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ABSTRACT
Background and Objectives: Tsukamurella species are Gram-positive rods that exist in a broad range of environments. In
this study, the efficacy of heat-killed Tsukamurella inchonensis on growth performance, intestinal morphology, and humoral
immune responses of broiler chicken was evaluated.
Materials and Methods: Ross broiler chicks in the cage were randomly allocated to five groups. Trail diets were prepared by
adding 106 cells per bird of heat-killed T. inchonensis into the basal trading diet for group 1 continuously dosed for 24 h from
day 1 to day 13, and for group 2, 24 h on days 1 to 5; 8; 9, 12 and 13. Group 3 was received 106 bacteria as a subcutaneous
injection on days 1, 6, and 12. Groups 4 and 5 were not received T. inchonensis during the experiment period.
Results: Feed intake (FI) and feed conversion ratio (FCR) were not altered by different delivery methods of T. inchonensis
supplementation. The pulsed dosed in feed tended to provide higher body weight gain (BWG) than the negative control
groups. T. inchonensis treatments, never less of the ways of delivery, boosted (P<0.05) the antibody titers to Newcastle disease virus (NDV), and avian influenza (AI) (H9N2) virus, especially when broiler chickens treated with pulse dosed in the
feed. The most significant intestinal development (p<0.05) was observed between groups 1 and 2. There were no significant
differences in the thymus, liver, and bursa of Fabricius relative weight. Still, there were significant increases in the relative
weight of spleen on day 14 in vaccinated chickens treated with T. inchonensis pulse dosed.
Conclusion: It seems that the supplementation of T. inchonensis in the broiler diet can improve intestinal morphology and
humoral immune response, which was represented by increased antibody response to NDV, and AI vaccines significantly,
but it cannot affect FI and FCR.
Keywords: Actinomycetales; Tsukamurella inchonensis; Chickens; Immune response; Humoral; Avian influenza; Newcastle
disease virus
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Unreasonable usage of antibiotics as a growth
promoter and as therapeutic agents in livestock and
poultry is a significant issue (1). The development of
a rational replacement of medicines to control microbial diseases is under consideration (2). Detecting
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new antigens along with adjuvants is the most helpful
method to get a choice protecting immunity against
poultry diseases such as Newcastle disease (ND) and
avian influenza (AI), that produce notable economic
troubles in poultry global (3).
Investigations have manifested that bacterial immunomodulators based on aerobic Actinomycetales
can significantly affect on infectious procedures,
clinically evident or not, and inflammatory response
(4). More recently, several other aerobic Actinomycetes species, counting Rhodococcus coprophilus
(Rc), Gordinia bronchialis (Gb), and Tsukamurella
inchonensis (T. inchonensis), firmly associated with
mycobacteria, which are able of exerting various
strong adjuvant or immunomodulatory actions when
inoculated as suspensions of killed bacilli, have been
identified (5).
Choosing a microorganism that has helpful actions
in broiler chickens needs a broad examination for the
chosen candidate, and one that will act under experimental situations. There are many distinct approaches for administering microorganisms to broiler
chickens. Through the feed, water, gavage, injection,
but adding them to the feed is the most frequently
used approach in the poultry management.
Vaccination for protecting chickens from ND and
AI is routinely practiced throughout the world (6).
Although, vaccines have been shown to occasionally
provoke inadequate immune responses due to vaccine failure (7). Consequently, the usage of immunomodulators to boost the immune function in broiler
chicks has been recognized as a potent means of enhancing the poultry management (8).
Since it was proven that T. inchonensis has practical effects on Japanese quail (9), we decided to work
on the effects of this reagent on broiler chickens. Regarding the practical effects of Actinomycetales species on the treatment of asthma and sweet-itch (10)
and also improvement of immune responses to gather with the intestinal activity in mice (4), the present
examination aimed to evaluate the impacts of T. inchonensis on the development of antibodies in sera
and intestinal function of broiler chickens.

