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Abstract

Lactobacilli are probiotics with Aflatoxin (AF) detoxification ability, found in fermented products, GIT of animals
and environment. Purpose of this study was to investigate the ability of broiler isolates of Lactobacillus against
Aflatoxin B1 (AFB1). For this purpose, 5 isolates of Lactobacillus from broiler gut were incubated with 100 ppb AFB1
in aqueous environment and effect of different parameters (cell fractions, time, temperature, pH) on detoxification
was determined by HPLC. The ameliorative effect of Lactobacillus salivarius (LS) against AFB1 was studied in broiler.
The results revealed that LS (CR. 4) showed the best results (in vitro) as compared to other isolates (L. salivarius
(CR. 3, CR, 4), L. agilis (CE. 2.1, CE. 3.1) and L. crispatus (CE. 28). Cell debris of CR. 4 showed significantly higher
detoxification (P<0.05). Maximum amount of AFB1 was detoxified at 30°C (97%), pH 4.0 (99%) and 6 h (99.97%). In
vivo study showed that AFB1 decreased weight gain (1,269 + 0.04 gm/ bird), feed consumed (2,161 + 0.08 gm/ bird),
serum total protein (2.42 + 0.34 gm/ dl), serum albumin (0.5 + 0.2 2 gm/dl) and antibody titer (4.2 + 0.83). Liver
function enzymes were found (alanine transaminase (ALT): 32 + 10.7 U/L) and aspartate transaminase (AST):
314.8 £ 27 U/L) elevated in AFB1 fed broilers. Treatment with 1% LS not only decreased the toxic effects of AFB1
(group D) but also improved the overall health of broilers due to its probiotic effects (p<0.05) as compared to
control negative (group A). The detoxification ability of LS was better than commercial binder (CB) (0.2% Protmyc).
It was concluded that detoxification of AFB1 by Lactobacillus was strain, temperature, pH and time dependent. LS
has detoxification ability against AFB1 in vivo.
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Resumo

Os lactobacilos sdo probidticos com capacidade de desintoxicagdo da Aflatoxina (AF), encontrados em produtos
fermentados, TGI de animais e meio ambiente. O objetivo deste estudo foi investigar a capacidade de isolados de
frango de corte de Lactobacillus contra a Aflatoxina B1 (AFB1). Para tanto, 5 isolados de Lactobacillus de intestino de
frango foram incubados com 100 ppb AFB1 em meio aquoso, e o efeito de diferentes parametros (fracdes celulares,
tempo, temperatura, pH) na desintoxicac¢do foi determinado por CLAE. O efeito melhorador de Lactobacillus salivarius
(LS) contra AFB1 foi estudado em frangos de corte. Os resultados revelaram que LS (CR. 4) apresentou os melhores
resultados (in vitro) em comparag¢do com outros isolados [L. salivarius (CR. 3, CR. 4), L. agilis (CE. 2.1, CE. 3.1) e L.
crispatus (CE. 28)]. Detritos celulares de CR. 4 mostraram desintoxica¢do significativamente maior (P < 0.05). A
quantidade méaxima de AFB1 foi desintoxicada a 30 °C (97%), pH 4.0 (99%) e 6 h (99,97%). O estudo in vivo mostrou
que AFB1 diminuiu o ganho de peso (1,269 + 0.04 g / ave), alimento consumido (2,161 + 0.08 g / ave), proteina
total sérica (2.42 +0.34 g / dl), albumina sérica (0.5 + 0.22 gm / dl) e titulo de anticorpo (4.2 + 0.83). As enzimas da
funcdo hepatica foram encontradas (alanina transaminase (ALT): 32 + 10.7 U / L) e aspartato transaminase (AST):
314.8 £27 U/ L) elevadas em AFB1 alimentados com frangos. O tratamento com 1% LS ndo s6 diminuiu os efeitos
toxicos de AFB1 (grupo D), mas também melhorou a satide geral dos frangos devido aos seus efeitos probidticos
(p < 0.05) em comparagdo com o controle negativo (grupo A). A capacidade de desintoxica¢do do LS foi melhor
do que o aglutinante comercial (CB) (0.2% Protmyc). Concluiu-se que a desintoxicacdo de AFB1 por Lactobacillus
foi dependente da cepa, temperatura, pH e tempo. LS tem capacidade de desintoxicacdo contra AFB1 in vivo.

