oy

[

Lolyd 30 ol T b ol 4579595 Yok DD g3l awgi Bl o g MWT o> vy g
(S 9 S (Sl

Tl e " poie oS o s ¢ OEBS g0 SIS dauds t O a9

35 05 558 ply oS (il i IS (g gl )

352 Soke A Gloys il Slods 5 Sy pske o8ty ¢ A5 LeT sl 055 51500

Led Sloys Sl Sleas 5 (S gl osils ¢ (S g sla )38 5 pke 03,8 Lokl i s okt 5 ¥
Email: alijebal2011@gmail.com CAFAFFPARVA: ol a5 S

S e el (65555 Sl (2B 3l g0 53 OT ol 5358 (o0 S Ol oo sl oS ST s 140N
@b gt Lyl 5 53 el T bods 5558 sk S350 Jaw 5 BL S gNT Gl oy anllas !
R o)

AT 4 S oS ST e 5 5 bl s psin s b sk D550 St g 993
VYO 5 /7 ME/ML) s 55,55 S350 Ul (S BIE clay d o 53 43,8 558 ols 2
33 3¥V OC slos 53 5 bglis Voo s PE/ML CLle U oS 5T Jghous L a8l 55k (Vo 50 5¥/0 5
YE 2o dob 53 A sl dr doys e L3 S 4SSl el /D Sy WYV ) sla pH
o3 8 s ey

Sie 6l gme sl (g leT L s o3 Fr sl b ode il e e pH 2alS” Hldidly
AP<e/ed ) dios s 5 (b Ll a5 ol e b il Lol 3 55 Ol

35 ol Syl 5 3sh O eds 5555 3k a4 LIS e ot 4 S ST 1S W ARl

AL o GRIB Gl Ll 5

T gl S350 (Bl S 5T code s suls” S0 519




\tas

[N

e Dlp3 b b 5 Bl S 3T Gl )

b Al oS el O3l Slse Sl eslimal Ks 50y,
e e S Sl e g 0ds e BI a8 55T
o)lgs Aas e Ol Sladew oss gle sl 5 sl5T
ol ol UlS et LS S S
clodgs A SLS S S e I
et oS 5500856 5 Il S ¢ s saZi s
Jae Bl S 53T & o4 35 pnje deuS]
Olsea, 8 slge pl & Sl a5 UL .G D)3 T
D3l Smn o> S G B S 53T Ll
ah Ol 5 3lge e 4 A5l Ylaiol 5 0345 sawadss
Sl AlSTT (Slas gazes (Slyls L3l ol ST ioman
OBLl & o3y ppiles ST 5 pae T LS| L

W3yl 3 s WOT VL Canw 5 (gslsl3T

Ol oSS W Sy e ki dly) alins 1S a5 L
Bl ¢ S GWT Ol 8 5 ode &St
el AL @il Olem s Ol Glp 1 e
oS ST Cder s p G ol S s 03 8
Lild s o T Lot &555 Jole D3 5t Lo 5 BI
o 3l oS b el T Ll 25 5 (5L gkl
G Hlsle slul b ASlg s 5 05 L5308 5 S
ot ks sbwl S SLls 1) s O
AETLOw IS g paass Jlasl gl Jole o 5 ol

Wl

-

dodio
A PG Y S C R IS BICHE I
Ol Wlg o aS Lylsly b S 5 SSb Olge o
() asl iy Sl 5 Sl sbdge , oshael
A s B S W ler g DLl il
Gl i g biee & ey b S5 S0
Wy Sl kST 5 s sk T
S FWT plsil o das o Ol Sliios (¥)33 5 o
s 8 o s oz, opl bwy Bl B2,GLG2)
S o3p Bl S 5T 0T (5686 et 5 o e
irer 235 o Sala 5 a8 Ol sl el
oS OV geme CtS S ¢ SU ¢ dada
el e ol osllaal S Al o pls
oKaws 55 gmlya 03,55 51 dm Bl S 52T
3 e 3338 0 O Ol 3yls 5 e IS
My pexd A4S 54l cay L Gl sl
biee) L3l ol sadhe 53 Bl S 5T 1S
Wy g oesls flize STy DNA L 5038 3,58 (45
LT 35448 Ol e Solgiys 5 45 o 5l LRNA
Gl s e Sl 6, S s sl Sslie sleely (3)
Moo ol o3 & IS Calne s b o ]
Slan S ealial 5 e 035e5 S (Gl slal b
Cul o3lgig laely deml ¢ ST b et
G S sl S Lo Gl ol I

