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Comparative effect of toxin binders on in vitro trace minerals absorption and
their serum concentration in Baluchi lamb
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Abstract

The aim of this study was to investigate the effect of bentonite, kaolin and activated carbon on the absorption of Cu, Fe and Mn by in vitro and in vivo
methods in Baluchi lambs. In vitro experiment, the binders effect on the minerals absorption was investigated in a completely randomized design with
factor arrangement with standard solutions of Cu, Fe and Mn with concentrations of 7, 20 and 30 mg/l, respectively, four levels of binders (no binders,
10, 20 and 40 g/l) and three pHs 5.5, 6.4 and 7.5 and incubation for 60 min. In vivo experiment, bentonite, kaolin and activated carbon including 0, 10
and 20 g/kg DM were added to diet of 36 fattening lambs (6-7 months) for 90d in a completely randomized design. Feed intake, weight gain and
blood and wool concentration of Cu, Fe and Mn were measured on 0, 45 and 90d. In vitro experiment, activated carbon had the highest and kaolin had
the lowest mineral absorption by increasing binders levels and pH (P<0.05). In vivo experiment, the effect of treatments on feed intake, body weight,
weight gain, feed conversion ratio and blood and wool concentration of Fe were not significant. The concentration of Cu and Mn in the blood and wool
in lambs fed with binder were lower than control treatment (P<0.05). In general, the use of binders, especially activated carbon at low concentrations,
causes less absorption of minerals. In vitro methods can be used to select binders instead of animal experiments.

Keywords: Asorption, Bioavailability, Feed additives, Micronutrients, Wool.

Email: hfathi@birjand.ac.ir J s o 55 %



644;’”0"“’“‘)’&"“)’ Upbed (i (P g dosna S0 28Us Ls,

il dos iy Sl eslinal &S ol el S
(e cSas pole SUls g e 28 e s Sl
Skl alS Case s gl Dl | 5K 5 ol
R s s s IS od8aus 53 0T i
D333 N 0 28 O a3l 5 St e
s oAl e e g o e 6 Jlb S
DIV 5V Y] spi e ol lases 5l ole opl B>
S oo SLOg Gbls ol e 4 S5 0358
2> S sl il Sl e e 5 5K ol
hls Ll boslr (s, sba V] 555 0 LS pH
22 e SYob sl slml e ges UYL Jlal LB
“ol VT S 5 i 5 (e S5 ol U5 Oy
0L slagdiae sy il 3 510 pde 5 SU L cla
L] Al axsls

s il el s Olas ole L bagdies,
b sl p i gl 5 Lsls sl 0l Slle
Slagle Sl —ol ale Jaim alas 3l Laplil oo
A2l o e hae oLl 5 b e On
ot 55 s oAl e pols S ol sl Gasia
S U S5 e 0 S sobe Sl
umj 3 Skt ¢ S s LSS5 55 e V4]
Ldj}vs o ge ol 39S 5 3)ls R Lab,
Sl (bl (Sl Gl lbmal (hns Al
Sl ol ssbie s Sy i s o s e
Sl Gl 05 S pen 5 w5l 5 s 2 Shes
S3ledlad 3 S s e G5 eS ol Of 35S
SVl el O 3508 5 3l 25 0k slag sl
3l Clas JRalS 5 gk Shals 1S sl
D] 358 0 aedl s umgi 5

A e glailr Sl e 28 eslital sl

‘QKJ.;;S)\);L:.J o pr 3 Jled u"JS 9 u)jts “;.f}:.;