Palavras-chave: L. Salivarius, Aflatoxin B1, desintoxica¢do, HPLC.
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1. Introduction

Aflatoxins (AFs) are highly toxic secondary metabolites
produced by A. flavus and A. parasiticus (Faria et al., 2017).
Among different molecules AFs, Aflatoxin B1 (AFB1) is
highly toxic (B,>G,>B,>G, . It is a serious health hazard for
birds, animals and human, as it is hepatotoxic, mutagenic,
carcinogenic, teratogen and immunosuppressant
(Kosztik et al., 2020).

AFs enters body through ingestion, inhalation and skin
penetration. Inside body it is activated by cytochrome
P450enzyme system in liver to produce a highly reactive
intermediate, AFB, -8,9-epoxide. This highly reactive radical
binds to nucleophile sites in DNA forming 8,9-dihydro-8-
(N7guanyl)-9-hydroxy-AFB, adduct. Itis a critical step in the
initiation of AFB,-induced carcinogenesis (Guo et al., 2020).

Many biological or chemical agents are used to reduce
toxicity of AFs. These agents are mixed in feed rations to
eliminate, detoxify or inactivate toxins. The hot topic for
toxin binding, now a day are probiotics (Wang et al., 2020).
Lactobacilli are probiotics which adsorb AFB1 by cell wall
components (Teichoic acid). They adsorbed more than 99%
of AFs (Ghazvini et al., 2016). L. acidophilus removed 80%
whereas L. plantarum removed 85% of the AFB1 in one week
from sample at 4 °C. L. casei bind 98% AFB1 from medium
and prevented Aflatoxicosis in mice (Liew et al., 2018). They
are well known for their probiotic characters (Chen et al.,
2017). As antibiotics are hazard for birds and humans so
they are replaced by probiotics as feed additives. L. salivarius
(LS) improved growth rate, body weight gain, feed intake
and feed conversion efficiency. They also improve probiotic
count in GIT, cholesterol metabolism, mineral metabolism,
carcass characteristics and sensory quality of chicken meat
(Jadhav et al., 2015). LS increases body weight, average
daily gain, dressing percentage, crude protein, fat content
of meat and the number of Lactobacillus in ceca (p<0.05)
when fed to poultry birds (2x108 CFU/g). They decrease FCR,
plasma ammonia content and fecal ammonia (Chen et al.,
2017). It reduced total cholesterol, LDL-cholesterol and
triglycerides in broilers. Its administration increases
intestinal populations of beneficial bacteria (such as
Lactobacilli and bifidobacteria) and decreases harmful
bacteria (such as E. coli) (Shokryazdan et al., 2017). LS is
expected to show probiotic as well as anti-AFB1 activity
in broiler.

2. Materials and Methods

2.1. Source of chemicals

Chemicals were purchased from local suppliers. These
include Acetonitrile (ACN) (Sigma Aldrich, CAS # 75-05-8),
Man Rogosa Sharp (MRS) broth (Oxoid code: CM0359),
Methanol (Sigma Aldrich CAS # 67-56-1), Trifluoroacetic
acid (TFA) (Sigma Aldrich, CAS # 76-05-1), Syringe micro
filters (Sigma Aldrich, 22 pm, nylon), Aflatoxin B1 (Sigma
Aldrich, CAS #1162-65-8).

2.2. Source of Lactobacillus

Five identified Lactobacillus broiler isolates were
taken from Institute of biochemistry and biotechnology,
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University of Veterinary and Animals Sciences, Lahore, in
form of glycerol stock. They were activated on MRS agar.
Their MRS broth culture was prepared after inoculating
and incubating at 37 °C for 24 h.

