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Table 1 Independent variables and their levels used in the response surface design

Factor level

Independent variables

-1.41421 (-a) -1 0 1 1.41421 (+a)
pH 4.59 5 6 7 7.41
Nanocomposite (%) 3.78 4.50 6.25 8 8.72

Table 2 Response surface central composite design (uncoded) and results

Run Order pH

Nanocomposite (%)

1 6 6.25

2 6 6.25

3 7 4.5

4 5 4.5

5 6 6.25

6 6 8.724874
7 6 6.25

8 6 6.25

9 5 8

10 7 8

11 6 3.775126
12 7.414214 6.25
13 4.585786 6.25

L (nA)

Actual Value Predicted Value Residual
5.70 5.74 -0.0400
5.80 5.74 0.0600
4.00 4.15 -0.1507
2.50 2.54 -0.0411
5.80 5.74 0.0600
7.60 7.61 -0.0149
5.70 5.74 -0.0400
5.70 5.74 -0.0400
6.10 6.05 0.0507
6.00 6.06 -0.0589
3.90 3.79 0.1149
4.40 4.27 0.1275
3.10 3.13 -0.0275

oils Ulsle S Sl mal e Ay w leane Gl
e DBl 3l bl anlie 6l 5 (1Y ad) &S]
U a3 Od a3 ealizel (14 wid) s
Jol el ad el 1SS A sdons Sllas w2
b Sle 5 0 O3l 48 by ilols LT o) s

i (bt s LT laesls s aslie S5 S, @

YAV

N B V- S P NPV A
STl Sl5le 5 L gade oluagy ST ealind
o Bl lnl s sk pd s S e VY e

A3 S Sl e L

225 oot g 325 V-


http://dx.doi.org/10.22034/FSCT.19.126.283
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.26.7
https://fsct.modares.ac.ir/article-7-59812-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-22 ]

[ DOR: 20.1001.1.20088787.1401.19.126.26.7 ]

[ DOI: 10.22034/FSCT.19.126.283 ]

90 (VLI e PRCIUE U C ] S SO W RO

SO 5 (55,5 g

S 85w Ol e S5 sl e alol Al
Sldn };L} Cld.w 2 g},.Sl 2 LS:M L;.ALF éua})f
ol Slmio o ol L e 4 5 il enld LSS

[¥F] el aly

BY 35 7SI cole Solwane—Y-¥

ksl g 5 9 zSJ
S Sl 5L L ekd Pl 5 S el haten
g S Sl s i gl gileang
s PH Glms b adlas $lpcd S U3 s
S S kil 4 bgse T 0Lz CadselS HU
e 35586 o by Sy 55 e S e Rl £ b
Lis s boslsl SOSG wll s ad sl -
=l Sle 5 Sy plowil batlesT el s el sty
5B a5 B e sl Olse kLol Sl el
o 3 03,00 s 4 gl mlE o) dn A
Ol ¥ dodr & ax s L (Y Jodr) L5 Lo gy 2
Ly (/0 A (ol 4 bgye T Ol aaS oS
PH 5 (4o)5 £/0) 500 50 slsmn DI JIL basles &
o s Ol e &S S S0ka izmer 5 el (0)
L Loyl & by e (VA PA) (plils & by e T 0L >
(ODPH 5 (Ao )3 AVY) o358 5L (gl gime 8 as 2l Sl
Solsgma DAL Sl Gl bl aes Al s
SRl SaS 4 gl 5SS o sy Al sl i
AT bl b3 8 bl VY s STl
Gl ps3 axs lalexridin gladde o piie L 0o S5
gloosls i3l el s 6 gl 5SS e e
s  olily 4 base kT Ol gl eal Csay
ujf S R XL R Sldazde Jd ool ool
4 by hT 0L shse s bl LT sl o
A bl sl e sdalin ¥ sl s il
B P vt o 4y SIS poman Lo,y 585G g;a;-
Aos A4 540 sl S el bay s il
Loy T 0l sl R ol fass 55 sl s
e S ol ol Ko 6 el s w0 /88Y STy @
ok Gl die 5 edls med s st L ST O S5
S50 pslie anls s Ol JS 31 Ay A4V wlly

03 (+/488A) ol s R? O35 Vb s e 55 1) andllas

YAA

S0 g0 LD ooy p 3Ill LEI B s 3l eslizad L
Glgdy Ko by S S as e oo 53 o U7
@GT&U‘};%‘S&&}&%}@ £3> e

