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Tannins (TAs) are an anti-nutritional substance commonly used as a natural feed additive for livestock. However, 
our previous study described the dose-dependent adverse effects of TA on immune responses and growth in 
chickens. In this study, we evaluated the protective effects of a probiotic preparation (BT) consisting of three 
different bacteria (Bacillus mesenteric, Clostridium butyricum, and Streptococcus faecalis) against TA-induced 
immunosuppression in chickens. Forty chicks were divided into 4 groups as follows: the CON group (basal 
diet), BT group supplemented with 3 g BT/kg diet, tannic acid (TA) group supplemented with 30 g TA/kg diet, 
and BT+TA group supplemented with 3 g BT/kg diet + 30 g TA/kg diet. The feeding trial lasted for 35 days. 
Lymphocyte subset, macrophage phagocytosis, cytokine mRNA expression, and primary and secondary IgY 
immune responses were evaluated. BT supplementation significantly improved TA-induced reductions in final 
body weight, body weight gain, feed intake, and relative weights of lymphoid organs compared with the TA group. 
Furthermore, in the spleen and cecal tonsil (CT), the relative populations of CD4+, CD8+, and CD4+CD8+ cells 
in the BT+TA group were significantly ameliorated compared with the TA group. Additionally, comparison with 
the TA group showed that the chickens in the BT+TA group had an improved relative population of B cells in the 
CT and that macrophage phagocytosis in the spleen was significantly increased. Chickens in the BT+TA group 
showed significant increases in IFN-γ and IL-4 mRNA expression in the spleen compared with the TA group. The 
primary and secondary IgY responses were significantly improved. These results revealed that supplementation 
with BT protects against TA-induced immunosuppression in chickens.
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INTRODUCTION

Tannins are the fourth most abundant group of secondary 
metabolites and anti-nutritional toxic substances and are classified 
as hydrolyzable and condensed tannins based on chemical 
structure [1–4]. Poultry require a large proportion of dietary grains 
to provide sufficient crude protein and metabolizable energy [5]. 
Tannic acid (TA) is used as a viable alternative feed additive in 
the diet of poultry and is derived from plant-based agriculture and 
industry by-products [6], and it is widely distributed in grains, 
such as sorghum and millet, and most of the plant kingdom [7, 8].

However, TA toxicity has been reported to cause low feed 
intake, decrease nutrient digestibility, and inhibit the growth 
rate in monogastric animals [9–11]. Dietary intake of TA leads 
to impairment of digestive enzymes and decreases in essential 
amino acids and minerals, potentially damaging the gut and 
organs such as the liver, kidney, and lymphoid organs [11–13]. 
On the other hand, several studies have documented that dietary 
intake of low concentrations of TA improved the health condition 
and immune status of animals [11, 14, 15]. Therefore, TA is 
considered to have a double-edged impact on animal growth and 
immunity.
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Probiotics are defined as single or mixed cultures of live 
nonpathogenic microbes that have beneficial effects when 
administered in adequate numbers as a feed supplement 
[16, 17]. The enhancement of immunity and health status in 
poultry and other animals with probiotics has been previously 
studied [18–21]. Hence, utilization of probiotics are economic 
and efficient opportunity for use of poor-quality feed such as 
anti-nutritional substances [22, 23]. Previous in vitro studies 
demonstrated that Bacillus mesenteric, Streptococcus faecalis, 
and Clostridium butyricum can detoxify agro-industrial by-
products into beneficial metabolites [24–26]. Moreover, an 
in vitro study demonstrated that lactic acid bacteria, such as 
Lactiplantibacillus plantarum, possess intracellular enzymes 
capable of degrading complex hydrolyzable gallotannins, which 
is achieved by depolymerization of high molecular weight TA 
[27–31]. TA-degrading microbes, has been reported to increase 
the nutritional status of TA (a standard of hydrolyzable tannin), 
thus increase the productivity of livestock in earlier studies 
[8, 24, 30–33].

However, the protective effect of probiotics against TA-
induced immunosuppression has not yet been studied. Therefore, 
the purpose of this study was to evaluate the protective effects 
of probiotics on TA-induced immunosuppression in chickens 
by analyzing lymphocyte subsets, macrophage phagocytosis, 
cytokine mRNA expression, and primary and secondary IgY 
immune responses.

MATERIALS AND METHODS

The experimental procedures were approved by the Animal Care 
and Use Committee at the University of Miyazaki (2018-039-2).

Chemicals
Tannic acid (a representative hydrolyzable tannin) was 

purchased from Fujifilm Wako Pure Chemical Corporation 
(Osaka, Japan; a commercial tannin). The probiotic preparation 
Bio-Three (BT), which consists of three different bacteria (B. 
mesenteric, C. butyricum, and S. faecalis) at cell concentrations 
of 3×105, 2×105, and 7×106, respectively, was provided by Toa 
Pharmaceutical Co., Ltd. (Tokyo, Japan).

Animals and diets
Forty newly hatched male broiler chickens (ROSS 308) were 

purchased from a local hatchery (Miyazaki, Japan). The body 
weights of chickens ranged between 40–50 g. The temperature 
was 33–34°C on day 1 and then steadily dropped to 24°C on 
day 35 and remained constant. The lighting program provided 
24 hr of continuous light per day until day 2 of the experiment 
and 23 hr thereafter, in line with local practices. All birds were 
immunized against Marek’s disease, Newcastle disease, and 
infectious bronchitis disease.

All chickens were fed commercial diets formulated to meet 
the nutritional requirements of broiler chickens (Hayashikane 
Sangyo Co., Ltd., Shimonoseki, Japan). The basal diet contained 
crude protein (>21–18%), crude fat (>3–2%), crude fiber (<6%), 
crude ash (<13–8%), calcium (>3.1%), phosphorus (>0.45%), 
and metabolizable energy (>3,100–2,850 Cal/kg). Mortality 
records were maintained, and birds were not replaced during the 
experiment.

Experimental design
After a 7-day acclimatization period with ad libitum feeding 

and access to drinking water, the chickens were randomly 
assigned to 4 experimental groups (10 chicks per group) as 
follows: the control (CON), BT, TA, and BT+TA groups. The 
(CON) group was fed the basal diet. The BT group was fed the 
basal diet supplemented with BT in powder form at a dose of 
3 g/kg according to the manufacture’s recommendation. The 
TA group was fed the basal diet supplemented with 30 g TA/
kg diet [11, 12]. Finally, the BT+TA group was fed the basal 
diet supplemented with 3 g BT/kg diet + 30 g TA/kg diet. The 
experimental period was for 35 days (d).

On day 21 of the experiment, all chickens were intravenously 
immunized with 200 µg of keyhole limpet hemocyanin (KLH; 
Fujifilm Wako Pure Chemical Corporation). Seven days after 
immunization (day 28), blood was collected from the wing vein to 
measure the primary immune response, and on the same day, all 
chickens received a second immunization with 200 µg of KLH. 
On day 35, blood samples were collected from each chicken to 
evaluate the secondary immune response.

Growth performance and sample collection
Chickens were weighed on the first day of the experiment and 

then weekly for 35 days to calculate body weight gain (BWG). 
At the end of the experiment (day 35), the chickens were sedated 
with an intravenous injection of sodium pentobarbital (10 mg/kg, 
Somnopentyl®, Kyoritsu Seiyaku Corporation, Tokyo, Japan). 
The spleen, bursa of Fabricius (BF), and cecal tonsil (CT) were 
removed following the collection of blood samples.

Preparation of cell suspensions
Each lymphoid organ was removed and cut into small 

pieces. Cell suspensions were prepared by mincing the tissue 
in ice-cold Hank’s balanced salt solution (Sigma-Aldrich, St. 
Louis, MO, USA), and the residual tissue was removed using 
a cell strainer to obtain single-cell suspensions. The cells were 
purified by density gradient centrifugation with Ficoll-Paque (GE 
Healthcare UK Ltd., Little Chalfont, Buckinghamshire, UK). 
The cells were washed with phosphate-buffered saline (PBS), 
and erythrocytes were lysed with NH4Cl lysis buffer. The cells 
were then suspended in RPMI 1640 medium (Fujifilm Wako Pure 
Chemical Corporation) supplemented with 10% fetal calf serum 
and antibiotics.

