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ABSTRACT

Aflatoxin is a worldwide problem in poultry industries as it is known to contaminate poultry feed. Aflatoxin
induces stress and increases mortality rate during infection in poultry, especially broiler chickens. The objectives of
this study was to observe the pathological effects due to aflatoxicosis in broiler chickens. A total of 120 chickens
were divided into four groups, group A fed with a basal diet without aflatoxin contamination, group B with
aflatoxin (> 1 ppb < 50 ppb), group C with aflatoxin (> 51 ppb < 100 ppb), group D with aflatoxin (> 101 ppb <
150 ppb). The data were collected and analysed on day 7, 14, and 21. The results showed that diet with high
aflatoxin contamination in group D impaired the physical and laboratory performances of the chickens, increased
the risk of residue in the poultry’s final products. The varying doses of aflatoxin contamination in the chicken feed
causes the problems on the broiler chickens with different level of severity.
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INTRODUCTION

Aflatoxin is the most prevalent mycotoxin synthesised by
Aspergillus  flavus, Aspergillus parasiticus, and
Aspergillus nomius in the ideal temperature and humidity
(Morrison et al., 2017). Prolonged storage of the chicken's
feed creates a high synthesis of the aflatoxin (Sarma et al.,
2017). Aflatoxin induces severe cellular defects and
carcinogenesis (Kim et al., 2016). The disease is caused by
aflatoxin known as aflatoxicosis (Wogan et al., 2012). The
prevalence of aflatoxicosis is not limited to some limited
geographical area. The clinical manifestations of
aflatoxicosis are lethargy, anorexia, lower growth rate,
microbial stress, economic losses and toxicity (Sarma et
al., 2017). The aflatoxin found as a residue on the poultry's
final product (Denli et al., 2009), and it represents the port
of entry of aflatoxin exposure in human (Manafi et al.,
2014).

Mostly, the previous study has shown the effects of a
single type of aflatoxin such as Aflatoxin B1 (AFB1)
(Bintvihok and Kaositcharoenkul, 2006). AFB1 is
commonly reported because it has the highest toxicity
(Mughal et al., 2017). However, poultry aflatoxicosis
naturally is caused by several types of toxins, unlimited to
AFB1 and it may be with varying doses. Both of doses

(low and high) and types of aflatoxin exposes to human
and animal can causes several impacts (Qureshi et al.,
2015). The differing types and amount of synthesised
aflatoxin in one sample have defined as the total aflatoxin
(Kamala et al., 2018). It is necessary to explore profoundly
toward the impacts of the aflatoxin contamination in the
poultry. This study aimed to explore the impacts of natural
contamination of aflatoxin in the chicken's feed.

MATERIALS AND METHODS

Ethical approval

This study was approved by the ethical clearance
committee of the faculty of veterinary medicine, university
of Gadjah Mada, with license number 0010 / EC — FKH /
Int/2017.

Experimental animals and design

The experiment was performed in the integrated
laboratory, faculty of health, the university of
Muhammadiyah Sidoarjo from November 2017 until April
2018. All the experimental procedure followed the federal
guidelines for the care and use of laboratory animal. 120
of one-day-old chickens of broiler strain Cobbwere
randomly divided into four groups. Group A was control
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group that fed a diet with aflatoxin undetectable, group B
was fed a diet naturally contaminated with aflatoxin (> 1
ppb < 50 ppb), group C with aflatoxin (> 51 ppb < 100
ppb) and group D with aflatoxin (> 101 ppb < 150 ppb).
The chickens were treated in 24 hours light schedule with
decreasing of its intensity after 16 hours per day, 30 ° C
temperature, and 65 % humidity for 21 days. The water
and feed were given ad libitum. The chickens were
vaccinated by Newcastle Disease (ND) and Infectious
Bursal Disease (IBD) vaccine on day three, and Avian
Influenza (Al) vaccine on day five.

Diet

The chickens were fed with a broiler starter diet
contained 23% of crude protein and 3200 kcal
metabolizable energy. The total aflatoxin of chicken feed
was routinely tested by Enzyme-Linked Immunosorbent
Assays (ELISA). The chicken feed was incubated based
on the following method that was indicated by the
previous study (Prakoso et al., 2018). The total aflatoxin
was measured each day during the study with a triple of
replication. The observation results of aflatoxin levels are
reported in table 1.

