 
Mycobacterium fluoranthenivorans sp. nov., a 
fluoranthene and aflatoxin B1 degrading bacterium 
from contaminated soil of a former coal gas 
plant. Syst. appl. Microbiol., 27: 653–660. https://
doi.org/10.1078/0723202042369866

Khan, A., Aalim, M.M., Khan, M.Z., Saleemi, M.K., He, 
C., Khatoon, A. and Gul, S.T., 2017. Amelioration 
of immunosuppressive effects of aflatoxin and 
ochratoxin A in White Leghorn layers with distillery 
yeast sludge. Tox. Rev., 36: 275-281. https://doi.org
/10.1080/15569543.2017.1303781

Khanian, M., Karimi-Torshizi, M.A. and Allameh, A., 

https://doi.org/10.1080/1547691X.2016.1264503
https://doi.org/10.1080/1547691X.2016.1264503
https://doi.org/10.1016/j.micres.2010.09.002
https://doi.org/10.1016/j.jhazmat.2018.04.067
https://doi.org/10.3390/toxins9020048
https://doi.org/10.3390/toxins9020048
https://doi.org/10.3382/ps.0690403
https://doi.org/10.3382/ps.0690403
https://doi.org/10.3390/toxins9010017
https://doi.org/10.3390/toxins9010017
https://doi.org/10.1080/09583159830298
https://doi.org/10.1080/09583159830298
https://doi.org/10.1080/08905436.2013.811083
https://doi.org/10.1080/08905436.2013.811083
https://doi.org/10.2166/wst.2016.255
https://doi.org/10.2166/wst.2016.255
https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://doi.org/10.1002/9781118832790.ch9
https://doi.org/10.1002/9781118832790.ch9
https://doi.org/10.1078/0723202042369866
https://doi.org/10.1078/0723202042369866
https://doi.org/10.1080/15569543.2017.1303781
https://doi.org/10.1080/15569543.2017.1303781


8                                                                                        

Onlin
e F

irs
t A

rtic
le

S.S. Alkhalil et al.

2019. Alleviation of aflatoxin-related oxidative 
damage to liver and improvement of growth 
performance in broiler chickens consumed 
Lactobacillus plantarum 299v for entire growth 
period. Toxicon. Off. J. Inter. Soc. Toxinol., 158: 57–
62. https://doi.org/10.1016/j.toxicon.2018.11.431

Lei, K., Li, Y,L., Yu, D.Y., Rajput, I.R. and Li, W.F., 
2013. Influence of dietary inclusion of Bacillus 
licheniformis on laying performance, egg quality, 
antioxidant enzyme activities, and intestinal barrier 
function of laying hens. Poult. Sci., 92: 2389–2395. 
https://doi.org/10.3382/ps.2012-02686

Lin, L., Fu, P., Chen, N., Gao, N., Cao, Q. and Yue, 
K. 2022. Total flavonoids of Rhizoma Drynariae 
protect hepatocytes against aflatoxin B1-
induced oxidative stress and apoptosis in broiler 
chickens. Ecotoxicol. Environ. Saf., 230: 113148. 
https://doi.org/10.1016/j.ecoenv.2021.113148

Liu, Y., Lu, Y., Yan, H., Zheng, J. and Li, W., 2016. 
Aflatoxin B1 induces oxidative stress-associated 
DNA damage and apoptosis through p53-dependent 
and independent signal pathways in human liver 
cells. Toxicolology, 350-352: 31-41.

Loi, M., Fanelli, F., Zucca, P., Liuzzi, V.C., Quintieri, L., 
Cimmarusti, M.T. and Monaci, L., 2016. Aflatoxin 
B1 and M1 Degradation by Lac2 from Pleurotus 
pulmonarius and redox mediators. Toxins, 8: 245. 
https://doi.org/10.3390/toxins8090245

Luongo, D., Russo, R., Avellino, C., Sorrentino, A. and 
Severino, L., 2012. Immunomodulatory effects of 
aflatoxin B1: A study on HSP70 and cytokine gene 
expression in rats. Toxins, 4: 689-696.