400
she Ol Lals s Ol @b s s, u-ii
5o 3 e ol 2055 3 S b B e e
e Ol sle Sl eslial (als Y sama
DYT i Sy 5o b 08 5 A6 (i
S dzea Vo J S50 035 L SLS 5 il oS S
Gl Pl s 52 e 20l p e Al e
Sl — oSS por 5 ea gl o 3
ot e Al o se amitne 5 LIS shs p e 5 )b
gl G e da“ [ sl Olse glacsl s £ 3o
Slom 655 5 olilsy s O3l g any DS S
(G Sz 5 b glasl baop BLLLS 3 OLSL)
Sloo gt [V] Sl ol 2158 o, Aoy Y-0 s
A 5 o5 S S e sl o
S Il Ve b s a4y Sy o o b o
s plp 53 ookl wdlie ol sl Lot
© ol el (Kb Sl bl oled
5o b esle a1y OF Olgzr L3 Olsl3 iy 5 3Lk
6Lar.z.mc.ﬂ 3 smee as )8 5l aws o3 gde (Sl
OS5 ol DT ol o35 L Glasy e 5 (oo n
S oo S Ll b plajltle 0o glasl Lo
sl Jlasl s b jobe bossr SO S SL Ossad ot
Coale JA] S o ol O s S ol 535
Sl e sl Gdse Ol S5 sk e
ol ol Sl s Ol Pl 53 Cslis 5 St
Spe amys 5 Shst Gae dilge & 3580
B o 1 OB s 5lisspe sie 3lse 3Ly
Slie il LS sl Ol e IV] das Ll
M 15 g on 2b5 58 Ao o 3 3l
et s Ll e &8 il gy Sl i gaol

INT o 5 038 15 5

Syels

Y44 Sl m ¥ oylei m YY 6,90

Yo



ok ep 53 LU o Sl 5 ARG LST bl pd 55 B paanS das slge Ol p s sl glamlis S

R = (CO — Ce)/CO x 100 (O da,

chle G e ol doys R oaly opl 53 &S
Sl Gdae 2o olg bl Co 5l

S5 5 e ey YN slam L S50s,s Siles
b b e 03 0SS TAEY 055 o Sle L sk
S s s alas jsba 5 obnl Sale s
(Sl o3 Furd Sl Gl HAS 55 604
5 OslanSly Ll ke 5 ilig dlesl 4dS
Golon o 5 A3 el Sl gla o 3 O, 55
Pl b o LS Ao Ve s wigle s £ (sl
(The Small Ruminant Nutrition System) SRNS
L& o5 CNCPS Sheep versionl. S aseud) e S
s e 4 03558 Gl 3l Jlade (Y Jsa)
A e SAS s e S 5V ol slee s
A a S

D3 S el bl ey Jsb
Lo s A3STy e 5g (6 Sasad )40 5 S pdbinle
2 s 53 Wl e s bl LIS o e

Sjjyﬁtﬁf@‘f@pﬁ)@&whubb

STSRAN

Al LT s s s Sy 5l deys e by
Sl iy tws Of @ 3l] O gt Sl
53 S Oy goas o 035 5 a3y S pon Sas
380 Caw glasay 53 (o, Sesll ibesleyss Jsb
sdey S| 5l am cole Sl il oyss A
S0 25 gl Sl b 5 ey Sl e
53 5 Yo Ldids Vv Sl 0 sl sal LS
wps Ol U oalol> e 5 A 5o il cadds
S b amys =T gl boSpp 053 glerdse
03 3 5 ol e e Blpe ShlE LS (IS
J) o3l Dl il oSy dowse O p

A 5,5 eI (0Ll L ContrAA 700

S s s e o i b0l
ey ol 5y adlllas pl bl sl aallas FeS
dapls Cds 5 W5 50 bgdanyy Conal & ax 5 L
Sy addlae ol Sl Gy e e (55,0
ShB oy Jes S A s gl
Srobe Olgen 55 5 oAl (e polis gl By

BSs 55035 5 S0sp il s 53 6ol e 0> Caeall

b 5959 3Mg0
5 B ol 2kl Sl . S05 5 Sl
S e Sk T 5 Y (s e glac Bl Ll
S S e Slsn slae o s 0T ke 4 e 5
Lo dls sy o 55 Jseme jba 5 obe ) S
Lsdpe 0333l 2MHE o 4 Gdas oy JoSe Ul ey
31kl Jshes pH 2ol orh pl 3 s eslizd
ooy ilises glacand PH Sl 4 a5 L 1) e
(ol Dslite Sdre Sobe Cde PH o3 sde 5 Jio1S
o en ol Sl PH) VE (anSs pH) 0/0 L il
Sl s ad S L 53 (S 58 e35, PH) VIO 5 (550
3 Vs ) SIS A 5l Jglees pH s
PH @l 5l dny s ealizal Ve +/0) ol LS5 58
Jleb 15 5 IS (s Jals 3l S 3 abolisl
Skl Jgloes & 2 s (.Jfb PARNALIFC SR s
533 Y00 ekasOlSS Sl eslizad b s A wlsl des ol
538 13 Kbl gles s adds Ve Sdeay (i35 3
0313 Oloy Lad shoms 4 bl ly3 ndias (gl 4ids Y
Al e olie Clle 0 Ol bad ghws OLL 3 .0
o il oSy st g Jsbe 3 580
L (5 Seslul (Ol ol CONtrAA 700 Jus) sl
Vabaly S eslinad b Gdse ole Sl deys [VE]

