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ABSTRACT

The experiment was carried out to investigate the effect of aluminum silicate (AS), humic acid (HA), Saccharomyces
cerevisiae cell wall (SC), herbal powder (HP) and a commercial toxin binder to alleviate the effects of aflatoxin B1
(AFB1) in broiler diet. In this experiment we used 320 day old chicks in a completely randomized design with 8
treatments and 4 replications, and 10 birds in each replicate, from 7 to 28 days of age. Experimental treatments were:
1) negative control (NC; without AFB1), 2) positive control (PC; contaminated by 0.3 mg AFB1 / kg diet), 3) PC +
AS, 4) PC + AS + HA, 5) PC + AS + SC, 6) PC + AS + HA + SC, 7) PC + Magnotox as a commercial binder and 8)
PC + HP. Feeding AFB1 contaminated diet reduced broiler performance, increased relative weights of liver, heart,
pancreas and reduced serum albumin, total protein and glucose concentrations (P <0.05). Inclusion of AS in PC diet
individually improved the negative effects of AFB1. However, supplementation of SC boosted AS effects, HA
supplementation was rarely effective. Finally, it can be concluded that the combination of AS + SC has the highest
adsorbing ability of AFB1.

Keywords: Aflatoxin B1, Aluminum silicate, Broilers, Humic acid, Yeast cell wall.

* Corresponding author E-mail: mmohiti@guilan.ac.ir



v e9S Gaz g sauS slaasiulyd g0 Slee  alize s> )LJ o) e g ,8le,b Yy

Cigin BaolSolmgioagll wiile 0y 0 (Giie
O o Sergd Sl et (Jobe 0)lnd (o
Rl g (S T L Jlasl gz Cdspn 9 Jlub
5 eolitul wsbige 5)lsS ows 5l T i
SO P 1| BV AN | SUC = L SCH LN WS VoSN |
CodsS (g5l 5 oeign 5l eslaiul eajl wlg e
Parizadian-) oes sgue |, 95 slaaswl,d g aiy
s yoze Jolw o)les (Kavan et al., 2015
sy Shed Gpan B gy Gl
3N o Uiy O g P sleaniul B
Aravind ) sgd oo b S M8 4 005)l (slaaz s>
slse (et al., 2003; Raju & Devegowda, 2000
5 et oS s placd SLS 5 Sease
Sl (b 53 S s s 5 (LS Sy a0
ool L(Islam et al., 2005) wilowss o dgs (soleis
Gl @YU Uy 5l Sengen sl a5 cel o
Slge 4 Somnd g Canl 1093 5 S ST L JL]
LoJsl e Gige @bl Ss oib
s e 0 (ke Slse a5 918 S 0]
3 Bae ol sl (van Rensburg et al., 2006) sq.
S5 s eslitul Gl gy ol g
ol Jols S Ml ouiS3game 5 3l Slge
Sl s Jobo o)y 5 SSabsgiagll i Soagen
bl 5 o8les n e ol e BT talS

Lol 009y (565 (sloazg>

by w9y 9 3lg0
Se VA ) g G039, (b5 slaazgx
5 Sl S ol o (dowe )8 oiS ez s
3 sl GSLYY o o leSy jsbas ooy 5l
NS oAl (55,5laS” oaSiils el Byen
oo s o Ghaleil e Ul ad mig
ook B 5 heSar g askd YV olaws L YAV
Ve LSS a5 s S5 F g sles AL sl SIS
azg> a0 ploxil (Sie, VALY s 5l oaiyy askad
ledy; Wl yen cor el sl o,
e ol 5l om0 sl YE 050 @ sl 55, 50
9 &b 2l piie 59, B 5o aled o (SBsels el