(F)S sl



\fad

[N

35 Sl 01l a9 oo aslialegs

;Mq.?-.m.wfﬁ.mas)'rag;;x:{)méu|
3 LS O gl s 0 S ol 57 2 e &5 5 1S
LS 55, sy gt glos 3 ol oS5 D o
PS5 S 55 o o e (05l ST Sl sy ki 035 o0
Lok 9> 55 (peiidd 5 55 le aaSs ¥ O 4 ¥00 x93 5o
Hsbo D3 56ty Al e 3l 0l pizad ke T
s it b e e WY ST ¢ a5
STL s s odd S5 Sy5 56510 5 0 /F Solg
2 p S ke Vel b ad el Fr ML o o i
S 3okl s sl 358w 0T 5 A e
bl sy G Qs Sn b6l
O3 56 Lo 5 Bl oS 52T Gl bl ks 5
03 d a8 s dolos 5 e sl T Lot &5 8
3555 D3 g JL e glaclile 5100 uL Jsley S
S8 jiba (Vo 50 5 Y/0 51/ 52/ mg/mL) e
Veor pg/mL CLle b anS $WT Jgoes 5100 puL L
el /0 Sl ) dales pH 5 YV 2C (glos 53 5 b glses
b ozl 5100+ UL ps3 038 53 Ly S 4SSl
30 5 Y/0 5 VY0 5/ mg/mL) es & 55,5 Sy3 b
b oS ST Jloe 5100+ UL b 61 5 ba (1
pH 5 ¥V 2C gbes ;5 5 b Veor png/mL clle
o 038 53 N3 S 4SSl Cele /0 ke 4V Uslas
ok 55,8 O3 b e lackle 1 0ve pL
ML L s81ax jsba (Vo 50 5Y/0 5V/Y0 5 +/% mg/mL)

Lgsea Voo pg/mL CLle b S 56T Jgloes 1000

I3 )
G S (oo S pda GRSl o
S (eal 25,5) EDC S ol 57 86 5 gt
izl T roman 3 8 g OLIT o5 0 oS s
3 5Bl S 53T i ()l 5 e S5 0S5
Hsho SLISE 7w (sl A 4 G5 5l LS 2S5
STAS 0903 5 55 ol ay Sl 05 N s
s 4l 4 Vol ) o gl YML s (s 315,03
b 55 L,® 5l day 5§ bglis 1y 5 L5l siiosls
Aol 0357 (2 Gl el J s S de (A
Y50 0 Jgboee YML G103 g0 Cgmy 5 Ay jo 5550
SUll (Old 6l jadss gl s § eslizel NaOH
5 550 Sl YO e 555 354885 Y e 403 ,S gy O3
Sy (A)As sy sinid ad e daw bt g:JT Lo
O3 66 Jyl a5 Glgle S5 Hb 03 gas 35S
opoind 43S ol oS S slaes 8L sk
g 53 5 ge odiesls giind I3 U (ﬁla.';‘\.f Cndes oS
05 Sl e 3 s 8 6Ll ke OT 2l e V-
2 e 5 LS ok 560 gl s 4 S o
S 38 Sl aiss 0 S 4 s Vo les
Y0 553 53 5k e b BLSIES ol 0 gl S
Jhie OT /0 ML ey al 0 55 .3 5 T 425 Y Soke
84 0T 5 1 5,8 For 5 Lol edig ol & T @

JouS 58 Sloes B L adipdlol ok D3 5L (sl



70

e Dlp3 b b 5 Bl S 3T Gl )

s
Loy 1) 5555 s SU S G VS
S psbOles as e 0L (ogs G9S o sSs Soe
L 55 5 515 sl odd e S5 5U 35 o
S¥ Y UK g Ve BV nm L ple s s Caltses
WV s ) G pH j (S $WT Ol 5w 5 F
338 o odalin a5 boles Jsl 035 53 das e Ol
odd Ao s Frospd- U Ol il 4 e pH ialS
Ol 0T e Ol Clale [ialS oSST a5 L6 .ol
e Chle L ess o5 8 5 545 IS 5T
Clle 53 5o e i Se Lyl S 3L Sl 5
o 3 p3305,8 5335 ko3 VY Olje a5 OLSS 0 5 )
Loy als a4 e PH il 457 5 gad sdaline Ol oo
23 e e G ol Sl el slide

ois (S 5 oL Ll s ol JMEe b gl Ll )2

(P<s/00)

Cele /0 Sde 4 VY Jsle pH 5 ¥V 2C les o
23 55 S K 5 IS Y 055 gl L 8 4 S
rels i as § L