2383 Jede s o 3550 ol sy U

Sow .j@\.ﬁ—“

sl U bl 5 (g5 g8, 90 ) Y
02 S el P eSS Cos e Gl
oo 3l a8 S 5 el 3)5e s dimal 5 I
X s5n Bln peas ) S0 03 ol X 55, Ay

Aas e 0L Syl 5 06 sl 1, XRD (61 Olaa
1000

900 [31]

800
[220]

700 H [400]
600 /

[440]
500 1 M\M L‘W [422]

1L
400 B

Intensity

300 |
E Wi,
200

100

0 - - T T T
20 30 40 50 60 70

Position/20
Fig 1 X-ray diffraction pattern of nanocomposite.
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Table 3 Analysis of variance for the fitted models

Source df Coefficient  Sum of Squares Mean Square F-value p-value
Model 5 23.95 4.79 459.85 <0.0001
Residual 7 0.0729 0.0104
Lack of Fit 3 0.0609 0.0203 6.77 0.0479
Pure Error 4 0.0120 0.0030
Cor Total 12 24.02
R’ 0.9970
Adj-R2 0.9948
CcvV 2.00
Press 0.4519
Standard deviation 0.1021
Adequate precision 73.1809
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Fig 3 Response surface (3-D) showing the effect of
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Table 4 Optimized conditions for I (LA) using RSM

The coded The actual
Factors . .
optimized values  optimized values
pH 0 6.00
Nanocomposite 1 8.00
(%) '

4, L

S 7

A:pH = 6.0025

T

2.5 76

I/UA = 7.07408

| L

4.5 8

B:Nanocomposite = 8

Desirability = 0897
Solution 1 out of 8

Fig 4 Predicted I (uA) under optimum conditions.
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Fe;0,-NC/CPE in the solution containing (a) 300

and (b) 500 uM vanillin. B:Cottrell plots obtained
from chronoamperometry.

gRSA= gt edgdowe yead —0-Y
o C)\..o‘ ;3;‘.’“‘ j‘ eéu;'na:‘b.mlé‘j

OF GV cle e 4 e e el 2 )
3o o mS s Gl Gl s 4 o
T oSty VOIS s eslial Sl asiias
O el denS1 5 5S (gl ol Ol is o ol pan 4y a p
'MJ@Ow'J°qu'b}fg‘dz‘”Jbg}:l‘:ib

25
20 1

y =0.0714X+1.1936
R?=10.9930

0 50 100 150 200 250
C/uM

Fig 7 The plots of the Ip as a function of vanillin
concentration. Inset: Square wave voltammograms
of rG-Fe;04-NC/CPE containing different
iconcentrations of vanillin.

nFACDz

= —
rG—Fegg)Ag TR VE PR P KW R [ e
U )V}ﬁfld \/‘ U"' dh;— ‘-&Lﬁlb A)j.bm &NC/CPE
R* =  Y=0.0714X+1.1936 L Vs ;<. Yoo

Y4

b sl M5 volewd 1G-Fe;04-NC/CPE b
S dsie SV g, il OeldnS! 0L~
38 Al S Co plils O gl ST S RS
o ST 0L o Ol ks pee (Soke 4ol
Ol &S sy ot dlady gy Cepe L LS S
gl 03 OS5l GRlST aglp Os g 358 edias
sy e PG B b Sl sdd Yol s Sl
oot plie G 4 LSS ol T S el
ol GlS! (S Casgde el S 0l bals
[ lasb e sy S RlBI L oS 5

omlesl S oL 45”15;5‘ edalie CL:J 4 a5l
Ol 5 3 3 ety sy o U o
s S L b 4 b il L)
55w 65 Gl 05 o by sl B ey
Gl 250 cpbils (oS Jeily sy S s &S
525 ek 4 Oy Gl Sl 2 5 B 0L
LYWL by sy o 03 s cl Lls 1) 0SS
e gl il STy el (sl 28 Ol 4 ax 5
gl 4 Odes Co b (Sl a5 65 Sl (6 S
LIVT 60 1) (ploard s 5SIN (2iS15 ool 5 55 2SI
S0l 55 anlllas - ¥

Orao O adllas sy S 3 s e Gl
A-D) K s el el S
oy 3 ekl sy Sl sl Sl S
G shea s e OlE kol ciloie glachle
A Il s 4y Sy oo A il ug;},ﬁiﬂ;
oske & s Gl GRlSh s Oos (6355 4 ax sl
Glachle 3 oS5 VA powe S u b e
aola g Sl ol cdalie &S ) boles A3 ey Al
farg bl e Sl 5 dal) Gl edel s

(Y o) J 518 Wl

N | =

nFACD
[ =— ()

