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The feasibility of pistachio aflatoxin (B1) detection by surface enhanced
Raman spectroscopy using two substrates composed of silver nanoparticles

Reza Mohammadigol*, Rasoul Malekfar
1- Assistant Professor, Biosystem Engineering Mechanics Department, Arak University, Arak

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

Abstract- In this study, the feasibility of detection of pistachio aflatoxin (B1) by surface enhanced Raman spectroscopy
(SERS) has been surveyed. To this end, in order to detection of aflatoxin B1, Surface Enhanced Raman Spectroscopy
(SERS) using two types of substrates: Ag nanowires, and Ag nanoparticles colloid on glass were studied. The evaluating of
the aflatoxin B1 sample Raman spectra at 5 ppb concentration was shown that the detection of this concentration was
impossible. Among the two types of substrates that have been investigated in order to detection of aflatoxin B1 spectrum, the
use of Ag nanoparticles colloid on the glass substrate, unlike the other substrate, was successful. With Comparing the
corresponding peaks wave numbers of the aflatoxin B1 Raman spectrum (1000 ppb) to the values obtained from
computational method, peaks in 945,1048,1148,1252,1390,1527,1583,1658 cm? as the fingerprints of aflatoxin B1 Raman
spectrum were confirmed.

Keywords: Aflatoxin, Pistachio, Raman, Spectroscopy, Substrate

VEY
ASb g yiawd BB WWW.OPSILIT Colu o 4 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/
http://www.opsi.ir/article-1-724-fa.html

[ Downloaded from www.opsi.ir on 2025-12-17 ]

W gy 9dise -y

el priaaish Allabs —)-Y

Slee 4 OYY NM zge Job b 5 51 ailels ol o
)l..u.a [ UT )J..J u‘}; o) ol solawl «S_v):;d e
2 Gy b Jes el aelas BB VeemW
3l lame o Feecom™ I Fee i edgase
() JS8) Canl ous alxil OMNIC

Thermo Nicolet Almega  suwcib alols Y i

sludigd Y-V
Lyl 4 azg5 b SERS) o ooletu] 5,50 sladigas
(o) Pl 9 BL S 8T Jolis oy 5 51 oslictud]
sohite 4 .aad sslel O ppb gV eV e glacdale o
O alayly) &Y - 0 9lB 51 a5 g0 slacdale ays
odBods> He Sl bliyl oz el ol ol eolatl
LSSty s Xee oobe 5l jee J1 50
Lf] oS o ol olge Sloogas

Log (Io) = A ()
A g syme o S | adgl o al lg oyl o oS
P Do a4 a5 Ll (B a) oole Q> lade
D9 o a5 (Y alal))

A= abc (V)
b «L mol'em™) sole Ci> cupe @ o] yo oS
ol ] (Mol L) cdalé © 4 (€M) culbs
Olal) glacib cygli Y-
Obely b Cagl sln SERS (g, 5l Giis cal o
$U sl ¥y e ¥ jshaie oy ol osliinl badiges
i85 )18 (heglS 9 9 0)d )3
o A sRasw ol ) Sl AN 5 —F-Y
4 63 la, sl gl L ond oanligy del> slaas y s
5 s gy 00 54 SRES (glaiolejl 0 0028 ysbo

\FY

(i dage olKals AYAY olays YO b YY

Aadia )
e Pl 5l (S G W & aty (Fogll alie
Joaze sl sladlars 5 (o oMane jI (S 5 S5
Lot sl 5 Sy Lngy 381 el 31
"osSistihl Ty s sk 057 sisleg,B
DI acsb

4 oS I (aseis alilol lajbs, aled

i S gisSole sanseas (Y] s o awsl
shlo ¥y sl eslazwl L g SERS is, 4 (citrinin)
Y Sl jo sl sad oy 0,88 Oldsil
olydeb el gl Drop-Casting s, 31«95
Lo gl Sy ol o0 ool (y5lis oLd (g, 0,8
VOFA o yyAYcm™ Sl Zgesae Sga> )0 s e A
3l " DFT ov9y odel Cawd 4 s g cvaliv
Sheolatal L) i i it anseis o o] a5
el pdy OBl G392 4V bawgs ol b A5
a5 ol sl a [Y] (6 K0 Gaiod 5 oges
as o, b el agarose Jols Jel>e « SERS
s oy Ddgl g (098 (oo glFl (b)ye ile ]
S ols ilgy 398 Joloe L 1) (o385 ilS 5 00503
ol 42 0 Y 5 0 ,Shee romiw sl o5 015 ]
031 oyl 5l S s el 004 chlorpyrifos iS5 <3l
osle meeis gl Vee Vo Clali b Y a5 ol
oy b Oemren cwl Al cuwles Sde
colo 5l GYsb loy dST L Gim ol ol Ranghy
Cosl oile Sl b T 5l )| ol [sSis sla 4 5

ildinsles oo aisle 4Y 5y gl aladi |y alius ('l g

1 Aspergillus flavus
2 A.parasiticus
3 Deferential Function Theory


http://www.opsi.ir/article-1-724-fa.html

[ Downloaded from www.opsi.ir on 2025-12-17 ]