Table 1. Total aflatoxin level (ppb) of feed of broiler
chickens from day 1 until day 21

Doy Groups A B c D

1 0 2257 74.85 120.56
2 0 49.96 79.21 137.84
3 0 28.15 94.56 141.25
4 0 36.22 78.55 149.03
5 0 36.36 90.04 115.94
6 0 29.45 88.48 140.18
7 0 46.81 94.23 139.44
8 0 40.52 80.00 135.21
9 0 28.19 68.29 128.68
10 0 25.44 78.86 130.65
11 0 28.91 95.52 140.78
12 0 30.15 89.01 145.24
13 0 3347 96.66 136.22
14 0 38.32 77.18 144.68
15 0 29.01 86.25 133.00
16 0 40.11 79.18 148.07
17 0 43.78 90.09 136.88
18 0 39.18 88.87 140.15
19 0 44.83 89.21 129.38
20 0 44.05 90.03 148.55
21 0 47.18 93.05 140.00
Mean+SD 0 36.32+8.02 85.81+7.83 137.22+8.64

SD = standard of deviation.
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Body weight, feed intake and feed conversion rate

The chickens were weighed using the body weight
scale on day 7, 14 and 21 during the treatments. Following
the weight recording, the chicken's FI and FCR were
measured using the formulae, FCR = feed intake (g)/ body
weight (g).

Sample collection

10 chickens from each group were euthanised by
cervical replacement on day 7, 14 and 21. The chicken’s
body weight was measured, and the blood and serum
samples were collected before the euthanasia. The liver,
kidney, spleen, Bursa of Fabricius (BF) and thymus were
weighed using scale and expressed as the Relative Organ
Weight (ROW). It was measured using the formulae,
ROW = organ weight (g)/ body weight (100 g). After the
measurement, those organs were divided into two part.
The first parts were stored in the sterile plastic and saved
in the refrigerator for ELISA test against total aflatoxin.
The second parts were stored in 10% neutral buffer
formalin for immuno-histopathological examination.

Histopathology and immunohistochemistry

The broiler chicken’s organs (liver, kidney, spleen,
BF and thymus) were dehydrated using the graded ethanol
and xylene, embedded and blocked in the liquid paraffin.
The tissue samples were prepared into 5um diameter with
duplication. The first sections were mounted on the glass
slide for histopathology. The second section of spleen, BF
and thymus were mounted on the slide coated with poly-
lysine for immunohistochemistry. The histopathology was
performed using the Hematoxylin and Eosin (H&E)
staining and immunohistochemistry was done using
antibody anti-CD3+, CD4+, and CD8+. The morphometry
of H&E staining was performed for the organs of broiler
chickens on day 7, 14, and 21 by a single pathologist. All
the observed histopathological changes were reported. The
immunohistochemical slides of the broiler chicken’s
organs were analysed on day 21 using the scoring system
from 0 to 4 as follow: absence = 0, minimal = 1, mild = 2,
moderate = 3 and severe = 4.

Haematological, heterophil phagocytic activity,
average phagocytic bacteria, and phagocytic index

The blood samples were analysed by the routine
haematological test following the standard laboratory
procedure. The blood parameters contained erythrocytes
total/ Red Blood Cells (RBC), Packed Cells Volume
(PCV), Haemoglobin (Hb), Mean Corpuscular Volume
(MCV), Mean Corpuscular Haemoglobin (MCH), Mean
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Corpuscular Haemoglobin  Concentration (MCHC),
leucocytes total/ White Blood Cells (WBC) and
differential count of leucocytes. The Heterophil

Phagocytic Activity (HPA) against Staphylococcus aureus
(ATCC® BAA-1690) was measured and analysed
following the previous study (Sornplang et al., 2015). The
Phagocytic Index (PI) was measured using the formula, PI
= [percentage of heterophils containing bacteria) x (the
Average number of Phagocytic Bacteria (APB) per
ingesting heterophils] x 100.