127?
35 S Jled CE.—#AH}-L—Z sl lagy SN alaly ol 5s
sygs S 5 2kile € dem®s™) 358 e D dem®)

e il e F= 41840 5 (8) 0l t (mmol.L™") ;i


http://dx.doi.org/10.22034/FSCT.19.126.283
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.26.7
https://fsct.modares.ac.ir/article-7-59812-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-22 ]

[ DOR: 20.1001.1.20088787.1401.19.126.26.7 ]

[ DOI: 10.22034/FSCT.19.126.283 ]

90 (VLI e PRCIUE U C ] S SO W RO O 5 6,0 lugs

m=B L il s ol s SlS N sl oY asis Ll K G oalgdy 5 &l 3 S olay st Ko
ls 3 Y] 0L 5 Ll 5 [T ] 0L 5 55y md 638 o o 1S s Jols s el Sl
@olpin Ko s oxpdow 5 Lasiid A= 0 Jsds o 3 S el of MOD) asis 4> 5 (LDR) K>
Oly paiS Gl e ple Gla o, boanslie s 05SE s b s Sl s iy S el
S 335 o sdalie &S [ b0la Il s> S &) P S sl by e e Rl
Shgs B edsdoe 5 Siml SadS Je edd el O Sl e e WS ros Sl e nl se il s
2l S Sl alllas ol el A e &S sl 2 okl lp e e S Colg s 5 S ealinad
olas LS5 olBles S a Ol5 e 1) et Sl =L Ve 5 Se Yo B Ve gl Vs ed gl

Table 5 The analytical data obtained by some previous works for vanillin determination

Electrode LDR LOD Ref.

Glassy carbon: MoS,/PANI@g-C;N,/GCE 0.22 - 8.5uM 0.043uM [38]

Glassy carbon: ZnSF-PdZn 0.05 — 150uM 20uM [39]

Copper particles were coated on an indium tin oxide (ITO) 0.5 uM -2 mM 0.15 nM [40]

Carbon paste: NiO-SWCNTs and ionic liquid 0.01 =350 uM 0.007 uM [10]
Carbon paste: rG-Fe;0,-NC/CPE 1 aM - 250 uM 0.3 nM This work
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Table 6 The interference study results in the presence of 25.0 pM vanillin

Species Tolerant limits (Winterference/Wvanillin)
KCl, KBR 500
Glucose 500
Vitamin B2, Methionine, Valine,
. 600
Glycine
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Table 7 Monitoring of vanillin in real samples

Sample Vanillin added (uM) Vanillin expected (uWM)  Vanillin founded (uM)  Recovery%
Coffee milk 3.:51+0.34
10.00 13.51 13.41+£0.42 99.25
Biscuit --- -- 5.35+0.38 ---
10.00 15.35 15.75+0.89 102.6
--- -- 2.85+0.41 ---
Chocolate 10.00 12.85 13.2540.83 103.11
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ABSTRACT

ARTICLE INFO

Additives analysis plays important role in food quality control and has a
great impact on public health. Therefore, rapid detection of these compounds
in food samples is important in food safety. In this study, reduced graphene
oxide /Fe;0, nanocomposite (rG-Fe;0,-NC) was synthesized in the presence
of sour lemon peel extract as a reducer and stabilizer agent in aqueous
solution. For the first time multivariate optimization based on rotatable
central composite design (RCCD) coupled with response surface
methodology (RSM) was used to optimize effective experimental variables
for fabrication of electrode. An experimental design has been used to
examine and optimize the impacts of diverse experimental parameters like
the pH and concentration of the nanocomposite in rG-Fe;O4-NC. The
optimal conditions were pH: 6 and the concentration of the nanocomposite:
8%. The synthesized nanocomposites were characterized by TEM and XRD
techniques. The rGO modified carbon paste electrode (rG-Fe;O4-NC/CPE)
was used as a highly sensitive electrochemical sensor for the detection of
vanillin. Interference of vitamin B,, methionine, valine, glycine and KBR,
KCI and glucose were checked in the presence of 25 uM vanillin at surface
of rG-Fe;04-NC/CPE with acceptable error 5%. Results confirmed that 500-
folde of above compounds have not any important interference in monitoring
process of 25 uM vanillin. The vanillin sensor showed linear range between
01 nM — 250 pM and a low detection limit of 0.3 nM. Finally, the rG-Fe;0,-
NC/CPE was successfully used for determining wvanillin in food
samples.Therefore, this sensor can be used in food industry to the online
determination of vanillin in flavored milks and ice cream.
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