Syels

A48 Ol m ¥ o ledm YY o 90

Yo\



‘5-\.gbuuw>u;)9~.<~h) Upbed (i (P g dosna S0 28Us Ls,

(S o3le bl p) 2ale3T 55 eslizuls ) ge 4l o (sdie 5190 5 oS 5 ) J g

bt OS5 L2, Sl el
48/Y (ho)s) S o3l YO Sl ao
Y/EA (¢ FHS 2 GISKS) g s b6 (5551 0 p LS ols
Ve/¢ (S5 ol dw)3) o5 o5y EV/E o &l
£4/Y (K obe A 33) (G yud pb GBS )det g S ) pAE o s
ANrAY (i3 osle dp)3) (25 ol s s Jglonall SUI V/0 L gw dlS
v/e (SKis 0als dpy3) (ool 0y 98 55 Jglomall BUII 4V Ses
Y/0 (Kiz o3l do)3) 5l ojlas /Y b Ol S
VA (S5 03l do3) S 4/0 * el oo
/¥ (K 03ls dzy3) joud
VYA (S5 03l 40 )3) o 50
£10Y/0 (K sl p SAS 5 p S ) o
¥ /A (S5 03ls p S oS 05 o) oo
£\oY/0 (i ol p S S 5 p Sbe) 580 Voe Js
22 Madlog A1y YO 5 s IS S S kS 5o Ml dmly Yerre sy 0 SIS 5o Ml doly Neeeee N

XRF ol 3 sslizad b basodlr sdias W25 (55!
Sl Siass S ,e s (s csle PWI410 Jus)
S gty 3l 53 (Y Jd) A (6, o3l (3 A s
S g s 0 FYL S 4 Cod ks Ao
3 g1 s o e alasl 3 eddeslind

5 S0, sl Jabsl 5l edkeloisa glaesls
VY s (Y00 Y) SAS (g bl Sl5dle 5 o 505,
Ll Sle 5 4 (1) 5 (1) gla Jis sl 5 &
g2 3 S s e 53 el S (S5 0050 5l esliad
LA sl sy
Yij = p+ArtpHi+H(ApH) e (Y) alasl
Yij=p+ T +e (") alal,

(JS Sl i tedalin o i Y Lalss ol s
Jlee S (ApH); pH 5 pHj cOdlr # w1 A
sl I @i 5 Dles AT PH 5 O3 S5 o

RV

JspsS5 oSS

e cody Gdme slge Clle (S eIl s,
53 Ol ol 52 Sl iy gl 2 ST
5 Sasleer (Glesl ey v 5 80 i sl
sl gl Sy glaans s Bl o) son
S8 b aom s =Y glas 53 558 s3 a0l U g
JH1s 3 bedses Il sl nl lp a0
w0335 Dl 5 Ol b (s s YO I (ke
Vi Sdew ol S ol am s V00 gles s aned L
Gk i pdae sl e LS S cele
(n Aol oSS (gl S (Sl s Sl s
5 Al Sz sl Jolee SO iy 2 S /8
By e Sdads S 4 93 s L O35 denST
(58 55 s St s 3LS sl e WY gles s
2 ey 3R s e pole CBL e
ContrAA  Jue) 31 Cde cw_ua s sy J sle
[8] s & Seslhl (OWIT L 700

Syels

A48 Ol m ¥ o ledm YY o 90

Yoy



ok ep 53 LU o Sl 5 ARG LST bl pd 55 B paanS das slge Ol p s sl glamlis S

(42 33) XRF 5361 bl iala3l 55 esliiuls ;o (slacsila sins fois (ol (st ) oloand oS 5 Y Jpur