MATERIALS AND METHODS
Ethical approval. The research was performed
under the approval of the ethic committee on animal
ethics, University of Tabriz, Tabriz, Iran (2018/939),
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and the recommendations of the European Council
Directive (86/609/EC) of November 24, 1986.
Experimental model. Firstly, cultured and heatkilled T. inchonensis by autoclaving was achieved
from BioEos Ltd (Kent, UK). Then, 180 one-dayold Ross broiler chicks were randomly selected
in five equal groups, as shown in Table 1. The bird
management was consistent with the guidance of
the Ross broiler commercial management guide
(www.aviagen.com). Briefly, three corn-soybean
based basal diets were prepared to be fed during starter (day 1 to day 14), growing (day 14 to day 28), and
finishing (day 28 to day 42) phases. Food and clean
drinking water were provided ad libitum during the
trial. Diets were fed in mash form. The vaccination
was conducted for all of the groups except group 5 by
combined oil emulsion inactivated influenza (H9N2)
and Newcastle (V4) vaccine (NewFluRazi, inactivated, oil-based ND & AI vaccine, Razi, Iran) subcutaneously on day seven, and LaSota vaccine (live
freeze-dried, Razi, Iran) on day 18, as an eye drop.
In group 5, no vaccination with no bacteria treatment
was considered. Experimental diets were prepared by
adding 106 cells/day/bird of heat-killed T. inchonensis
into the commercial basal diet for groups 1 and 2.
Growth performance. Feed residues and birds
were weighed weekly for the estimation of daily average feed intake (FI) and body weight gain (BWG).
Mortality was noted when it appeared, and feed conversion ratio (FCR= FI/BWG) was corrected for mortality (11).
Sample collection. Blood was collected on days 1,
14, 28, and 42 from the wing vein of 12 birds, randomly per treatment. The sera were collected by centrifugation and stored (-20°C) before analysis. Besides,
at days 14, 28, and 42, five chicks from each cage
were randomly selected and slaughtered for histological studies. Moreover, the visceral organs
comprising the thymus, spleen, liver, and bursa of
Fabricius were weighed and noted, independently. In
biological research work, sampling errors must also
be considered. However, in the present study, due to
the appropriate sample size, this error has been reduced.
The relative weight of lymphoid organs. The immune organ relative weight was calculated using the
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Table 1. The experimental design was performed in the presented study (n = 36).
Experimental groups
Group 1
Group 2
Group 3
Group 4
Group 5

Treatment
Vaccination + oral administration of Ti * at the days 1-13 continuously
Vaccination + oral administration of Ti * at the days 1-5, 8, 9, 12, 13
Vaccination + subcutaneous injection of Ti at the days 1, 6, 12
Vaccination + no bacteria treatment
No Vaccination + no bacteria treatment

