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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

o (0 1 (nA)

Run Order pH Nanocomposite (%) Actual Value Predicted Value Residual
1 6 6.25 5.70 5.74 -0.0400
2 6 6.25 5.80 5.74 0.0600
3 7 4.5 4.00 4.15 -0.1507
4 5 4.5 2.50 2.54 -0.0411
5 6 6.25 5.80 5.74 0.0600
6 6 8.724874 7.60 7.61 -0.0149
7 6 6.25 5.70 5.74 -0.0400
8 6 6.25 5.70 5.74 -0.0400
9 5 8 6.10 6.05 0.0507
10 7 8 6.00 6.06 -0.0589
11 6 3.775126 3.90 3.79 0.1149
12 7.414214 6.25 4.40 4.27 0.1275
13 4.585786 6.25 3.10 3.13 -0.0275
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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
the pH (X1) and Nanocomposite (X2) on the I
(HA).
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Fig 2 Actual T (nA) vs. the predicted I (uA) under
optimum conditions.
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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
N . T
5 7 45 8
ApH = 6.0025 B:Nanocomposite = 8

/-"/7/.
s

2.5 76

I/UA = 7.07408

Desirability = 0897
Solution 1 out of 8

Fig 4 Predicted I (uA) under optimum conditions.

¥ =0.9084X+7.1189
R*=0.9972

I/pA

: 3 s 3 10 B
VA /(mV/s)?
Fig 5 I- v'"* plot for electro-oxidation of 300 pM
vanillin. Inset: Linear sweep voltammograms of
300 uM vanillin at scan rates a) 10; b) 30; c) 50;
d) 80 and e) 120 mV/s.
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Fig 6 A: Chronoamperograms obtained at the rG-

Fe;0,-NC/CPE in the solution containing (a) 300

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

55 30T gl eolginy Sam U5 s p gl ol s S e als ol ols 5 K s sl 5UT s
A eslial ae z e sl Jhas ) Ak sl s ol T plil 3 e Jalge plalid (Jorl e o Sge
335 Gl e L Sy S 5 IS gladsa i U1 Jaes 311, 0T 015 e Wl Slels by
_}\ abu:.w\l{n\i}aj A )Jﬁ}a,\ﬁb Q)U: Alwd lzwj; Q}Lﬁ Ji.\.) L;IJ'.' Sl L;bﬁ_)lg L;E:m E) b}a..» C)B
sleesls (28 S 13 LUl sy skl il i, cl:u Lo asn ol Sl el @Lu slsahl gslgly
ol C‘)A..p\ JJJID/\.H RGO S W 4.‘»‘_)\ A% J}.,\> BE) Gt.r ERSY G.»J j:lé_r Q\Ji.&,hjﬂ j;’L“" .E.«y ol &)\Jg
2 oasls Sl ke Lar K K Olgea il clas [TE] OLSes 5 5 [T ] ol Ken
G @l S IS e s SR oM ek e i (B4 9ol };ui -A -V

@ u_ii_l.b Saised 5 dils s gl solbiad )5l

Yay



Ve J\JJA N 092 Av1 Q)LA.A;

Olal 2l mlo 5 p ke o

LS JﬁL'Ji:E}Lngﬁ}Q):

orbsls s Sl 1 S W o Shes 5 Ul 255

Table 7 Monitoring of vanillin in real samples

Sample Vanillin added (uM) Vanillin expected (uM)  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 13.25+0.83 103.11
[2] Banerjee, G., & Chattopadhyay, P.

(2019).  Vanillin  biotechnology:  the
perspectives and future. Journal of the
Science of Food and Agriculture, 99(2), 499-
506.

[3] Ranadive, A. (2006). Vanilla-Inside
look: Chemistry and Biochemistry of Vanilla
Flavor-A survey of  the latest
research. Perfumer and Flavorist, 31(3), 38-
45.

(4] Havkin-Frenkel, D. (2022). Vanillin.
In Kirk-Othmer Encyclopedia of Chemical
Technology, John Wiley & Sons, Inc (Ed.).

[5] Shu, M., Man, Y., Ma, H., Luan, F.,
Liu, H., & Gao, Y. (2016). Determination of
vanillin in milk powder by capillary
electrophoresis combined with dispersive
liquid-liquid microextraction. Food
Analytical Methods, 9(6), 1706-1712.

[6] Pérez-Esteve, E., Lerma-Garcia, M. J.,
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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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