400

s &5 2t (256 g (o5 LS gD
Ngd oo (555lS DYgame 5 (Sys5 olse ( Sogll
S Caoww JJoas (Ramos & Hernandez, 1996)
P Sas 2 oSl 00 S £and g ok
SIS e e () 00)3 Al ogad 4 D
Sl 0351 392900 (2B pgens dsm m yo |,
Loy i oS8T (Stanley et al., 1993)
sl 5 ossdlS osliipn] ()8 G55 g0
g8 WA 05St 4z 51 gl oo 0y s jliL
Lis Jy ol oud glolid (oSO Gilise
Slsieas G2 5 GL B2 Bl gla iy 55l
ool aseis oldé olge oxnd (slvoaiiSesl
295 Ol oS5 Gso B S 5T 5 wiloas
# Loy s o oS5 S oS wdbee
2 0o S5l R el )5l sl I (g ks
sbles 5 Splt b & LSl oy ns
OB S Syas gl oSl oo oo 2 ol
S ST @ 0091 g S1ie5 Slge (L)
Neeffetal., ) coul ST las 55 € opsd g oS wibe
Joos L gelaws (FDA) o)l 5 13 5lojle (2013
PSS 55 p)555Sen Yo 1) yoeb 0z 55 (S 3
S M1 (Aravind et al., 2003) ol oogei el
o 8bos e sloaslis plod 6510k T s
Sher 033 5 Shez SBrae o (39 Jold ol
Bl S M1 Bu plail 0uS™ (Hoerr, 2003) g8 o
ol (Neeff et al., 2013) col =isS sbazg> jo
905 M S g S K v (B e
Plocadl g 5 05 Jols (5500 Koo Sy
(Shannon et al., 2016) 55 0 (59 y20 § s0S il
@ by it Glagy gle 25 ok glaw )0
goi g 355 oz Srl peddslie 5 655 Wy
o] s CBlis g Slind] o Sl 25T lailone
Yarru ) b oo Lials Bl o nSedl GBpas 5l o

(etal., 2009
She> dlys 3 (7B pgems LSh Holaieas
ISy el ons sslinal SsSUsS claps,
Sl bS5l eslitul lojew slaghs)



Sl a0 /0 + OIS giog)] duoys 1D +Euie
oy D e sl (0 (Segur
(F yodeo ok o)l50 2oy /) + Ol Lwgingl|
2o ,8 10+ mginag)T duo o ¢ /D +iuie aal
(VY edee Jolo 0)lged oy o)) +Sogun o]
Gobs ol S g sy /Y rouie wals
PLS 0 do o oY i bl (A (S 9i9i%e
(b5 sl syl 0ie 2lee plail s5l)
D335y (Sglae Comsd &y Gz )d Cenngy 5 (5505,
B Ghax ohey 3l Bl Sl adg ol
A 035 0 0 7 saails 4, Aspergillus flavus
51 A flavus RS gl pmnSss alas jolaie o
9 OlalS eaSimgh (65,9laS 095 7,8 (ygenSIS
A Agd S S ol Rils agl slge

ab Jleel Siey YA b bgels el ¥ s
Sjls b @l Lsw allbws 5 )3 4l » oy
on sleal, azyiy 3 ead Aoy gl
3l 0)90 aw LB o Ll g (5SS (slaazg
YA-Y0) (Sbl 5 (F59,7F -VV) s, (59,00 =)
520 Jgaz) a8 S 18 laazg L3S )8 (S,
5 gl Glilgl (fws 5,55l Sy St eSS
plai 5o baazszr 5 bl S5z Jed 5y9%0] U3 4w
ST bt Sl 5 sl T & il s
R PR
o) e als (V :els ciolejl slo,les
Sote wali (V (G ol (538 (o aly
(¥ BLomS T o S5LS ) 0,5 oo /Y (s551>)
aols (F (Oldew gyl duo o < /0 +iuie dali

Sbb gl (uslel sloo,go 0 Al sloe x>  olond cuS 5 g oo LSid gli>l ) Jgax
Table 1. Ingredients and chemical composition of the basal diets in starter, grower and finisher phases