Ti: Tsukamurella inchonensis with 106 cells/day/bird

following formula: relative weight of immune organ =
immune organ weight (g)/body weight (g) × 100% (12).
Antibody titer against ND and AI vaccines. Serum ND and AI antibody titer were studied in days 1,
14, 28, and 42, by ELISA, which measured by double-antibody sandwich ELISA using commercial kits
(IDEXX, France) according to the manufacturer’s
guidance.
Histological examination. The tissue samples of
the liver, kidney, heart, and brain were studied for
hepatotoxicity, nephrotoxicity, cardiac toxicity, and
neurotoxicity of T. inchonensis, respectively. Moreover, the small intestine (including duodenum, jejunum, and ileum), and caecal tonsil were taken for
histomorphometric study. The tissues were fixed in
10% buffered formalin, processed routinely, sectioned at about 5 µm, stained by hematoxylin-eosin
(H&E), and eventually studied microscopically by a
light microscope (OLYMPUS-CH30, Japan). The intestinal morphology was evaluated as previously described (13, 14), using a microscopic calibrated lens
(PF10X lens), which included: villus height (measured from the villus-crypt junction), villus thickness (measured at mid-villus height), intestinal crypt
depth (measured from the villus-crypt junction until
the end of glands), intestinal crypt number and goblet cells number. Also, for comparative evaluation of
caecal tonsil improvement, the relative lymphoid area
of caecal tonsil to entire caecal tonsil circumference,
height, and thickness of nodular unit fold was measured microscopically (15).
Statistical analysis. The results were expressed as
means ± standard deviation (SD), statistically analyzed
by One-Way ANOVA, and the Tukey post-hoc tests.
Differences were considered significant at p<0.05.
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RESULTS
Growth performance. FI and FCR were not altered by various delivery approaches of T. inchonensis supplementation. The pulsed dosed in feed tended to provide higher BWG than the negative control
groups (Table 2).
Lymphoid organ weight. There were no significant differences in thymus, liver, and bursa of Fabricius relative weight, but there was a significant
increase in spleen relative weights on day 14 in the
second group.
Antibody titer. Antibody titers against ND vaccination of the broiler chickens of different experimental groups are presented in Fig. 1. As presented in the
Table 2, the maternally derived antibody (MDA) of
the birds gently reduced in the fifth group. Antibody
titers of vaccinated broilers started to enhance at the
end of the 28 days, while those of unvaccinated birds
were steadily reduced. Notably, the highest levels of
the antibody titers of the vaccinated chickens were
observed on day 42 of age in the second group, which
significantly differs when compared with the fourth
group (Fig. 1).
Antibody titers against AI vaccination of the chickens are represented in Fig. 2. In the control group,
the MDA gradually decreased and reached undetectable levels on day 42 of age. At the same time,
those of vaccinated chickens enhanced steadily subsequent vaccination and reached the highest level at
six weeks of age (around 37 days post -inoculation).
Antibody titers of group 2 had a higher level compared to those of only a vaccinated group (group 4),
although around day 42 differences between T. inchonenis treated groups and the untreated groups are
significant (Fig. 2).
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Table 2. The effect of the administration of heat-killed T. inchonensison the performance parameters.

Sampling day
14

28

42

Parameter
BWG
FI
FCR
BWG
FI
FCR
BWG
FI
FCR

1
444 ± 25.7ab
498a
1.12a
1364 ± 110abcd
1958a
1.43a
2649 ± 199ab
4558a
1.72a

Experimental groups
2
3
4
458 ± 15.1a
440 ± 25ab
439 ± 26ab
515a
546a
536a
a
a
1.125
1.24
1.22a
1456 ± 122acd
1306 ± 121bcd 1272 ± 115abc
a
2054
1987a
1937a
a
a
1.41
1.52
1.522a
2724 ± 190a
2515 ± 193ab
2461 ± 199b
4578a
4632a
4710a
a
a
1.68
1.84
1.91a

5
428 ± 22.6b
525a
1.22a
1294 ± 121abd
1966a
1.51a
2508 ± 210ab
4690a
1.87a

BWG: body weight gain (mean ± SD, g/bird); FI: feed intake (g/bird); FCR: feed conversation ratio.
a, b, c, d: values within a row followed by different letters are significantly different (P<0.05).

Fig. 1. The effect of the administration of heat-killed T. inchonensis on the antibody titers against ND vaccine (Mean ± SEM).
Group 1 (Vaccination + oral administration of Ti* at the days 1-13 continuously); Group 2 (Vaccination + oral administration
of Ti* at the days 1-5, 8, 9, 12, 13); Group3 (Vaccination + subcutaneous injection of Ti at the days 1, 6, 12); Group 4 (Vaccination + no bacteria treatment); Group 5 (No Vaccination + no bacteria treatment).
a, b, c, d, e: values within a column followed by different letters are significantly different between groups (P<0.05).
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Fig. 2. The effect of the administration of heat-killed T. inchonensis on the antibody titers against AI vaccine (Mean ± SEM).
Group 1 (Vaccination + oral administration of Ti* at the days 1-13 continuously); Group 2 (Vaccination + oral administration
of Ti* at the days 1-5, 8, 9, 12, 13); Group 3 (Vaccination + subcutaneous injection of Ti at the days 1, 6, 12); Group 4 (Vaccination + no bacteria treatment); Group 5 (No vaccination + no bacteria treatment).
a, b, c, d: values within a column followed by different letters are significantly different between groups (P<0.05).