Al e epls mde S el S 58S ad mrie el ke P

VIV - VU VAY Y AY - VYO e VAY AVVEA el o g
VA - A R R Y. 2 AR VX - VAY XY g0 WM ovhe BEY
VY e Y R S R R S TR VN 0, ) Jb o5

4 0 sy pH 5 sy 44/0Y 5 YVE Bl LS S
IVl s, caa (NU pH s s s 44788 5 VA/0
eddplol Sl 5 il sl e mls SN,
St s N ds S b s e S 25t
o313l BLE| (sdenl Sl SLapH s ol ST [4]
b D e (LB GlapH s (S sbe
Ce 0L bl &8 el ol nlal o)ls i
e Sl S Gl o, Sl ol
Sobsa sde O3 ol mhe 5 (3l Gl
Ob ol slaws Al s pH 50580 L s
SO ¢l s O 5 05 om el (i
Sk M sl 5 SRl Gl
Laodl- ol 5s Sdae ladlST 54 ).<ﬁ> < b
Kl oo 1y 5l lad s ol Gl ) il Ll
OH 5 H" Jle slaes S bl 5 ol s 35 513 L
[TE] tins s il el
e L e L ]
I e T ]
Cj'la'” 33 Gl ol eals QLIS (0) Jad gs Jled
Slin w3 b pH L8 L ol e
e sl 53 e o e 5 8L Il 5L
(P<e/r0) @il rals pH il b Jls oS
Slee Al o andlles ) e £ o slaodls e

o g ml
Oljen 2l L 58 5 ol ol Dlor Ol
Golsgme Hsba (D3l g Sl RO 0) s
daly mer s (T Jds P<e/r0) C3l
Gl IS b e S B S et 1S
Olse Sl nl b sl (Ko OF IS o cm b
Sl O Jlisay 5 O3l e il Clea Sl
5 S oy il LUls &Sl Jl sl
IYF] s 1ls 1 oF gslulas

(3l g5 5 e o sls QL pH
PH G2l b 58 5 ool sl o il
(Edsdes P</00) Cib alBl (ol gae sba
PH) V/o Ll pH s Ol Ol o 5VL aS(g, sba
22 e Jolo S iSTy loee PH S cdalin (o)
Jbs sk slels Sl sl ol gl
Oz e Gl ol PH S o b L3l e
3 dse 53 B pled ol Ble s 4 B e
L dlasl s oS ile laos S Osnlsis Cunss
Ll ol Il (Ko das o 3 G0 o
by 38 5 ol (e Dl L dal) g2 oS Sl
L0007 505 Slstan ol s plonil s slail

I R e
55 D] e snd 518 YL glapH s (I
oS e ol s S ol des slasllls

Syels

A48 Ol m ¥ o ledm YY o 90

Yoy



G (e K5 O glad (g (P ez ¢ Kl S0 s

(40 39) (5032 Bl 33 I 15 5 SIS i Sasiler B Gidas polis ey 3l et ool 31 T g

c}a..- ol g
P-value SEM S3 S, S s .
o3l

o/ VA AY/20% AY/AN? AV/oY? e

/e v 4¥/04% 4/AY? AV/AFR ol e g

/o \IVE 0a/vy? 0/85” 00/+Y° K

o YAy A 1r/0y? A -

o/ ¥ AW A /YY? va/g® oAl R

s YA gA/in? £v/Ya? £1/A8° &

o/ ¥/9A ov/av? ov/? EA/ Y ™

0 WY a0/A0° a0/v1P a8/YA oal Jus o S

s i1 a1/48? q0/+4° ar/v\° &

o 5 ol la SEM 5P /+0) ol Sl e ey 2 3 4l b By = b ¢l S5l b
TN SR AR S R [ g e Y e F

(A2 3) (503, sl b 3 dd o S 5 IS (s GOl hug Jdas ols Cd> 5 pH ol Ol 518 Jgis

pH < ;I
P-value SEM pH; pH, pH; B il

/o V/VA av/ve? Ao/+ 0" vY/0s° o
/0 0 a0/¥v? av/eYP AV£8° oAl S g
/0 \IVE vyl 0+ /AP £v/YY° P
o0 YAy IS vy ¥eAS o
7 e av/AL? AVAA® 1e/Are ol S
o /A W £/ VP ¥ /va’ e
/0 Y/3A Wik £4/40" IR o
o CWY aq/vy? 20/ar” Qo/ve° oAl JWs o S
o i3 aA/0v? a0/VA° 44/4¢° K