Mishra, H.N. and Das, C., 2003. A review on biological 
control and metabolism of Aflatoxin. Crit. 
Rev. Fd. Sci. Nutr., 43: 245–264. https://doi.
org/10.1080/10408690390826518

Morrison, D.M., Ledoux, D.R., Chester, L.F.B. and 
Samuels, C.A.N., 2017. A limited survey of 
aflatoxins in poultry feed and feed ingredients in 
Guyana. Vet. Sci., 4: 60. https://doi.org/10.3390/
vetsci4040060

Samuel, M.S., Sivaramakrishna, A. and Mehta, A., 
2014. Degradation and detoxification of aflatoxin 
B1 by Pseudomonas putida. Int. Biodeter. 
Biodeg., 86: 202–209. https://doi.org/10.1016/j.
ibiod.2013.08.026

Sarker, N., Tsudzuki, M., Nishibori, M., Yasue, H. and 
Yamamoto, Y., 2000. Cell-mediated and humoral 
immunity and phagocytic ability in chicken Lines 
divergently selected for serum immunoglobulin M 
and G levels. Poult. Sci., 79: 1705–1709. https://
doi.org/10.1093/ps/79.12.1705

Shantha, T., 2010. Fungal degradation of 
aflatoxin B1. Neurogastroenterol. Mot., 
7: 175–178. https://doi.org/10.1002/1522-
7 1 8 9 ( 2 0 0 0 0 9 / 1 0 ) 7 : 5 < 1 7 5 : : A I D -
NT63>3.0.CO;2-M

Smiley, R.D. and Draughon, F.A., 2000. Preliminary 
evidence that degradation of aflatoxin B1 by 
Flavobacterium aurantiacum is enzymatic. J. Fd. 
Prot., 63: 415–418. https://doi.org/10.4315/0362-
028X-63.3.415

Teniola, O.D., Addo, P.A., Brost, I.M., Färber, P., 
Jany, K.D. and Alberts, J.F., 2005. Degradation 
of aflatoxin B (1) by cell-free extracts of 
Rhodococcus erythropolis and Mycobacterium 
fluoranthenivorans sp. nov. DSM44556(T). Int. 
J. Fd. Microbiol., 105: 111–117. https://doi.
org/10.1016/j.ijfoodmicro.2005.05.004

Wang, C., Li, Z., Wang, H., Qiu, H., Zhang, M., Li, S., 
Luo, X. and Song, Y, 2017. Rapid biodegradation 
of aflatoxin B1 by metabolites of Fusarium sp. 
WCQ3361 with broad working temperature range 
and excellent thermostability. J. Sci. Fd. Agr., 97: 
1342–1348. https://doi.org/10.1002/jsfa.7872

Wang, J., Ogata, M., Hirai, H. and Kawagishi, 
H. 2011. Detoxification of aflatoxin B1 by 
manganese peroxidase from the white-rot fungus 
Phanerochaete sordida YK-624. FEMS Microbiol. 
Lett., 314: 164–169. https://doi.org/10.1111/j.1574-
6968.2010.02158.x

Wang, K., Yan, P.S., Cao, L. X., Ding, Q.L., 
Shao, C. and Zhao, T.F., 2013. Potential of 
chitinolytic Serratia marcescens strain JPP1 for 
biological control of Aspergillus parasiticus and 
aflatoxin. BioMed. Res. Int., 2013: 397142. https://
doi.org/10.1155/2013/397142

Wu, Q., Jezkova, A., Yuan, Z., Pavlikova, L., Dohnal, 
V. and Kuca, K. 2009. Biological degradation of 
aflatoxins. Drug Metab. Rev., 41: 1. https://doi.
org/10.1080/03602530802563850

Wu, X., Wang, W., Liu, J., Pan, D., Tu, X. and Lv, P. 
2017. Rapid biodegradation of the Herbicide 
2,4-dichlorophenoxyacetic acid by Cupriavidus 
gilardii T-1. J. Agric. Fd. Chem., 65: 3711–3720. 
https://doi.org/10.1021/acs.jafc.7b00544

Yoshizawa, T., 2008. Threat of indoor fungi-health risk 
associated with uncertain mycotoxin exposure. An 
overview. JSM Mycotoxin, 58: 41–46. https://doi.
org/10.2520/myco.58.41

Zhao, L.H., Guan, S., Gao, X., Ma, Q.G., Lei, Y.P. and 
Bai, X.M., 2011. Preparation, purification and 
characteristics of an aflatoxin degradation enzyme 
from Myxococcus fulvus ANSM068. J. appl. 