I dient % Diet

ngredients Starter (0-10d) Grower (11-24d) Finisher (25-28d)
Corn 53.15 54.98 58.76
Soybean meal 39.80 38.26 33.56
Soybean oil 1.28 2.79 3.98
Corn gluten meal 1.30 - -
Calcium carbonate 0.98 0.90 0.83
Dicalcium phosphate 2.06 1.83 1.65
Sodium chloride 0.27 0.27 0.26
Sodium bicarbonate 0.11 0.12 0.13
L-Threonine 0.11 0.06 0.05
DL-Methionine 0.31 0.27 0.25
L-Lysine HCI 0.13 0.03 0.04
Vitamin and mineral premix 0.50 0.50 0.50
Chemical composition
Metabolizable energy (kcal/kg) 2850 2950 3050
Crude protein (%) 21.85 20.46 18.77
Digestible arginine (%) 1.32 1.26 1.14
Digestible lysine (%) 1.22 1.09 0.99
Digestible methionine (%) 0.61 0.55 0.51
Digestible methionine+cysteine (%) 0.90 0.83 0.77
Digestible threonine (%) 0.94 0.84 0.77
Calcium (%) 0.96 0.87 0.79
Auvailable phosphorous (%) 0.48 0.44 0.39
Potassium (%) 1.00 0.97 0.88
Chlorine (%) 0.23 0.21 0.21
Sodium (%) 0.15 0.15 0.15
Anion-cation balance (mEqg/kg) 256 254 233
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* Vitamin premix provided the following per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 5000 1U; vitamin E, 45 IU; vitamin K3, 3 mg;
vitamin B1, 3 mg; vitamin B2, 9 mg; vitamin B3, 10 mg; vitamin B5, 30 mg; vitamin B6, 4 mg; vitamin B9, 2 mg; vitamin B12, 0.02 mg; vitamin H,
0.1 mg and choline chloride, 1000 mg.
** Mineral premix p provided the following per kilogram of diet: iron, 55 mg; manganese, 120 mg; zinc, 100 mg; copper, 16 mg; iodine, 1.3 mg;
selenium, 0.3 mg.
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Table 2. Effects of experimental treatments on performance parameters of broilers

7-14d 15-21d 22-28d
Treatments BWG  ADFI FCR BWG ADFI FCR BWG ADFI FCR
(g/d) (g/d) (9/9) (g/d) (g/d) (9/9) (g/d) (9/d) (g9)

NC” 355 4856 1.40 65.1° 96.2° 1.50" 87.3 1437 1.60°
PC? 326 455 1.47 54.3% 86.6™ 167° 80.7 136.7 1.74®
PC+AS® 355 483 141 55.5% 92.3® 1.60" 815 139.9 173"
PC+AS+HA" 336 47.8 1.46 55.5% 93.7% 1.66° 84.6 140.5 1.66%
PC+AS+SC® 36.1 49.0 1.38 64.1% 95.4% 1.48° 86.3 142.7 1.66"
PC+AS+HA+SC 332 47.2 1.42 56.5 90.9® 158" 88.4 1428 158"
PC-+Magnotox 34.0 48.6 1.43 57.0° 93.1% 163" 83.1 138.4 1.64°
PC+HP® 331 46.4 1.41 52.0° 83.7° 1.66° 77.1 137.7 1.76°
SEM 0.49 0.48 0.011 1.16 1.07 0.016 1.03 1.88 0.016
P-value 053  0.607 0499 0.024 0.023 0.004 0.081 0.382 0.017
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1) Negative control: basal diet without aflatoxin, 2) Positive control: basal diet contaminated with aflatoxin, 3) AS: Aluminum silicate, 4) HA: Humic
acid, 5) SC: Saccharomyces cerevisiae, 6) HP: Herbal powder.
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Table 3. Effects of experimental treatments on performance parameters of broilers (7-28d)

Treatments BW,s (9) BWG-.55 (9/d) ADFl;.5 (g/d) FCR7.25 (9/9)
NCT 1455° 61.1° 96.2° 1.57
PC? 1336° 54.4° 89.6" 1.65
PC+AS® 1423° 59.7%* 93.4™ 1.56
PC+AS+HA" 1366° 56.7%° 94.0™° 1.66
PC+AS+SC® 1442° 60.1%° 95.7* 1.59
PC+AS+HA+SC 1371° 57.2® 93.6™* 1.63
PC+Magnotox 1373° 57.2% 93.3%° 1.63
PC +HP® 1339° 55.8 89.2° 1.60
SEM 11.7 0.56 0.59 0.013
P-value 0.040 0.016 0.008 0.535
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1) Negative control: basal diet without aflatoxin, 2) Positive control: basal diet contaminated with aflatoxin, 3) AS: Aluminum silicate, 4) HA: Humic
acid, 5) SC: Saccharomyces cerevisiae, 6) HP: Herbal powder.
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Table 4. Effects of experimental treatments on internal organs relative weight (%) of broilers at 28 days of age