Gy g gl Yy

oA sWasmgli A ) —)-Y

5> Os (aze)) ¥y sl (Sl Jolis
ot 5 5| Jol (sloci (rSiln 5 BLipnS 530
00,9l JSi ,0 0 ppb cdale jo Bl puS T ol,lo
0 O 5Nl slaciil (5ol ) el 00l
Sl gl a5 VY -\¢..cm? o3b yo aS aao
S5 g7 ] 5o 1y BL (S 53T cil (glacotSl
Sl S5 @ pY () ISE o)ad 0929 So “Yas
s g pbxl 55 Ve e ppb cdale ol ;53558 Dloladl
A 00y (solins MlS

Subatrate + Aflatosin

- e T .n.\l.l._ T . ¥ (L

Subiractipa Resull

il 5 Siles 51 (a2 ) ey Glociel (Sl Jols Y S
(0 ppb) BL (1S 5T (g9l slaasy 15 slo
S5y &5 @l lp loly JESem jo Dol Al
2 Cugl Hbl 4 wload (o Dl (ool ol
Ol Cugli pl a0 &) (omeboliieg SSUI Glae
gl 4 0ol y9 &5 (585 005 (o0 D90 haw bawg
"o aSln e Gbggendly WS (e 0595
2 (0p) Ggodly iS5 45 (B lane Zugli. Sigd
Aol Dgbge Ay Cewl (G2b g8 T8 L s
g 0 Ll gl ool ax Gl Wl 3 e
Ol 4z 5 b ogd oo et Ggedly (i S 3
@ el gendly Guais (S8 e ln A0
M osgaze ,o Y5 UV-Vis  Li> b 33
oanlin (¥) US& j0 a5 job les 0u0,8 V4=V . o
JSo ol g SHL S oS Y 5 ol Sy gl e
Job a5 Jb> 10515 0929 YV NM 250 Job ;o ol
&8ly Srod 10 (OYYNIM ) iwcads albols 5] z5e
s ol ojb o 5o eolatul 550 Y 5 a5 e
O3 g9s s @i S 3szy ST o)l
Obly b Cosl pas lgiee il gwais

orSI al Gb) ) aVay Gy, eSS

\FY

St S e oKssls N YAY oLo..{O YO LYY

(6,15) ¥ n) Gagh (nl yo 0ad (ow)p sboY )
Gub anl 009 e Slol, €S8 langs ouls &)

=55 50 0 gl Slasay easjle e85 5 sleal
ek s iy S cal pll glaeS 4 4y

OxOxY MMoslaiwl 5,90 o ;) olol 09l Jol>
(D + S $MT ) digas il 51 Geoconl 034

A3 @ pladl s 5 4285 )18 005 l0aS5 45,0 )] (59,
RV Y- A

Al 9 0 80 @) ol ) ISdda dN 5 —O-Y

9y S @l Slidgl ad sl Geies cnl o
0,8 Ol 5l g, ol jo ol solau] oland oS
$lp odals ool Sy g (eiiS £4,0 Sad lais w)
M jslaie ol (gl 09d oo ooliiul 0,85 Ol )39l ades
gulass b go ol ++) Lm,o BoNgA) o,8 ol s 81
g ool HIR & ple yo 1y ol Jobne 05 >
Sl mesy @l s VLM e
0,8 o,k (05 b s Cow /) (aN70sHGC)
& plos o 4ids OF Sos 4 Jols bglss o aslsl
@ 08 anglS Cules jo 9 8,5 18 (05 e Llyl o
356l Jghoe angs 5l o [O] el Caws a 0,5 K,
o> s 4 3l S5 0550 BT il (gl 0,8
b oshie ol sl s 08 Sldgil ewlie clale
b sl @ 558 Jslme 51 plmoylad alesT Gty wiz
(Shny 0,155 0,5 S, (0 K 5l ) ey Sl
oY 5 ol S (65, aie e o (ad ALS
el el LoLs ] was ewlss glases

e s onds ol el iy (g9, (B peanS 533)
oo 331 Lol bl oy s pladl T s St
SLyer S5y 3l S lagiabel Gy mls e S
@Rl s 4y s (gladls JY (g, i8S IS
oY g5y 0,8 SL3gl a5 ekos aslsl o 1 g
S3sil wslas cale slomyl (gl ainds slomyl (gladed
atd Jslme looylad I canlio o515 (280 )0 5 0,4
KoY ) DY claohd sl ey (g3, ol
Slopkad o) olaai b s Soles 50 9 Wad ()
95 5l lapST 5 ady & Cond (6 el b ¢ Jolome

ol las


http://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
http://www.opsi.ir/article-1-724-fa.html