Histomorphological findings. Microscopically,
there were no toxic or other side effects in the liver, kidney, heart, and brain, respectively. As more
details, there were not hemorrhage, vascular congestion, cell swelling, and necrosis in the tissue sections. The histomorphometric measurement results
of different parts of the small intestine and lymphoid
tissue of caecal tonsil are shown in Figs. 3 and 4.
Briefly, the most morphological changes were found
between the first and second groups (P˂0.05). Notably, these were observed more on the 14 days of
sampling compared to the 28 and 42 days (P˂0.05).
Interestingly, jejunum showed the most considerable
morphological changes in different days of sampling
(P˂0.05). Moreover, intestinal crypt depth, intestinal
crypt number and goblet cell number showed more
remarkable differences between different experimental groups (P˂0.05).
In caeca tonsil, there was a significant difference at
all three sampling days in the relative of the lymphoid
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to entire circumference and even in the thickness of
nodular unit fold in group 5 compared with groups 1,
3, 4, and also between groups 2, 3, 4 (P˂0.05). However, the height of the nodular unit fold showed significant differences at 14, and 28 days of age (P˂0.05)
(Tables 3-5).

DISCUSSION
In this study, the effect of T. inchonensis on growth
performance, organs weight, and antibody titer
of AI and ND of broiler chickens compared to the
control group were examined at 14, 28, and 42 days
post- challenge with T. inchonensis. Compared to T.
inchonensis delivered via different methods, bacteria, did not significantly affect growth performance
or feed conversion in broiler chickens. The bacteria,
when given via pulsed dosed in feed achieved the
highest weight gain (2724 g) during the 42 d of the
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Fig. 3. Small intestine, broiler chicken. Jejunum showed the most significant morphological changes in different days of sampling, mainly when it was used orally. A: first group (vaccination + oral administration of Ti for 1-13 days continuously); B:
second group (vaccination + oral administration of Ti on days 1-5, 8, 9, 12, 13); C: third group (vaccination + subcutaneous
injection on Ti for days 1, 6, 12); D: control group (no vaccination, no treatment). 1: intestinal villus height; 2: intestinal villus
thickness; 3: intestinal crypt depth. H&E.

Fig. 4. Cecum (caecal tonsil), broiler chicken. There were the significant differences in the number and thickness of lymphoid
follicles at control group compared with other treated groups. A: first group (vaccination + oral administration of Ti for 1-13
days continuously); B: second group (vaccination + oral administration of Ti on days 1-5, 8, 9, 12, 13); C: third group (vaccination + subcutaneous injection on Ti for days 1, 6, 12); D: control group (no vaccination, no treatment). H&E.
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Table 3. Effects of different routes of administration of T. inchonensis on villus height (µm), villus thickness (µm) and goblet
cells number (in 1 mm length) in small intestine of broiler1 on the 14 days old (the means ± SEM)

Parameter
Villus height

Villus thickness

Goblet cells number

Part of intestine
Duodenum
Jejunum
Ileum
Duodenum
Jejunum
Ileum
Duodenum
Jejunum
Ileum

1
6.10 ± 0.070c
6.80 ± 0.100c
4.60 ± 0.150b
1.98 ± 0.070b
2.14 ± 0.120b
1.88 ± 0.058c
89.2 ± 1.49c
93.8 ± 1.15c
158 ± 7.13c