https://doi.org/10.1016/j.toxicon.2018.11.431
https://doi.org/10.3382/ps.2012-02686
https://doi.org/10.1016/j.ecoenv.2021.113148
https://doi.org/10.3390/toxins8090245
https://doi.org/10.1080/10408690390826518
https://doi.org/10.1080/10408690390826518
https://doi.org/10.3390/vetsci4040060
https://doi.org/10.3390/vetsci4040060
https://doi.org/10.1016/j.ibiod.2013.08.026
https://doi.org/10.1016/j.ibiod.2013.08.026
https://doi.org/10.1093/ps/79.12.1705
https://doi.org/10.1093/ps/79.12.1705
https://doi.org/10.1002/1522-7189(200009/10)7:5%3C175::AID-NT63%3E3.0.CO;2-M
https://doi.org/10.1002/1522-7189(200009/10)7:5%3C175::AID-NT63%3E3.0.CO;2-M
https://doi.org/10.1002/1522-7189(200009/10)7:5%3C175::AID-NT63%3E3.0.CO;2-M
https://doi.org/10.4315/0362-028X-63.3.415
https://doi.org/10.4315/0362-028X-63.3.415
https://doi.org/10.1016/j.ijfoodmicro.2005.05.004
https://doi.org/10.1016/j.ijfoodmicro.2005.05.004
https://doi.org/10.1002/jsfa.7872
https://doi.org/10.1111/j.1574-6968.2010.02158.x
https://doi.org/10.1111/j.1574-6968.2010.02158.x
https://doi.org/10.1155/2013/397142
https://doi.org/10.1155/2013/397142
https://doi.org/10.1080/03602530802563850
https://doi.org/10.1080/03602530802563850
https://doi.org/10.1021/acs.jafc.7b00544
https://doi.org/10.2520/myco.58.41
https://doi.org/10.2520/myco.58.41


9                                                                                        

Onlin
e F

irs
t A

rtic
le

Immunomodulatory Effect of Bacillus licheniformis against the Aflatoxins 9

Microbiol., 110: 147-155. https://doi.org/10.1111/
j.1365-2672.2010.04867.x

Zhao, Y., Zeng, D., Wang, H., Qing, X., Sun, N. and Xin, 
J., 2020. Dietary probiotic Bacillus licheniformis 
H2 enhanced growth performance, morphology of 
small intestine and liver, and antioxidant capacity of 
broiler chickens against Clostridium perfringens-
induced subclinical necrotic enteritis. Prob. Antim. 
Prot., 12: 883–895. https://doi.org/10.1007/
s12602-019-09597-8

Zhou, R., Liu, M., Liang, X., Su, M. and Li, R., 2019. 
Clinical features of aflatoxin B1-exposed patients 
with liver cancer and the molecular mechanism of 
aflatoxin B1 on liver cancer cells. Environ. Toxicol. 

Pharmacol., 71: 103225. https://doi.org/10.1016/j.
etap.2019.103225

Zhu, Y., Hassan, Y.I., Watts, C. and Zhou, T., 2016. 
Innovative technologies for the mitigation of 
mycotoxins in animal feed and ingredients. 
A review of recent patents. Anim. Feed Sci. 
Technol., 216: 19-29. https://doi.org/10.1016/j.
anifeedsci.2016.03.030

Zjalic, S., Reverberi, M., Ricelli, A., Mario Granito, V., 
Fanelli, C. and Adele Fabbri, A., 2006. Trametes 
versicolor: A possible tool for aflatoxin control. Int. 
J. Fd. Microbiol., 107: 243–249. https://doi.
org/10.1016/j.ijfoodmicro.2005.10.003

https://doi.org/10.1111/j.1365-2672.2010.04867.x
https://doi.org/10.1111/j.1365-2672.2010.04867.x
https://doi.org/10.1007/s12602-019-09597-8
https://doi.org/10.1007/s12602-019-09597-8
https://doi.org/10.1016/j.etap.2019.103225
https://doi.org/10.1016/j.etap.2019.103225
https://doi.org/10.1016/j.anifeedsci.2016.03.030
https://doi.org/10.1016/j.anifeedsci.2016.03.030
https://doi.org/10.1016/j.ijfoodmicro.2005.10.003
https://doi.org/10.1016/j.ijfoodmicro.2005.10.003

