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ABSTRACT 
Background: Aflatoxin is an important concern in the poultry industry and public health because of serious major economic losses and 

health problems. Objective: This study aims to highlights the toxic effects of aflatoxin on broiler chicks including its effect on body weight, 

white blood cells differential count (WBCsDC), and pathological effects organs tissues, and to estimate the protective role of an important 
organic acid (acetic acid) against aflatoxin. Material and methods: one day old female broiler chicks (n=150) were divided equally into 3 

groups, the 1st  and 2nd groups fed on aflatoxin contaminated feed (0.8 PPM), in addition the 2nd group treated with acetic acid (concentration 

1.5%) after dilution in drinking water (1 ml/L) (V/V), while the 3rd group considered as negative control group. At 15, 25 and 30 day old, 
body weight, WBCsDC and heterophils/lymphocytes ratio (H/L ratio) were measured; also thymus and Harderian gland were subjected for 

histopathology examination. Results: The result indicated that aflatoxin contaminated feed (1st group) lead to significant decrease in body 

weight at 15, 25, and 35 days old comparing with negative control group (3rd group), while treatment with acetic acid (2nd group) reduce the 
unfavorable effects of aflatoxin, but the weights still below the normal average. WBCsDC of both 1st and 2nd groups revealed a significant 

changes in heterophils, lymphocytes, monocytes, basophils and eosinophils, as well as the H/L ratio comparing with the 3rd group. The 
results of histopathology showed that aflatoxin had the most obvious effect on examined tissue (thymus and Harderian gland), while acetic 

acid lowered the toxic effect of aflatoxin on these organs. Conclusion: organic additives like acetic acid reduce the harmful effect of 

aflatoxin on body weight and reduce the toxic effect of aflatoxin on body tissue (thymus and Harderian gland), but acetic acid had minimum 
effects and could not neutralized the negative effect of aflatoxin on WBCs DC especially at 25 and 35 days old. 
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INTRODUATION 

 

Aflatoxin is a mycotoxin produced by fungi of Aspergillus species, it is of an important concern in the 

poultry industry and public health because of serious major economic losses and health problems[1], aflatoxin 

contaminated poultry diets reduced the poultry efficiency either through poor body performance or through 

sequels of aflatoxin [2, 3]. Aflatoxicosis caused many signs includes listlessness, anorexia with the lowered 

growth rate, poor feed utilization, decreased egg production and increased mortality. Additionally, anemia, 

reduction of immune function, hepatotoxicosis, hemorrhage, teratogenesis, carcinogenesis, and mutagenesis are 

associated with aflatoxicosis [3, 4]. In addition, aflatoxins exhibit a genotoxic effects in broiler chicks and cause 

a significant damage to the peripheral blood cells DNA and severe reduction in the 

polychromatic/polynormochromatic ratio of erythrocyte [5] 

Recently, many studies searched for reverse the harmful effects of aflatoxin in broiler using organic acids or 

other chemical additive [6, 7, 8], plant extracts [5, 9] and biological treatment [10, 11, 12 ].  
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Acetic acid is one of the important organic acids, which is a synthetic carboxylic acid (CH3COOH) 

responsible for the characteristic odor and sour taste of vinegar with antibacterial and antifungal properties [13]. 

Acetic acids have been used to decrease the growth of harmful fungi and reduce secretion of aflatoxins. In 

addition acetic acid have many properties on poultry health including good growth performance, decrease feed 

conversion ratios, and enhance hematological and pathological parameters through the detoxification of 

aflatoxin [6, 7]. 

The present study determines the influence of acetic acid against aflatoxin through many parameters include 

body weight, WBCsDC, H/L ratio and histopathology. 

 

MATERIAL AND METHOD 

 

Birds and housing: 

The experiment contains 150, one-day-old female broilers chicks Ross 308. The chicks were divided 

randomly into three equal groups (50 chicks each group).  

The experiment was conducted out in the poultry hall/department of pathology and avian diseases-College 

of Veterinary Medicine -University of Baghdad/Iraq. 

The poultry hall provided by continuous lighting system, clean wood shaving for floor covering and feed 

and water which were provided ad libitum.  

The experiment period extended to 35 days with complete hygiene conditions and full vaccination program. 

The feed was contaminated with aflatoxin at level (0.8ppm), which was measured by ELISA and HPLC 

methods [14]. 

 

Experimental design: 

The broilers chicks divided as following: 1st   group (n=50) fed on aflatoxin contaminated feed (0.8ppm). 

The 2nd  group (n=50) fed on aflatoxin contaminated feed (0.8ppm) and treated with acetic acid (concentration 

1.5%)  commercial product after dilution in drinking water (1 ml/L) (V/V). The 3rd  group (n=50) control 

negative (fed on ordinary uncontaminated diet). 