2.3. Effect of Lactobacillus against AFB1 In-vitro

Activity of Lactobacillus isolates against AFB1 was
determined by using method described by Chlebicz and
Slizewska (2020) with minor variations. The experiment
was repeated thrice. Bacterial load of working bacterial
suspension was counted by spread plate method and
expressed in Colony Forming Units (CFU)/mL (Thomas et al.,
2015). One mL broth culture with 9E11 CFU/mL of isolates
were taken and incubated with AFB1 (50 ppb in PBS, pH
7.4, 0.1 M) in separate tubes at 37 °C for 2 h. The tubes
were centrifuged; supernatants were dried and AFB1 was
estimated by HPLC.

2.4. Effect of whole cell and fractions

Bacterial cell fractions (cell wall and cell soluble) were
prepared for all five isolates by using method described
by Shrestha et al. (2012). For this purpose, bacterial cells
(9E11 CFU/mL) were centrifuged at 6000 rpm for 15 min
and supernatant was discarded. Cells were suspended in
1 mL PBS buffer (pH 7.4, 0.1 M) and sonication at 20 k Hz,
keeping in ice with 10 sec sonication and 30 sec cooling.
It was repeated thrice and then centrifuged at 12000 rpm,
30 min at 4° C. Pellet (cell debris) and supernatant (cell
soluble) were separated in tubes and stored at -20 °C till
further use.

Whole viable cells (9E11 CFU/mL), cell debris and cell
soluble of all five isolates were separately mixed with 1mL
of AFB1 solution (50 ppb in PBS, pH 7.4, 0.1 M). They were
incubated at 37 °C for 2 h and centrifuged at 5000 rpm
for 10 min. Supernatant were dried in water bath and
AFB1 was estimated by HPLC.

2.5. Effect of temperature

One mL of a day-old culture with 9E11 CFU/mL
were taken for all five isolates. They were mixed with
1mL of AFB1 (50 ppb in PBS pH 7.4, 0.1 M). Four tubes
were prepared for each isolate and were incubated at
different temperatures (20, 25, 30, 37 °C) for 2 h. They
were centrifuged at 5000 rpm for 10 min. Supernatants
were dried in water bath and AFB1 was derived. AFB1 was
estimated in samples by HPLC method.

2.6. Effect of pH

One mL of a day-old culture with 9E11 CFU/mL was
taken for all five isolates. They were mixed with TmL of
AFB1 (50 ppb in PBS). Four tubes were prepared with pH
4.0, 5.0, 6.0, 7.0 for each isolate. They were incubated at
30 °C for 2 h and centrifuged at 5000 rpm for 10 min.
Supernatants were dried in water bath and for better
results AFB1was derived. Samples were estimated for
AFB1 by HPLC method.

2.7. Effect of incubation time

One mL of a day-old culture with 9E11 CFU/mL was
taken for all five isolates. They were mixed with 1mL
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of AFB1 (50 ppb in PBS). Three tubes were prepared for
eachisolate and were incubated at 30 °C for 2,4, 6 h. They
were centrifuged at 5000 rpm for 10 min. Supernatants
were dried in water bath, and for better results AFB1was
derived. Samples were estimated for AFB1 by HPLC method.

2.8. Samples run on HPLC

The dried AFB1 samples were taken and 200 pL
N-Hexane, 500 pL TFA were added. They were mixed by
vortex mixer and after 5 min 1,950 nL ACN: Water mixture
(1:1) was added. Two layers were formed in the tube. From
lower layer 1 mL was taken in a vial by passing through
syringe filter (nylon, 0.22 pm). These samples were sent
to WTO- quality operation laboratory, UVAS, Lahore, for
estimation of AFB1 (Hussain et al., 2016).

HPLC system of Agilent 1100 series with C 18 Column and
fluorescent detector was used in this study. Mobile phase
was ACN: Methanol: Water (20:20:60; v/v/v). Excitation
and emission wavelengths were 360 and 440 nm. Flow
rate was 1mL/Min and column temperature was 40 °C.
Injection volume was 20 pL (Hussain et al., 2016).