@4 S FWT 5 Jlaie OT (g5l 1) J 28

slee 5555 Os HU s hie OT gyl Y J x5
Aare ST 2S5

S g gezea) XVer /e J ST (658 Sl VY e b
dry Cde o ys = (s d ) 6y Cdor - bl 257 (6,5
0 ke 4 YO 5 o bl aled (gl 5SS plast 3l
Slesliul b (Joy dsloee 655 odar Ol 5 558 5l 42ds
Lo SIS e gl WE e gl sb o by Sl o8
S3a e b Vooyled dpep b oder oo
SO e 3 SIS CST QUSPWIN Laos S aan ol
on Sy prmen 3 8 sl BOT Slae Ol 2l
5 5 o3lizal T-test 03T 5l baog 3 o Sla gne |

s a3 S )3 I see pelaw Ol ey 100 ) S P

AT L& 558 D3 S5 sy 55 sy S s 1) K



¥5%

L1

S5 Cbldg oaSCasls b sole daliabogs

45 -
40 -

35
€20
525
i
220 -
2
315

10

5

o4

10 5 25 125 06

Concentration (mg/mL)

Y Jslxe pH cWQC‘_;La;):fl:;;"lio.\.bfjj;)}wa|)SjUJ$udugﬁb@jwfj>ﬁTg&MJJ:YJg.i/

sl /0 O sanls ST 0o g

*
I *
10 5 25 125 0.6

Concentration (mg/mL)

= = ) o]
(=] w [=] w
L L | 1

Adsorption (%]

w
1

o

V Jsles pH LWQC6\.&))J)At;_;‘vl{o.«\.ig}}f}}ﬂ@bSﬁUgﬁUdh%bjﬁj%Tg;\?M‘)D:Y‘Jgo:

a3 ga DL o g5 sl b alie 53 150 0 law 53 (513 e o)l Do ol /D O el 5851 0L 5

"
]

=

€6 -

55

|

5%
LER

o

N -
o

10 5 25 1:25 0.6

Concentration (mg/mL)

W Jslee pH YV 2C L;Laa).s]al:;j‘{o.\.&g}jf}}x&bijlig}h}'uL;La;.]él.&bjwfj)ﬁTg_aJa-MjafJiﬁ:

el /0 O sl S Oe



\ta

[N

e Dlp3 b b 5 Bl S 3T Gl )

aor g B o pH Jials Lol 2l 531.(0Y-10)
o 20,5 bl JsSse Al a5 C
Lol 548 ,55,8 Sld glshuwg S ST
5 Sl g S ey 5o (SLass 5 5| (e s
Yozt PH 5 457 55l o) o Lo W ol 5350k
SN s SLas 8 G55 2 i b s ouitiens 5 5boas
Jis andllan @ b e OT S 5 gy p &5 ol HIE 50
G S ol gy 2K s ol oSG Lol (s
S5 558 sy Cmd 53 85 Hsbolen .Sl S 5T
YF zsadsh 53 o5 ol s Sl s ol 53 s S
2l 3Bl S T S50 ST 2 s 8 oslizal e gl
OT 5115 oo 5 (0 V) ol pdr &S (61l zodsb
ol s adstle 47 olad slos 55 Cbile o (gl o
s gy o) el Lol 05,57 o3liul 3,15 3 0 5 (6 S0
=535 HPLO YU T 5L mle (318 5y S 2o 4
305353 G5 OA) Gl ;208 b 5 ol
55 Pk O3 g baw g S ST Ol 0T 3 oS
j\aug_w\;ss\_fpv.;ﬁ@u adlae opl Coltal
o e o S o e L e ke wil|
GCJJJ}L\ngS/J\QJ))TC‘_wng.Q-w\g;\_?-.,\_Z._v.TJé
S ol 3503 g iy 333 s sba 1y 3l Ll Ol e
o3le 5 3l 5 Sge il s (5 550 ) sban (5L
oS ol a0 95 ol Lgl_m(..ﬂ O S g ek pd e
ALl 955 (eSSl s 2SI sl ilises (slay

