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Abstract

Background: The immune system in chickens has a fundamental role in controlling many diseases based on
vaccination, thus enhancement of the immune system response is a priority.

Aim: The aim of this experiment was to study the effect of probiotics and humic acid on immunity of broiler chickens.
Methods: Day-old 300 Ross broiler chicks were segregated into 5 groups of 60 chicks per group. Group C was
considered as a control. Groups T1, T2, T3, and T4 were given probiotics, antibiotics, humic acid for the first 7 days
and humic acid for 42 days, respectively. Samples were collected on days 27 and 42 to assess the humoral immunity,
cellular immunity, lymphoid organs weight, and differential leucocyte count (DLC).

Results: The results showed a significant increase (p < 0.05) in antibodies titer against Newcastle disease virus in
chickens given humic acid (T4) daily for 42 days as compared to the control. There was also a significant increase in
antibodies titer in the T1 group given probiotic for the first week lasting up to day 27 as compared to the control. The
skin thickness of T4 group showed a significant increase as compared to T1 and T2 groups after 24 hours of DNCB
challenge. After 48 hours, the thickness was still significantly higher in the T4 group as compared to other groups
except for the control. There were no significant differences in Bursa of Fabricius/Body weight (%) between the
groups. Spleen/Body weight (%) was significantly higher in the control group and T1 than the other groups on day 42.
The DLC remains normal in all groups.

Conclusion: It is concluded that the humic acid has a stimulant and strengthening effect on the humoral and cellular
immune system when given daily to broiler chickens. Moreover, the use of humic acid and probiotics with good
hygiene in the first week of age may alternate the use of antibiotics which could be toxic and raise bacterial resistance.
Keywords: Humic acid, Probiotics, Broiler chickens, Humoral immunity, Cellular immunity.

Introduction antibiotics and the increase in their residues in poultry
products such as meat and eggs. The use of antibiotics
as growth promoters has been banned in many countries
of the world, encouraging organic animal production,
and searching for new alternatives to antibiotics, the
most important of which are probiotics and prebiotics
(Kammon, 2017). There is a great trend towards the use
of vaccines to prevent bacterial, and parasitic diseases
and to raise and improve the immunity of birds using
organic materials.

The use of probiotics has increased rapidly in recent

The avian immune system has a fundamental role in
controlling many diseases based on vaccination and
invaluable model for the study of basic immunology
and fundamental contributions to the basic principles
of this science, from the accidental invention of
the attenuated avian cholera vaccine discovered by
Louis Pasteur to the first description of the major
histocompatibility complex and the discovery of
differentiation of lymphocytes into B-cells and T-cells,

the discovery of interferon, the first successful cancer
vaccines and the first administration of vaccines into
fertilized egg embryos (Silim and Abbassi, 2015).
Poultry birds are vulnerable to many viral, bacterial,
and parasitic diseases. The control of viral diseases is
mainly depending on vaccines but bacterial diseases are
treated with antibiotics which are also used as growth
promoters. The misuse of antibiotics is one of the most
important reasons for bacterial resistance to these

years, which has improved the growth performance
of broilers. These probiotics maintain the beneficial
microflora present in the gastrointestinal tract and
prevent harmful bacteria from growing. Therefore,
these probiotics act as a selective regimen (Kizerwetter-
Swida and Binek, 2009). Probiotics also alter
metabolism by increasing the activity of digestive
enzymes and decreasing the activity of bacterial
enzymes and ammonia production (Yoon et al., 2004),
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improving digestion and nutritional intake (Awad
et al., 20006), as well as stimulating the immune system
(Brisbin et al., 2008).

The term prebiotics generally refers to non-digestible
feed ingredients that beneficially affect birds by
selectively stimulating the growth and activity of
beneficial bacteria in the gut, and some experiments
have shown improvement in growth performance
of broilers with reduced mortality or increased
resistance to bacterial invasion using feed ingredients.
Nutritional ingredients mainly include glucose,
fructose, galactose, and mannose, in addition to
some volatile oils and organic acids such as citric
acid, orthophosphoric acid, and lactic acid (Kammon
et al., 2019). Some organic acids such as humic acid
have inhibition properties against acid-intolerant
bacteria, including Escherichia coli, Salmonella, and
Clostridium perfringens, and can therefore be used
as alternatives to antibiotics (Fascina et al., 2012).
Humic acids are not approved as food additives but as
veterinary medicines in the European Union, although
many reports note that they have a growth-promoting
effect. Humate is a natural bioactive growth factor,
primarily degraded from organic matter by live soil
bacteria (MacCarthy, 2001). It is a naturally odorless
dark brown or black powder, which are salts of humic
acid. Several studies reported that humate is not toxic
and does not contain carcinogens (Yasar et al., 2002).
Various effects of adding humate to poultry diet have
been observed in recent years. It was found that the
addition of dietary humate to broilers had no effects
on productive performance, while other studies
indicated beneficial (Ceylan et al., 2003) and harmful
(Hassan, 2014) effects. It is expected that humic acid
and humate will have an important supportive effect
on the immune system of birds. The mechanism may
be due to the important role humic acid plays in the
growth of immune organs, mainly the thymus and
bursa of Fabricius, as major elements of the avian
immune system (Disetlhe et al., 2017). However,
more research is needed since it is hard to compare the
actual impacts of humic acid products due to various
preparations and sources, in addition to animal rearing
in different areas of the world (Arif ef al., 2019).