Experimental groups
2
3
4
4.74 ± 0.140b 3.50 ± 0.160a 3.80 ± 0.100a
5.26 ± 0.110b 4.44 ± 0.067a 4.56 ± 0.097a
4.24 ± 0.102b 3.26 ± 0.140a 3.36 ± 0.074a
1.62 ± 0.080b 1.24 ± 0.080a 1.30 ± 0.05a
2.10 ± 0.100b 1.52 ± 0.120a 1.66 ± 0.092a
1.94 ± 0.067c 1.54 ± 0.092b 1.32 ± 0.058a
84.8 ± 1.71b
72.8 ± 1.39a
71.8 ± 2.51a
b
a
88.8 ± 1.35
76.2 ± 1.71
72.8 ± 1.65a
b
a
119 ± 4.57
95.2 ± 2.03
92.0 ± 3.91a

5
3.90 ± 0.070a
4.20 ± 0.110a
3.24 ± 0.081a
1.36 ± 0.060a
1.60 ± 0.100a
1.44 ± 0.067ab
72.0 ± 2.09a
73.4 ± 1.43a
95.8 ± 2.74a

Means within a row with no common superscripts differ significantly (P≤0.05).
1= Vaccinated group "treated with 106 T. inchonensis continuously dosed in feed from day 1 to day 13. 2: Vaccinated group
"treated" with 106 T. inchonensis pulse-dosed in feed on days 1 to 5; 8 & 9 and 12 & 13. 3: Vaccinated group "treated" with
106 T. inchonensis by subcutaneous injection on days 1, 6 and 12. 4: Vaccinated group untreated, but injected with carrier
(phosphate buffered saline). 5: Unvaccinated, untreated control
a-d

Table 4. Effects of different routes of administration of T. inchonensis on villus height (µm), villus thickness (µm) and goblet
cells number (in 1 mm length) in small intestine of broiler1 on the 28 days old (the means ± SEM)

Parameter
Villus height

Villus thickness

Goblet cells number

Part of intestine
Duodenum
Jejunum
Ileum
Duodenum
Jejunum
Ileum
Duodenum
Jejunum
Ileum

1
6.66 ± 0.092b
7.74 ± 0.170b
5.32 ± 0.058c
2.08 ± 0.050
1.98 ± 0.073
1.98 ± 0.037b
94.8 ± 2.28
96.0 ± 2.21b
248 ± 23.0b

Experimental groups
2
3
4
ab
ab
6.58 ± 0.086
6.14 ± 0.11
5.98 ± 0.19a
b
a
7.34 ± 0.180
6.78 ± 0.110
6.64 ± 0.12a
d
5.70 ± 0.150
4.76 ± 0.120b 4.42 ± 0.13a
2.24 ± 0.102
1.84 ± 0.070
1.84 ± 0.06
1.86 ± 0.090
1.86 ± 0.087
1.78 ± 0.073
ab
a
1.70 ± 0.044
1.66 ± 0.050
1.64 ± 0.05a
90.4 ± 3.76
86.4 ± 2.31
90.4 ± 2.24
93.4 ± 2.63ab
91.6 ± 2.63a
89.2 ± 3.35a
155 ± 16.6a
147 ± 7.65a
152 ± 8.10a

5
6.00 ± 0.070a
6.64 ± 0.100a
4.50 ± 0.150a
1.78 ± 0.070
1.84 ± 0.080
1.62 ± 0.058a
87 ± 1.64
91.8 ± 1.15a
147.2 ± 6.15a

Means within a row with no common superscripts differ significantly (P≤0.05).
1= Vaccinated group "treated with 106 T. inchonensis continuously dosed in feed from day 1 to day 13. 2: Vaccinated group
"treated" with 106 T. inchonensis pulse-dosed in feed on days 1 to 5; 8 & 9 and 12 & 13. 3: Vaccinated group "treated" with
106 T. inchonensis by subcutaneous injection on days 1, 6 and 12. 4: Vaccinated group untreated, but injected with carrier
(phosphate buffered saline). 5: Unvaccinated, untreated control
a-d

experiment, but these were not statistically considerable with other routes of administration. It is not
uncommon that the use of bacteria, does not notably
improve bird performance (16, 17) although growth
improvement by probiotics has been reported (18,
19). These inconsistent data might be attributable
to differences in properties of bacteria species to
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be studied, inclusion dosage and timing, and feed
composition and digestibility. The present findings
demonstrate that the development of thymus, liver,
and bursa of Fabricius was not influenced by different routes of administration of T. inchonensis, even
though the difference in the spleen of birds aged 14
days was much more apparent (P<0.05) in group 2,
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Table 5. Effects of different routes of administration of T. inchonensis on villus height (µm), villus thickness (µm) and goblet
cells number (in 1 mm length) in small intestine of broiler1 on the 42 days old (the means ± SEM)

