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7- Enzyme-Linked Immuno-Sorbent Assay



119

9 ool (b 51 00l b dity (Br) oS T (sl (2 3

39 Br eeS $MT sl g pe by, S g @
Sledige Gadod (pl jo .Cewl 0als pwyp 9> 9 D)3
Olye & i )0 255,50 20 51 1S (Sl
ke ol 5| iy (SolT slocisas 5 e s
20 axis asly) wlbas slweld code atws
(Gl oal a3l 0 gm0 6595
A5l il nle gge Jobo oogazme (n fnnlic
sl pSams gl 870-1200 > 8 Soyl
NIR oS5 a5 ailesges (5,Sams Ll ool
Bi (oS T o pased 5 gy At il
Geizs 50 0yl 1y md 50 055,800 20 el o
cobls (2008) ) 5en 4 Herndndez ;1 5,50
“oeS $gSile Gheiw 61 NIR (SU5L (it
g5o7e 9 A oS 51,81 By (T NN Julis gl
ol odd (cwyp 3o3 G0k 0 oS @
5 eslizal b NIR S5 a5 auzb ) ases Lyl
Ol anza o Vb Sy s 4 )90 b b,
2 G ly gt Gy oriSilr Wi
A3l Ko nk 5o )5S0 S gisSle
5 bl (il pais YL Jeily
cole syl o aBS Sppe slacdyiy
moi sl )l g dmwgd cuely a5 ol g (Snl Dl
ell a5 Ll b) ol 00 3150 logmimcish S
ar g Gearen 5 (Sool o0l ags i Ll Jlasl L8
Gy slaghy, Sl esliiul sl Sl adlas 4
Vgame 5 ol dlge o Fogll s
el 039y pal> ragh el et «(s))0laS
L iy S5 50 SlE 4 By (S 30T ailex
Olgiee 9 ools aris by (miwiinl o,
L ocilize glaanld po | aiey Joame Cdls

g b fleS Auje g e Sy

gy 9 dlge
oboly (b ailobu
ool el (il ailebs 9 3l i ol 5o

WNigi oo (8 yre dalol jo aS ous

cal ol ad) G Y 5 o Shee iowiw gl aS
0392 o1 31 Sl ol ol 0331 | el b IS 25
raiis gly Vee 107 clale b aY ) a5 o
Oeizmed Sl ools iol38l |, Canlus 553 oole
el 5l (GVsb ey cidS b il b
Gl saile by LT sl ) collB oS sloag¥ 5
sl oads axsle aY 5 g alais |, allae ol
IREAYON;

ook slapls 5l eoliwl (2012) o, Kan o Lu
G olge wb cble asid Glp 1, Cawgas]
55 6 5 L LT slails wal IS SERS s,
YU cowlus @ Wladlys daasy 5y cole o
Loeals, 51 55e Y5 o3 sl il S
658 sl sl 51 Sl mls el o0l sslizul
ool 0395 Ve 107 clile b SERS (clo LS
2B by, genl saxis (2011) () 5w 4 Cheng
SaaY 5 b SERS by udinls ushonl
ases Ll wio,S cwyp 1) b IS gl Jelis
oy s o Wb IS gl (6.5, a5 s F
Sl olen 4 1) YU Canlis 5 S8y (aiS
Sbey 5l eslixwl (2010) )5 4 Malekfar
Sl cehS bl 5o 1 sk slaasssls 5 SERS
597 @i o Ll Wogel wyp (SO axsS
axsS ol o oszge Glagntisy 5 bl us S
g0 (olwlid sl il sbbal o, X,8
i) bl s (2012) (), Ken s WU 3850 )0
LG, 5 G By Bi g5 clarmS sl auily
o glaal gb I JSase laa¥ ;5 eolinul
S dols Gl Ll s s el ool aslllae
ol 1200-1600 sogama ;0 By S 651
695 2 Wl el GalS Sy (sl usSne
paeis Sqx SERS (5 cudtes
losges WS b S 95550 Lo