Titre antibody measurement

The serum samples are tested by Haemagglutination
Inhibition (HI) test against titre antibody of ND, IB, and
Al following the standard procedure. The HI test results
reported as the Geometric Mean Titre (GMT).

Enzyme-linked immunosorbent assays

The ELISA test was performed to analyse the residue
of aflatoxin level in the broiler chicken’s organ (liver,
kidney, spleen, BF, thymus, skin and muscle). The organ
samples were weighed and about 2gr, extracted,
centrifuged then the aliquots reacted with peroxidase
conjugate and antibody solution against aflatoxin. The
samples were incubated for 30 minutes, washed, and
added the stop reagent to end the further reaction. The
absorbance was measured with ELISA reader using 450
nm wavelength using the standard curve.

Data analysis

The data of the chicken body weight, FI, FCR, the
relative weight of the organ, haematology, HPA, APB, PI,
GMT, immunohistochemistry and aflatoxin residue were
analysed by SPSS (version 16) using two-way ANOVA
and post hoc tests in significance level of 0.05. However,
the histopathological data were analysed by using Kruskal
— Wallis and Mann Whitney U tests.

RESULTS AND DISCUSSION

The results showed that contamination of the aflatoxin in
the chicken’s feed affected the muscle mass formation. It
is approved by the significantly different regarding
chicken’s body weight (P<0.05). Those effects are caused
by decreasing of FI in chickens of the group D that treated
with high aflatoxins (P<0.05). FI is an indicator of the
broiler industry wused to determine the chicken’s
productivity. Commonly, the FI of the broiler chicken is
increasing when the broiler has treated in suitable milieu
including the humidity, temperature and feeds. In this
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case, the decrease of FI was promoted by stress and
immune-depression of broiler during aflatoxin exposure.
Moreover, it can be elucidated using the FCR as a further
indicator. The highest FCR was indicated in group D
(P<0.05) compared to the other groups. This finding
approved that aflatoxin has impaired the chicken’s
metabolism through the disturbance of gut and liver
activity (Zuidhof et al., 2014). It is supported by the
significant gross histopathological changes of liver,
kidney, spleen, BF, and thymus in group C and D with
high exposure doses of aflatoxin (P< 0.05) (Table 2).

Gross pathological change on the visceral organ
decreases cellular absorption and metabolism. Aflatoxin
increases the relative weight of the liver and kidney due to
the cellular defect. The liver has a role in detoxification
and kidney in filtration and excretion (Matur et al., 2010).
Every secondary metabolite of toxins was metabolised in
the liver and stored in its cytoplasm. The aflatoxin impairs
the equilibrium of the endogenous antioxidant in the
cellular biological system and causes the increasing level
of the oxidative stress (Yaman et al., 2016).

The oxidative stress accumulates in the
hepatocytes,induce inflammation and cellular necrosis
(Baptista et al., 2008). Those cellular effects are shown by
liver enlargement macroscopically. The increase of liver
relative weight in present study is supported by the
histopathological finding which had been shown the
severe inflammation in both perilobular and interlobular
area, degeneration and bile duct proliferation (P<0.05)
(Table 3). The liver hepatocytes play an essential role in
the detoxification of the toxin and xenobiotics (Colakoglu
and Donmez, 2012). High accumulation of the toxin
promotes the degeneration (Figure 1a) that is induced by
the oxidative stress and impairment of cellular metabolism
(Guo et al., 2013). Chronic oxidative stress is aggravated
by prolonged inflammation in the liver (Figure 1b), and it
caused severe necrosis (Figure 1c). The bile duct is
proliferating as the compensatory effects during toxin
excretion from the liver (Figure 1d). Those
histopathological changes are observed massively in group
D (Figure 1a-1d).