ol AT 3y ey, ool 5l osmazes L ogbg s

S5 4o § S

Bl S 5T Ol Clls oy s ol 51 Cota
5 kel Lyl 5 3 alnT Lodd 55,8 Slyd b Loy
Fbo $U Candid S ol (s 2 Gl 3 (S5 5L
533 848558 wnT U850 b o 5 03 8 52
el S aoien s Sl b SU e 6l aalllas
55 e gl o g 5wl o7 s 8 eslizal gl b
s 05l 5558 (S pan () 3503 8 )15
L s 3 ol JoeS 557 loos S L ke I3 L
23S 558 Gl os S L edsirdol ey T J S35
sloml ST A Clgins 0l 53555 by ol
IsS50 53 JouS 508 05 8 o Lol S i 05 8 8
Seds sl T 55 al 63 8 5 o beSG 5l ka5t
b g gl Lgw ) O AV 358 15, Ks ok
Ll SUILGFTIR 3,

il a5 ol b 8558 ol D3 5L ag Sl e
Calises sla pH s LaoT 55 J 50 Sl & y8 OT
Al ey ks gl pH Ot s s 8 L5
ap A5l s oodir AT B a8 I s Ll
5e0be) bz (obale 3l Slie usl g o ¢ gland sla 2SIy
5058 Olyie 75 alin Sladlae s alie o). sL pH
G 53 45 b 0lan (VY-10) 55 45 551 5y 2350
SU L S T Ol T3 w3 S 855 35 ks
SPH U Coo o by 0l s 48558 ol 23

Cosls wlie Slidss plo b JolS Kiales 8 5, bl



FEA

[N

35 Sl 01l a9 oo aslialegs

e A2l T Ols (g3l 6 K5 Jitme toleT
Lol ad e 53,8 13 0o 53T 50 53 5 o
D13 S sl 48 25 el 5 0T 4 oM o
Ol e Calibes (sLails) b g ddbod s a$y5,8
33,5 L5 La0T 0ps 5§ gbe asmd 53 S 6T
Loy o e 56 ol ST 55 A e ol 3 il
oS ST s 3L Ol e OT SlednT 53 Ol il

B g5 e 55 Oldl b g o1dE 3l g0 Lol s

PR T
Olins ;e Sl 4 (L 4b0LL I Jool dlie oyl
G gl 534S SLST ales 3l dlis opl 08t 5 o
Jon s 3l o5 940 0 lsly Sis JLaS dos S 6,L 1) L

AT o Joe 4 S8 Jha g s oKiule3T

References

0535l 5 St 3l il (sl S ABL i o Ll 5 o
ol 0B O3l ol adas 1 g Calises (lasdl (ol

(18) cd
0l 485558 I D3 UL ol ol callan o
A 8 S ke O3 Ol siean 5 g BT L
3325 Sl ba 53 0356 ¢ 5 cul 51 G2l Jlal
Loy plosil laie) slamlin 0155 a3 U 5 ol il
53 5l S5 ol 51 0155 Yot adlllas oy ol @ 4o 5
Sy Oy 33 S 3 e eslinul Gl sl f s
oKiss I s 3 0B ¢ oldd 03le 45 S DT
iz 3okl $U ol oS ol T3l s o S
5 s 0 50 Gl 318 e 5T 5 ol ke
05l SU 03 s i)l olaws 3 (s 0T e

)::ajfwwj.v\.fw‘}_g&g'sb-ol‘,.&qﬁj

1-Smith LE, RJ Stoltzfus, and A Prendergast. Food chain mycotoxin exposure, gut health, and impaired
growth: a conceptual framework. Advances in Nutrition: An International Review Journal 2012;3(4):526-
531.

2-Gnonlonfin GJB, K Hell, Y Adjovi, P Fandohan ,DO Koudande, GA Mensah, A Sanni, and L Brimer.
A review on aflatoxin contamination and its implications in the developing world: A sub-Saharan African
perspective. Critical reviews in food science and nutrition 2013;53(4):349-365.

3-Shirabe K, T Toshima, A Taketomi, K Taguchi, T Yoshizumi, H Uchiyama, N Harimoto, K Kajiyama,
A Egashira, and Y Maechara. Hepatic aflatoxin B1-DNA adducts and TP53 mutations in patients with
hepatocellular carcinoma despite low exposure to aflatoxin Bl in southern Japan. Liver International

2011;31(9):1366-1372.



54

[N

e Dlp3 b b 5 Bl S 3T Gl )

4-Bothast RJ, GW Nofsinger, AA Lagoda, and LT Black. Integrated process for ammonia inactivation of
aflatoxin-contaminated corn and ethanol fermentation. Applied and environmental microbiology
1982;43(4):961-963.

5-Desheng Q, L Fan, Y Yanhu, and Z Niya. Adsorption of aflatoxin B1 on montmorillonite. Poultry
Science 2005;84(6):959-961.