(2009) .l Ken 4 Fernandez  imgy o
(235 & 38 NIRY (ot g, (655,15

1- Chlorpyrifo

2- Rhodamine

3- Bacillus Subtilis

4- cm™ (Raman shift-Wave number )
5- Near Infra Red



120

2 o jlasti A wla 1394 Jlw ( 13E palis g pgle ja 559755 9 Gha g5

9 A o Gy baaiges b A3l
Slely eads cogis cab el p lp Kl aileles

a8 818 ol 050

;,ﬁ|,mw@b&uu—2ﬁ

& jlwaigei

29 0dwe] Cawd L LgLQ;&:.Jo ‘SJLQJ-M =y Ls
A 50 255,50 D 5 (Sogll ) Sho il o
(Stroka et al., 2000) Wi a3lo (6 pes o5 4
oS G g3 BB >  Sogll e Slsedl (o
3,90 LELQ‘UB“’" o LRYY) )qu RV Wi B,
- ) eolawl layl i a4 a5 L SERS o eolaiul
() Pl g 0 lailiwl By oS 981 Jolis oY
51 0,90 slacdale ol jelate 4 o sole]
dwge Jli 0,90 By penS T o jlusbiv] Joloo
5 g . R T
DY g gl g 9aS (ShpalS Ol

as Lxl 5l (Parnis & Oldham, 2013) o sslaul
adS o st SUyas sgen g3 b S 9]
5 Sk (leSh Gl primes 293 Sule,
PRV ColSenn Jolxe jo caloslaiul sla Iyl

Ao ools 1,3

obly glecub ooy
ded 5l B e Sy 4 iy wwms

5- Beer-Lambert

IS gey miwcinb alole wlle sl
i 5 able ol 53 g S el g8 el MR
oulats Joe g oo oolitul yiagil 532 zge Job L
pll Sog> jsb 4 gl S 9 (Sl e
s BB 2ly Lo 100 6 (T )5 s 5 955 o0
400 b osgame 0 5 )3 piab Jar <o
2 Scal 33 o5 Lawma 3o wsSine yiaciil 4000

(1 JS) ol ons plos

(Sl S g0 )7 i ailols -1 503

&l s olell eale P Ss s sl

28,8 )18 eolainl 090 el slacads 54ql Cuno
|, by 5 Slale 5l ol b cosls  asleles el
osae yia il 3700 J1 140 ol osgame o
OBl T (5SS S35l5 s 5 03,5 23
S oo e 1y Laysly g 0lge (g9Smg o (o) 2
S5 5 sl 785 e b s alils 3
Jsb by )56l lg Lel00 pslas
il (b o getd e Olyie 4 yZegli 785 o
clie ol 23l s opdle lel, 6 o i
3 oeilaygld sy el o g)la g b @
S5y Dygo o, aldl 00§ e dol b
ool pigboliz! gl b )5 (il jold s )lade
sl o Wbl Slos 33l o gy o5
ol ool el g 2 S5 o o G L8
Wl oo logimlejl i plosl 5l om
g oS piligls e 6 Sy i

1- Thermo Nicolet Almega
2- OMNIC

3- Senterra Bruker

4- OPUS



121

9 Obly (b 3l 03lisuw! b i (B1) o T Lanieddd (2L 3

soys L2l sy o Jsbme 52 oo

Dglss s 8Ll oyld b (y00m dayl s o

—o2 bl 0 R ples 0 4880 54 ok a4 Jol>
)5 Ky 4oy adslS Caled p3 5 285 18 ()

Jolowe ags 5l e (8002 .12 te gnil) ol cowy
o 1 5l a0 8 550 ST 1l (6 058 alS
Ol o o, ldeil canlie clale gol>

Jole 5l (aloolad (talel iy vz (b sl

O Szl ) Gley Jeolsd b oglis 4y 55 e

ot e o (ad alal (gm0 kb coyla S

ol onlas glased Jo¥ g o2l sl s,

il b .(2102 ,.1a te uL ;4102 ,ahaS & azaR)
5 od olml slo iy 55, (1B S 1) Ul
ol )y 4 phdl T s Sl ey

5| Sb b ibesT i s 0,8 sad 351 Ll
slaied Jo¥ (59, 485 IS8 sloyiw sy

Y ) Baios dalol [0 I 0gy (gaelS mld & s

ly ol sbml glasl LY (59, 0y )34

oS5 Rlye g 0yl Dlydgl ogllas cdile ol

oy (595 00d ans Jolowe slaoylad I i

Qad gmyp 03 502 01 5 2 (sloo,bd slows

01 olass by oleg 50 5 (Glas okas (2))

ey 4 Cond e bl b (Jolome 5l olad

ol lad o3 5l oS3

2- CgHs0O7Na;