Lymphocyte subsets
For immunofluorescence assays, cells were suspended in 

PBS supplemented with 0.5% bovine serum albumin and 0.05% 
sodium azide (BSA-PBS). Viable cells ranging in concentration 
from 1×105 to 1×106 were incubated with fluorescence-labeled 
monoclonal antibodies (mAbs), as described below, at 4°C for 
1 hr. Stained cells were washed three times with BSA-PBS and 
resuspended in BSA-PBS containing propidium iodide (10 µg/
mL, Sigma-Aldrich). Relative immunofluorescence intensities 
were determined by flow cytometry using a FACS Canto™ II 
system (Becton Dickinson, Franklin Lakes, NJ, USA). Anti-CD4 
(400× dilution, CT4), anti-CD8 (400× dilution, CT8), anti-γδ 
(400× dilution, TCR1), anti-MHC class II (100× dilution, 2G11), 
and anti-Bu-1b (200× dilution, 5-11G2) mAbs (all from Southern 
Biotech, Birmingham, AL, USA) were used. For fluorescence 
labeling of mAbs, Fluorescein Labeling Kit-NH2, HiLyte™ Fluor 
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555 Labeling Kit-NH2, and HiLyte™ Fluor 647 Labeling (F647) 
Kit-NH2 (Dojindo Laboratories, Kumamoto, Japan) were used 
according to the manufacturer’s instructions.

Phagocytosis assay
Spleen cells (3.0×106 cells/mL) were suspended in RPMI 1640 

medium supplemented with 10% fetal calf serum and an antibiotic 
and then incubated with 1 µL of a 2.5% FITC-labeled latex bead 
suspension (1-µm diameter; L1030, Sigma-Aldrich). The cells 
were then incubated at 37°C for 1 hr in a 5% CO2 humidified 
atmosphere. After incubation, cell-free beads were washed with 
EDTA-PBS, and then the cells were stained with a F647-labeled 
anti-MHC class II (100× dilution; 2G11, Southern Biotech) mAb 
and analyzed by flow cytometry using a FACS Canto™ II system. 
Macrophages were gated according to their relative size (forward 
scatter) and complexity (side scatter). The phagocytic index of 
MHC class II+ macrophages was reported as the ratio of MHC 
class II+FITC+ (phagocytizing latex beads) cells to all MHC class 
II+ cells in the macrophage fraction.

Analysis of IL-1β, IL-2, IFN-γ, and IL-4 mRNA expression in 
spleen cells using real-time polymerase chain reaction (PCR)

Total RNA was extracted from spleen cells using an RNeasy 
Mini Kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer’s protocol. Real-time polymerase chain reaction 
(RT-PCR) was performed using a one-step TB Green Prime 
Script PLUS RT-PCR Kit (Takara Bio inc, Japan) according to 
the manufacturer’s protocol. Real-time PCR primers pairs were 
designed using the Oligo 7 software (Molecular Biology Insights, 
Colorado Springs, CO, USA) and are shown in Table 1. Real-
time PCR conditions consisted of reverse transcription at 42°C 
for 5 min and initial PCR activation at 95°C for 10 sec, followed 
by 40 cycles of 95°C for 5 sec, 57°C for 30 sec and 70°C for 
30 sec, and a dissociation curve was added to the protocol. 
The real-time RT-PCR assay was performed using an Applied 
Biosystems QuantStudio™ 3 Real-Time PCR system (Thermo 
Fisher Scientific, Waltham, MA, USA). The mRNA expression 
level of each target gene was normalized to that of GAPDH as the 
reference gene. Data were analyzed using the Applied Biosystems 
QuantStudio™ software (Thermo Fisher Scientific).

Enzyme-linked immunosorbent assay (ELISA) for Anti-KLH 
antibody titer

Each well of a 96-well microplate (Nunc, Roskilde, Denmark) 
was coated with 60 µL of KLH (10 µg/mL) and incubated at 37°C 

for 2 hr. After washing with 0.05% Tween 20-PBS, 1% BSA-
PBS was added to each well for blocking, and the microplate 
was then incubated overnight at 4°C. Next, a 100-fold dilution 
of chicken sera was added to the antigen-coated wells, and the 
microplate was incubated at 37°C for 1 hr. The wells were then 
washed as above, and 60 µL of goat anti-chicken IgG (IgY)-Fc 
fragment (1,000×, Bethyl Laboratories Inc., Montgomery, TX, 
USA) was added. After incubation at 37°C for 1 hr, the wells 
were washed, supplemented with 60 µL of peroxidase-labeled 
rabbit anti-goat IgG-Fc fragment (40,000×, Bethyl Laboratories 
Inc.), and incubated at 37°C for 1 hr. The wells were washed, 
supplemented with 60 µL of substrate solution from an ELISA 
POD substrate A.B.T.S. Kit (Nacalai Tesque Inc., Kyoto, Japan), 
and then incubated for 30 min at room temperature. Optical 
density was measured at 405 nm using a microplate reader (Bio-
Rad Laboratories Inc., Hercules, CA, USA).

Statistical analysis
The data were subjected to analysis of variance (ANOVA), 

and were analyzed using the R version 3.5.1 statistical software 
(R Core Team). Comparisons between normally distributed 
continuous experimental groups were carried out by two-way 
ANOVA and Tukey’s honestly significant difference (HSD) test. 
Two-way ANOVA was used to detect some effects of TA, BT, 
and TA+BT. After detection of the effects, Tukey’s HSD test 
was used for comparison of individual means of each group. A 
p-value <0.05 was considered significant. Data were expressed 
as the mean ± SEM.

RESULTS

Effects of dietary supplementation with BT on final body weight, 
body weight gain, feed intake, and relative weight of lymphoid 
organs

The results for final body weight (FBW), BWG, feed intake 
(DFI), and relative weights of lymphoid organs are shown in 
Table 2. Dietary supplementation with TA, BT, and BT+TA 
caused significant changes in FBW, BWG, and DFI. The FBW, 
BWG, and DFI of chickens in the TA group were significantly 
lower than those in the CON and BT groups (p<0.01), 
respectively. Contrastingly, supplementation with BT+TA 
considerably improved growth performance in broiler chicken, 
as evidenced by increased FBW, BWG, and DFI compared 
with the TA group (p<0.01). There were significant differences 
between the BT+TA, CON, and BT groups (p<0.01). FBW was 

Table 1. Primer sequences used for real-time PCR

Gene Primer Sequences (5′-3′) Product size Accession number
GAPDH F AAGCGTGTTATCATCTCAGCTC 162 NM204305.1

R AATGCCAAAGTTGTATGGAT
IL-2 F AATTAAAGAAGAATTGTAACTGC 145 AF000631.1

R GGTCATTCATGGAAAATCAG
IL-1β F CTACACCCGCTCACAGTC 126 NM204524.1

R TTGAGCCTCACTTTCTGG
IFN-γ F CATGATTTATTATGGACATACTGC 178 NM205149.1

R GCTCAGTATGATCCTTTTCTC
IL-4 F TGTGCCCACGCTGTGCTT 169 GU119892.1

R AACAATTGTGGAGGCTTTGCATA

PCR: Polymerase chain reaction.
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significantly higher in the BT group than in the CON group 
(p<0.05).

The relative weight of the spleen was significantly affected 
by dietary supplementation with TA, BT, or BT+TA. Moreover, 
the relative weights of BF and CT were significantly changed by 
dietary supplementation with BT or BT+TA. The relative weight 
of the spleen in the TA group was significantly different from 
those in the CON, BT, and BT+TA groups (p<0.01). The relative 
weights of the spleen and BF in the BT group were also increased 
significantly as compared with the CON group (p<0.01). The 
relative weight of the CT in the BT group was significantly higher 
than those of the CON and BT+TA groups (p<0.01). Furthermore, 
the relative weight of the CT in the TA group was significantly 
lower than those in the BT and BT+TA groups (p<0.01).

Effects of dietary supplementation with BT on lymphocyte 
subsets in spleen and CT

The results for lymphocyte subsets in the spleen are shown in 
Fig. 1A. The populations of CD4+, CD8+, and CD4+CD8+ cells 
in the spleen were affected by dietary supplementation with TA, 
BT, or BT+TA. The population of γδ+ cells in the spleen was 
also significantly changed by dietary supplementation with TA. 
The populations of CD4+, CD8+, CD4+CD8+, and γδ+ cells in 
the spleen were significantly lower in the TA group than those 
in the CON and BT groups (p<0.01), respectively. Conversely, 

the populations of CD4+, CD8+, CD4+CD8+, and γδ+ cells in 
the spleen were significantly improved in the BT+TA group 
compared with those in the TA group (p<0.01). The populations 
of CD4+ and CD4+CD8+ cells in the spleen were significantly 
higher in the BT group than those in the CON group (p<0.05 and 
p<0.01, respectively). Furthermore, the populations of CD4+ and 
CD8+ cells in the spleen were significantly higher in the BT group 
than those in the BT+TA group (p<0.01).