All chickens (except the 3rd group) were fed diet containing aflatoxin from 1-35 days old, the acetic acid 

was given through drinking water for all day of the experiment.  

 

Body weight: 

Ten randomly samples were weighed (live body weight) from each group at ages 15, 25 and 35 day olds. 

 

Blood samples: 

Blood samples were collected randomly from 10 chickens of each group at ages 15, 25 and 35 days old to 

measure WBCs DC (heterophils, lymphocytes, monocytes, eosinophils and basophils), also heterophil/ 

lymphocyte ratio (H/L ratio) were measured. Blood smear stained by Wright stain and examined under the 

microscope by calculating 100 different cells and taken the average of 10 samples for each group. 

 

Histopathology: 

Specimens for histopathology were obtained from 10 chicken of each group at 15, 25 and 30 days old in 

order to examine the pathological changes in thymus and Harderian gland. All specimens were processing and 

stained with Hematoxylin and Eosin stain and examined under the light microscope [15]. 

 

Statistic: 

All data were subjected to analysis of variance (ANOVA) to show compare insignificance by using least 

significant difference (Mean ± S.E.) [16]. 

 

RESULT AND DISCUSSION 

 

Body weight: 

The result (Table 1) showed a significant decrease (P<0.05) in body weight in the 1st group at 15, 25 and 35 

days old comparing with control group, while acetic acid treated group show an enhancement in body weight, 

but still significantly (P<0.05) low when comparing with the average of control group.  

 
Table 1: The effect of group and day in body weight  

Group 

Day  (gm) 

1st group 2nd group 3rd group 

15 306 ± 1.54    C c 370.2±4.65 C b 394.8 ± 6.68  C a 

25 732.4 ± 15.48 B b 991.3±21.15 B a 1011.6±10.55 B a 

35 1158.6±33.69 A c 1755.8±65.95 A b 1876.6±20.43 A a 
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The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 

The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 
 

The result was similar to earlier studies that referred to the harmful effect of aflatoxin and other fungal toxin 

(Ochratoxin) on general body performance and feed efficacy [17, 18], this may be contributed to appetite loss 

and metabolic disorders which lead to decrease in ability of metabolism of proteins, starches and fats [5].  

Whereas the acetic acid had a major role in enhancing the body weight, especially at 5 and 6 weeks of age [19]. 

Also some studies demonstrated that acetic acid had a significant effect to increase body weight, weight gain, 

improved feed conversion and increased villi height and crypt depth of small intestine [20], also the additives of 

organic acid (acetic acid) improved the live body weight because the addition of acetic acid to diets act on 

pepsinogen and convert it to pepsin and increased the activity of pepsin and improves protein digestibility in 

broiler chicks [21], while other study revealed reverse result in which acetic acid had non-significant effect on 

body weight [22]. In general, acetic acid in (10%) inhibited the toxic secretion of Aspergillus flavus and 

Penicillium purpurogenum through detoxification of aflatoxin [23]. 

 

White blood cells differential count (WBCsDC): 

The result of the heterophils count (Table 2) revealed that both 1st and 2nd groups showed a significant 

increase (P<0.05) in heterophils count at ages 15, 25 and 35 days old comparing with control group. 

 
Table 2: Heterophils count.  

Group 
Day (no.) 

1st group 2nd group 3rd group 

15 45.4 ± 0.21 B a 36 ± 1.79 B b 31.6 ± 1.44 A c 

25 44.2 ± 1.94 B a 42.8 ± 2.11 A a 25.2 ± 3.68 A b 

35 49 ± 1.73 A a 46.8 ± 0.97 A a 24.8 ± 3.49  A c 

The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 
The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 

The result of lymphocytes count (Table 3) revealed that both 1st and 2nd groups showed a significant decrease (P<0.05) in lymphocytes count 
at ages 15, 25 and 35 days old comparing with control group. 

 

Table 3: Lymphocytes count 

Group 
Day (no.) 

1st group 2nd group 3rd group 

15 42.4 ± 2.19 A c 52.2 ± 1.39 A b 60.2 ± 1.77 A  a 

25 43.8 ± 1.83 A b 45 ± 2.24 B b 62 ± 2.76 A  a 

35 37.4 ± 1.60 B b 39 ± 2.63  B b 60.2 ± 1.85 A  a 

The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 
The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 

 

The result of monocytes count (Table 4) showed that there is significant increase (P<0.05) in monocytes 

count in the control group at 25 and 35 day old comparing with 15 day old, while the 1st group show significant 

decrease (P<0.05) in monocytes count in 25 and 35 days old comparing with other groups, and the acetic acid 

treated group show non-significant changes comparing with control group.  

 
Table 4: Monocytes count  

Group 

Day (no.) 