Parameter
Villus height

Villus thickness

Goblet cells number

Part of intestine
Duodenum
Jejunum
Ileum
Duodenum
Jejunum
Ileum
Duodenum
Jejunum
Ileum

1
7.78 ± 0.130b
10.22 ± 0.290c
6.46 ± 0.160b
2.90 ± 0.100b
3.00 ± 0.070c
2.86 ± 0.066b
131 ± 8.08b
132 ± 3.35b
329 ± 33.9b

Experimental groups
2
3
4
7.16 ± 0.230ab 6.62 ± 0.110a 6.58 ± 0.14a
8.12 ± 0.058b 7.14 ± 0.092a 7.26 ± 0.074a
6.10 ± 0.109b 5.08 ± 0.096a 5.14 ± 0.067a
2.24 ± 0.107ab 1.94 ± 0.060a 1.94 ± 0.05a
2.28 ± 0.066b 1.76 ± 0.050a 1.80 ± 0.04a
2.00 ± 0.070a 1.84 ± 0.050a 1.80 ± 0.044a
120 ± 3.97b
94.8 ± 2.57a
91.0 ± 2.07a
b
a
125 ± 2.67
94.6 ± 3.28
95.2 ± 3.30a
b
a
221 ± 17.69
173 ± 8.59
170.6 ± 7.04a

5
6.58 ± 0.120a
7.12 ± 0.130a
5.06 ± 0.067a
1.98 ± 0.900a
1.74 ± 0.050a
1.82 ± 0.037a
93.8 ± 2.28a
94.8 ± 2.05a
169.2 ± 9.15a

Means within a row with same superscripts differ significantly (P≤0.05).
1= Vaccinated group "treated with 106 T. inchonensis continuously dosed in feed from day 1 to day 13. 2: Vaccinated group
"treated" with 106 T. inchonensis pulse-dosed in feed on days 1 to 5; 8 & 9 and 12 & 13. 3: Vaccinated group "treated" with
106 T. inchonensis by subcutaneous injection on days 1, 6 and 12. 4: Vaccinated group untreated, but injected with carrier
(phosphate buffered saline). 5: Unvaccinated, untreated control
a-d