5 (Ghogsl Aoy ol (JS2) (eulidesn,
wd) )5 4 a¥p; olye 4 el 638 coale
Gl e & o) S S5 plos 51 o
ol a5 Gl 5 Vb s)lly (Fpemdly wpas
.Ja te seramanaC) coul asls | solitwl oy yiion
Zosh GISRES s, 5l 3ekos ol o (8002
OY 5 £ 90 g A ool baises oo, b

385 558 (hgslS 950 0,8 )5 5L (ol

o5l i L o oasdiy asl> glaary )
J54 SRES (glaialej] )0 00 s 5k 4y (5308
Ol 0o ead gy sbeaY 5l (S
b ouds &l (Slinios - 5,15) Y j g
P PN SR PRSVEFCTRIIRS I JICK V-
Pl SlasS 4 08 Sl (Slasay sl
(3 US2) 05 Lol il £l ) oy i 45 o
039 yia oo OXOXL oolaiul 5,90 slaas¥ 5 olal
(Dt S 3T ) Wi izl 51 g 2

235 bacib 351 4 pladl ol s,

0, gl

5 GasslS Sl as lp Gl nl o

(1388 jlwlie) wi ooliiul glaws ralS g,
Eord Swed plore a) o,i SISl ey cnl o
0, Oldel adgy (gl cauals cole S5 g (0uisS
Sl 0,5 e 81 jglate ol (gly 09 o ooliiul
oS o uhais b 9o ol g e 001 )0 6,55
T o g 00l 18 & plo o 1) Jol> Jsloe

1- Raman System - 15 Presidential Way, Woburn,
MA 01801, USA,
http://www.ramansystems.com/index.htm



122 2 5 jlach 4 ala 1394 Jlus . 338 aslis g psle 4o 558095 9 (oA g5

» obly gl a5 0l g pSass 1 el Sy g i
shocdale Gl el slediges il iyl ol
&ljjl L Cews By WSy)b] obly, s Jlas &y oxd oles OPUS )58l ey Oeled i >

Ao Sy leel00 (55005 sladiges 5l il 351

‘JA—: JO 9 o0y ).:M (G2 9 G, ‘Bz) )i;.o
= (oae 16) locil Sl 4 IS5 4o s 43,8

Wu et) Sl 5 lado 10 Ay Ay Cod 'Q] YT}
(al, 2012 LgL{buLJa ‘sa..w..: ms JJLM:‘ » olods 00)3]

3929 3,5 Silwdae 1y ol ol &5 9l (ke

6000

——— By Sl s

5000

4000

Raman Intensity
3000

2000
1

1000

0
|

T T T T T T T

500 1000 1500 2000 2500 3000 3500
Wyavenumber cm-1

2 33 0,59,500 5 Gl U By (a9 M (59l g (55le iy (5 o SLdigos I ool ol y sLrcinb (il -4 S

a5 1 ads samlice ouls (53 0dguxe )05 J
obly wab (xS 0 e 9,90
Loy yd 50 o555 O cdile b By oS e

Totd g Olgie ) yiegl 785 5 5l eslaxul
Dyl MUS (alels

(SERS) glaly chnb g 9

0 Lpuwail ¥ )

Sonable

shls aYyy 5l Jobb sl (Sle
s A 2 pSaSen B Gl L By oSyl
oole jga (g0 (ae)) 4Y ;) sl .Sl
Sl iSile Jolis by ol 00l B S 4o 4550
obel, ads é:é\j 50 odilendl ks onls SO
039 9 de slaasY 5y 5l eolaiwl b By S 951
Sl as Wlosges pdlel (2012) o San 9 WU .ol
039950 15 By oS 5T el cinks (sla™ S
dib jo (S g Wiyl 0929 1200-1600 z46 sue