The results for lymphocyte subsets in the CT are shown in 
Fig. 1B. The populations of CD4+ and CD4+CD8+ cells in the CT 
were significantly changed by dietary supplementation with TA, 
BT, or BT+TA. The populations of CD8+ cells were significantly 
different in the TA and BT groups. In addition, the population 
of γδ+ cells in the CT was significantly changed by dietary 
supplementation with TA.

The populations of CD4+, CD8+, CD4+CD8+, and γδ+ cells 
in the CT were significantly lower in the TA group than those 
in the CON and BT groups (p<0.01), respectively. On the other 
hand, the BT+TA group showed obvious improvements in the 
CD4+ and CD4+CD8+ cell populations compared with those of 
the TA group (p<0.01). The populations of CD4+ and CD8+ cells 
in the CT were significantly higher in the BT group than those in 
the CON (p<0.01 and p<0.05, respectively) and BT+TA groups 
(p<0.01).

Table 2. Effects of BT on final body weight, body weight gain, feed intake, and relative weights of lymphoid organs

Parameters
Groups

CON BT TA BT+TA
FBW, g 2,395 ± 3.3 2,680 ± 7.6d 837.6 ± 1.4a,b 1,574.8 ± 3.6a,b,c

BWG, g/day 64.14 ± 2.8 72.28 ± 1.23 19.64 ± 2.1a,b 40.712 ± 1.14a,b,c

ADFI, g 215.8 ± 1.2 220.3 ± 3.5 116.4 ± 1.1a,b 178.62 ± 4.1a,b,c

Organ weights, g
Bursa 0.14 ± 0.03 0.16 ± 0.04a 0.17 ± 0.01 0.22 ± 0.02c

Spleen 0.11 ± 0.01 0.15 ± 0.02a 0.02 ± 0.01a,b 0.10 ± 0.01c

Cecal tonsil 0.04 ± 0.01 0.08 ± 0.01a 0.03 ± 0.02b 0.06 ± 0.05b,c

CON: control; BT: probiotic preparation Bio-Three; TA: tannic acid; FBW: final body weight; BWG: bodyweight gain; 
ADFI: average daily feed intake during the last week of the experiment (day 35). The organ weights are shown as the 
relative weight of lymphoid organs of the four groups and are expressed as g per 100 g of body weight. Data are reported 
as mean ± SEM. a (p<0.01) vs: CON, b (p<0.01) vs: BT group, c (p<0.01) vs: TA group, and d (p<0.05) vs: CON.

Fig. 1. Effects of dietary supplementation with BT on T lymphocyte subsets in the spleen (A) and CT (B).
CON: control; BT: probiotic preparation Bio-Three; TA: tannic acid. The CON group was fed a normal basal diet, BT group was fed a 3 g probiotic/kg 
diet, TA group was fed a 30 g TA/kg diet, and BT+TA group was fed a 30 g TA + 3 g probiotic/kg diet. Data represent the mean ± SEM.
ap<0.01 vs. CON. bp<0.01 vs. BT group. cp<0.01 vs. TA group. dp<0.05 vs. CON.
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Effects of dietary supplementation with BT on B-lymphocyte 
subsets in spleen and CT

The results for B-lymphocyte subsets in the spleen and CT 
are shown in Fig. 2. The populations of MHC class II+Bu1-b+ 
B cells in the spleen were significantly changed by dietary 
supplementation with TA and BT+TA. In addition, the populations 
of B cells in the CT were affected by dietary supplementation with 
TA. The populations of MHC class II+Bu1-b+ B cells in the spleen 
and CT were significantly diminished in the TA group compared 
with those in the CON and BT groups (p<0.01). Conversely, the 
populations of B cells in the spleen and CT were substantially 
improved in the BT+TA group compared with those in the TA 
group (p<0.01). The populations of MHC class II+Bu1-b+ B cells 
in the spleen were significantly higher in the BT group than in the 
BT+TA group (p<0.01).

Effect of dietary supplementation with BT on macrophage 
phagocytosis

The results of phagocytic index are shown in Fig. 3. 
The phagocytic index was significantly changed by dietary 
supplementation with BT or TA. In descending order according 
to their phagocytic indices, the groups were as follows: the BT 
group, BT+TA and CON groups, and then the TA group. The 
phagocytic index in the BT group was significantly greater than 
those in the CON and BT+TA groups (p<0.01). In addition, the 
phagocytic index in BT+TA group was significantly greater than 
that in the TA group (p<0.01).

Effect of dietary supplementation with BT on cytokine mRNA 
expression

The results for cytokine mRNA expression in the spleen are 
shown in Fig. 4. The levels of IL-2 and IL-4 mRNA expression 
were significantly changed by dietary supplementation with 
TA and BT. IFN-γ mRNA expression was significantly affected 
by TA, BT, and BT+TA. The levels of IL-2, IFN-γ, and IL-4 
mRNA expression in the TA group were significantly lower than 
in the CON and BT groups (p<0.01). Contrastingly, the mRNA 
expression levels of these cytokines in the BT+TA group were 
significantly higher than those in the TA group (p<0.01). The 
levels of IL-2 and IFN-γ mRNA expression in the BT group 
were significantly higher than those in the CON group (p<0.01). 
Furthermore, the levels of IFN-γ and IL-4 mRNA expression in 
the BT group were significantly higher than those of the BT+TA 
group (p<0.01).

Effect of dietary supplementation with BT on Anti-KLH IgY 
immune responses

The results for primary and secondary immune responses 
to KLH are shown in Fig. 5. Primary and secondary anti-KLH 
IgY immune responses were significantly changed by dietary 
supplementation with TA and BT+TA. In descending order 
according to their primary and secondary anti-KLH IgY immune 
responses, the groups were as follows: the BT group, CON group, 
BT+TA group, and then TA group. The antibody responses in the 
TA group were significantly lower than those in the CON and 
BT groups (p<0.01). Conversely, the BT+TA group showed 
significantly enhanced values compared with the TA group 
(p<0.01). The secondary anti-KLH IgY immune response in the 
BT group was significantly higher than those in the CON and 
BT+TA groups (p<0.05 and p<0.01, respectively).

Fig. 2. Effects of dietary supplementation with BT on B-lymphocyte 
subsets in the spleen and CT.
CON: control; BT: probiotic preparation Bio-Three; TA: tannic acid. The 
CON group was fed a normal basal diet, BT group was fed a 3 g probiotic/
kg diet, TA group was fed a 30 g TA/kg diet, and BT+TA group was fed a 
30 g TA + 3 g probiotic/kg diet. Data represent the mean ± SEM.
ap<0.01 vs. CON. bp<0.01 vs. BT group. cp<0.01 vs. TA group.

Fig. 3. Effects of dietary supplementation with BT on macrophage 
phagocytosis.
CON: control; BT: probiotic preparation Bio-Three; TA: tannic acid. 
The CON group was fed a normal basal diet, BT group was fed a 3 g 
probiotic /kg diet, TA group was fed a 30 g TA/kg diet, and BT+TA 
group was fed a 30 g TA + 3 g probiotic/kg diet. Data represent the mean 
± SEM.
ap<0.01 vs. CON. bp<0.01 vs. BT group. cp<0.01 vs. TA group.

Fig. 4. Effects of dietary supplementation with BT on mRNA 
expression of cytokines.
CON: control; BT: probiotic preparation Bio-Three; TA: tannic acid. 
Total RNA was obtained from the splenic tissue of chickens in the CON, 
BT, TA, and BT+TA groups. Expression levels were measured by real-
time PCR. Data represent the mean ± SEM.
ap<0.01 vs. CON. bp<0.01 vs. BT group. cp<0.01 vs. TA group.
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DISCUSSION

TA in food is associated with toxic anti-nutritional properties 
and is the main reason for poor poultry productivity [8, 34–38]. 
Furthermore, it causes deleterious effects, including growth 
retardation, decreased feed intake, suppressed immune responses, 
and increased protein catabolism [11–13, 38]. Thus, it is vital 
to apply nutritional strategies to avoid or reduce the negative 
effects of TA in poultry. Dietary probiotics are supplements with 
potential immunostimulatory, anti-inflammatory, and antioxidant 
activities [19–21, 39]. Our study revealed that dietary BT resulted 
in improved immune status and growth of broiler chickens 
exposed to TA, and this was attributed to its ability to reduce the 
negative effects of TA.