The similar consequences due to aflatoxicosis are
illustrated by the histopathological finding in the kidney
(P<0.05) (Table 3). As the main excretory organ, the
kidney plays an essential role in filtering blood and
removing waste products. In this study, the imbalance of
kidney function is demonstrated in both macroscopic and
microscopical ~ examination.  Further, the tubular
degeneration is observed on the group treated with high
aflatoxin contamination (Figure 2a).
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Table 2. The effects of aflatoxin exposure on the broiler chicken’s body weight, feed intake, feed conversion rate and relative
weight of the organs at day 7, 14 and 21

Parameters Day x 5 Groups c 5
7 120.24 + 2.11° 120.00 + 1.21° 119.30 + 1.55° 116.32 + 2.36
Body weight (g) 14 338.09 + 10.89° 333.85 +5.03° 328.74 + 7.46° 317.50 +8.33"
21 686.21 + 11.36° 684.62 + 11.82° 674.56 + 12.08° 641.09 + 27.75°
7 175.90 + 2.96° 17150 + 1.64% 171.10 £ 1.52° 165.20 + 3.48°
Feed intake (gram) 14 567.90 +5.19° 560.50 + 7.21° 555.60 + 5.77° 548.10 +9.19°
21 1228.37 + 10.28° 1219.70 + 16.64% 1221.23 + 18.07° 1204.50 + 20.56°
7 1.46 £ 0.03° 1.42 +0.01° 1.43 £0.02° 1.42 £0.04°
Feed conversion rate 14 1.68 +0.05% 1.67 +0.03* 1.69 +0.03* 1.72 +0.03°
21 1.79 + 0.03% 1.78 + 0.03° 1.81 +0.04% 1.88 +0.09°
N 7 2.28+0.15° 2.29+0.14° 2.34+0.11° 2.60 +0.34°
£ Liver 14 2.26 +0.12° 2.25+0.15% 2.30 +0.13° 2.45+0.17°
g 21 2.34+0.15° 2.37+0.17° 2.42 +0.10° 253 +0.10°
< 7 0.62 +0.03° 0.64 +0.05% 0.73+0.04° 0.78 £0.03°
8  Kidney 14 0.60 + 0.03° 0.60 + 0.03? 0.70 £ 0.03° 0.79 +0.05°
c @ 21 0.61 + 0.04% 0.62 + 0.04% 0.79 +0.03° 0.81 +0.02°
s -3 7 0.13+0.02° 0.13+0.02% 0.11+0.01° 0.10 £ 0.01°
S Spleen 14 0.14 +0.02° 0.15+0.02% 0.14 +0.01° 0.12 +0.01°
69 21 0.13 +0.01° 0.14 +0.01% 0.11 +0.01° 0.10 +0.01°
Ex 7 0.23+0.02% 0.22 +0.01° 0.22+0° 0.20 £ 0.01°
g 2 Bursa of Fabricius 14 0.23+0.01° 0.23+0.01° 0.22£0.01° 0.22£0.02°
~ 3 21 0.25 + 0.02° 0.23+0.01% 0.23 +0.01° 0.21+0.01°
% § 7 0.27 £0.01° 0.26 +0° 0.25+0.01° 0.23+0.01°
w5  Thymus 14 0.27 +0.02% 0.26 +0.01° 0.24 +0.01° 0.23 £0.03°
T = 21 0.26 + 0.02° 0.26 + 0.02° 0.25 +0.01° 0.22 +0.01°

D¢ the different superscript on the same row showed significantly different values (P < 0.05)

Table 3. The effects of aflatoxin exposure on the histopathological change of broiler chicken’s organs