2.9. Effect of LS against AFB1 in-vivo

2.9.1. Source of bacteria and growth

LS (strain CR. 4) has shown highest in vitro detoxification
(92.3%) of AFB1. It was activated on sterile MRS agar and
cultured in MRS broth. Bacterial cells were counted by
spread plate method and mixed in feed.

2.9.2. Feeding trail

Fifteen hundred one day old broiler (Arbreaker Breed)
chicks were randomly divided into six groups (A-F). Each
group was divided into five replicates with 50 units in each
replicate. Group A was control negative and group B was
control positive with 100 ppb AFB1. Group C received LS
with 3x10° CFU/gm feed. Group D was treated with 100 ppb
AFB1 along with LS, 3x10° CFU/gm feed. Group E received
0.2% yeast wall based commercial binder (Protmyc).
Group F was treated with 100 ppb AFB1 and 0.2% yeast
wall based commercial binder (Protmyc). Broiler starter
feed mesh #4 by Hi-Tech feeds was used in this research.
The experiment trail of 35 days was run. This trail was run
in a control shed at Hi-Tech Research and Development
center, Lahore, in the months of May-June, 2018 according
to method described by Shokryazdan et al. (2017).

2.9.3. Weight gain, FCR and Serum biochemistry
estimation

During trail feed consumed, weight gain and FCR were
calculated on weekly basis. At end of trail blood was
taken from five birds per replicate (1 mL/ bird) for HI test
(Khushi et al., 2014). Two birds were selected randomly per
replicate for sample collection. For biochemical analysis
5 mL blood/ bird was collected by syringe from wing
vein by expert veterinarian in red capped vacutainers.
Serum was separated and used for biochemical analysis
(Serum total protein, Albumin, ALT, AST and Creatinine)
by using Biochemistry analyzer “Micro lab 300 by Merck”.
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After blood collection bird was slaughtered and liver was
collected in formalin containing jars for histopathology
(Selvam et al., 2018).

2.10. Statistical analysis

From in vitro study, data were obtained in form of
concentration of AFB1 in ng/mL left after treatments.
Detoxified AFB1 was calculated in form of ng/mL (ppb).
Data from in vitro and in vivo study was analyzed by one
way ANOVA of SPSS 16.0 software. The research design was
Complete Randomized design (RCD), and Duncan’s multiple
range test was used to compare means. The difference was
considered significant if P<0.05.

3. Results

3.1. Effect of Lactobacillus against AFB1 In vitro

Five Lactobacillus isolates (Table 1) were investigated
for their activity against AFB1.When incubated with
AFB1 (50 PPB), whole viable cells of CR. 4 removed
maximum amount of AFB1 (92.3%) as compared to
CE.28 (89.4%), CE. 2.1 (86.6%), CE. 3.1 (81.2%) and CR.
3 (74.6%). Similarly, CR.4 cell soluble removed highest
amount of AFB1 (99.7%) as compared to other isolates in
study. As cell debris is concerned CR. 4 gave best results
by removing 99.9% AFB1. Comparatively cell debris gave
best results as compared to cell soluble and whole cells
(Table 2).

Different temperatures were observed for their effect on
detoxification potential of isolates. At room temperature
(20 °C) CR.4 removed highest amount of AFB1 (90.5%).
At 25 °C CR.3 removed 97.2% toxin, which is highest at
this temperature as compared to other isolates. At 30 °C
all three isolates CR.4, CR.3 and CE 3.1 removed 97% AFB1.
At physiological pH (37°C), CR.4 removed 92% of toxin. From
above results it was concluded that at 30 °C all isolates
removed highest amount of AFB1 (Table 3).

Different pH representing different parts of poultry GIT
were observed for their effect on detoxification potential
of isolates. At pH 4.0 isolate CR.4 removed maximum
toxin (99%) as compared to CR. 3 (95.8%), CE.28 (95.7%)
and CE. 3.1 (95.9%). At pH 5.0 two isolates CE. 2.1 and CE.
3.1 removed maximum toxin (96%) as compared to CE.
28 (94.4%), CR. 3 and CR. 4 (95%). At pH 6.0 CE. 28 and

Table 1. Lactobacillus broiler isolates used in this study.