The growth of chicks in the first week of life is
an important condition and indicator for their
performance in the future because physiological
processes such as cell enlargement and increase
in number, maturity of thermoregulation and the
immune system, and growth and differentiation in
the digestive system will significantly affect the body
weight of meat birds at marketing age (Moraes ef al.,
2002; Ipek and Sozcu, 2015). There is not enough
information about the importance of giving vital
probiotics and humic acid to the broiler chicks in the
first week, and should they continue to be given until
the age of marketing, or is giving them in the first
week sufficient for the purpose, and does it dispense

with the use of antibiotics that are given to chicks in
the first 5 days of life for prevention or treatment of
early infection due to contamination of the hatchery
with bacteria and its entry through the incompletely
healed navel. Therefore, this experimental study was
planned to investigate the effects of the probiotics
(Bacillus subtilis, Lactobacillus acidophilus, and yeast
Saccharomyces cerevisiae) and prebiotics (Humic
acid, and Sodium humate) on the immune response
and to study the possibility of using probiotics and
humic acid as alternatives to antibiotics in the first
week of life of broilers.

Materials and Methods

Experimental animals

300 Ross broiler day-old chicks were reared in a poultry
house until the age of 42 days. The birds were provided
with all the appropriate conditions for breeding,
including temperature, ventilation and humidity
according to their age throughout the experiment period.
The chicks were given a commercial broiler starter diet
until the age of 21 days, then a complementary diet
until the end of the experiment. Chicks in each group
were weighed at the age of 1 day, and weekly until the
sixth week.

Experimental design

The chicks were divided into 5 groups, each group
containing 60 chicks. The first group was considered as
a control group with which other groups are compared.
The second group was given a commercial mixture of
probiotics in drinking water containing two types of
beneficial bacteria B. subtilis and L. acidophilus and
a type of yeast S. cerevisiae at a concentration of 3 x
109 CFU and some vitamins during the first week of
life only (Table 1). The dose is 1 g/l of drinking water
for the first week of life. The third group was given a
commercial mixture of antibiotics consisting of tylan,
sulfa compounds, pyrimethamine, and some vitamins
during the first week of life at a dose of 3 g/ of drinking
water for the first week. The fourth group was given
a commercial mixture of humic acid and humate at a
dose of 1 g/l of drinking water during the first week of
life. The fifth group was given the same treatment as
the fourth group until the end of the experiment.

All the birds were vaccinated according to the schedule
followed and approved by the National Center for
Animal Health. The birds were vaccinated against
Newcastle disease at the age of 7 days with the Hechner
B1 vaccine (HIPRA®HBI1) in drinking water, then
another dose was given at the age of 21 days with the
LaSota vaccine (HIPRA®S) in the drinking water in
order to study the immune response of birds.
Measurements of immunity

Assessment of humoral immunity

Assessment of humoral immunity was carried out using
hemagglutination and hemagglutination inhibition (HI)
tests (n =5 chickens from each group) according to the
method described by OIE (2012).


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com

F Ahfeethah et al.

Open Veterinary Journal, (2023), Vol. 13(7): 839-845

Assessment of cellular immunity

The cell-mediated immunity was assessed by the
contact hypersensitivity response of the chicken’s
skin to dinitrochlorobenzene (DNCB) (n = 5 chickens
from each group) as per the method of Tiwary and
Goel (1985). After 24, 48, and 72 hours post DNCB
contact, the percentage of skin thickness increase was
calculated as follows: Percentage of thickness increase
(%) = [(skin thickness after challenge — skin thickness
before challenge)/skin thickness before challenge] X
100 (Chowdhury et al., 2005).

Lymphoid organs weight

On day 27 and 42, the bursa of Fabricius, spleen,
and body weights were determined and the bursa of
Fabricius/body weight and spleen/body weight ratios
were calculated as per the method of Heckert et al.
(2002) as follows (n = 5 chickens from each group):
Percentage (%) bursa of Fabricius/body weight = [bursa
of Fabricius weight / body weight] x 100.