N 5 VE 0/0 o i pH ldie PHy g pHz pH; tla 5 Kibe 5 uiliusl (glas- [SEM ¢(P<+/+0) ol Ll sine osy o 5 ailiv b By~ b P, osls sab

(503 53 JWb S 5 JHS (g Sailr g e pole Gl Ol lake 5 PH blise 1.0 J g

P-value

<a/
<o/
<o/
<o/
<a/
<a/
<a/
<o/

<s/v\

SEM

/Y
\Vag?
/vy
V¥
iy
\/YY
2
V0
DAY

bl s les )
53 SZ Sl ,‘a‘;
pH3 pH; pH; pHs pH; pH, pHs pH: pH,

aY/¥ed  Ao/VP V¥/40° AV AG/AYY VY QA ARAED Ve o
QAT AWAE®R AT 0T AYAYE AVYAY AgA AVATE AYARY ]
C VTS T F7S LA ¥V o CA 72 A SR TV & S 5 Vo' A VAL R 74 S AV A N
AL/AYE VAV RN AT VoY RYAY ATAG AN YA s
AN AVEAY WES Ara AT WA AT A0 ot Al
o/t EENAE ¥R /AL £Y700°  YY/SAT OAEAS gvave vyt R
TE/e4T OV/OYT  AY/YA Yr/ANe 270 L L VIR AT go/vy!  vend
44/4:%  40/ATP  AyVY QUAVE 40/40°  AV/MeY /st QoA A4 ]
LY N 7N G\ VAV CVAL SR Y-V} o XV7-T AR N V2 S V1Y S S VEL S v

el

du 8

LKl 51kl (gl SEM (P<4/+0) sl Sl sine sy 2 53 il pib Dy - | o) sl cah
N 5 VE 0/0 b s PH lde pHas pH PH1 &) 53 0 8 60 5 Y0 Ot Ol & i i il gl 1S5 5 S, S

A48 Ol m ¥ o ledm YY o 90

Syels

Yot



ok ep 53 LU o Sl 5 ARG LST bl pd 55 B paanS das slge Ol p s sl glamlis S

Loy 53 Ses e go 3 S Jgena sba
5 CehS D3l gy 4 Sa Gl Sl
Gl S eslinal Olps 5 o bt bt 555 bl
INV] 5505 Dbl o 5 gl o ,em 3 aBlr
5 P8 e gl e by m
P s ol e e ol CBlE b o S
odd &LI (V) dodr 5 olsn ooy oy 5 O
B L R
oal clle oS el J s (P<e/00) sa ls e
boamlie 53 23K L8 boles G o 0
Prat 53 SFeS SIS (S0sn slasy
Oy e polis Sl (2B ppe ol
3l (‘\" RS Y R\ PV INGIve IV 3 P ) QNS Vol (y RO S Y
5 gl Sl Lo slaaisel oslaer b
R D T ol R e
pae K iy ) el L Jb e ol s
AU casa 8 el sl Bl & Jl
S Olgea cplpls oyls Ll s St Zonss
Sl Cands i) 53 el ameys KL
L oLl s 3l e o Laasc] (S e

[l 2

3 A g el il sl 0353
Solon laoy iy 3 Ses QS o 0 b (S
o ld 1S (V) o 53 (sulsn slae iy 5 Shes
2 sl 0333 o ls 0L el il o
S pan S0ke 5 wlisy O3 Sl Sle (2l 035
G domsa Sl atdll gl pae Sl lae y S esle
SV el o3 S s by e dilis, 05y il 3l s Ll
Gay 03 p SAS YY) 55 a e 4y 5
O35 Cl dd el S Sllas 5ty o
R Sl 8 Dl LI ok p s ol
2 S gy 05l el il ol 5 Shee 5 A,
R S AU ey G e w0 SAS
L e Sty wdi V)] il St osle U ae
by @M o p SAS 53 p S Y0 mh s b S
o s St Gpme e Sy Vot ey
o 5> Jlab S o gy Sl el [YV] s as,
G pze 035 Sl Bl g b e sl e S lie
Jlm gl [TF] 25 ST e ol St ks
B 2 3 5 O D55 SR Sl Sl
Gl e e L oeddadn Sl s S