Treatments Heart Spleen Gizzard Proventriculus Pancreas Bursa of Fabricius
NC? 0.55° 0.11 1.88 053 0.34° 0.34
pC? 0.70° 0.14 2.25 0.59 0.45°% 0.21
PC+AS? 0.62%* 0.12 217 0.61 0.35%® 0.24
PC+AS+HA? 0.59%® 0.13 2.08 0.57 0.37%® 0.24
PC+AS+SC® 0.62%* 0.11 2.13 0.54 0.35%® 0.22
PC+AS+HA+SC 0.56° 0.13 212 0.53 0.40% 0.24
PC+Magnotox 0.59%® 0.12 1.89 0.59 0.35%® 0.22
PC+HP® 0.60%® 0.12 1.88 0.55 0.34° 0.22
SEM 0.010 0.002 0.038 0.011 0.009 0.013
P-value 0.013 0.087 0.169 0.479 0.023 0.280
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1) Negative control: basal diet without aflatoxin, 2) Positive control: basal diet contaminated with aflatoxin, 3) AS: Aluminum silicate, 4) HA: Humic

acid, 5) SC: Saccharomyces cerevisiae, 6) HP: Herbal powder.
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Table 5. Effects of experimental treatments on liver relative weight (%), fat, color and lesion score of broilers at 28

days of age
Treatments . . - - - -
% Liver weight % Liver fat Liver color score Liver lesion score
NC! 2.33° 10.80° 1.75° 1.75
pC? 2.66° 13.65° 4.00° 250
PC+AS® 2.46% 12.20® 3.00® 2.25
PC+AS+HA* 2.44%° 12.10® 3.25% 2.00
PC+AS+SC® 2.56% 11.77%® 1.75° 1.75
PC+AS+HA+SC 2.37° 11.47%® 3.00® 2.25
PC+Magnotox 2.45% 12.17%® 3.25% 1.75
PC+HP® 2.47% 11.55%® 425 1.50
SEM 0.024 0.213 0.231 0.138
P-value 0.011 0.045 0.033 0.671
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1) Negative control: basal diet without aflatoxin, 2) Positive control: basal diet contaminated with aflatoxin, 3) AS: Aluminum silicate, 4) HA: Humic
acid, 5) SC: Saccharomyces cerevisiae, 6) HP: Herbal powder.
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Figure 1. Comparison of liver color in different experimental treatments (T,-Tg)
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Table 6. Effects of experimental treatments on blood parameters of broilers at 28 days of age

Treatments Glucose (mg/dL) Total protein (mg/dL) Albumin (mg/dL)
NC? 195.9% 5.98° 1.52°
PC? 180.5° 5.08% 1.14°
PC+AS® 188.9% 5.70% 1.24®
PC+AS+HA* 183.3% 5.69% 1.26®
PC+AS+SC® 184.7% 5.29% 1.42%®
PC+AS+HA+SC 185.1% 5.37% 1.27%®
PC+Magnotox 188.4* 5.26% 1.30%®
PC+HP® 197.1° 493" 1.24%®
SEM 1.481 0.136 0.029
P-value 0.007 0.019 0.018
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1) Negative control: basal diet without aflatoxin, 2) Positive control: basal diet contaminated with aflatoxin, 3) AS: Aluminum silicate, 4) HA: Humic
acid, 5) SC: Saccharomyces cerevisiae, 6) HP: Herbal powder.

7 T8

(T b T1) ciolo;l calises slo Lo jo oS b 9Ky ,Soe dumlie Y JSi
Figure 2. Microscopic comparison of liver tissue in different experimental treatments (T;-Tg)
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