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Abstract

This study was conducted to investigate the effect of Chlorella vulgaris microalgae
extract with sodium bentonite on the performance, immune responses and blood
parameters of broiler chickens fed with aflatoxin-contaminated diet. The experiment
was conducted using 384 chicken pieces in a completely random design and were
divided into 6 experimental groups in 4 repetitions and 16 pieces in each repetition.
Experimental rations include: 1- negative control treatment (rations without aflatoxin);
2- Positive control treatment (rations contaminated with 0.5 mg/kg of aflatoxin); 3-
Healthy diet + Chlorella vulgaris extract (0.4 g/kg feed); 4- Contaminated diet +
chlorella extract (0.4 g/kg of feed); 5- Healthy diet + sodium bentonite (2 grams per
kilogram of feed); 6- Contaminated diet + sodium bentonite (2 grams per kilogram of
feed). In this study, functional parameters, hematological and immune parameters were
determined. The results of the research showed that the addition of bentonite and
chlorella food supplements to the basic diet in the final period did not affect weight gain
and feed consumption, but in the initial period of growth and the whole period improved
weight gain and feed consumption compared to the control group (p < 0.05). There was
no statistically significant difference between the control treatment and the aflatoxin
treatment in any of the experimental periods in the field of food conversion coefficient
(p < 0.05). Chickens fed with 0.4 g/kg of chlorella had the best performance in terms of
blood biochemical metabolites compared to other experimental treatments. Adding
chlorella supplement to the food diet compared to the control diet showed a positive and
significant effect on the antibody titer and the relative weight of the lymphatic organs (p
< 0.05), but bentonite did not showe a significant difference with the control in the
spleen, thymus, and bursa.
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Table 1. The composition and components of the ration in the initial, growth and final stages

Ration Components (percentage) Initial Growth Final
Corn 55.46 59.10 62.92
Soy Flour (43.8 percent) 36.30 31.92 27.51
Soy Oil 2 2.93 3.82
Fish Powder 2.5 2.5 2.5

Monocalcium Phosphate 1.27 1.21 1.10
Calcium Carbonate 1.20 1.11 0.98
Sodium Bbicarbonate 0.01 0.01 0.01
Choline 0.05 0.05 0.05
Salt 0.21 0.19 0.18
Mineral Supplement* 0.25 0.25 0.25
Vitamin Supplement? 0.25 0.25 0.25
D-L Methionine 0.26 0.25 0.21
L-lysine Hydrochloride 0.21 0.20 0.18
L-Threonine 0.03 0.03 0.04
Total 100 100 100

Composition of nutrients

Metabolizable energy (kcal/kg) 2925 3025 3125
Crude protein (g/kg) 223 203 186

Calcium (g/kg) 9.8 9.3 8.6

Available phosphorus (g/kg) 4.8 4.5 4.2

Digestible methionine (g/kg) 55 5.1 4.5

Digestible methionine + cysteine (g/kg) 8.5 7.9 7.25
Digestible lysine (g/kg) 11.5 10.5 9.4
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Digestible threonine (g/kg)
Digestible tryptophan (g/kg)

7.3
2.7

6.8
2.1

6.3
1.87
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Each kilogram of mineral supplements includes: 80 g of iron, 10 g of copper, 2 g of cobalt, 50 g of zinc, 60 g of
manganese, 1 g of iodine. *Each kilogram of vitamin supplements includes: 15000000 international units of vitamin

A, 1500000 international units of vitamin D3, 15000 international units of vitamin E, 3 grams of vitamin K3, 2 g of
vitamin B1, 4 g of vitamin B2, 3 g of vitamin B6, 015 0.0 g of vitamin B12, 2 g of niacin, 10 g of pantothenic acid, 1

g of folic acid, 250 g of choline, 100 g of selenium
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Table 2. Effect of different treatments on weight gain of broiler chickens

Breeding period Negative Positive Aflatoxin + Aflatoxin +
control control Chlorella Chlorella Bentonite Bentonite p SEM
(-Aflatoxin) (+Aflatoxin)
0-14 days old 271.07b 246.8d 288.2a 257.9bcd 270bc 257cd 0.002 0.39
15-28 days old 823a 651.76b 856.87a 817.28a 820a 679b 0.006 3.5
29-42 days old 1029.9 859.2 1061.3 970.4 1020 894 036 7.04
0-42 days old 2139 1753c 2176a 2039ab 2135a 1827bc 0.004 6.86

AP <o) kil e sl pme Dl Glls caysy s Coslite Loy > a-d

a-d: Different letters in each row have a significant difference (p < 0.05).