Percentage (%) spleen/body weight = [spleen weight /
body weight] x 100.

Differential leukocyte count

On days 7, 27, and 42 of the age a fresh (without
anticoagulant) drop from each blood sample (n = 5
chickens from each group) was smeared on a clean
glass slide and dried in the air before staining with
Wright-Giemsa stain. One hundred white blood cells
were counted under oil immersion and the results were
expressed in percentage.

Statistical analysis

The results of the current study were expressed as the
mean + SD and the statistical significance (p < 0.05)
of the difference between the control and treated
groups were analyzed by analysis of variance, with the
Tukey HSD test for multiple comparisons. Statistical
calculations were performed using the computer
program (SPSS 26).

Ethical approval

This experiment was conducted following the animal
welfare and ethical conditions based on the Scientific
Research Ethics Document approved by the Scientific
Committee of the National Research Center for Tropical
and Transboundary Diseases.

Results

Assessment of humoral immunity

The effect of probiotics and humic acid on humoral
immunity is shown in Table 2. There was no significant
difference in HI antibodies titer between all groups at
day 7 indicating homogeneity of maternal immunity
against ND. There was a significant increase in HI
antibodies titer of the probiotic group (T1) as compared
to the control (C) and other groups on day 27. However,
on day 42, the antibody titer was significantly higher
in the humic acid group (T4) that given the treatment
continually until the end of the experiment. The antibody
titer was significantly very low in the antibiotic group
(T2) as compared to all other groups.

Table 1. Composition and concentration of the study
treatments.

Treatment Composition Concentration

Probiotic — Bacillus subtilis 3 x10° CFU
— L. acidophilus 3 x 10° CFU
— Saccharomyces 3 x 10° CFU

cerevisiae 5000,000 IU

— Vitamin A acetate 500,000 TU
— Vitamin D, 2,000 IU
— Vitamin E acetate 15,000 mg
— Vitamin PP 400 mg
— Acid folic

Prebiotic — Sodium humate salt 14%

lemnipesl) Humic acid 76%

Antibiotics — Tylan tartarate 2,500 mg
— Sulfamethoxazole 2,500 mg
— Sulfadiazine Na 2,500 mg
— Pyrimethamine 1,000 mg
— Vitamin A 300,000 IU
— Vitamin K, 250 mg
— Vitamin C 1,000 mg

Table 2. Effect of probiotic and humic acid on HI antibody
titer in broiler chickens on days 7, 27 and 42 (n = 5).

HI antibody titer
Groups
Day 7 Day 27 Day 42

Control (C) 6.00£0.71* 6.60+0.93* 3.60+0.51°
Probiotic (T1) 4.60+0.87* 8.4 +0.51° 3.80+0.58"
Antibiotic (T2) 6.40+0.98* 5.8+0.20° 2.80+0.37°
Humic Acid 520+£0.37* 4.8+1.00° 4.20+0.20°
(T3)

Humic Acid 5.00+0.84* 6.6+0.40* 4.80+0.74°
(T4)

Values indicate mean + S.D. Values are reciprocal of base 2 log.
Means + SD within a column lacking a common superscript differ
at p <0.05.

Assessment of cellular immunity

The effect of probiotics and humic acid on cellular
immunity is summarized in Table 3. The skin thickness
of the humic acid group (T4) showed a significant
increase as compared to the probiotic (T1) and antibiotic
(T2) groups after 24 hours of the DNCB challenge.
After 48 hours, the thickness was still significantly
higher in the humic acid group (T4) as compared to
other groups except for the control. Moreover, the skin
thickness of the antibiotic group (T2) was significantly
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lower than the control and T4. However, after 72 hours
the skin thickness of all groups became equal.
Lymphoid organs weight

The effect of probiotics and humic acid on lymphoid
organs weight is shown in Table 4. There were no
significant differences in bursa of Fabricius/Body
weight (%) between all groups on day 27 and 42.
Spleen/body weight (%) was significantly higher in the
T2 group on day 27 as compared to the control. On day
42, spleen/body weight (%) was significantly lower in
the T2 group as compared to the control.

Differential leukocyte count

The effect of probiotics and humic acid on differential
leukocyte count is shown in Table 5. There were no
significant differences in various differential leukocyte
counts between tested groups.