6-Rao SBN and RC Chopra. Influence of sodium bentonite and activated charcoal on aflatoxin M 1
excretion in milk of goats. Small Ruminant Research 2001;41(3):203-213.

7-Thom DC, JE Davies, JP Santerre, and S Friedman. The hemolytic and cytotoxic properties of a zeolite-
containing root filling material in vitro. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontology 2003;95(1):101-108.

8-Jebali A, SH Hekmatimoghaddam, A Behzadi, and I Rezapor. Antimicrobial activity of nanocellulose
conjugated with allicin and lysozyme. cellulose 2013;20:2897-2907.

9-Charreau H, ML Foresti, and A Vazquez. Nanocellulose patents trends: a comprehensive review on
patents on cellulose nanocrystals, microfibrillated and bacterial cellulose. Recent Pat Nanotechnol
2013;7(1):56-80.

10-Payne RJ, AM Daines, BM Clark, and AD Abell. Synthesis and protein conjugation studies of vitamin
K analogues. Bioorg Med Chem 2004;12(22):5785-91.

11-Sperling RA and WIJ Parak. Surface modification, functionalization and bioconjugation of colloidal
inorganic nanoparticles. Philos Trans A Math Phys Eng Sci 2010;368(1915):1333-83.

12-Bueno DJ, CH Casale, RP Pizzolitto, MA Salvano, and G Oliver. Physical adsorption of aflatoxin B1
by lactic acid bacteria and Saccharomyces cerevisiae: a theoretical model. J Food Prot 2007;70(9):2148-
54.

13-Desheng Q, L Fan, Y Yanhu, and Z Niya. Adsorption of aflatoxin B1 on montmorillonite. Poult Sci
2005;84(6):959-61.

14-Hekmatimoghaddam S, A Jebali, and K Daliri. MgO-SiO2 Nanocomposite Can Adsorb Aflatoxin in
Wheat Flour. J. Mater. Sci. Eng. B 2012;2(1):40-44.

15-Rao SBN and RC Chopra. Influence of sodium bentonite and activated charcoal on aflatoxin M1

excretion in milk of goats. Small Ruminant Research 2001;41(3):203-213.



fv.

[N

35 Sl 01l a9 oo aslialegs

16-Velasco J. Fluorometric measurement of aflatoxin adsorbed on florisil in minicolumns. J Assoc Off
Anal Chem 1975;58(4):757-63.

17-Beljaars PR, FH Fabry, MM Pickott, and MJ Peeters. Quantitative fluorodensitometric measurement
of aflatoxin B1 with a flying-spot densitometer. II. Comparative study of B1 measurements in spiked and
naturally contaminated peanut products. J Assoc Off Anal Chem®.-)Y) +:(1)20;)14VY

18-Farber P, I Brost, R Adam, and W Holzapfel. HPLC based method for the measurement of the
reduction of aflatoxin B1 by bacterial cultures isolated from different African foods. Mycotoxin Res
2000;16 Suppl 2:141.

19-Febrianto J, AN Kosasiha, J Sunarsob, Y Jua, N Indraswati, and S Ismadji. Equilibrium and kinetic
studies in adsorption of heavy metals using biosorbent: A summary of recent studies. J] Hazard Mater

2009;162:616-645.



182l

L1

e Dlp3 b b 5 Bl S 3T Gl )

The Adsorption Study of Aflatoxin B1 by Nanocellulose Conjugated with Aptamer in
acidic, alkali, and Neutral Conditions
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Abstract

Introduction: Aflatoxin leads to liver cancer, its removal in the foodstuff is very important. The
aim of this study is to investigate the adsorption of aflatoxin B1 by nanocellulose conjugated
with aptamer in acidic, alkali, and neutral conditions.

Methods: First, nanocellulose was synthesized by acid hydrolysis and then conjugated with
aptamer by cross-linker. Then, serial concentrations of conjugated nanocellulose (0.6, 1.25, 2.5,
5, and 10 mg/mL) were separately mixed with aflatoxin solution (1000pug/mL), and incubated at
37 °C for 0.5 h at pH of 1, 7, and 13. Then, the percentage of aflatoxin adsorption was measured
at 340 nm.

Results: The decrease of pH led to increase of adsorption up to 40%. Statistically, there was
significant difference between the quantity of adsorption at acidic condition and the quantity of
adsorption at alkali and neutral conditions (P<0.05).

Conclusion: Aflatoxin could be adsorbed by conjugated nanocellulose, and this power of

adsorption is increased at acidic condition.

Keywords: Adsorption, Aflatoxin B1, Nanocellulose, Aptamer