1- Finger print



123 9 ool saimcinh 3l eoliiw! b diu (Br) oo 9T omseid b 3!
o
o
=
o
o~
o

> 3 4
=8
£ 5
==
® S
£ 2
&

400 600 800 1000

1200 1400 1600 1800

VWavenumber cm-1

£ 59550 5) Br (S 9T + ¥ 315 (gLl (raKilia 51 (41Y 325) din glridinb (5aSilae Jubli5 51 ool ko =5 JSCi

£S5 9,5 O bl (0 By S ST (gl s slaasY
L;)mUa r Sl 00 00)51 6 J&»A B )MJ B
odgdzme H0 a5 ey o ol . Sle sl
Sl sl a5 weSae e Sle 1200 -1600
s ol 50 1) Br Sl ik slaciSil
Caol S8 a4y oY 5l 0z (S Mos S gl
Sl 58 0,549,500 100 cdale (ol S 598 el

b odys sgolien SalS ol g plovl 5

Substrate + Aflatoxin

Substrate

e

Subtraction Result

1000 1500 2000

KolT S go 5 ailolus
Ty Jsb el L ol el )95 Gl
pas 4 boyie icgllhe Ll aboo)5
oo Y Gl 1l s Cewd 4y aigad yuilu,gld
03l Zasgl dalol 1) (Sgewdl wals g8y Jleixl
SR AV p; owyn g GRRgR deldl o (990
Joles a0 ,5 33! KT aibol b o slacals
sra> Geh (ae)) aYyny b Ske
25 3 dele slacil (Sl 5 By (SNl

2500 3000 2500 <00

29 259,540 5) B1 (a1 (g3l gloas¥ 15 glodinb (uSileo 51 (a1Y 513) dumo) i (aRilo Jusliy -6 S



124

2 6 jlots 4 ala 1394 Jlw ( 33é ulis g agle ju (559055 9 Gia g5

aS Y ds Sy 7 I 0 al 5 il
317 e Jsb o ol JSb ully 5 S0 Sy
zoo Job &5 Jb> o el oals ool lis sl
(o9l 785 §532) il ailales g0 o 3]
50 ookl 5,90 Y 5 aS Wload &dly Send o
a ks gl S0l hxs L esgame
E89 2 S S Sy 357y (Leeblieg 2SI
b Zogl pae glyioe Bl GaaiS Geendl
O aisSily |y Yy (59, oeeS W G,
Olely JiSw ol aejY a5 (o slaygendly

Dol dugi «awl 00le

S olse slp olely JUSom yo Dl (Al

S 4 Sload (v Cdx (ool ol o,
Srdotabd g (ouabliseg SSUl oo )3 Cushs
gl bawgs lae Cogli cpl aasee &) JsSse
)55 e 4 0anl jg5 oS (285 T o0 D50
Wghse aZSly (o Glaggendly WIS (o
L said o Ggemdly (uilS 3 45 (589 (lase Cugdl
b S 05 o Aty ol (G2 55 S 3
o8 g v9h Sl glosle az 51wl 5518
B I
b Hgedly Gais S B et gl 4SS
190-1100 odguze ,o 4y UV-Vis i

5000
‘]I ...................................................................................................................................................................
Abs \
31‘[: ................. / ...............................................................................................................................................
] | T ——— _\___747_——me__m_,_-i,_‘_- AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
100 -
1900 i 80000 000 100000 110000
Wavelength

03l 190-1100 s5gumxo 35 0 45 (U puew 95U 31 JSiicio aY g3 § i b =7 Sl

1000 cdale) By oS 53T el i 8 S 5o
o ol 500-1750 0dgaze 4 () )0 p,5 5,50
lH3eil glaadels Y i 3l solaiwl b aS yugSas
ol 00 00ls L ol s 4 Aiul (g9, 0,
Loy bl gge das anylio b 1 Joamr 5o
a5 (2012) ), Ko g WU iz 10 oo a5l ol
30 By Sy wilowls awle DFT g, 4
1048 1148 1252 (1390 1527 1583 (1658

Dl ol oS el 945

Al (595 0585 153 i sl 31 JScte ¥ 25
Lo seml @Y ps ol ol o Slee &y 50
g Yy sledal Caws 4 el (WSile Joly
bl sl iS5 By S 5T + Y5
Wgy sshie nl gln wigd el By (S ]
15 oSs,5ae 1000 5100 5 clii 3 s 5

s plool 2]

Bl (S 5T il S ki



125

9 ool (b 51 00l b dity (Br) oS T (sl (2 3

1600-5
1500-5
MOU-S
1300‘5

1200

Raman intensity

1000/
00!

