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Colorimetric detection of 6-benzylaminopurine residues in vegetables

based on Fe; O, magnetic molecular-imprinted nanoparticles
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[ Objective] Achieving a rapid, sensitive, and visual
detection of 6-benzylaminopurine (6-BA) residues in vegetables.
[Methods ] Based on the peroxidase-like activity and specific
recognition of  Fe; Oy

nanoparticles (Fe; Oy, MMIP NPs), a simple, rapid and highly

magnetic  molecularly  imprinted
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selective colorimetric method was established to detect 6-BA
residues in vegetables. [ Results] Fe3;O;, MMIP NPs exhibits
optimal peroxidase-like catalytic activity at pH 4.0, 0.02 mol/L
TMB, 0.02 mol/L. H2Oz and a reaction time of 5 min. 6-BA
showed a good linear relationship with the difference between the
blank and the sample absorbance value in the mass concentration
range of 1~300 ng/mL with a limit of detection at 0.697 ng/mL.
The method was successfully applied to the detection of 6-BA
residues in vegetables (cucumber, tomato, bean sprouts, mung
bean sprouts). The recovery rate was 83.47 % ~106.76% . with a
relative standard deviation of 0.37 % ~5.66%. In addition. Fe; O,
MMIP NPs could still maintain good catalytic activity after 60
days of storage at 4 °C. [Conclusion] The colorimetric method for
the detection of 6-BA based on Fe;O, MMIP NPs has the
advantages of simplicity, rapidity, economy, and can be used for
the detection of 6-BA residues in vegetables, which has certain
reliability and practicability.
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Figure 2 Peroxide-like catalytic activity of Fe; O, MMIP NPs, absorption spectra of different reaction systems

MERE ETF Fes Oy MO FEHBARMFILEBRMVERD - TERERBERKE

6-BAC1.5 pg/mL) i 0 BE 0%, ¥4l Fe, O, MMIP NPs
B A, BRI D BB R 1.3.4, BRI SS HE L S
1 mL PE—CMIBEEW Vs * Ve B 9 DG
Fe; Oy MMIP NPs 303, f 4 1] 1 mL #26K ¥k % 3 K.
il % 1 Fe; O, MMIP NPs F 4 “C T R 17 [8) R &L, ki
A 3 e R A R A% % 2 B L R E
1.3.6  SEBRAES T 6-BA BYRLIN DB, PH A A B G

VERTZFVES S BRAE . BRI 10 g OFE # F1) 0.01 g>1¢
nuvj][l/\ 20 mL W, 87~ 15 min. 4 000 r/min & .[»
10 min, EE PR, & IF B T 55 Chezgk4iin +. W
BEA R 5 mL(GB/T 23381—2009) , 3 4 i A K [l ik
FERY 6-BA b3 HET W AT BRG] i {802 B ) B, 9
58 ELISA 325 & 0 R [l i 2 SR 3E47 X LE .
1.3.7 BRI EOTATIE 3 W, BUT- 5 (E
TFHR AT . SR SPSS Statistics 26 %k 14 #4755 11 23 %
A, R ] Origin 2024 344,
2 RS0
2.1 Fe; O, MMIP NPs #2838 S 4L ¥ B f2 10 35 1

Fe; O, MMIP NPs fig i & H,O,, & LK ¥ TMB.
ABTS.OPD & A4 W] i iy & 8, 5 b7, fi ¥ W 43 0l 2 o
s A& 2 ], B BTl & 1 Fe; O, MMIP NPs
HA R AP0 2 A AL A A vE P . oA MR AT
Fe, O, MMIP NPs {1k H, O, & b TMB, & i £ W Y
1 (652 nm) b i W% 6 BE R W3 & T ABTS (415 nm) F
OPD(450 nm) B, H W Wi % S X FK . % 18 3 ABTS X
R G I Wi T8 1 BZ JoR A5 30 354 4R T, OPD X AL A4 B A B 58
AER] P TMBAE (A5 .
2.2 ®#wNFEMATITHE

& 2 (b) 7] %1, Fe; O, MMIP NPs B9 /il A 8 i 3
H, O, 43/, #E 1 48 46 TMB, i 75 % 52 1 0, JH g i 0 5
FEahd W EET H,0,-TMB & & (th 4 o, § W
Fe; Oy MMIP NPs HA 28 S AW E. Hoh . H, O,-
TMB 1A Z 50 h ¥ W €0, 7T fig 2 He O 348 20 2 i 7= 2B 1