Discussion

The immune system of birds plays an important role
in controlling viral, bacterial, and parasitic diseases via
vaccination. Thus, the integrity of the immune system
is vital for the good performance of poultry birds. The
failure of the immune system leads to extensive use of
antibiotics causing bacterial resistance. Many research
studies were conducted to enhance the integrity of
the immune system using prebiotics (Vahabi-Asil
et al., 2017), probiotics (Aziz Mousavi et al., 2018),
medicinal plants (Raza et al., 2015), and essential oils
(Gharaibeh et al., 2021).

In current study, we assessed the effect of humic acid and
probiotics on humoral and cellular immunity, lymphoid

organs weight, and DLC of broiler chickens. There was
no significant difference of HI antibodies titer between
all groups at day 7 indicating homogeneity of maternal
immunity against Newcastle disease. Our data showed
a significant increase in antibodies titer of the probiotic
group (T1) as compared to the control (C) and other
groups on day 27. Khaksefidi and Ghoorchi (2006)
reported that antibody titer in a 50 mg/kg probiotic-
supplemented group is significantly higher 5 and 10
days after immunization compared to the control group
when sheep-red-blood cells (SRBC) is injected in 7
and 14 days of age. The highest levels of SRBC and
G-type immunoglobulin were obtained in groups of
broiler chickens receiving 0.45% sodium humate and
0.02% probiotic in their diet (Eivollahi et al., 2019).
Giving probiotics for only the first week seems to be
not enough to provide humoral immunity lasting for the
6 weeks of broilers’ life.

Despite the booster dose of LaSota vaccine on day
21, the titer of antibodies against ND decreased in all
groups but was significantly higher in the T4 group on
day 42. The T4 group was given humic acid in drinking
water daily until day 42. This result is in agreement
with the findings of Mehdi and Hasan (2012) who
demonstrated an increase in the antibody titers against
ND in broilers fed diets containing humate. Some other
studies also reported stimulation of immune response
in broilers (Islam et al., 2005; Arif et al., 2019). In
contrast, Nagaraju et al. (2014) reported no significant
differences in antibody titer against ND on day-10 post
vaccination in broilers given 0.1% humic acid in diet.

Table 3. Effect of probiotics and humic acid on skin thickness in broiler chickens on hours 24, 48

and 72 post challenge with DNCB (n =5).

Skin thickness (log 10)

Groups Hours
24 48 72
Control (C) 2.083 +0.082¢ 2.158 +£.047* 1.062 + 0.440°
Probiotic (T1) 1.699 +0.219*® 1.966 + 0.098* 1.587 £0.161*
Antibiotic (T2) 1.719 £ 0.244 1.497 £ 0.297° 1.001 +£0.187¢
Humic Acid (T3) 2.168 £ 0.123%¢ 2.077 +0.118® 1.303 £0.337¢
Humic Acid (T4) 2.348 £0.068* 2.331 + 0.046* 1.491 +0.102¢

Values indicate mean + S.D. Percentage values were analyzed using log,, Means + S.D. within a column lacking

a common superscript differ at p < 0.05.

Table 4. Effect of probiotic and prebiotic on bursa/body weight (%) and spleen/body weight (%) on day 27 and 42.

. Groups
Variable Day
C T1 T2 T3 T4

Bursa of Fabricius/body 27 0.172+0.028° 0.167+0.019° 0.157+0.035* 0.139+0.047°  0.107 £ 0.022°
weight (%) 42 0.137+0.012°  0.121 +£0.019*  0.165+0.023*  0.142+0.017°  0.111 +0.015°
; 27 0.075+0.003* 0.113+0.022® 0.111 £0.014>  0.063 +0.007°  0.066 = 0.006*

Spleen/body weight (%)
42 0.134+0.017° 0.144+0.018 0.091 +0.006® 0.110+0.018* 0.121 +0.014°