Gene Bank
Names of . .
Sr# Bacteria Accession
Isolates
number
1 CE. 28 L. crispatus MG938646
2. CR.3 L. salivarius MG938649
3. CR. 4 L. salivarius MG938650
4, CE.2.1 L. agilis MG938655
5. CE. 3.1 L. agilis MG938656
3/9
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CR. 4 (93-94%) removed highest level of AFB1 followed
by CR. 3 and CE. 2.1 (85-86%). Least adsorption was shown
by CE. 3.1 (84%). Isolate CR. 4 removed highest amount
of AFB1 (92%) at pH 7.0 as compared to other isolates.
As observed in the Table 4, optimum pH for AFB1 removal
is strain specific. It is pH 4.0 for L. crispatus, L. salivarius
and pH 5.0 for L. agilis.

Effect of time duration on removal of AFB1 by isolates
was determined. According to observation after 2 h of
incubation CR. 4 removed highest amount of AFB1 (92%)
as compared to remaining isolates (CE. 28: 89%, CE. 2.1:
85%, CE. 3.1: 81% and CR. 3: 74%). Incubation of 4 h was
best for CR. 4 (99%) for removing AFB1 following other
isolates (CE. 28: 93%, CR. 3: 90%, CE. 2.1: 86% and CE. 3.1:
81%). Maximum time incubation was 6 h for which CR.
4 showed best results by removing 99.97% AFB1 followed

by other isolates CR. 3 (99.92%), CE. 28 (97%), CE. 2.1 (91.6%)
and CE. 3.1 (90.6%). As the comparison of time is concerned
amount of AFB1 detoxified increases by time for all isolates
(Table 5).

3.2. Effect of LS against AFB1 in vivo

The detoxification and probiotic effects of LS (CR. 4) on
feed intake, body weight gain and FCR of broiler chicks
were observed. Feed consumed (gm/bird) was significantly
different between the groups. Addition of AFB1 in feed
reduced feed consumption rate in birds. But the treatment
with LS improved this effect. Highest feed consumption
was observed in group C (LS, AFB1) with 2,391 £ 0.16 gm/
bird. In group D feed consumption was less than group
C but more than groups A, E and F. So, it was found that

Table 2. Detoxification of AFB1 by cell fractions of Lactobacillus isolates.

AFB1 detoxified (ng/mL)

Isolates
Whole cell Cell debris Cell soluble
L. crispatus (CE. 28) 447 £0.002° 48.5+0.001¢ 4414+ 0.002 ¢
L. salivarius (CR. 3) 37.3£0.001 ¢ 48.8+0.03 ¢ 45,15+ 0.002°
L. salivarius (CR. 4) 46.15 £ 0.002 2 49.97 £ 0.001* 49.9 +0.003*

L. agilis (CE. 2.1) 43.29£0.001 ¢

L. agilis (CE. 3.1) 40.6 £0.001 ¢

49.33 +0.001° 33.03 £0.002¢

47.5+0.001¢ 38.6 +0.001¢°

The Duncan’s test showed that mean difference between detoxified AFB1 by Lactobacillus isolates is significant if P< 0.05. Superscript “a” indicates

highest amount AFB1 detoxified by isolates, followed by “b, ¢, d, e”.

Table 3. Effect of temperatures on detoxification of AFB1 by Lactobacillus isolates.

AFB1 detoxified ng/mL

Isolates
20°C 25°C 30°C 37°C
L. crispatus (CE. 28) 4397 £0.04 455+0.2¢ 475+02° 44,7 +0.25°
L. salivarius (CR. 3) 4313 +15°" 486+04° 485+0.27 436+04¢
L. salivarius (CR. 4) 453+0.25¢ 472 +0.32° 48.6+0.2° 46.1+0.1°
L. agilis (CE. 2.1) 44+ 0.1 455+04¢ 46.7 +0.4¢ 4270214
L. agilis (CE. 3.1) 441£0.1%® 464+03¢ 48.6+0.3* 40.2+0.2¢

The Duncan'’s test showed that mean difference between detoxified AFB1 by Lactobacillus isolates is significant at different temperatures if P< 0.05.
Superscript “a” indicates highest amount AFB1 detoxified by isolates, followed by “b, c, d, e”.