800

w0 om0 im0
Raman shift (crm-1)

Too wo e

S1y393b audgls 51 JSoicie a¥ s ) 31 ooliciawl b svel Cowny (ind 33 559 550 1000 Clile) By cymmaS 9T Citns -8 S

Al (595 0y

(Wuetal,, 2012) DFT g, 4 o0 dpmwloes g ool Cowd 4y Sy CaxBgo dumlio =1 Jguo

DFT

(Wu et al., 2012)
1

ool Cawd s g Lo

bos o 5l

(Wu et al., 2012)

e cm’

948 945 B(C-0), (C-C)

1068 1048 (C—-C—C) ring deformation

1167 1148 (C-0-C)(H3). (C-0-C)
(ring)

1252 1252 (C—H) (ring)

1404 1390 (C—C) ring(s) skeleton
vibration

1508 1527 B(C—H)(CH3), B(C-H)(ring)

1572 1583 (C+=Cs), ring deformation

1657 1658

(C-C) and (C—C-C)

589 o) was awl (Wu et al., 2012) s.xs
(Br) S i3l il (5l 20 nals b olys
Slass sdel Caws a4y dib i) 0 059,500 O @
Ol ) S 3T @ galS slasy 5 B

(10 ) ol 08,55

P55 950 100 & S T clale als L
s g ol ouds awlS LSy olaws 31 2 o

Sre sl 619 5 1382 933 slogse sae bl
5 1382 oSy Ll 5l a8 win )8 oy 9505 (wsSixe
5 48,5 DFT ig, b wsSxe s gl 933



126

2 6 jlots 4 ala 1394 Jlw ( 33é ulis g agle ju (559055 9 Gia g5

Raman intensity

0!
7501
0!
650
500
550
5001
50!
0
0!

!

w0 ew w0 1w um few

Raman shift (cm-1)

Aol (53 08 13530 wiglS 31 JSbiio &Y 05 31 00l b G 53 55 100 iLE) By commnS 38T i -9 IS

Raman intensity

1300-5
1200-?
1100-5
moo-f
900-5
800-5

00/

Te0 e 0w wo tew

1420
1566
1630
1685

Raman shift (cm-1)

Al 59, 0 5 13930 239l 51 JSite Y 25 51 00l b (52 59 550 5 CUBLE) By (oS T s =10 U2



127

9 ool (b 51 00l b dity (Br) oS T (sl (2 3

Y 590 o Ll al ol QT obel, ks Lg)'L.:)lS.:;ﬂ
olly b oy (LT jo (cwyp 990
oo yiud )3 059,500 O cibale ;5 By (S 50
S abgsye oSy (b, 5aT gy W sisg
S5y sl bl gl e (b gleliX]
3o Sldgil adsls' 5l JSdie 45 sl S g
Sl 3 e Jsb 5 Sldglh U5 5 ol oo

55 plasl 5 s Sl ol il

785 e boglely meca b alele 5l ool
P (Ere3) sladiges (bl b 331 50 agil
Sd bl ‘Szmwa_,_la alobo b duslin jo iug
b g 00,5 obml (5eS uilw,sld ¢ iagil 532
ClewSl 1 samlin b ol cass a4 (g5 ol
£S5 9,550 1000cdale) By wSy)bT olely b
3l JSace ¥ 5 (g9, oads A3l b o (id o

g Cugdi 4o Y i pl CullE i Gl Sl adslS

&bw

-ab95> 9 GouiglS Sl,343L 5l eoliiul b (SERS)  ombaw a4l s )| olol, 1 sleiols 1388 . ool -2
RO SYEINEWIR PRLIURRL YL 4] NPT R OF- BV W COW L S O Ty PPV DY IR PESpp TS

oyl ol i lacSuSs g Jelge g S 38T 1386 g (Sgale Bolo g ., «sobl wle il -3
oKzl oads &yl slo Sl it g OVlie 4o 1386 31 13514 caney ot aias 5 6)5l8 o Limlen
Moo (o938

4- Arrus, K., Blank, G., Abramson, D., Clear, R. & Holley, R. 2005. Aflatoxin production by
Aspergillus flavus in Brazil nuts. Journal of Stored Products Research, 41: 513-527.