. . Groups
Organs Histopathological Change Day A B C D
7 0/10° 0/10° 2/10° 3/10°
Necrosis 14 0/10° 1/10° 4/10° 6/10°
21 2/10° 0/10° 6/10° 10/10°
7 2/10° 2/10° 3/10° 3/10°
Fatty degeneration 14 0/10° 1/10* 6/10° 10/10°
21 2110° 1/10° 8/10° 10/10°
7 0/10° 0/10° 0/10° 1/10°
Hydropic degeneration 14 0/10* 1/10° 1/10* 0/10°
Liver 21 0/10° 0/10* 1/10° 2/10%
7 0/10° 0/10° 1/10° 2/10¢
Perilobular inflammation 14 0/10° 1/10* 3/10° 4/10°
21 2/10° 1/10° 3/10° 8/10°
7 1/10° 1/10° 2/10° 3/10°
Interlobular inflammation 14 0/10° 1/10* 2/10° 7/110°
21 2/10° 1/10° 3/10° 6/10°
7 0/10° 1/10° 1/10° 5/10°
Bile duct proliferation 14 2/10° 2/10° 6/10° 7/10°
21 0/10? 3/10° 6/10° 10/10°
7 0/10% 1/10% 1/10° 4/10°
Tubular degeneration 14 0/10° 2/10° 2/10° 2/10°
Kidney 21 1/10° 2/10° 1/10° 6/10°
7 0/10% 0/10* 0/10* 3/10°
Inflammation 14 0/10° 2/10° 2/10% 3/10°
21 0/10° 0/20* 4/10° 5/10°
7 0/10% 0/10* 2/10° 3/10°
Spleen Lymphoid depletion 14 0/10% 2/10° 3/10° 4/10°
21 2/10° 1/10° 3/10° 8/10;
7 1/10° 2/10% 2/10% 5/10
E:éfﬁ;ﬁfs Lymphoid depletion 14 2/10° 1/10° 4/10° o/10°
21 2/10% 3/10% 3/10% 10/10°
7 0/10° 0/10° 2/10° 2/10°
Thymus Cortical depletion 14 0/10° 2/10° 4/10° 4/10°
21 1/10° 0/10° 3/10° 6/10°

3D the different superscript on the same row showed significantly different values (P < 0.05).
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Figure 1. Effects of the aflatoxin on liver histopathology of the broiler chickens. Fatty degeneration (A), lymphocytic inflammation (B),
severe necrosis (C), and bile duct proliferation (D) of the liver due to the high exposure of aflatoxin (> 101 ppb < 150 ppb) in on day 21. All
histopathological changes are marked by the arrow. H&E, 100x (A, C), 1000x (B, D).

Y e AR
¢ s &

Figure 2. The effects of the aflatoxin on the histopathology of kidney, spleen and lymphoid organ due to the high exposure of aflatoxin (>
101 ppb < 150 ppb) in broiler chickens on day 21 of experiment. Tubular degeneration with congestion (A), congestion and tubular necrosis
(B) of the kidney; white pulp depletion (C) and lymphoid depletion (D) of spleen and bursa of Fabricius. All histopathological changes are
marked by the arrow. H&E, 100x (A), 10x (B), 4x (C) and 1000% (D).
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Those effects were caused by the chaos of exchange
of sodium pump in the renal tubule that generates water
and sodium retention. Renal cells swelling induces tubular
occlusion and decrease the excretory function of the
kidney (Liang et al., 2015). Further exploration in the
kidney revealed that severe degeneration was followed by
tubular necrosis and congestion (Figure 2b). These
phenomena are causing the accumulation of aflatoxin in
the plasma that gradually aggravates the lesion to another
organ (Tokonami et al., 2013).

Aflatoxin significantly affected the relative weight of
the lymphoid organ of broiler chickens, especially in
group D (P<0.05) (Table 2). It is supported by the
depletion of lymphoid tissue in spleen and BF (Figure 2c
and 2d). Moreover, the vacuolisation observed in the
cortical area of the thymus (P<0.05) (Table 3). The
secondary metabolite of aflatoxin accumulates inside the
splenocytes, bursal cells and thymocytes that induces the
cellular defects (Peng et al., 2015). This accumulation
causes the apoptosis of the immune cells, and impair the
antibody synthesis. As the base of immune cells
proliferation, the lymphoid organ is used as the indicator
of immunity in the vertebrates. The immunohistochemistry
showed that the decreasing immune expression of CD3+,
CD4+, and CD8+ occur synergistically with aflatoxin
exposure level (P<0.05) (Table 4). CD3+, CD4+, and
CD8+ are the molecular surface of the T cells subset.
CD3+ is the prominent T cell produces the antibody clone
with high reactivity (Nagel et al., 2014). CD4+ and CD8+
potentially play as cell-mediated immunity during the
antibody synthesis and support to destruct the infected
cells (Kempashi et al., 2017). The shrinkage of T cells
subset in the lymphoid tissue dramatically changes the
circulatory phenomenon not only in the haematological
aspects but also the antibody synthesis (Yang et al., 2018).