Table 4. Effect of pH on detoxification of AFB1 Lactobacillus isolates.

AFB1 detoxified ng/mL

Isolates
pH 4.0 pH 5.0 pH 6.0 pH 7.0
L. crispatus (CE.28) 478 +0.15° 472 £0.1¢ 47014 449+0.2°
L. salivarius (CR. 3) 478+0.1° 475+0.1° 426+03° 38.2+09¢
L. salivarius (CR. 4) 49.4+04° 474 0.3 46.8+0.327 46.3 0.2 2
L. agilis (CE. 2.1) 477 £0.05° 48.1£0.5° 431+0.6°" 433 +0.1°
L. agilis (CE. 3.1) 4797 +0.05° 48.1£0.5° 42+0.25¢ 40.5+0.1¢4

The Duncan’s test showed that mean difference between detoxified AFB1 by Lactobacillus isolates is significant at different pH if P< 0.05. Superscript
“a” indicates highest amount AFB1 detoxified by isolates, followed by “b, c, d, e”.
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LS treatment not only improved feed consumption but
also removed detrimental effects of AFB1 in feed. Even
performance of birds with LS (Group C, D) was better
than birds which received commercial binder (Group E,
F) as shown in Figure 1.

Highest weight gain of birds was observed in group
C (1,429 gm/bird) as compared to other groups. Lowest
weight gain was in group B (AFB1), E (CB) and F (CB, AFB1)
as observed in Figure 1. Feed conversion ratio (FCR) did
not show difference between treatment groups. Group C
(LS) and D (LS, AFB1) had shown similar FCR (1.67, 1.68)
as shown by control group A (1.67). For remaining groups
like A (BD, AFB1), E (CB) and F (CB, AFB1) FCR was higher
(1.7), as shown in Figure 2.

Antibody titer against ND vaccine was observed in
serum of birds (Figure 3). The results showed that titer
was low (4.2 £ 0.83) in group B (AFB1). But remaining
groups (A, C, D, E and F) had shown titer in normal range
(5-7). Highest titer (7 £ 0.7) was observed in group C (LS),
which indicated that L. salivarius played role in increasing
immune response in broilers.

Results of biochemical analysis of serum showed that
AFB1 (Group B) resulted in liver damage. As serum level
of STP (Serum total protein), SA (Serum Albumin) were
decreased as compared to control (Group A) (Figure 4).

Level of ALT, AST were increased in group B as compared
to group A. AFB1 showed slight damage in kidney as level

3000

__ 2500 -|
z A 2 B & & .
E 2000 - H Weight Gain
2 1500 -
ic I
[
O 1000 -
=
20
o 500 -
= |
0 ]
A B C D E F
Treatment groups

Figure 1. Effect of feeding Aflatoxin B1, Lactobacillus salivarius
and Protmic (Yeast based mycotoxin binder) supplementation on
feed consumed and weight gain of broiler. Data were analyzed by
one way ANOVA of SPSS 16.0 software. The research design was
Complete Randomized design (RCD), and Duncan’s multiple range
test was used to compare means. The difference was considered
significant if P<0.05.
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of creatinine was higher in group B as compared to group
A. L. salivarius and CB removed toxic effects of AFB1 as
shown in Figures 5-7.

Histo-pathological study of broiler livers showed that
AFB1 treatment resulted in infiltration of inflammatory
cells, necrosis and degeneration of hepatocytes. Treatment
with toxin binders (LS and CB) removed these damaging
effects of AFB1 from group D and F (Figures 8,9).

1,705 4
1,7 4
1,695 -
1,69 -
1,685
o] 1,68 -
%1,675 -
1,67 4
1,665
1,66 -
1,655 -

HFCR

A B C D E F

Treatment groups

Figure 2. Effect of feeding Aflatoxin B1, Lactobacillus salivarius
and Protmic (Yeast based mycotoxin binder) supplementation
on feed conversion ratio (FCR) of broiler. Data were analyzed by
one way ANOVA of SPSS 16.0 software. The research design was
Complete Randomized design (RCD), and Duncan’s multiple range
test was used to compare means. The difference was considered
significant if P<0,05.