5- Canamares, M. V., Garcia-Ramos, J. V., Sanchez-Cortes, S., Castillejo, M. & Oujja, M.
2008. Comparative SERS effectiveness of silver nanoparticles prepared by different
methods: a study of the enhancement factor and the interfacial properties. Journal of Colloid
and Interface Science, 326: 103-109.

6- Cheng, H. W., Chen, Y. Y, Lin, X., Huan, S., Wu, H., Shen, G. & Yu, R. 2011. Surface-
enhanced Raman spectroscopic detection of Bacillus subtilis spores usinggold nanoparticle
based substrates. Analytica Chimica Acta, 707: 155-163.

7- Devries, J. & Chang, H. 1982. Comparison of rapid high pressure liquid chromatographic
and CB methods for determination of aflatoxins in corn and peanuts. Journal-Association of
Official Analytical Chemists, 65: 206-2009.

8- Dichter, C. 1984. Risk estimates of liver cancer due to aflatoxin exposure from peanuts and
peanut products. Food and Chemical Toxicology, 22: 431-437.

9- Dragacci, S., Grosso, F. and Gilbert, J. 2001. Immunoaffinity column cleanup with liquid
chromatography for determination of aflatoxin M1 in liquid milk: collaborative study.
Journal of AOAC International, 84: 437-443.

10- Fernandez-lbafiez, V., Soldado, A., Martinez-Fernandez, A. & De La Roza-Delgado, B.
2009. Application of near infrared spectroscopy for rapid detection of aflatoxin B; in maize
and barley as analytical quality assessment. Food Chemistry, 113: 629-634.

11- Hernandez-Hierro, J., Garcia-Villanova, R. & Gonzalez-Martin, 1. 2008. Potential of near
infrared spectroscopy for the analysis of mycotoxins applied to naturally contaminated red
paprika found in the Spanish market. Analytica Chimica Acta, 622: 189-194.



128 2 5 jlach 4 ala 1394 Jlus . 338 aslis g psle 4o 558095 9 (oA g5

12- Kim, M. S., Kang, J. S., Park, S. B. & Lee, M. S. 2003. Surface-enhanced Raman
spectroscopy of quinomethionate adsorbed on silver colloids. Bulletin-Korean Chemical
Society, 24: 633-637.

13- Li, P.-W.,, Zhang, J., Zhang, L. & Mo, Y.-J. 2009. Surface-enhanced Raman scattering and
adsorption studies of morphine on silver island film. Vibrational Spectroscopy, 49: 2-6.

14- Ling, J., Sang, Y. & Huang, C. Z. 2008. Visual colorimetric detection of berberine
hydrochloride with silver nanoparticles. Journal of Pharmaceutical and Biomedical Analysis,
47: 860-864.

15- Lu, L. Q., Zheng, Y., Qu, W. G,, Yu, H. Q. & Xu, A. W. 2012. Hydrophobic Teflon films
as concentrators for single-molecule SERS detection. Journal of Materials Chemistry., 22:
20986-20990.

16- Malekfar, R., Nikbakht, A., Abbasian, S., Sadeghi, F. & Mozaffari, M. 2010. Evaluation of
tomato juice quality using surface enhanced Raman spectroscopy. Acta Phisica Polonica,
117:971-973.

17- Moss, M. O. 2002. Risk assessment for aflatoxins in foodstuffs. International
Biodeterioration & Biodegradation, 50: 137-142.

18- Muniz-Miranda, M., Gellini, C. & Bindi, L. 2009. Surface-enhanced Raman spectroscopy
for identifying rock composition. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 73: 456-459.

19- Parnis, J. M. & Oldham, K. B. 2013. Beyond the Beer—Lambert law: The dependence of
absorbance on time in photochemistry. Journal of Photochemistry and Photobiology A:
Chemistry, 267: 6-10.

20- Pavel, 1., Mccarney, E., Elkhaled, A., Morrill, A., Plaxco, K. & Moskovits, M. 2008. Label-
free SERS detection of small proteins modified to act as bifunctional linkers. The Journal of
Physical Chemistry C, 112: 4880-4883.