IV 5T ] les S Siyl5S | e slailr

Solon e A3, 5 Mas  alde o g 4 W (S 9 S g glacblr il & gla 0553 S g

bl sl
P-value SEM Cap
AC, AC, K, K B, B Jald
/Y0 \/0v Ya/vYy YA/0 Y4/ YA/O  Y4/N4 YANQ YA/ (f,f,L,S) adsl O3
oYY /¥ £4/4 0+ /\Y LA/¥V  £4/0Y 0 /AA 0/ 0V/oY ((.Jf,.l.;) P PREY)
/A £\ Y YAR% YARR YA DA NEERYA PR UEERYA A /XY /YY4 (p?,L;) Wl Ohs ol
' /OV +/no \ViAY% \/00 \/40 /00 /A \/0v \/00 Gay 3 f,f,x;)&:.;uu < s
VA% i \ZAK /AL \7a \Zans \72%3 VA v JERpug

SABTYS A ONE

(P</40) ol Jls inn sy p 53 alia b g b ) slis cacb

b 5 Kle 5 lhikl e SEM

ok JWb S s AC, ACH 2 53 p S Y0 Nt i NP e B s Ky 53 p S Y N ik ol s e By 5 By

Syels

A48 Ol m ¥ o ledm YY o 90

Yoo



644;’”0"“’“‘)’&"“)’ Upbed (i (P g dosna S0 28Us Ls,

S ol (pl g pae slge Sl )
D3l Sl ok ol 5 0 bl G
Oley iyl S o&aws pH 5 ly3 o5l RSP o 3
DNV 5,8 o 13 Ol 0 slos 5 olad

5 S5 sl e =l on s el
Sl oS sl ol (V5 0 sladsds) S0s,
S ol ol pUlS W S 5 IS g
93 A WICS @Lb' A ls |));<;»j Q,aj (e
ol Gl gl ol Ul oS sl olas alesl
Oble s culs e S ol i S
a3 ol Ol 3 serge ol S0 50
on e e 4 psen O3 Dol S
oAl Sl 5 055 SRSt sle G ae s (580
b e s e oAl D s senll il
Sl s Jb p S Ul Col S e s LG
5 S boanlie s adlass)se Sdee Sole
A Dy s SoNe SR 03 A 0 IS
et o pls s Ol Ly S0 S ml Ao
SFow s Ll g ) S ob
NG

(g Sl 03538 (G ol gl el
RS e @M e w Jd S s IS
Lobaosls ol el ol pme J Olg 5 Shas
S 0T 5638 sl Jlal 580 5 o Skae olie
ol S Lol 5 Sl o3 S ol Ol e res
2l ol g edle il sdd Dlpm Ok s ule
5kl cilhe oa b e s AT dl> e
ozl gy Wlg e AKLlsl Bs, 5l el
oslial ausa Sl slahlesT plonil 05y i3l
o s popar il 52 Fore SWllae Sl b as S

25t

L sl Yozl o das o OLES sl Cosey gl
o 5 ol 503 S sloul Jlasl Sus sl & 5
R T P e A O A TP SRR B
3 S 55 eslinal 5,50 035, Speml I3l Lim (gl
o) By G jole Ol ol ke NS ol
JolS 5sba ol 3 el 5 ol s &1 il
S5 Dol b Ghls ISl sl asiia
e ol Dl 335 o S ol (b b
sl s bl ghls g DAT 3L b of b g
3 S en 2 ol S gl Aoy A & ol
Gl > Fote e Ol Jume slge 4 5 nl 4
Bl 3L sl slyls b o S 5 das e |y Y
L ol dldils 5,8 SeSa &S ol S5 5 5
ot [A] XS o (eSS 55 g0 Jile I3 3 5 odir
(b GlE o a5 il ax g 4SS ol 4 L S
5o e Slye Slyme p Jaome DU 15 (e i
18] 5,038 o b ety

s odr bl Glasles S e by e
S OS5 Rass (Fr mlE b e sl 0 e
Syem 5o Sldllas 5t e Sl anils ol
eSS 53 oS @y el ol B S el s
N Froml 4 e ey (M8 0 4 i
Sl A bl S pal e c50) e 310
2SN 0ol PN Sl e 5 ied eendS
Jo- s sS04 e Sz p S S
3 S50 ke e b oS B 5 Ol
3 o oy ol ST Ll sl 2alS Oy s | el
Loos,nd 5 Ay db= s gy adss [YE] il J.f..a
s gM‘MOlﬂ&lﬁaﬁjs%ﬁMpﬁ
by Olsn st 631 Ll ol 8l Wil 5 1y s
DT Sl sl ppnd 5 3550 (55,