Our findings indicated that FBW, DFI, and organ weights were 
reduced in chickens treated with TA, which is consistent with 
previous results [11]. Dietary tannins, such as TA, may have a 
significant detrimental impact on sugar, amino acids, and mineral 
absorption. Thus, they not only impair the digestibility of dietary 
elements by forming complexes with substrates or enzymes 
involved in their digestion but also disrupt the transport pathways 
involved in the absorption of simple molecules [38, 40–42]. 
Similarly, previous reports revealed that dietary intake of TA 
induced intestinal mucosa necrosis and villi damage in broilers 
[42] and reduced liver and kidney weights in rats [43–45], 
sheep, and mice [46]. It has been proven that both hydrolyzable 
and condensed tannins disrupt intestinal absorption of essential 
ingredients [47–49].

On the other hand, supplementation with probiotics for diets 
containing significant amounts of TA may mitigate the adverse 
effects of the ingested TA. This improvement could be due to 
the cumulative effects of the probiotic microbes, which include 

higher digestive enzyme activity and neutralization of the effect 
of feed toxins in the gut environment in broiler chickens [50–54]. 
Probiotics consisting of B. mesenteric, C. butyricum, and S. 
faecalis could prevent the growth of E. coli, which is deleterious 
to the intestines of infant rabbits [55]. Further, these probiotics 
contain butyric acid, which enhances the regeneration of 
intestinal mucosal cells [56]. In addition, a previous in vitro study 
reported that microbial fermentation could improve nutrition 
by decreasing anti-nutritional agents, increasing minerals and 
carbohydrate bioavailability [57]. Another study discovered 
that yeast supplementation (Saccharomyces cerevisiae) could 
improve the efficiency of poor-quality fibrous feed in laying 
pullets [23, 58].

Our results indicated that relative lymphoid organs weights 
were significantly improved in the BT+TA group compared 
with the TA group. In previous reports, probiotics, such as 
Lactobacillus-, Bacillus-, and Clostridium-based probiotics, 
enhanced the growth performance and nutrient utilization 
efficiency in chickens [23, 59–61]. These improvements are 
attributed to the ability of probiotics to create a favorable 
intestinal environment in animals, allowing efficient digestion 
and absorption of essential nutrients [62–64]. The BF is a central 
lymphoid organ of B cells and has important functions in the 
humoral immunity of poultry [59, 65, 66], while the spleen and 
CT are secondary lymphoid organs for local immune responses 
[67–69]. The above reports concluded that probiotics could 
promote the functions of lymphoid organs, which are responsible 
for the humoral and cell-mediated immune responses in broiler 
chickens [69].

In this study, TA supplementation reduced the populations 
of T and B cells in lymphoid organs and inhibited macrophage 
phagocytic activity in the spleen. This is attributed to the 
suppressive effect of high doses of TA, which might elevate 
corticosterone levels in stressed chickens [11, 70, 71]. Therefore, 
the probiotic effectively ameliorated the suppression of T and B 
cell subsets in the BT+TA group compared with the TA group. 
The improvement of T and B cell subsets in the spleen and CT 
of the BT+TA group might be because of the effects of probiotic 
microorganisms on functional activities of the immune response, 
resulting in increased numbers of lymphocytes [59, 72]. The 
effects may act directly on hemopoietic organs or indirectly on 
the intestinal microflora [73]. A previous study showed that the 
Th1 immune response was stimulated by probiotics containing 
B. mesenteric, C. butyricum, and S. faecalis [39]. In addition, the 
number of CD8+ T cells in the intestinal mucosa was increased, 
which may improve the intestinal immunity of young chicks [74]. 
Another report observed that supplementation of poor-quality 
diets with probiotics containing S. cerevisiae enhanced the blood 
hemoglobin concentration [51].

Dietary supplementation of probiotics with TA appears to 
improve the phagocytic activity of macrophages. Probiotics have 
a positive effect on the host immune response through increased 
macrophage activity [75–77]. A previous report emphasized that 
probiotic supplementation in a chronic stress model enhanced 
the histological structure of the gut and improved the phagocytic 
activity of peritoneal and splenic macrophages [78].

In the present study, the splenic expressions of IL-2, INF-γ, 
and IL-4 following TA exposure were significantly lower than 
in the CON group, which is consistent with a previous study 
[11]. Multiple cytokines, such as IL-2 and INF-γ, are secreted 

Fig. 5. Effects of dietary supplementation with BT on anti-KLH IgY 
immune response.
CON: control; BT: probiotic preparation Bio-Three; TA: tannic acid; 
KLH: keyhole limpet hemocyanin. The figure shows the primary and 
secondary IgY responses to KLH in the chickens. The CON group was 
fed a normal basal diet, BT group was fed a 3 g probiotic/kg diet, TA 
group was fed a 30 g TA/kg diet, and BT+TA group was fed a 30 g 
TA + 3 g probiotic/kg diet. The chickens were injected with 200 µg 
of KLH on day 21 of the experiment. After 7 days, sera for primary 
response evaluation were collected, and the chickens were injected 
again with 200 µg of KLH. After 7 days, sera for secondary response 
evaluation were collected. Data represent the mean ± SEM.
ap<0.01 vs. CON. bp<0.01 vs. BT group. cp<0.01 vs. TA group. 
dp<0.05 vs CON.
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by activated T cells and play essential roles in the maturation, 
replication, and differentiation of T cells [79–81]. There were 
marked increases in splenic IFN-γ mRNA expression in the 
BT and BT+TA groups. Moreover, the BT+TA group showed 
improvement in IL-1β and IL-4 mRNA expression. We speculated 
that the improvement of cytokine expression, phagocytosis, and 
INF-γ indicate increases in the innate immune response and 
adaptive immune response. Thus, dietary intake of probiotics 
plays a vital role in regulating the production of cytokines [82].

Our findings also indicated that TA reduced both primary 
and secondary immune responses in terms of the anti-KLH 
IgY antibody titers. This could be attributed to the negative 
immunological impacts of TA, resulting in reduced protein 
synthesis in lymphoid tissues [12]. Furthermore, the reduction 
of T cells leads to suppressed cytokine production related to 
B cell differentiation and IgG class switching [83, 84]. On the 
other hand, the probiotic improved the anti-KLH IgY antibody 
immune response in the BT+TA group compared with the TA 
group. Improvement of the IgY titer was confirmed along with 
enhanced IL-4 mRNA expression; IL-4 plays an essential role 
in immunoglobulin class switching [77]. Previous studies 
reported that probiotics stimulate the immune response, leading 
to induction of cytokine production, and regulate innate and 
adaptive immune responses [85–89]. Another study reported 
that probiotics containing B. mesenteric, C. butyricum, and S. 
faecalis increased the production of immunoglobulin in the 
mesenteric lymph node of rats [90]. Furthermore, probiotics 
improved the structure of the intestinal mucosa and increased 
the IgA concentration in the small intestine of broiler chickens 
[91]. Therefore, we suggest that probiotic supplementation in the 
BT+TA group was protective against the side effects of TA at high 
doses.

In conclusion, supplementation with probiotics ameliorates the 
toxic effects of a high dose of TA and shows positive effects on 
the body performance and immune status of chickens. Therefore, 
supplementation with probiotics is highly applicable for 
mitigation of the immunosuppressive action of high doses of TA.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

ACKNOWLEDGMENTS

The authors’ responsibilities were as follows: AR and MY 
designed the research; AR, MY, YO, NI, TK, TA, and MB 
conducted the research and collected samples; AR and SI 
analyzed data; AR wrote the initial draft of the manuscript, with 
strong contributions from MY. AR had primary responsibility for 
the final content. All authors participated in critical revisions and 
approved the final manuscript.

The authors thank Toa Pharmaceutical Co., Ltd. for providing 
the probiotic (Bio-Three) in this study. The authors also gratefully 
acknowledge the Egyptian Higher Ministry of Education 
Scholarship (602/2015/2016) and the Egyptian Cultural and 
Education Office of the Arab Republic of Egypt in Tokyo.