The haematology results obtained that high exposure
of aflatoxin causes the severe non-regenerative anaemia
indicated by the decreasing number of RBC, PCV, and Hb
(P<0.05), without increasing of MCV. No statistical
differences were observed regarding the MCV, MCH and
MCHC in all groups (P>0.05) (Table 5). Further, the
lymphocytes are significantly decreased in both group C
and D that indicated a low synthesis of antibody (P>0.05).
This result is supported by the previous study that
aflatoxin was able to change haematology and
biochemistry parameters before the developing of the
clinical signs (Tessari et al., 2010; Mahfouz and Sherif,
2015). In this study, the aflatoxin induced normocytic
normochromic anaemia due to the inhibition of protein
synthesis. However, lymphocytopenia was caused by
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dramatical increasing of apoptosis in the lymphoid organs
that inhibit the proliferation and maturation of the
circulatory lymphocytes (Donmez et al., 2012). Chronic
inflammation and severe cellular necrosis play as the
chemo-attractant in monocyte infiltration. Further, it
induces monocytosis. Monocyte is the phagocytic
mononuclear cells to destroy and recycle tissue debris. The
monocytes infiltration in the aflatoxicosis induces external
trap formation of macrophages (An et al., 2017).

Present study proved that the aflatoxin inhibited the
numbers of circulatory heterophil and its phagocytic
activity (P< 0.05) (Table 6). The phagocytosis is the first
lineage of a defensive strategy against the pathogenic
agents in the animal including broiler chickens. In this
study, the phagocytic activity of the heterophil was
investigated against the Staphylococcus aureus that
commonly infects the chickens. The heterophil is activated
during the first lineage of infection (Guriec et al., 2018).
It's actively engulfment the bacteria in the circulatory
system by forming the cytoplasmic pseudopodia (Mohd et
al., 2016). The decrease of the heterophils phagocytic
index is suspected due to the shrinkage of mature
circulatory heterophil. The systemic inflammation
depresses on bone marrow to release the immature
heterophil on the circulation. Moreover, it may be caused
by the decreasing level of arginine-specific adenosine
diphosphate ribosyltransferase (ADP-ribosyltransferase) in
the serum that down-regulates the migration, attachment,
and phagocytosis of heterophil. Further, the cellular
damage of the heterophil impairs the dectin-1-receptor on
its surfaces to identify the pathogenic bacteria. The
phagocytic activity of the heterophil and monocytes
influence the antigen presenting cells that mediated the
synthesis of antibody. It is approved by the present
findings that indicatedlow antibody against ND, IBD, and
Al after vaccination. The highest GMT level only
indicated on day 21 in the group treated with high level of
aflatoxin (> 101 ppb < 150 ppb). It was the compensatory
impacts of lymphoid organs depletion during the
aflatoxicosis compared to the control. This result was
different from the previous study that reported chicken
was the most resistant species against the aflatoxin in the
poultry industry (Lazona and Diaz, 2006). It is caused by
consumption of the aflatoxin during growth that leads the
lymphoid tissues atrophy in the broiler chickens.
Moreover, vacuolisation in the bursa of fabricius, spleen,
and thymus aggravates the synthesis of antibody after
vaccination via depression of the lymphocytes in tissue
(Chen et al., 2014) and circulatory system (Pandey et al.,
2007).
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Table 4. The effects of aflatoxin exposure on the immunohistochemistry of CD3+, CD4+, and CD8+ on day 21 in the
lymphoid organ of broiler chickens