Syels

Y44 Sl m ¥ oylei m YY 6,90

Yol



ok ep 53 LU o Sl 5 ARG LST bl pd 55 B paanS das slge Ol p s sl glamlis S

f;k)“f) d‘g" J-L'.d :l_,“:,.k.l.&j&u.& eﬂ."-bdw u‘;ﬁubﬂs csL.;aj.e GUUJBJCOUC}‘&A 033}9';‘ A% Jj-b'

(R3S 55 p5) i 5 (d 52
P-value SEM tibdl gosles e pols
AC, AC, Kz Ki B: B. dals

/0 Y/vo 0/ \° wveP Vet VIVA® /08 v/ov® A16N? - o
o/ e /o Ve avse VA /08¢ AP \ANS Kpe
o/ AL Yo/a¥ Y\/Ae ¥A/¥A ¥Y/ A Yo/ *Uve \E7at i ool
/Y ALY V/0\ V/a0 \/AY AT Yals V/a¥ /¥ O
oy /oy §/04° 0/YA o/® A §/A° o/Y \Z7a\n = »
/v0 YN AT AN /0142 VO & AN /014 IV L PP o

10.

(P</00) sl s e gy g 3 il b g b B oyl tach
03 e SN N i Y e Ky Ko 5o p S Y O i i S gt i Br g By b 5 le ikl (glas SEM

technique. Microchemical Journal 90(1): 82-87.
Chen JJ, Ahmad AL and Ooi BS (2013) Poly
(N-isopropylacrylamide-co-acrylic acid)
hydrogels for copper ion adsorption:
equilibrium isotherms, kinetic and
thermodynamic studies. Journal of
Environmental Chemical Engineering 1(3):
339-348.

Devreese MD, Backer P and Croubels S (2013)
Overview of the most important mycotoxins
for the pig and poultry husbandry. Vlaams
Diergeneeskundig Tijdschrift 82(4): 171- 180.
Dritz SS (2010) Feed additives for swine: Fact
sheets — flavors and mold inhibitors, mycotoxin
binders, and antioxidants. Journal of Swine
Health and Productio 18(1): 27-32.

EFSA (2009) Review of mycotoxin-
detoxifying agents used as feed additives:
mode of action, efficacy and feed/food safety.
The EuropeanFood Standard Agency (EFSA)
Supporting Publications 6(9):1.
Fernandez-Calvifio D, Rodriguez-Salgado I,
Pérez-Rodriguez P, NoOvoa-Mufioz JC and
Arias-Estévez M (2015) Time evolution of the
general characteristics and Cu retention
capacity in an acid soil amended with a
bentonite  winery  waste.  Journal  of
environmental management 150: 435-443.
Goher ME, Hassan AM, Abdel-Moniem IA,
Fahmy AH, Abdo MH and El-sayed SM
(2015) Removal of aluminum, iron and
manganese ions from industrial wastes using
granular activated carbon and Amberlite IR-
120H. The Egyptian Journal of Aquatic
Research 41(2): 155-164.

Syels

A 03 p Y A 4 I o S mhaw 1AC; 5 AC

LSRR e

oolad 4 el wdas (685 bl Jolbs Sl dle

Sb Gl.u 5 AL e QAN Y S '@)U ERAREE A2

RGO PSS WA u,:ﬁt J“}J"" oli..:.}b L...u); QT

Bl (25l
2l OB s 5 Lo 5wl 2 5la5 4 S s

oolalwl 350 Rl

Almohammadi S and Mirzaei M (2016)
Removal of copper (11) from aqueous solutions
by adsorption onto granular activated carbon in
the presence of competitor ions. Advances in
Environmental Technology 2(2): 85-94.
Altuntas K, Debik E and Yoruk Il (2017)
Adsorption of Copper Metal lon from Aqueous
Solution by Nanoscale Zero Valent Iron
(nzVI1) Supported on Activated Carbon.
Periodicals of Engineering and Natural
Sciences 5(1).