REFERENCES

 1. Wallace RJ, McEwan NR, McIntosh FM, Teferedegne B, Newbold CJ. 2002. Natural 
products as manipulators of rumen fermentation. Asian-Australas J Anim 15: 1458–
1468.  [CrossRef]

 2. Toral PG, Hervás G, Bichi E, Belenguer Á, Frutos P. 2011. Tannins as feed additives 
to modulate ruminal biohydrogenation: effects on animal performance, milk fatty acid 
composition, and ruminal fermentation in dairy ewes fed a diet containing sunflower 
oil. Anim Feed Sci Technol 164: 199–206.  [CrossRef]

 3. Parisi F, Mancini S, Mazzei M, Forzan M, Turchi B, Perrucci S, Poli A, Paci G. 
2018. Effect of dietary supplementation of a mix of chestnut and quebracho tannins 
on intestinal morphology, bacterial load, Eimeria spp oocyst excretion, and immune 
response after vaccination in rabbits. Am J Anim Vet Sci 13: 94–103.  [CrossRef]

 4. Sharma KP. 2019. Tannin degradation by phytopathogen’s tannase: a plant’s defense 
perspective. Biocatal Agric Biotechnol 21: 101342.  [CrossRef]

 5. Mannelli F, Team H, Tosi G, Secci G, Daghio M, Massi P, Fiorentini L, Galigani 
I, Lancini S, Rapaccini S, Antongiovanni M, Mancini S, Buccioni A. 2019. Effect 
of chestnut tannins and short-chain fatty acids as anti-microbial and as feeding 
supplements in broilers rearing and meat quality. Anim 9: 659.  [CrossRef]

 6. Bryden WL, Li X. 2003. Prediction of amino acid digestibility of complete broiler 
diets. 15th Annual Aust Poult Sci Symposium. Poultry Research Foundation,15: 67.

 7. Prusty AK, Sahu NP, Pal AK, Reddy AK, Kumar S. 2007. Effect of dietary tannin 
on growth and haemato-immunological parameters of Labeo rohita (Hamilton) 
fingerlings. Anim Feed Sci Technol 136: 96–108.  [CrossRef]

 8. Tahmourespour A, Tabatabaee N, Khalkhali H, Amini I. 2016. Tannic acid degradation 
by Klebsiella strains isolated from goat feces. Iran J Microbiol 8: 14–20. [Medline]

 9. Porres JM, Urbano G, Fernandes-Fıgares I, Prieto C, Perez L, Aguilera JF. 2002. 
Digestive utilisation of protein and amino acids. J Sci Food Agric 82: 1740–1747.  
[CrossRef]

 10. Cengiz Ö, Köksal BH, Tat O, Sevim Ö, Ahsan U, Bilgili SF, Gökhan Önol A. 2017. 
Effect of dietary tannic acid supplementation in corn- or barley-based diets on growth 
performance, intestinal viscosity, litter quality, and incidence and severity of footpad 
dermatitis in broiler chickens. Livest Sci 202: 52–57.  [CrossRef]

 11. Ramah A, Yasuda M, Ohashi Y, Urakawa M, Kida T, Yanagita T, Uemura R, Bakry 
HH, Abdelaleem NM, El-Shewy EA. 2020. Different doses of tannin reflect a double-
edged impact on broiler chicken immunity. Vet Immunol Immunopathol 220: 109991. 
[Medline]  [CrossRef]

 12. Marzo F, Tosar A, Santidrian S. 1990. Effect of tannic acid on the immune response of 
growing chickens. J Anim Sci 68: 3306–3312. [Medline]  [CrossRef]

 13. Marzo F, Urdaneta E, Santidrián S. 2002. Liver proteolytic activity in tannic acid-fed 
birds. Poult Sci 81: 92–94. [Medline]  [CrossRef]

 14. Park IJ, Cha SY, Kang M, Jang HK. 2013. Immunomodulatory effect of a 
proanthocyanidin-rich extract from Pinus radiata bark by dosing period in chickens. 
Poult Sci 92: 352–357. [Medline]  [CrossRef]

 15. Kaleem QM, Akhtar M, Awais MM, Saleem M, Zafar M, Iqbal Z, Muhammad 
F, Anwar MI. 2014. Studies on Emblica officinalis derived tannins for their 
immunostimulatory and protective activities against coccidiosis in industrial broiler 
chickens. ScientificWorldJournal 2014: 378473. [Medline]  [CrossRef]

 16. Fuller R. 1989. Probiotics in man and animals. J Appl Bacteriol 66: 365–378. [Medline]  
[CrossRef]

 17. FAO/WHO 2001. Evaluation of health and nutritional properties of probiotics in food 
including powder milk with live lactic acid bacteria. Report of a Joint FAO/WHO 
expert consultation. Food and Agriculture Organization of the United Nations and 
World Health Organization, Córdoba.

 18. Salminen SJ, Gueimonde M, Isolauri E. 2005. Probiotics that modify disease risk. J 
Nutr 135: 1294–1298. [Medline]  [CrossRef]

 19. Iskandar S. 2011. Laying performance of Wareng chicken under free-choice feeding 
and different cage, density. Media Peternakan. J Anim Sci Biotechnol 34: 38–63.

 20. Kikuchi Y, Kunitoh-Asari A, Hayakawa K, Imai S, Kasuya K, Abe K, Adachi Y, 
Fukudome S, Takahashi Y, Hachimura S. 2014. Oral administration of Lactobacillus 
plantarum strain AYA enhances IgA secretion and provides survival protection against 
influenza virus infection in mice. PLoS One 9: e86416. [Medline]  [CrossRef]

 21. Sugiharto S, Yudiarti T, Isroli I, Widiastuti E, Kusumanti. 2017. Dietary 
supplementation of probiotics in poultry exposed to stress—a review. Ann Anim Sci 
17: 591–604.  [CrossRef]

 22. Kalavathy R, Abdullah N, Jalaludin S, Ho YW. 2003. Effects of Lactobacillus cultures 
on growth performance, abdominal fat deposition, serum lipids and weight of organs 
of broiler chickens. Br Poult Sci 44: 139–144. [Medline]  [CrossRef]

 23. Ezema C, Ihedioha OC, Ihedioha JI, Okorie-kanu CO, Kamalu TN. 2012. Probiotic 
effect of yeast (Saccharomyces cerevisiae) on hematological parameters and growth 
performance of pullets fed palm kernel cake-based diet. Comp Clin Pathol 21: 
1145–1148.  [CrossRef]

 24. Goel G, Kumar A, Beniwal V, Raghav M, Puniya AK, Singh K. 2011. Degradation of 
tannic acid and purification and characterization of tannase from Enterococcus faecalis. 
Int Biodeterior Biodegradation 65: 1061–1065.  [CrossRef]

http://dx.doi.org/10.5713/ajas.2002.1458
http://dx.doi.org/10.1016/j.anifeedsci.2011.01.011
http://dx.doi.org/10.3844/ajavsp.2018.94.103
http://dx.doi.org/10.1016/j.bcab.2019.101342
http://dx.doi.org/10.3390/ani9090659
http://dx.doi.org/10.1016/j.anifeedsci.2006.08.023
http://www.ncbi.nlm.nih.gov/pubmed/27092220?dopt=Abstract
http://dx.doi.org/10.1002/jsfa.1251
http://dx.doi.org/10.1016/j.livsci.2017.05.016
http://www.ncbi.nlm.nih.gov/pubmed/31855744?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2019.109991
http://www.ncbi.nlm.nih.gov/pubmed/2123848?dopt=Abstract
http://dx.doi.org/10.2527/1990.68103306x
http://www.ncbi.nlm.nih.gov/pubmed/11885906?dopt=Abstract
http://dx.doi.org/10.1093/ps/81.1.92
http://www.ncbi.nlm.nih.gov/pubmed/23300300?dopt=Abstract
http://dx.doi.org/10.3382/ps.2012-02704
http://www.ncbi.nlm.nih.gov/pubmed/24578631?dopt=Abstract
http://dx.doi.org/10.1155/2014/378473
http://www.ncbi.nlm.nih.gov/pubmed/2666378?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2672.1989.tb05105.x
http://www.ncbi.nlm.nih.gov/pubmed/15867327?dopt=Abstract
http://dx.doi.org/10.1093/jn/135.5.1294
http://www.ncbi.nlm.nih.gov/pubmed/24466081?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0086416
http://dx.doi.org/10.1515/aoas-2016-0062
http://www.ncbi.nlm.nih.gov/pubmed/12737236?dopt=Abstract
http://dx.doi.org/10.1080/0007166031000085445
http://dx.doi.org/10.1007/s00580-011-1250-3
http://dx.doi.org/10.1016/j.ibiod.2011.08.006


IMMUNOPROTECTION BY PROBIOTICS IN TANNIN-FED BROILERS 175

doi: 10.12938/bmfh.2021-058 ©2022 BMFH Press

 25. Zarate PA, Cruz-Hernandez MA, Montanez JC, Belmarescerda RE, Aguilar CN. 2014. 
Bacterial tannase: production, properties, and application. Rev Mex Ing Quim 13: 
63–74.