S Slhar s Shst G iae il bl Y o
Table 3. Effect of different treatments on feed consumption of broiler chickens

YoA



b‘)&.@.ﬁ K} s_é:.w deLnJ.:m N0V Sl N ENY )Le ;f".w a)La.:a ‘r.a:}sl.i JL 56)}5\? thCmd_')'

Breeding Negative Positive Aflatoxin + Aflatoxin +
i control control Chlorella Bentonite Bentonite SEM
period (-Aflatoxin)  (+Aflatoxin) Chiorella P

0-14 days old 435.9a 379.17c 400.18bc 387.50bc  434.06a 407.6b 0.0001 0.78

15-28 days old 1506a 1231160 1373.97ab 1400ab 1500a 1323ab 0.06 6.11
29-42 days old 2237.2 2202.2 1988.7 2068.4 2240.1 2009 084 17.72
0-42 days old 4157 4a 3485.2b 37413b 3802.5b 4160a 3747b 0.002 9.22

SIS Slaar s oMe fd s e glasles - Jsar
Table 4. Effect of different treatments on food conversion ratio of broilers

Bre'eding Negative Positive Aflatoxin + ) Aflatoxi_n +

period control control Chlorella Chlorella Bentonite Bentonite p SEM
(-Aflatoxin)  (+Aflatoxin)

0-14 days old 1.60a 1.53ab 1.39b 1.49ab 1.60a 1.58a 0.04 0.004

15-28 days old 1.83 1.90 1.60 171 1.82 1.94 0.24  0.009

29-42 days old 2.19 2.56 1.87 2.18 2.20 2.24 0.48 0.02

0-42 days old 1.93ab 1.98a 1.72b 1.87ab 1.94ab 2.04a 0.09 0.006
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Table 5. The effect of different treatments on blood biochemical parameters of broiler chickens

Breeding period Negative Positive Aflatoxin Aflaioxin

controll controll Chlorella + Bentonite Bentonite p SEM

(-Aflatoxin) (+Aflatoxin0 Chlorella

Glucose (mg/dL) 205b 185d 225a 200bc 206b 192cd 0.001 0.42
Urea (mg/dL) 3.45 3.85 3.2 351 3.45 3.7 0.46  0.02
Cholesterol (mg/dL) 135a 126ab 123b 122b 134a 129ab 0.02 0.33
Triglycerides (mg/dL) 62a 54bc 53bc 47¢ 60ab 56ab 0.005 0.26
HDL (mg/dL) 55ab 51b 59ab 60a 56ab 59ab 021 0.29
LDL (mg/dL) 64a 60abc 54bc 52¢ 63ab 57abc 004 031
Total protein (g/dL) 4.12ab 3.80b 5.10a 4.17ab 4.10ab 4.00b 0.15 0.03
Albumin (g/dL) 2.43 232 2.62 241 2.55 2.38 0.38 0.01
AST (U/L) 352cd 387a 349d 361bc 350cd 370b 0.0001 0.41
ALT (U/L) 4.00c 5.33b 4.33c 4.67bc 4.25¢c 6.13a 0.0001  0.02
GGT (U/L) 21 22.50 20.60 21.50 21.20 22.15 092 0.14
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Table 6. The effect of different treatments on the immune system of broilers
oreane Negative_control I?:?)iittigf Chlorella AfIaJtroxin Bentonite AﬂaJtrO)fm p SEM
(Aflatoxin-free) (aflatoxin) Chlorella bentonite

SRBC 5.5b 3.42e 7.12a 4.80bc 4.62cd 3.87de 025 0.03
Spleen 0.15abc 0.18a 0.11c 0.14bc 0.13bc 0.16ab 0.02 0.001
Thymus 0.75ab 0.56d 0.81a 0.64cd 0.78ab 0.12de  0.001 0.002
Bursa 0.18ab 0.09e 0.21a 0.14cd 0.16bc 0.12de  0.001 0.001
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