Amuda OS, Giwa A and Bello 1A. (2007)
Removal of heavy metal from industrial
wastewater using modified activated coconut
shell carbon. Biochemical Engineering Journal
36(2): 174-181.

Aydin | (2008) Comparison of dry, wet and
microwave digestion procedures for the
determination of chemical elements in wool
samples in  Turkey using ICP-OES

A48 Ol m ¥ o ledm YY o 90

Yov



11.

12.

13.

14.

15.

16.

17.

18.

&5"\1:’”;)”*’“‘)’&““)’ Upbed (i (P g dosna S0 28Us Ls,

Gowda NKS, Suganthi RU, Malathi V and
Raghavendra A (2007) Utilization of dietary
minerals and blood biochemical values in
lambs fed hydrated sodium calcium alumino
silicate sorbent material at supplementary
level. Small ruminant research 69(1): 17-22.
Grotto HZ (2008) Metabolismo do ferro: uma
revisdo sobre o0s principais mecanismos
envolvidos em sua homeostase. Revista
Brasileira de Hematologia e hemoterapia.
Hassan R, El-Kadi S, Sand M (2015) Effect of
some organic acids on some fungal growth and
their toxins production. Int J Adv Biol 2(1): 1-11.
Heydari A, Younesi H and Mehraban Z (2009)
Removal of Ni(ll), Cd(ll), and Pb(ll) from a
ternary  aqueous  solution by amino
functionalized mesopprous  and nano
mesoporous silica. Chem Eng J 153(1-3): 70-9.
Hu J, Lo IM and Chen G (2007) Comparative
study of various magnetic nanoparticles for Cr
(V1) removal. Separation and Purification
Technology 56(3): 249-256.

Kamel MM, Ibrahm MA, Ismael AM and El-
Motaleeb MA (2004) Adsorption of some
heavy metal ions from aqueous solutions by
using kaolinite clay. Ass. Univ. Bull. Environ.
Res 7(1): 101-109.

Kazemipour M, Ansari M, Tajrobehkar S,
Majdzadeh M and Kermani HR (2008)
Removal of lead, cadmium, zinc, and copper
from industrial wastewater by carbon
developed from walnut, hazelnut, almond,
pistachio shell, and apricot stone. Journal of
Hazardous Materials 150(2): 322-327.

Massaro M, Colletti C, Lazzara G and Riela S
(2018) The Use of Some Clay Minerals as

Syels

19.

20.

21.

22.

23.

24.

Natural Resources for Drug Carrier Applications.
Journal of functional biomaterials 9(4): 58.

Mee JF (2004) The role of micronutrients in
bovine periparturient problems. Cattle Practice
12: 95-108.

Murugesan GR, Ledoux DR, Naehrer K,
Berthiller F, Applegate TJ, Grenier B, Phillips
TD and Schatzmayr G (2015) Prevalence and
effects of mycotoxins on poultry health and
performance, and recent development in
mycotoxin counteracting strategies. Poultry
Science 94: 1298-1315.

Papaioannou DS, Kyriakis CS, Alexopoulos C,
Tzika ED, Polizopoulou ZS and Kyriakis SC
(2004) A field study on the effect of the dietary
use of a clinoptilolite-rich tuff, alone or in
combination with certain antimicrobials, on the
health status and performance of weaned,
growing and finishing pigs. Research in
Veterinary Science 76(1): 19-29.

Rao SN, Chopra RC and Radhika V (2004)
Sodium bentonite or activated charcoal
supplementation on dry matter intake and
growth rate of young goats fed diets with
aflatoxin  B1.Indian Journal of Animal
Sciences. (India)

Sabela MI, Kunene K, Kanchi S, Xhakaza NM,
Bathinapatl A, Mdluli P and Bisetty K (2016)
Removal of copper (I1) from wastewater using
green vegetable waste derived activated
carbon: An approach to equilibrium and kinetic
study. Arabian Journal of Chemistry.

Uddin MK (2017) A review on the adsorption
of heavy metals by clay minerals, with special
focus on the past decade. Chemical
Engineering Journal 308: 438-462.

A48 Ol m ¥ o ledm YY o 90

YoA