Groups
Parameters Organ A B C D
Spleen 2.40 +0.51% 1.70 + 0.48° 1.40 + 0.69° 0.80 +0.42°
CD3+ Bursa of Fabricius 2.10£0.73% 1.20+0.91° 1.00 + 0.81° 0.60 + 0.51¢
Thymus 2.40 + 0.69° 1.60 + 0.96° 1.40 + 0.96° 1.00 +0.81°
Spleen 1.90 + 0.56° 1.50 + 0.97° 1.40 £ 0.84° 1.00 + 0.66°
CD4+ Bursa of Fabricius 2.00 +0.81% 1.40 + 0.84° 1.20 £0.78° 0.90 +0.31¢
Thymus 2.00 + 0.66% 1.70 + 0.94° 1.40 + 0.69° 0.80 + 0.63¢
Spleen 1.50 + 0.52° 1.00 +0.81° 1.20 + 0.63° 0.80+0.78°
CD8+ Bursa of Fabricius 1.60 + 0.51° 1.30 £ 0.67° 1.00 £ 0.81° 0.70 £ 0.67°
Thymus 1.70 + 0.67° 1.20 +0.78° 1.20 + 0.63° 0.60 + 0.51°
aD.C the different superscript on the same row showed significantly different values (P< 0.05).
Table 5. The effects of aflatoxin exposure on the haematological profile of broiler chickens
Parameters Day Groups
A B C D
Red blood cells 7 2.25+0.02° 2.26 +0.05° 2.26 +0.08? 2.24 +0.04°
(x 109 L) 14 2.39 +0.16° 2.44 +0.15° 2.34 +0.08° 2.31+0.13°
21 2.46 +0.03° 2.41 +0.042 2.44 +0.11° 2.31+0.10°
packed cells volume 7 2730 £ 1.14° 27.29 + 1.05° 26.81 + 1.24"¢ 26.15 + 1.08°
(%) 14 27.54 + 0.64° 27.39 £ 0.52° 26.70 £ 1.21°¢ 26.46 + 1.04°
21 27.53 +0.89° 27.37 +0.83° 27.44 +0.48"° 27.08 +0.47°
Haemoalobin 7 11.10 +0.20° 10.73 +0.48° 10.48 +0.23"¢ 10.37 + 0.48°
1
o d,_)g 14 12.04 +258" 11.28 +0.85 10.88 +0.59"¢ 11.04 +1.04°
21 11.24 +0.71° 11.28 + 0.40° 11.12 +0.84°¢ 10.24 +0.17°
N | | 7 121.29 + 4.15% 120.46 +5.37% 118.28 + 6.42° 116.62 + 6.28°
ean corpuscular volume 14 115.40 + 9.36° 112.33 +7.64° 114.25 + 7.88° 115.03 + 10.46
(fL)
21 111.55 + 4.16° 11321 +4.71% 112.53 + 4.87° 117.36 + 7.24°
Mean corouscular haemoalobin 49.33 +0.95° 47.37 £2.69° 46.25 + 1.76° 46.25 +2.12°
) P g 14 50.50 + 12.05° 46.12 + 3.04% 46.50 + 2.41° 47.86 + 4.24°
21 4553 +2.76° 46.68 + 3.21° 4556 + 3.36° 4437 +2.17°
Mean corpuscular haemoalobin 40.72 + 1.95 3932 £1.23° 39.15 + 1.50° 39.75 £+ 2.53°
Concemra'fion %) g 14 4372 +9.49° 41.17 +3.10° 40.90 + 3.98° 41.82 +4.52°
21 40.86 + 2.86° 41.23 +2.29° 40.55 + 3.38% 37.84+0.78°
White blood cell 7 21.22 +1.92% 21.42 +1.63° 21.41 +2.43 20.92 +1.01°
1S, 2 00 Cells 14 21.71+0.98° 21.75+1.28° 2053 £0.72° 19.61 + 0.40°
(x 10% L)
21 20.82 + 0.99% 21.02 £ 0.74° 18.98 + 1.32° 18.29 +1.24°
7 5.62 + 0.58° 5.44 +1.01% 5.86 +0.72% 6.06 + 0.31%
Heterophils 14 5.69 + 0.50° 6.00 +0.42° 5.62 +0.74° 5.60 + 0.40°
21 5.45 + 0.55° 5.56 + 0.28° 5.12 +0.52? 4,90 +0.73°
7 13.21 +0.12° 13.63 +0.11° 12.08 +0.21° 11.52 +0.16°
+—~ Lymphocytes 14 13.35+0.12° 13.08 +0.07" 12.50 +0.10° 11.06 £ 0.12°
= 21 12.42 +0.06" 12.94 +0.08" 11.13 +0.09° 0.97 +0.06°
X
g 7 1.77 £ 0.71° 1.94 +1.08° 2.66 +0.417 2.45 +0.83°
‘§ Monocytes 14 1.75 + 0.48° 2.28 +0.42% 1.85 + 0.63% 2.33+0.64°
e 21 1.75 + 0.24° 1.79 + 0.60° 1.79 +0.93% 2.42+0.78°
= 7 0.54 +0.49° 0.31+0.22° 0.57 + 0.56 0.70 £ 0.44°
£ Eosinophils 14 0.64 +0.57° 0.28 +0.25° 0.45 + 0.38° 0.47 +0.59°
3 21 0.86 + 0.40° 0.54 +0.29" 0.78 £0.5° 0.92 +0.38"
[3+]
= 7 0.06 +0.13? 0.08 + 0.25% 0.22 +0.27% 0.17 +0.28°
[<5]
g Basophils 14 0.26 £ 0.27° 0.08 +0.15% 0.10 +0.14% 0.13 +0.25°
a 21 0.32 +0.35° 0.16 £ 0.27° 0.14 +0.32% 0.29 +0.51°