1st group 2nd group 3rd group 

15 8.4 ± 0.75  A a 9.2 ± 0.49  B a 4.2 ± 0.20  B b 

25 7.2 ± 0.49  B b 7.6 ± 1.03  C a 9.4 ± 1.97  A a 
35 7.0 ± 0.45  B b 10.6 ± 1.33  A a 10.2 ± 0.56  A a 

The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 

The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 
 

The result of eosinophils count (Table 5) revealed that 1st group showed a significant decrease (P<0.05) in 

eosinophils count at ages 15, 25 and 35 day comparing with other groups, while the 2nd group showed non-

significant changes at age 25 and 35 days comparing with control group. 

 
Table 5: Eosinophils count 

Group 

Day (no.) 

1st group 2nd group 3rd group 

15 2 ± 0.37  A c 2.8 ± 0.21  C b 3.2 ± 0.37  A a 

25 2.2 ± 0.58  A b 3.6 ± 0.02  A a 3 ± 0.32   A a 

35 2.4 ± 0.24  A b 3.2 ± 0.37  B a 3.6 ± 0.51  A a 
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The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 

The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 

 

 Table 6 indicated the result of basophils count in which the 1st group showed a significant increase 

(P<0.05) at 15, 25 and 35 day old comparing with other groups, while the 2nd group showed showed significant 

changes (P<0.05)  only at 25 and 35 days old comparing with control group.  
 

Table 6: Basophils count. 

Group 
Day (no.) 

1st group 2nd group 3rd group 

15 1.8 ± 0.45  C a 1 ± 0.12  A b 0.8 ± 0.20  A b 
25 2.6 ± 0.40  B a 1 ± 0.18  A  b 0.4 ± 0.24  A c 

35 3.2 ± 0.37  A a 0.4 ± 0.24  B c 1.2 ± 0.37  A b 
The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 
The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 

 

The result of H/L ratio (Table 7) revealed that the 1st group showed significant increase (P<0.05) in this 

ratio at 15, 25 and 35 days old among other groups, followed by the 2nd group which is also showed a significant 

increase (P<0.05) in the ratio compared with control group. 
 

Table 7: The ratio of H/L count  

Group 
Day (no.) 

1st group 2nd group 3rd group 

15 1.07±0.08  B a 0.69 ± 0.04  C  b 0.52 ± 0.03  A c 

25 1.00±0.08  B a 0.95 ± 0.08  AB a 0.40 ± 0.07  A b 

35 1.29±0.09  A a 1.23 ± 0.05  A a 0.41 ± 0.06  A b 

The differences in small letters horizontally refer to the presence of significant value at (P<0.05). 

The differences in capital letters vertical refer to the presence of significant value at (P<0.05). 

The similar letters refer to no significant differences (P>0.05). 

 

The WBCsDC showed that aflatoxin had a significant effect on WBCs count at 15, 25 and 35 day old, 

similar results seen in chicks and mammalian (Merino rams) in which there is a significant decrease in 

lymphocytes, monocytes and eosinophils count and increase in the value of heterophils (neutrophils) count [24, 

25]. Treatment with acetic acid limiting these effects especially at 15 day old, but at 25 and 35 day acetic acid 

had minimum or no significant effects compared with the 1st group. These results agreed with earlier studies 

which suggested that supplementation of organic acids (acetic acid) had no significant difference on general 

blood constituents [26, 27]. However, supplementation of 0.2% protected organic acid led to increasing white 

blood cell and lymphocyte concentration in piglets [28]. 

 

Histopathology: 

The control group showed normal thymus (Fig.1) and Hrderian gland (Fig. 2). At 15 day old the 

histopathological changes demonstrating that in the 1st group there is mild depletion of the thymic lobules 

(Fig.3), while at 25 day old the thymus showed depletion of the thymus lobules and necrosis (Fig.4), at 35 day 

old in addition to the previous changes the thymus showed focal subcapsular granuloma consist of macrophages 

and epithelioid cells (Fig.5). The thymus in the 2nd group at 15 day old was normal (Fig.6), but at 25 days old 

there is mild depletion and necrosis (Fig.7) in thymus lobuels and an increase in the interlobular space. Finally, 

at 35 days old the depletion in thymus lobules is more prominent and necrosis of lymphoid tissue (Fig.8).  