 26. Esteban-Torres M, Santamaría L, Cabrera-Rubio R, Plaza-Vinuesa L, Crispie F, de 
Las Rivas B, Cotter P, Muñoz R. 2018. A diverse range of human gut bacteria have the 
potential to metabolize the dietary component gallic acid. Appl Environ Microbiol 84: 
e01558. [Medline]  [CrossRef]

 27. Aguilar CN, Rodríguez R, Gutiérrez-Sánchez G, Augur C, Favela-Torres E, Prado-
Barragan LA, Ramírez-Coronel A, Contreras-Esquivel JC. 2007. Microbial tannases: 
advances and perspectives. Appl Microbiol Biotechnol 76: 47–59. [Medline]  
[CrossRef]

 28. Rodriguez H, Rivas B, Gomez-Cordoves C, Munoz R. 2008. Degradation of tannic 
acid by cell-free extracts of Lactobacillus plantarum. Food Chem 107: 664–670.  
[CrossRef]

 29. Mueller-Harvey I. 2006. Unraveling the conundrum of tannins in animal nutrition and 
health. J Sci Food Agric 86: 2010–2037.  [CrossRef]

 30. Erdaw MM, Beyene TW. 2018. Anti-nutrients reduce poultry productivity: influence 
of trypsin inhibitors on pancreas. Asian J Polit Sci 12: 14–24.

 31. Barman K, Rai SN. 2006. Utilization of tanniniferous feeds. chemical composition, 
tannin fractionation, amino acid and mineral profiles and in vitro digestibility of certain 
Indian agro-industrial byproducts. Indian J Anim Sci 76: 71–80.

 32. Reverón I, Rodríguez H, Campos G, Curiel JA, Ascaso C, Carrascosa AV, Prieto A, 
de Las Rivas B, Muñoz R, de Felipe FL. 2013. Tannic acid-dependent modulation of 
selected Lactobacillus plantarum traits linked to gastrointestinal survival. PLoS One 
8: e66473. [Medline]  [CrossRef]

 33. Smith AH, Zoetendal E, Mackie RI. 2005. Bacterial mechanisms to overcome 
inhibitory effects of dietary tannins. Microb Ecol 50: 197–205. [Medline]  [CrossRef]

 34. Goel G, Puniya AK, Aguilar CN, Singh K. 2005. Interaction of gut microflora with 
tannins in feeds. Naturwissenschaften 92: 497–503. [Medline]  [CrossRef]

 35. Goel G, Puniya AK, Singh K. 2007. Phenotypic characterization of tannin protein 
complex degrading bacteria from feces of goats. Small Rumin Res 69: 217–220.  
[CrossRef]

 36. Kumar K, Chaudhary LC, Agarwal N, Kamra DN. 2014. Effect of feeding tannin 
degrading bacterial culture (Streptococcus gallolyticus strain TDGB 406) on nutrient 
utilization, urinary purine derivatives and growth performance of goats fed on Quercus 
semicarpifolia leaves. J Anim Physiol Anim Nutr (Berl) 98: 879–885. [Medline]  
[CrossRef]

 37. Osawa R, Kuroiso K, Goto S, Shimizu A. 2000. Isolation of tannin-degrading 
lactobacilli from humans and fermented foods. Appl Environ Microbiol 66: 3093–
3097. [Medline]  [CrossRef]

 38. Gemede HF, Ratta N. 2014. Anti-nutritional factors in plant foods: potential health 
benefits and adverse effects. Int J Nutr Food Sci 3: 284–289.  [CrossRef]

 39. Hua MC, Lin TY, Lai MW, Kong MS, Chang HJ, Chen CC. 2010. Probiotic Bio-
Three induces Th1 and anti-inflammatory effects in PBMC and dendritic cells. World 
J Gastroenterol 16: 3529–3540. [Medline]  [CrossRef]

 40. Chung KT, Wong TY, Wei CI, Huang YW, Lin Y. 1998. Tannins and human health: a 
review. Crit Rev Food Sci Nutr 38: 421–464. [Medline]  [CrossRef]

 41. Mansoori B, Nodeh H, Modirsanei M, Kiaei MM, Farkhoy M. 2007. Evaluating the 
influence of tannic acid alone or with polyethylene glycol on the intestinal absorption 
capacity of broiler chickens, using d-xylose absorption test. Anim Feed Sci Tech 134: 
3–4, 252-260.  [CrossRef]

 42. Torres KA, Pizauro JM Jr, Soares CP, Silva TG, Nogueira WC, Campos DM, Furlan 
RL, Macari M. 2013. Effects of corn replacement by sorghum in broiler diets on 
performance and intestinal mucosa integrity. Poult Sci 92: 1564–1571. [Medline]  
[CrossRef]

 43. Elfadil AG, Sabahelkhier MK, Rayan MY, Daa MO, Nagla AH, Israa SB. 2013. Effect 
of tannin and plant tannins on some organs and physic-chemical characters of diabetic 
Wistar rats. Int J Adv Res (Indore) 1: 165–170.

 44. Barszcz M, Taciak M, Skomiał J. 2011. A dose-response effect of tannic acid and protein 
on growth performance, caecal fermentation, colon morphology, and β-glucuronidase 
activity of rats. J Anim Feed Sci 20: 613–625.  [CrossRef]

 45. Kim HS, Miller DD. 2005. Proline-rich proteins moderate the inhibitory effect of tea 
on iron absorption in rats. J Nutr 135: 532–537. [Medline]  [CrossRef]

 46. Zhu J, Filippich LJ, ALsalam MT. 1992. Tannic acid intoxication in sheep and mice. 
Res Vet Sci 53: 280–292. [Medline]  [CrossRef]

 47. Amesa S, Asfaw M. 2018. Effects of tannin on feed intake, body weight gain, and 
health of goats. Acad J Nutr 7: 1–4.

 48. Shim YH, Shinde PL, Choi JY, Kim JS, Seo DK, Pak JI, Chae BJ, Kwon IK. 2010. 
Evaluation of multi-microbial probiotics produced by submerged liquid and solid 
substrate fermentation methods in broilers. Asian-Australas Anim Sci 23: 521–529.  
[CrossRef]

 49. Chen YP, Chen MJ. 2013. Effects of Lactobacillus kefiranofaciens M1 isolated from 
kefir grains on germ-free mice. PLoS One 8: e78789. [Medline]  [CrossRef]

 50. Nawaz H, Irshad MA, Mubarak A, Ali M, Ahsan-UI-Haq M. 2016. Effect of probiotics 
on growth performance, nutrient digestibility, and carcass characteristics in broilers. Int 
J Biochem Biotechnol 19: 239–242.

 51. Aguihe PC, Kehinde AS, Adulmumini S, Ospina-Rojas IC, Murakami AE. 2017. Effect 

of dietary probiotic supplementation on carcass traits and hematological responses of 
broiler chickens fed shea butter cake-based diets. Appl Acta Sci 39: 265–271.

 52. Kopp-Hoolihan L. 2001. Prophylactic and therapeutic uses of probiotics: a review. J 
Am Diet Assoc 101: 229–238, quiz 239–241. [Medline]  [CrossRef]

 53. Inatomi T. 2015. Growth performance, gut mucosal immunity and carcass and 
intramuscular fat of broilers fed diets containing a combination of three probiotics. Sci 
Postprint 1: e00052.  [CrossRef]

 54. Timmerman HM, Veldman A, van den Elsen E, Rombouts FM, Beynen AC. 2006. 
Mortality and growth performance of broilers given drinking water supplemented with 
chicken-specific probiotics. Poult Sci 85: 1383–1388. [Medline]  [CrossRef]

 55. Tachikawa T, Seo G, Nakazawa M, Sueyoshi M, Ohishi T, Joh K. 1988. Estimation of 
probiotics by infection model of infant rabbit with enterohemorrhagic Escherichia coli 
O 157:H7. J Japanese Association for Infectious Disease 72: 1300–1305 (in Japanese).