b the different superscript on the same row showed significantly different values (P< 0.05).

74



J. World Poult. Res., 9(2): 68-77, 2019

Table 6. The effects of aflatoxin exposure on the heterophil phagocytic activity, average phagocytic bacteria, and phagocytic
index against Staphylococcus aureus bacteria in broiler chicken

Parameters Day Groups
A B C D
7 50.10 + 0.05° 0.48 +0.05° 0.46 +0.03° 0.40 +0.04°
Heterophil phagocytic activity 48.50 + 0,05 0.48 + 0.06" 0.46 + 0.06° 0.39 +0.05°
(%) 21 51.00 + 0.04% 0.47 +0.04° 0.41 +0.03° 0.39 +0.04°
7 1.77 +0.33% 1.90 +0.38° 1.57 +0.22° 1.50 +0.29°
Average phagocytic bacteria 14 1.86+0.23 1.89 +0.25 1.71+0.16 1,59 +0.19
(cells) 21 1.81+0.22% 1.81+0.31° 1.43+0.23° 1.17 +0.25°
o 7 88.48 + 18.23° 92.62 + 25.747 72.33+13.19° 60.72 + 15.58°
Z;J?gocy“c index 14 90.59 + 17.10° 91.92 + 17.82° 79.93 + 14,28 62.11 +9.83°
21 92.77 + 16.36° 85.65 + 20.25° 59.83 + 9.86° 46.34 + 8.16°

&b ¢ the different superscript on the same row showed significantly different values (P< 0.05)

Aflatoxin was undetected as the residue on the
broiler chicken organs in group A, B, and C during the
observation periods. It is detected on the liver (0.10 to 0.12
ppb), skin (0.02 to 0.09 ppb), and muscle (0.03 to 0.10
ppb) only in birds treated with high level of aflatoxin (>
101 ppb < 150 ppb) on day 21. The liver becomes the
organ with the highest aflatoxin residue because of its
activity to detoxify and metabolise the toxins. The
hypodermis consists of the adipose tissue arranged by
adipocytes that potential as the storage of the energy and
metabolite products such as toxin and antibiotics and also
it is similar to muscle tissues (Sinique et al., 2017). The
chicken’s breast muscle is the prominent part of the
poultry’s final product with a high economic value and the
highest of human consumption rate. The monitoring of
aflatoxin contamination on the chicken stuff is necessary
to be conducted routinely in the poultry industry. It is
because of the aflatoxin residue in the poultry's final
products also found in the edible tissue such as muscle and
liver that is commonly consumed by a human (Diaz-
Zaragosa et al., 2014). In the long period of consumption
of aflatoxin promotes the carcinogenesis and mutagenesis
even at a low level (Adam et al., 2017).

CONCLUSION

The varying doses of aflatoxin in the chicken feeds caused
the problems with different severity and impacts. High
level of aflatoxin (> 101 < 150 ppb) was significantly
adverse to the physical performance (body weight, Fl,
FCR, the relative weight of the organ) and laboratory
indicators  (histopathological ~ changing,  immune-
expression of CD3+ and CD4+, promote the non-
regenerative anaemia, decrease the role of leucocytes,
heterophil phagocytic activity, phagocytic index, depress
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the synthesis of antibody), and also increasd risk of
residue in the poultry’s final products.
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