21- Pearson, S., Candlish, A., Aidoo, K. & Smith, J. 1999. Determination of aflatoxin levels in
pistachio and cashew nuts using immunoaffinity column clean-up with HPLC and
fluorescence detection. Biotechnology Techniques, 13: 97-99.

22- Raza, A. & Saha, B. 2014. In situ silver nanoparticles synthesis in agarose film supported
on filter paper and its application as highly efficient SERS test stripes. Forensic Science
International, 237: e42-e46.

23- Singh, D. K., Ganbold, E. O., Cho, E. M., Cho, K. H., Kim, D., Choo, J., Kim, S., Lee, C.
M., Yang, S. I. and Joo, S. W. 2014. Detection of the mycotoxin citrinin using silver
substrates and Raman spectroscopy. Journal of Hazardous Materials, 265: 89-95.

24- Sinha, K. K. 1999. Testing methods for aflatoxins in foods. Food & Nutrition Bulletin, 20:
458-464.

25- Stroka, J., Anklam, E., Jorissen, U. & Gilbert, J. 2000. Immunoaffinity column cleanup
with liquid chromatography using post-column bromination for determination of aflatoxins
in peanut butter, pistachio paste, fig paste, and paprika powder: collaborative study. Journal
of AOAC International, 83: 320-340.

26-Tarter, E. J., Hanchay, J.-P. & Scott, P. M. 1984. Improved liquid chromatographic method
for determination of aflatoxins in peanut butter and other commodities. Journal of the
Association of Official Analytical Chemists, 67: 597-600.



129 9 ool saimcinh 3l eoliiw! b diu (Br) oo 9T omseid b 3!

27- Wu, X., Gao, S., Wang, J. S., Wang, H., Huang, Y. W. & Zhao, Y. 2012. The surface-
enhanced Raman spectra of aflatoxins: spectral analysis, density functional theory
calculation, detection and differentiation. Analyst, 137: 4226-4234.

28- Zhang, Z., Wang, B., Yin, Y. & Mo, Y. 2009. Surface-enhanced Raman spectroscopy of
Vitamin B 1, on silver particles in colloid and in atmosphere. Journal of Molecular Structure,
927: 88-90.



130 2 o jach 4 ala 1394 Jlw itk gl g asle yo (s 9058 9 aash

Evaluation of pistachio aflatoxin (B;) detection by raman and surface
enhanced raman spectroscopy (SERS) using two substrates composed
of silver nanoparticles

Reza Mohammadigol**, Rasoul Malekfar?, Mansoureh Mirabolfathi®, Homa
Behmadi*

1- Assistant Professor, Department of Biosystem Mechanics Engineering, Faculty of
Agriculture, Arak University, Arak, Iran

*Corresponding author (r-mohammadigol@araku.ac.ir)

2- Professor, Department of Atomic Physics and Molecular, , Faculty of Basic sciences, Tarbiat
Modares University, Tehran, Iran

3- Professor, Department of Plant Disease, Iranian Research Institute of Plant Protection,
Tehran, Iran

4- Department of Food Science, Agricultural Engineering Research Institute, Karaj, Iran

Abstract

In this study, the feasibility of detection of pistachio aflatoxin (B1) using
Raman spectroscopy and Surface Enhanced Raman Spectroscopy (SERS) was investigated. for
this purpose, the pistachio samples were used in paste form and infected with B; aflatoxin in
concentration of 5 ppb. Raman spectra of healthy and infected pistachio samples were
compared. In order to detect aflatoxin By, the SERS was applied to two types of substrates:
Ag nanowires and Ag nanoparticles colloid on glass. The results showed that the detection of 5
ppb concentration of aflatoxin B; was not feasible. Between the two studied substrates, Ag
nanoparticles colloid showed better results to detect aflatoxin B;. Comparing the corresponding
peaks of wave numbers of the aflatoxin B; Raman spectrum (1000 ppb) to the values
obtained from computational method (DFT), peaks in 945, 1048, 1148, 1252, 1390, 1527, 1583,
1658 cm™ were confirmed as the fingerprints of aflatoxin B, Raman spectrum. We conclude
that the Raman spectroscopy has the potential to detect the infection of the aflatoxin B, in 1000
ppb concentration.
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