Values indicate mean + SE Means + SE within a raw lacking a common superscript differ at p < 0.05.
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- _BE - é However, stimulation of the broilers’ immune system
S o o o S 5 by humic acid might be increased gradually by increase
QlH H O H A + :
2o 0 P Beside the increase of antibodies against ND, increased
SIS Sl < N < g . o S A
=8 g concentration of antibodies against avian influenza
cElI-E: |2 subtype H9 (Tohid et al., 2010) and infectious bursal
SH oM oA A H £ disecase (Nagaraju et al., 2014) were also reported.
28 38 3 & The mechanism of action of humic acid and humate
e < E as an immune stimulator is not well defined. Elevated
B - - § lymphoid tissue and uniformly distribution and
~|S S ay 3 % defined density in the bursa of Fabricius and thymus
= J . 2 may contribute to the mechanism of action (Disetlhe
> S et al., 2017). However, our study found no significant
M| = 2 . . . y .g
a % differences in bursa of Fabricius/body weight (%)
2222 2 g between all groups on days 27 and 42. Spleen/body
(Y ﬁ H H H H = weight (%) was also not altered due to probiotics and
M M N ] humic acid in our study. This result is in agreement with
2 Fong et al. (2022) who found no significant effects of
; & o & ° robiotics bacteria on the spleen and liver weights after
o S B y oS p p ghts af
3 Y < ‘i fj il’ j = the treatment as compared to the control group in mice.
g —_. - A — — ) These probiotic bacteria increased the abundance of the
Q = 5 natural killer cells, the percentage of both the hepatic and
=& 4 p g If) X
S = splenic T-helper 17 cells and the percentage of splenic
= — & P .
= ~| S 2 Ay = Z regulatory T-cells indicating potential enhancement of
° R I R o, A cell-mediated responses and cytokine production in a
b —~ S = por yLOKI
§ Q e strain- and organ/tissue-specific immunomodulatory
2|2 = effects. In contrast, our study showed no significant
° pty P 2 S effect on cellular immunity since the skin thickness
% > TR H % of group T4 which was given humic acid daily had no
3 . = B R @ significant increase as compared to the control group.
g = a a In other studies, supplementation of humic substances
g N ®© o ~ g (HS) to laying hens, significantly increased the serum
38 (SRl < B © Z I1gG and IgM level (Zhang et al., 2020), and greater
P Nl H OH OHH + & g g g d g
s v o o " g lymphocytes and leukocytes counts, globulins (a, B,
;5 = and vy), phagocytosis, and phagocytic index have been
3 - B - = significantly increased in HS-added broilers indicating
= - 3 3 3 i i P immune system stimulation (Salah et al., 2015).
b= - 2222 2 é: There were no significant differences in various
8 = < differential leukocyte counts between tested groups.
| =& £ This result is in agreement with Rath et al. (2006) who
g sElcE = = stated that red blood cell, white blood cell, monocyte,
g (S i Bl B4 and hematocrit values were not affected, but there was
z v gl R I = 8 a decrease in blood heterophil counts and heterophil/
© &8 lymphocyte ratio, which was significant in 4-week
© g8 ymphocyt \ &
i3 <+ = o) b= humic acid treated birds. However, there was no
é 9 E = i = " ; %" signiﬁc(imt difference in heterophil/ lymphocyte ratio in
=2 2 2 S our study.
= NN N o o ~ g y
o= z ER In our study, group T2 which given a commercial
= = a s . T . . . ..
s N < o < 82 mixture of antibiotics and vitamins had significant
2 ~S < < < < 23 decrease in antibodies titer against Newcastle disease
S Q| H H O HOH + ] ; TS X >
< ol A o g9 virus on day 42, significant decrease in cell-mediated
& ) immunity 48 hours after sensitization with DNCB and a
s @ ~ = significant increase in Spleen/Body weight (%) on day
- w ~ = o . . .
8 I ~BE e 9 g2 27. We also observed a significant decrease in the body
s ‘E’ S o 2 2 3 %% weight in this group (unpublished data) which may
l;; 5 2 g 2 é é i. 2 indicate toxicity. The mixture of antibiotics consisted
— (=] : ': ~~ ~~ U = . .
= 2] ) < of Tylan tartarate, Sulfamethoxazole, Sulfadiazine Na,
2 ¢ |S& &£ 2L Ee|as :

and Pyrimethamine. Pyrimethamine the folic acid and
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thiamine antagonist, was found to potentiate the activity
of sulfanilamide, sulfamerazine, sulfadimidine, and
sulfaquinoxaline through synergistic interaction against
coccidia (Joyner and Kendal, 1956; Horton-Smith ez al.,
1960). Lucas (1958) reported toxic effects produced by
pyrimethamine characterized by decreased growth-rate
and anemia in Rhode Island x Light Sussex chickens
fed on a diet containing 20 ppm of pyrimethamine for
28 days. Continuous administration of pyrimethamine
alone or with sulphaguanidine to young chicks to
combat cecal coccidiosis resulted in failure of growth,
poor feathering and the development of macrocytic
anemia (Stockdale, 1958). Besides these toxic effects,
it seems that pyrimethamine has deleterious effects on
the immune response of chickens (incidental findings
of our study). However, the mechanism of action needs
to be elucidated.

Conclusion

In conclusion, humic acid has immunomodulation
effects when given daily for broiler chickens until
the marketing age. Humic acid has a stimulant and
strengthening effect on the humoral and cellular
immune system. Moreover, the use of humic acid and
probiotics with good hygiene in the first week of age
may alternate the use of antibiotics which could be
toxic and raise bacterial resistance.
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