 56. Isono A, Katsuno T, Sato T, Nakagawa T, Kato Y, Sato N, Seo G, Suzuki Y, Saito Y. 
2007. Clostridium butyricum TO-A culture supernatant downregulates TLR4 in human 
colonic epithelial cells. Dig Dis Sci 52: 2963–2971. [Medline]  [CrossRef]

 57. Kobawila SC, Louembe D, Keleke S, Hounhouigan J, Gamba C. 2005. Reduction 
of the cyanide content during fermentation of cassava roots and leaves to produce 
bikedi and ntoba mbodi, two food products from Congo. Afr J Biotechnol 4: 689–696.  
[CrossRef]

 58. Adejumo DO, Onifade AA, Afonja SA. 2004. Supplemental effects of dried yeast (Yea-
sac 1026 P®) in a low protein diet on growth performance, carcass characteristics, and 
organ weights of broiler chicken. Trop Vet 22: 72–77.

 59. Alkhalf A, Alhaj M, Al-Homidan I. 2010. Influence of probiotic supplementation on 
blood parameters and growth performance in broiler chickens. Saudi J Biol Sci 17: 
219–225. [Medline]  [CrossRef]

 60. Zhang L, Zhang L, Zhan X, Zeng X, Zhou L, Cao G, Chen A, Yang C. 2016. Effects of 
dietary supplementation of probiotic, Clostridium butyricum, on growth performance, 
immune response, intestinal barrier function, and digestive enzyme activity in broiler 
chickens challenged with Escherichia coli K88. J Anim Sci Biotechnol 7: 3. [Medline]  
[CrossRef]

 61. Ayyanna R, Ankaiah D, Arul V. 2018. Anti-inflammatory and antioxidant properties of 
probiotic bacterium Lactobacillus mucosae AN1 and Lactobacillus fermentum SNR1 
in Wistar albino rats. Front Microbiol 9: 3063. [Medline]  [CrossRef]

 62. Li Z, Yang S, Lin H, Huang J, Watkins PA, Moser AB, Desimone C, Song XY, Diehl 
AM. 2003. Probiotics and antibodies to TNF inhibit inflammatory activity and improve 
nonalcoholic fatty liver disease. Hepatology 37: 343–350. [Medline]  [CrossRef]

 63. Sen S, Ingale SL, Kim YW, Kim JS, Kim KH, Lohakare JD, Kim EK, Kim HS, Ryu 
MH, Kwon IK, Chae BJ. 2012. Effect of supplementation of Bacillus subtilis LS 1–2 to 
broiler diets on growth performance, nutrient retention, caecal microbiology and small 
intestinal morphology. Res Vet Sci 93: 264–268. [Medline]  [CrossRef]

 64. Owosibo AO, Odetola OM, Odunsi OO, Adejinmi OO, Lawrence-Azua OO. 2013. 
Growth, hematology, and serum biochemistry of broilers fed probiotics-based diets. 
Afr J Agric Res 8: 5076–5081.

 65. Willis WL, Isikhuemhen OS, Ibrahim SA. 2007. Performance assessment of broiler 
chickens given mushroom extract alone or in combination with probiotics. Poult Sci 
86: 1856–1860. [Medline]  [CrossRef]

 66. Fard SH, Toghyani M, Tabeidian SA. 2014. Effect of oyster mushroom wastes on 
performance, immune responses, and intestinal morphology of broiler chickens. Int J 
Recycl Org Waste Agric 3: 141–146.  [CrossRef]

 67. Altamura M, Caradonna L, Amati L, Pellegrino NM, Urgesi G, Miniello S. 2001. 
Splenectomy and sepsis: the role of the spleen in the immune-mediated bacterial 
clearance. Immunopharmacol Immunotoxicol 23: 153–161. [Medline]  [CrossRef]

 68. Chen K, Peng X, Fang J, Cui H, Zuo Z, Deng J, Chen Z, Geng Y, Lai W, Tang L, Yang 
Q. 2014. Effects of dietary selenium on histopathological changes and T cells of spleen 
in broilers exposed to aflatoxin B1. Int J Environ Res Public Health 11: 1904–1913. 
[Medline]  [CrossRef]

 69. Ortatatli M, Oğuz H, Hatipoğlu F, Karaman M. 2005. Evaluation of pathological 
changes in broilers during chronic aflatoxin (50 and 100 ppb) and clinoptilolite 
exposure. Res Vet Sci 78: 61–68. [Medline]  [CrossRef]

 70. Franchimont D, Galon J, Gadina M, Visconti R, Zhou Y, Aringer M, Frucht DM, 
Chrousos GP, O’Shea JJ. 2000. Inhibition of Th1 immune response by glucocorticoids: 
dexamethasone selectively inhibits IL-12-induced Stat4 phosphorylation in T 
lymphocytes. J Immunol 164: 1768–1774. [Medline]  [CrossRef]

 71. Huang Q, Liu X, Zhao G, Hu T, Wang Y. 2018. Potential and challenges of tannins as 
an alternative to in-feed antibiotics for farm animal production. Anim Nutr 4: 137–150. 
[Medline]  [CrossRef]

 72. Tellez G, Pixley C, Wolfenden RE, Layton SL, Hargis BM. 2012. Probiotics/ direct-fed 
microbial for salmonella control in poultry. Food Res Int 45: 628–633.  [CrossRef]

 73. Djouvinov D, Bioceva S, Simeonova T, Vlaikova T. 2005. Effect of feeding lactina 
probiotic on performance, some blood parameters, and caecal microflora of mule 
ducklings. Trakia J Sci 3: 22–28.

 74. Huang A, Shibata E, Nishimura H, Igarashi Y, Yoshimura Y. 2013. Effects of probiotics 
on localization of T cell subsets in the intestine of broiler chicks. J Poult Sci 50: 
275–281.  [CrossRef]

 75. Lemme-Dumit JM, Polti MA, Perdigón G, Galdeano CM. 2018. Probiotic bacteria 
cell walls stimulate the activity of the intestinal epithelial cells and macrophage 