the development of lymphoid organs was not influenced by other routes of administration.
The results of the current study showed that T. inchonensis improved the development of the histomorphologic structure of small intestine and caecal
tonsil lymphoid tissues of broiler chickens, mainly
when it was used orally. On the 14th and 28th days
of sampling, the improvement was more effective on
jejunum and ileum, respectively. However, at day 42,
the last day of sampling, the tissue improvement in
the jejunum was as good as in the ileum. Caspary
(20) reported enhancement of the villus height proposes an expansion surface area capable of more
excellent absorption of available nutrients. In this
study, these two parameters (villus height and crypt
depth) were increased significantly in the first group
compared to other experimental groups, especially
in the jejunum. Recently, some researchers reported
a significant increase in the villus height and crypt
depth due to the use of alphamune (prebiotic included 0.5 kg/ton alphamune, which is a yeast extract
antibiotic alternative, mannan-oligosaccharide) and
biomin (symbiotic included 1 kg/ton biomin, which
is a combination of the probiotic strain Enterococcus
faecium, immune-modulating substances derived
from sea algae, and a prebiotic derived from chicory)
in broiler chickens (15), which is in agreement with
the findings of the current study. Besides, it was proposed that symbiotic and probiotic supplementations
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increased villus height, crypt depth ratio significantly, and the villus height numerically increased (21).
In this regard, it is demonstrated that greater villous
height is an indicator that the function of intestinal
villi is activated (22). By contrast, it is reported that
shortening of the villi and deeper crypts may lead
to poor nutrient absorption, increased secretion in
the gastrointestinal tract, and lower performance
(23). On the other hand, the results of the present
study show significant increase in goblet cells number, especially in the ileum. Similarly, a significant
increase in the number of goblet cells and in mucin
secretion at the surface of the jejunum villi had been
observed when feeding broilers a mixture of carvacrol, cinnamaldehyde, and capsicum oleoresin (24).
Moreover, the broilers had longer intestinal villus to
gather with more goblet cells in the ileum after being
fed essential oils from oregano, anise and citrus peel
(25). It has been suggested that feeding wheat-based
diet (containing enzyme Endofeed W (EEW) or
growth promoters (thyme essential oil (TEO) or probiotic Primalac® (PP)) affects jejunal and ileal histomorphology of broilers at 28 and 42 days of age (26).
Taken to gather, it seems that the number of goblet
cells per villus increases as the villi grows (27), and
goblet cells secrete throughout the gastrointestinal
tract that forms an adherent gel on the mucosal surface and may play an important role in epithelial cell
repair (28).
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Here, a more interesting finding was the increase in
and improvement of density and area of aggregated
lymphoid tissue and the relationship of lymphoid area
of caecal tonsil to the entire caecal tonsil circumference, which caused the diameters and wall thickness
of caecal tonsil, height and thickness of nodular unit
to increase. Indeed, the first group presented more
significant improvement on lymphatic tissue of caecal tonsil compared to the second and third groups.
In line with this study, some researchers observed
similar results by dietary treatment with alphamune
(a prebiotic) and biomin (a synbiotic) (15). The positive effects of biomin on immune system effectiveness and newly presented prebiotics that can manage
various properties of the immune system, including
those of the gut-associated lymphoid tissues are
demonstrated (15). On the basis of the results of the
present study, it seems that T. inchonensis can have
positive effects on immune system effectiveness such
as biomin.
Humoral immunity was evaluated by antibody response to NDV, and AI. The highest AI titers were
observed in sera of birds in the group 2, but in all of
treated groups, antibody level was significantly higher than untreated group. It was observed that titer in
sera of birds of the group 2 were significantly higher
than that of group 4 whose birds received only vaccine and no other treatment. Higher specific antibody
titers to NDV induced by T. inchonensis, related with
increased protection from NDV infection. Similarly
AI titers of groups 1, 2, and 3 are higher than that
of group 5. These data are in agreement with that
of Talebi et al. (3) who reported that high dose of
symbiotic (containing Lactobacillus and Bifidobacterium) improves the HI antibody titers for NDV
and ELISA antibody for IBV compared with that of
control group, and also with Esvaran and Conway
(29) who reported that oral administration of Lactobacillus strain significantly enhanced IgG response
and Sadeghi et al. (30), who found that probiotics
can increase the systemic antibody response to some
antigens in chickens. It was believed that binding of
structural components of bacteria to Toll-like receptors (TLRS), which commonly expressed on the surface of dendritic cells and macrophages in the lamina
propria may result in their promotion and differentiation. Upon promotion, they increase the activation
and differentiation of various subsets of other immune system cells, leading to the secretion of cytokines like IL4, IL10, and TGF-β that are essential for
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antibody production and isotype switching (31).
In conclusion, T. inchonensis treatment showed
that it significantly improved and increased the small
intestines (more significantly in jejunum and ileum)
histomorpholical structure and caeca tonsil lymphatic tissues, especially when used orally. Furthermore,
it can be used as growth promoter for improvement
of histomorphological structure of small intestine
and also for increasing and improvement of density
and area of aggregated lymphoid tissue of broilers as
peripheral immune system, especially at 42 days of
age. We recommend that the optimal route of administration of T. inchonensis for immune stimulation is
pulse dosed in feed of broiler chickens.
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