[ Downloaded from www.opsi.ir on 2025-12-17 ]

DFT

. sl s d guslis Laipe iy
(Wu eral,2012) e
el (Wu eral, 2012)
cm‘l
A a¥n B(C—0), v(C—C)
V- FA 1-Fa v(C—C—C) ring deformation

ey A ©(C—O-C)(H3). v(C-0-C)

(ing)
Ay Avar +(C—H) (ting)
VE.E vy - v(C—C) ring(s) skeleton
vibration
YorA rery B(C-H)(CH3), B(C-H)(ring)
Yavy YOAY v(C7=Cs). ring deformation
VFaY VFAA v(C—C) and ©v(C—C-C)

Sy ol 51 Ve eppb 4y S Sl clale zals L
iy ll, blie by 5 ol sad aruls
Ll 5 a5 ws,S log dges #1245 VFAY AYY cm™
5l a3, 5 DFT (3g, L AYY o \YAY cm™ slacSs
Gl Yo als b cules jo wsas ol [V Y Jous
Sl sl s a il O Ppb a4 S BT clale
W ot Ghles S T 45 bgy o sloSy 5l (S
el 2l Gl o abgyye slacsly g3l SaT
S oldgil ol L8 5l aYp; sla Sy s,
Qlely il wlebe 5 zae Jsb g S350

D pdy Oyge (6 pinn Olidsd

&b
[1] Dichter, C., Risk estimates of liver cancer due to aflatoxin
exposure from peanuts and peanut products. Food and chemical
toxicology, 1984. 22(6): p. 431-437.

[2] Singh, D.K., et al., Detection of the mycotoxin citrinin using
silver substrates and Raman spectroscopy. Journal of Hazardous
Materials, 2014. 265(0): p. 89-95.

[3] Raza, A. and B. Saha, In situ silver nanoparticles synthesis
in agarose film supported on filter paper and its application as
highly efficient SERS test stripes. Forensic Science International,
2014. 237(0): p. e42-e46.

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

[5] Ling, J., Y. Sang ,and C.Z. Huang, Visual colorimetric
detection of berberine hydrochloride with silver nanoparticles.
Journal of pharmaceutical and biomedical analysis, 2008. 47(4):
p. 860-864.

[6] Lu, L.-Q., et al., Hydrophobic Teflon films as concentrators
for single-molecule SERS detection. J. Mater. Chem., 2012.
22(39): p. 20986-20990.

[7] Wu, X., et al., The surface-enhanced Raman spectra of
aflatoxins:  spectral analysis, density functional theory
calculation, detection and differentiation. Analyst, 2012.
137(18): p.226-234.

St S e oKssls N YAY oLo..{O YO LYY

&S xhw Glaygendy Huis xSl (Lueblice
Bged duz g5l 00le lel, JUKiw 25| ae Y

il -
I | i
s i
g
W e S S -
——
L H H : H
1 m fx nx mr ran

Wawedangth
nm ol ;0 0,8 g ol 5l JSiie Y 55 i b YU
UV-Vis) Yq+-\) ..

90 08I )3 oIl aulS ) JSdia AN ) V-V
d LS

ppb cdale) BLopeuS el olol, cis (F) U o
51 ooliul b aS” A --)VO-CM™ odgase jo (Voo
S & A (59) 0,8 Slydgl slaaglst 4 5
sae awslio b (V) Jgaz 50 el oo ools ylis ool
S0 Gebod o oad &)l olael L Sy yblis zge
odalive wiloads dwlne DFT 3, 4 a5 [V] L
ABYY AOAY AFOACm™ o adly slacSy 45 39 o
Slowbre g, 4 AFO A FA AVFA ATOY AY4-

g oo 3l

g
‘A_;}’moa

125
71708

Rarnan Intensity
gz
€>1
§1

Tan
.
-

<

m m Twom o mw w0 B0

Rarman shift fcm-1)

b oodel Caws s (Vo o+ ppb cdale) Bl oS 06T cals ¥ S
Aol (69, 0,85 Olydeil adelS 3l Sz Y 3 5l eolatul

¢ BLinS 5T J5SUg0 5 0,85 (SiaS (slacsly Conbge ) Jyor

DFT (g, 4 00 doloee g (iulos] 5l el Cows 4

\¥¥


http://www.opsi.ir/article-1-724-fa.html
http://www.tcpdf.org