http://www.ncbi.nlm.nih.gov/pubmed/30054365?dopt=Abstract
http://dx.doi.org/10.1128/AEM.01558-18
http://www.ncbi.nlm.nih.gov/pubmed/17530245?dopt=Abstract
http://dx.doi.org/10.1007/s00253-007-1000-2
http://dx.doi.org/10.1016/j.foodchem.2007.08.063
http://dx.doi.org/10.1002/jsfa.2577
http://www.ncbi.nlm.nih.gov/pubmed/23776675?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0066473
http://www.ncbi.nlm.nih.gov/pubmed/16222487?dopt=Abstract
http://dx.doi.org/10.1007/s00248-004-0180-x
http://www.ncbi.nlm.nih.gov/pubmed/16193308?dopt=Abstract
http://dx.doi.org/10.1007/s00114-005-0040-7
http://dx.doi.org/10.1016/j.smallrumres.2005.12.015
http://www.ncbi.nlm.nih.gov/pubmed/24313948?dopt=Abstract
http://dx.doi.org/10.1111/jpn.12151
http://www.ncbi.nlm.nih.gov/pubmed/10877812?dopt=Abstract
http://dx.doi.org/10.1128/AEM.66.7.3093-3097.2000
http://dx.doi.org/10.11648/j.ijnfs.20140304.18
http://www.ncbi.nlm.nih.gov/pubmed/20653061?dopt=Abstract
http://dx.doi.org/10.3748/wjg.v16.i28.3529
http://www.ncbi.nlm.nih.gov/pubmed/9759559?dopt=Abstract
http://dx.doi.org/10.1080/10408699891274273
http://dx.doi.org/10.1016/j.anifeedsci.2007.01.004
http://www.ncbi.nlm.nih.gov/pubmed/23687153?dopt=Abstract
http://dx.doi.org/10.3382/ps.2012-02422
http://dx.doi.org/10.22358/jafs/66219/2011
http://www.ncbi.nlm.nih.gov/pubmed/15735089?dopt=Abstract
http://dx.doi.org/10.1093/jn/135.3.532
http://www.ncbi.nlm.nih.gov/pubmed/1465502?dopt=Abstract
http://dx.doi.org/10.1016/0034-5288(92)90128-O
http://dx.doi.org/10.5713/ajas.2010.90446
http://www.ncbi.nlm.nih.gov/pubmed/24244362?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0078789
http://www.ncbi.nlm.nih.gov/pubmed/11271697?dopt=Abstract
http://dx.doi.org/10.1016/S0002-8223(01)00060-8
http://dx.doi.org/10.14340/spp.2015.10A0001
http://www.ncbi.nlm.nih.gov/pubmed/16903468?dopt=Abstract
http://dx.doi.org/10.1093/ps/85.8.1383
http://www.ncbi.nlm.nih.gov/pubmed/17404865?dopt=Abstract
http://dx.doi.org/10.1007/s10620-006-9593-3
http://dx.doi.org/10.5897/AJB2005.000-3128
http://www.ncbi.nlm.nih.gov/pubmed/23961081?dopt=Abstract
http://dx.doi.org/10.1016/j.sjbs.2010.04.005
http://www.ncbi.nlm.nih.gov/pubmed/26819705?dopt=Abstract
http://dx.doi.org/10.1186/s40104-016-0061-4
http://www.ncbi.nlm.nih.gov/pubmed/30619149?dopt=Abstract
http://dx.doi.org/10.3389/fmicb.2018.03063
http://www.ncbi.nlm.nih.gov/pubmed/12540784?dopt=Abstract
http://dx.doi.org/10.1053/jhep.2003.50048
http://www.ncbi.nlm.nih.gov/pubmed/21757212?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2011.05.021
http://www.ncbi.nlm.nih.gov/pubmed/17704371?dopt=Abstract
http://dx.doi.org/10.1093/ps/86.9.1856
http://dx.doi.org/10.1007/s40093-014-0076-9
http://www.ncbi.nlm.nih.gov/pubmed/11417844?dopt=Abstract
http://dx.doi.org/10.1081/IPH-100103856
http://www.ncbi.nlm.nih.gov/pubmed/24518648?dopt=Abstract
http://dx.doi.org/10.3390/ijerph110201904
http://www.ncbi.nlm.nih.gov/pubmed/15500841?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2004.06.006
http://www.ncbi.nlm.nih.gov/pubmed/10657623?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.164.4.1768
http://www.ncbi.nlm.nih.gov/pubmed/30140753?dopt=Abstract
http://dx.doi.org/10.1016/j.aninu.2017.09.004
http://dx.doi.org/10.1016/j.foodres.2011.03.047
http://dx.doi.org/10.2141/jpsa.0120134


A. Ramah, et al. 176

doi: 10.12938/bmfh.2021-058 ©2022 BMFH Press

functionality. Benef Microbes 9: 153–164. [Medline]  [CrossRef]
 76. Wigley P, Kaiser P. 2003. Avian cytokines in health and disease. Rev Bras Cienc Avic 

5: 1–14.  [CrossRef]
 77. Blanchard C, Durual S, Estienne M, Bouzakri K, Heim MH, Blin N, Cuber JC. 2004. 

IL-4 and IL-13 up-regulate intestinal trefoil factor expression: requirement for STAT6 
and de novo protein synthesis. J Immunol 172: 3775–3783. [Medline]  [CrossRef]

 78. Deng Y, Cui H, Peng X, Fang J, Wang K, Cui W, Liu X. 2011. Effect of dietary 
vanadium on cecal tonsil T cell subsets and IL-2 contents in broilers. Biol Trace Elem 
Res 144: 647–656. [Medline]  [CrossRef]

 79. Kwon HK, Lee CG, So JS, Chae CS, Hwang JS, Sahoo A, Nam JH, Rhee JH, Hwang 
KC, Im SH. 2010. Generation of regulatory dendritic cells and CD4+Foxp3+ T cells by 
probiotics administration suppresses immune disorders. Proc Natl Acad Sci USA 107: 
2159–2164. [Medline]  [CrossRef]

 80. Tangye SG, Ferguson A, Avery DT, Ma CS, Hodgkin PD. 2002. Isotype switching 
by human B cells is division-associated and regulated by cytokines. J Immunol 169: 
4298–4306. [Medline]  [CrossRef]

 81. Imamura K, Yasuda M, Riwar B, Inui S, Ekino S. 2009. Characteristic cellular 
composition of germinal centers. Comp Immunol Microbiol Infect Dis 32: 419–428. 
[Medline]  [CrossRef]

 82. Kawai R, Ito S, Aida T, Hattori H, Kimura T, Furukawa T, Mori K, Sanbuissho A, 
Kawada T. 2013. Evaluation of primary and secondary responses to a T-cell-dependent 
antigen, keyhole limpet hemocyanin, in rats. J Immunotoxicol 10: 40–48. [Medline]  
[CrossRef]

 83. Amoils S. 2006. Turning off class switching. Nat Rev Microbiol 6: 255.
 84. Azad M, Sarker M, Wan D. 2018. Immunomodulatory effects of probiotic cytokine 

profiles. Bio-Med Res Int p (10).  [CrossRef]
 85. Cetin N, Güçlü BK, Cetin E. 2005. The effects of probiotic and mannanoligosaccharide 

on some haematological and immunological parameters in turkeys. J Vet Med A 
Physiol Pathol Clin Med 52: 263–267. [Medline]  [CrossRef]

 86. Mokhtar F. 2013. Effects of lactobacillus culture as probiotic on blood performance, 
plasma enzyme activities, and mortality in broiler chickens. Res J Anim Sci 7: 77–81.

 87. Koenen ME, Kramer J, van der Hulst R, Heres L, Jeurissen SHM, Boersma WJA. 
2004. Immunomodulation by probiotic lactobacilli in layer- and meat-type chickens. 
Br Poult Sci 45: 355–366. [Medline]  [CrossRef]

 88. Ganguly S, Dora KC, Sarkar S, Chowdhury S. 2013. Supplementation of probiotics in 
fish feed—a review. Rev Fish Biol Fish 23: 195–199.  [CrossRef]

 89. Martin Manuel P, Elena B, Carolina MG, Gabriela P. 2017. Oral probiotic 
supplementation can stimulate the immune system in a stressful process. J Nutr 
Intermed Metab 8: 29–40.  [CrossRef]

 90. Okabe M, Matsuo A, Nishida E, Tachibana H, Yamada K. 2003. Dietary effect of live 
bacteria drug on lipid metabolism and immune function of Sprague-Dawley rats. J Jpn 
Soc Food Sci 50: 224–229.  [CrossRef]

 91. Hayakawa T, Masuda T, Tsukahara T, Nakayama K, Maruyama K. 2014. Morphometric 
and histological evaluation of a probiotic and its synergism with vaccination against 
coccidiosis in broilers. Anim Sci Lett 1: 33–49.

http://www.ncbi.nlm.nih.gov/pubmed/29124968?dopt=Abstract
http://dx.doi.org/10.3920/BM2016.0220
http://dx.doi.org/10.1590/S1516-635X2003000100001
http://www.ncbi.nlm.nih.gov/pubmed/15004182?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.172.6.3775
http://www.ncbi.nlm.nih.gov/pubmed/21409474?dopt=Abstract
http://dx.doi.org/10.1007/s12011-011-9018-9
http://www.ncbi.nlm.nih.gov/pubmed/20080669?dopt=Abstract
http://dx.doi.org/10.1073/pnas.0904055107
http://www.ncbi.nlm.nih.gov/pubmed/12370361?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.169.8.4298
http://www.ncbi.nlm.nih.gov/pubmed/18291526?dopt=Abstract
http://dx.doi.org/10.1016/j.cimid.2007.12.002
http://www.ncbi.nlm.nih.gov/pubmed/22953734?dopt=Abstract
http://dx.doi.org/10.3109/1547691X.2012.691122
http://dx.doi.org/10.1155/2018/8063647
http://www.ncbi.nlm.nih.gov/pubmed/16050905?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0442.2005.00736.x
http://www.ncbi.nlm.nih.gov/pubmed/15327122?dopt=Abstract
http://dx.doi.org/10.1080/00071660410001730851
http://dx.doi.org/10.1007/s11160-012-9291-5
http://dx.doi.org/10.1016/j.jnim.2017.06.001
http://dx.doi.org/10.3136/nskkk.50.224