B HI Titer

HI titer

o R N W A U O N
L

A B C D E F

Treatment groups

Figure 3. Effect of feeding Aflatoxin B1, Lactobacillus salivarius
and Protmic (Yeast based mycotoxin binder) supplementation
on serum Hemagglutination inhibition (HI) titer of broiler. The
values of the highest dilutions which causes total inhibition of
hemagglutination were calculated as the logarithm to the base 2.

Table 5. Effect of time on detoxification of AFB1 Lactobacillus isolates.

AFB1 Detoxified after

Isolates
2h 4h 6h
L. crispatus (CE. 28) 44.69+0.01° 46.7 £0.03° 48.5 +0.02¢
L. salivarius (CR. 3) 374+0.05¢ 45.0+0.005 ¢ 49.95+0.02°
L. salivarius (CR. 4) 46.2+0.03° 49.97 £ 0.01* 49.98 £0.005*
L. agilis (CE. 2.1) 42.6 £0.006 © 43.29+0.01¢ 458 £0.02 ¢
L. agilis (CE. 3.1) 40.4 £ 0.006 ¢ 40.59 £0.006 ¢ 453+0.01¢

The Duncan’s test showed that mean difference between detoxified AFB1 by Lactobacillus isolates is significant after different time of incubation
if P< 0.05. Superscript “a” indicates highest amount AFB1 detoxified by isolates, followed by “b, c, d, e”.
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mSTP
mSA

Treatment groups

Figure 4. Effect of feeding Aflatoxin B1, Lactobacillus salivarius
and Protmic (Yeast based mycotoxin binder) supplementation on
serum total protein (STP) and albumin (SA) of broiler. Data were
analyzed by one way ANOVA of SPSS 16.0 software. The research
design was Complete Randomized design (RCD), and Duncan’s
multiple range test was used to compare means. The difference
was considered significant if P<0,05.
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Figure 5. Effect of feeding Aflatoxin B1, Lactobacillus salivarius and
Protmic (Yeast based mycotoxin binder) supplementation on serum
alanine transaminase (ALT), international unit (IU) level in broiler.
Data were analyzed by one way ANOVA of SPSS 16.0 software. The
research design was Complete Randomized design (RCD), and
Duncan’s multiple range test was used to compare means. The
difference was considered significant if P<0,05.
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Figure 6. Effect of feeding Aflatoxin B1, Lactobacillus salivarius
and Protmic (Yeast based mycotoxin binder) supplementation on
serum aspartate transaminase (AST), international unit (IU) level
in broiler. Data were analyzed by one way ANOVA of SPSS 16.0
software. The research design was Complete Randomized design
(RCD), and Duncan’s multiple range test was used to compare
means. The difference was considered significant if P<0,05.

4. Discussion

Previous studies have shown that live Lactobacillus has
highest binding efficiency (98%) against AFB1. Stability
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Figure 7. Effect of feeding Aflatoxin B1, Lactobacillus salivarius
and Protmic (Yeast based mycotoxin binder) supplementation
on serum creatinine (CR) level in broiler. Data were analyzed by
one way ANOVA of SPSS 16.0 software. The research design was
Complete Randomized design (RCD), and Duncan’s multiple range
test was used to compare means. The difference was considered
significant if P<0,05.

of the formed complexes depends on strain, treatment,
and environmental conditions (Liew et al., 2018). It was
found that Lactobacillus cell wall play important role in
detoxification of AFB1through physical binding. Even
heat-treated cells can also establish stable complex with
AFB1. Solvent extraction procedures released about 90%
of bound AFB1 (Liew et al., 2018). Cell wall teichoic acid
(C,H,,0,P) wasresponsible for AFB1 binding (Liew et al.,
2018). Intracellular metabolites (Enzymes) also play role in
detoxification of AFB1. L. fermentum metabolites reduced
AF level from 88.8% to 99.8% (Ghazvini et al., 2016).