The changes in Harderian gland in the 1st group at 15 day old represented by congestion of blood vessels 

and hyperplasia in the glandular epithelia (Fig.9), while at 25 day old the lesion showed focal aggregation of 

mononuclear cells and epithelioid cells in the interlobular space (Fig.10), also a proliferation of plasma cells and 

necrosis of ductal epithelia. After 35 day, the Harderian gland showed congestion, atrophy and necrosis of 

epithelia of glandular ducts (Fig.11). The lesion of Harderian glands in the 2nd group at 15 day old represented 

by severe congestion of blood vessels and focal area of hemorrhage (Fig.12), while the lesion at 25 days old the 

lesion showed infiltration of a large number of macrophages in the interstitial tissue and along the trabecular 

space (Fig.13), also congestion of blood vessels, hemorrhage, dilation of some tubules and hyperplasia of 

glandular epithelia.  At 35 day old the lesion characterized by hyperplasia in the epithelia of the alveoli of 

Harderian glands, also necrosis glandular epithelia (Fig.14). 
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Fig. 3: Thymus from the 1st group, 15day old showed mild 

depletion of the thymic lobules (H&E; StainX20) 

 

 
Fig. 5: Thymus form the 1st group, 35day old showed 

focal sub capsular granuloma (arrow) (H&E 

Stain; X10)                                                                

 

 
Fig. 6: Thymus form the 2nd group, 15 day old 

showed normal thymus (H&E Stain; X4) 

 
Fig. 4: Thymus form the 1st group, 25 day old showed 

necrosis (arrow) in thymes lobules (H&E Stain; 

X20) 

 
Fig. 1: Thymus from control group, at 35day old 

showed normal thymus   (H&E Stain; X4) 

 

 
Fig. 2: Harderian gland control group, at 35day old 

showed normal gland (H&E Stain; X4)                                          
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Fig. 8: Thymus form the 2nd group, 35 day old 

showed depletion and necrosis in thymes 

lobules (H&E Stain; X4) 

                                                               

 

 
Fig. 7: Thymus from the 2nd group, 25 day old 

showed depletion of the thymus lobules 

and necrosis (H&E: StainX4) 

 

 
Fig. 9: Harderian gland from the 1st group, 15day 

old showed hyperplasia in the glandular 

epithelia (arrow) (H&E Stain; X40)  

 

 
Fig. 10: Harderian gland from the 1st group, 25day 

old showed focal aggregation of 

mononuclear cells and epithelioed cells in 

the interlobular space (arrow) (H&E Stain; 

X10)                                          

 

 
Fig. 11: Harderian gland from the 1st group, 35day 

old showed congestion (arrow), atrophy 

and necrosis of epithelia of ducts glandules 

(arrow head) (H&E Stain; X10). 

 
Fig. 12: Harderian gland from the 2nd group, 

15day old showed congestion of blood 

vessels and hemorrhage (arrow) (H&E 

Stain; X4).                                          
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 The results of histopathological changes revealed that in the 1st group the lesions were most obvious in 

both thymus and Harderian gland among other groups and this contributed to the toxic effect of aflatoxin on 

body tissue, while the 2nd group show less pathological effect on thymus and Harderian gland and this indicated 

that acetic acid decreased the toxicity of aflatoxin. These results agreed with previous studies that showed 

aflatoxin (8ppb) lead to severe depletion of lymphoid tissue such as bursa of fabricius and spleen [29] and 

aflatoxin (50 µ/kg) revealed vacuolar degeneration and heterophils infiltration in other organ (liver) [30], while, 

contaminated feed contain 3 mg/Kg  aflatoxin lead to significant depletion in the bursa of fabricius and severe 

damage in the liver [31]. Depletion of thymus lobules may be due to that aflatoxin arrest cell cycle of thymus in 

G2M phase in dose dependent manner at 21 days old and perturbation of cell cycle in G0G1 phase at 42 day old, 

also increase percentage of apoptosis in lymphoid tissue [32] and increase the expression of caspase-3 in 

thymus, in addition aflatoxin stimulate apoptosis of thymocytes by death receptor pathway [33]  

Acetic acid reduced to a certain extent the histological changes in lymphoid tissue [29], and in other organs 

(liver and spleen) compared to the exposure to Salmonella pullorum challenge [7]. In addition, the additives of 

some organic acids (acetic acid and citric acid) improved the histopathological lesion in the intestine 

(amelioration in villus height and width) of broiler chicken exposed to aflatoxicosis [22]. Chicks fed on 

aflatoxin contaminated feed and treating by combination of  yeast extract 3% or acetic acid 3% or treating with 

wood vinegar showed a significant improvement in all altered parameters (body weight, immune response and 

pathological changes) due to detoxification effect of these material against aflatoxin [34,35]. 

In conclusion, aflatoxin (0.8ppm) in broiler feed cause decrease in body weight, changes in WBCsDC and 

sever damage to body tissues (thymus and Harderian gland). Diluted acetic acid (1.5%) in drinking water (1 

ml/L) (V/V) had a clear role in reducing the harmful effect of aflatoxin in chicks by enhancement of body 

weight, WBCsDC and limiting the pathological effects produced by aflatoxin. Thus, acetic acid as feed additive 

is safe and helps to reverse harmful effect of aflatoxin in broiler chicks. 
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