According to previous work dairy strains of Lactic
acid bacteria has ability to bind toxins such as AFB1 from
liquid media. Lactobacillus species adsorb about 60%
of AFB1 within 6 h (Chlebicz and Slizewska, 2020).
Different Lactobacilli species from yogurt have shown
AFB1 detoxification (8-31%), depending upon their strains
(Zolfaghari et al., 2020). They have ability to reduce level
of AFs in media by enzymatic/chemical degradation,
metabolic conversion, or adsorption through cell wall
components (Sadiq et al., 2019). Mainly polysaccharides
and peptidoglycan are responsible for AFs detoxification.
The structures of these molecules are conserved but minor
variations among strains are responsible for difference in
detoxification ability (Sadiq et al., 2019).

The results of this study are in accordance with
several previous investigation, LS administration
improved growth rate, body weight gain, feed intake,
feed conversion efficiency in broilers (Jadhav et al., 2015);
(Shokryazdan et al., 2017). Administration of 40 ppb
AFB1 till 21 days has shown insignificant change in
mortality, but feed consumed and weight gain are reduced
(Liu et al., 2018). Lactobacillus increased serum IgG and
IgM level (Liu et al., 2018). LS are natural part of broiler GIT
micro flora. They have shown to induce different cytokine
profiles in mononuclear cells in vitro and increased antibody
against ND as compared to control birds (Brisbin et al., 2011).
AFB1 (800 ppb) when fed to broiler for 28 days resulted
inincreased ALT and AST level in serum. But total protein
and albumin level was significantly low. AFB1 (50 and
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Figure 8. Effect of feeding Aflatoxin B1 (Group B, D, F), Lactobacillus salivarius (Group C, D) and Protmic (Yeast based mycotoxin binder in
Group E, F) on broiler liver. Livers of broiler from group A, C, D, E and F showing normal view, but liver from broiler of group B showing
discoloration and lesions. AFB1: Aflatoxin B1, LS: L. salivarius.

Figure 9. Effect of feeding Aflatoxin B1 (Group B, D, F), Lactobacillus salivarius (Group C, D) and Protmic (Yeast based mycotoxin binder in
Group E, F) on broiler liver. Results of Liver histology from group: (A) 10x40X, normal, (B) 10x10X, damaged (infiltration of inflammatory
cells, necrosis and degeneration of hepatocytes), (C) 10x10X, normal, (D) 40x10X, normal, (E) 10x10X, normal, (F) 10x10X, normal.
AFB1: Aflatoxin B1, LS: L. salivarius.
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100 ppb) when administered for 28 days, has not shown
measurable AFB1 residues in tissues. Serum level of ALT,
AST, total protein and albumin serve as markers for chronic
aflatoxicosis in birds (Hussain et al., 2016). LS decreased liver
fibrosis by protecting the intestinal barrier and promoted
micro biome health (Shi et al., 2017). When 3-300 ppb
AFB1 is given to broiler for 42 days, significant damage
in liver is observed by histological analysis. According
to observations liver was fatty with necrosis, bile duct
hyperplasia and aggregation of lymphocyte. Lactobacillus
supplemented in feed removed toxic effects AFB1 in broiler
(Shlej et al., 2015).

In conclusion, the present study described performance
parameters and biochemical alterations in AFB1 fed broilers.
Improvement in productive performance and serum
biochemical parameters in group fed diet supplement
with novel poultry gut isolate of LS suggested a decrease
in severity of aflatoxin B1 induced toxicity in broilers.

5. Conclusion

Detoxification of AFB1 by Lactobacillus was strain, pH,
time and temperature dependent. Cell wall of Lactobacillus
played significant role in removing AFB1 by adsorption,
but intracellular metabolites also play their role. Optimum
reduction was achieved at 30°C, acidic pH (4.0) and 6 h
of incubation. L. salivarius plays active role as probiotic in
broilers. It detoxifies AFB1 and removes its toxicity. It was
concluded that L. salivarius not only improves broiler health
but also removes toxic effects of AFB1.
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