WOCRE(E

Absorbance

550 600 650‘ ‘ 760 750
i3S
Wavelength/nm
(b) SRR M ISOERE

71



72

L2 5% SAFETY & INSPECTION

AALHFETHER . =PHEIEL T TMB,

M2k a.b 20518 A JG 6-BA Y Al UL % I g, 6-BA
I TE f# Fes O, MMIP NPs-H, O,-TMB k& & ¥ W& i 4
AH X 48 ¥, #F 652 nm Ab @9 5% BE R AR (il 28 b)), B B
6-BA MFFAE AT M il Fe; O, MMIP NPs 28 i 41k 1) B %
e i‘_%ﬂﬂﬁ 6-BA 5 Fe, O, MMIP NPs 5 [fi %5 73 25 i

M4t 4 L Fey, O, MMIP NPs 14 5 1 4 4k i B 20
ﬁé{kvﬁﬂﬁkﬁ AN, T Fe; O, MNIP NPs 3 i fit =
FrERsE M o, 5 H,0, 2 W 5, T
Fe; O, MNIP NPs %} H, O, By#E4k i Fe; O, MNIP NPs-
H, O,-TMB 1 & 1% W i i 58 B K F & A Fe; O; MMIP
NPs K & (1 £& a.b), 7£ Fe,O, MNIP NPs-H,O,-
TMB & & A 6-BA J& (Hh£k . i T Fe; O, MNIP
NPs 1 7 76 2> & 19 38 57 5 0 W B, in K T %t Fe, O,
MNIP NPs {f t 09 #0 0 , % ik % 55 T Fe; O, MNIP
NPs-H, O,-TMB & % (#i £k o).

M2k [.g.h.i ¥ Fe; O, MMIP NPs 7£7E F . H, O, Hl
TMB 435 Bl A2 76 T 7R R 00 0T Dot g i g, R B R Ay
H, O, #1 TMB [ i £ 7€ T 1 & h i, Fe; O, MMIP NPs
WAL R R A AT St s AR HL O, B 5 (L [.e). R
MR I T WU, X R TERTHORARS
VR AR 2 b, 218 A Ak TMB, 4k j.k 4> 3R Fe, O,
MMIP NPs.Fe, O, MNIP NPs Sl 77 75 i i 7 UL 56 0% i
U, 3 WA i Ak SR SR 0 A 7R 9 R RO R A i AR SR,

12} T
1.0r
@ £ 08
B
= Z 04t
0.2+
0.0+
.5 30 35 40 45 50 55 60
pH
(a) ZZhiipH
35f BT T T T
3.0F
@22‘5*
MEZO—
§§15—
=< 10f
0.5+
0.0+

0.00 0.01 0.02 0.03 0.04 0.05 0.06
TMBIRE
TMB concentration/(mol + L)
(¢) TMBYJE

BE22H | 2024 F£6 B | BRENM

% b Fe, O, MMIP NPs 460 6-BA A 174k,
2.3 tillEHEMRK

il 3 WL BE A vl pH 93 O IR AR R IV I
O BEAE S 38 n J5 REAIR, 24 22 vh i pH 2 4.0 B, 20 AR &
YW ' T S A L R R 4.0 A pHL. Y H, O, ¥k
JE<20.02 mol/L W, 52N A Z 0 W o' B2 R P 3k 48 i, 4 2
R H, O, R, RN IR 09 W ' B 52 F Bt 34, ik
B H,0, WRAEWE N 0.02 mol/L., & @JKY TMB K
V5 MR B £ N Y R DR B, RN IR R Y Ok B A
R TMB ¥R 3 (38 i 2 P s [ FH ka3, {32 TMB ¥R & >
0.02 mol/L B, 52 W 44 28 19 10 5 M LA Y R 43 3%, Ak 3%
¥ TMB ¥4 0.02 mol/L, 4N A a4 5 min A, &2
VL A ZR 00 WO B (B AR Akt T A, T ARG T i SR
PB4 RN )R 5 min. DA B6 AR D Y o £ 45
A pH 4.0, H,0, ¥ 0.02 mol/L,TMB ¥ £ 0.02 mol/L
R BB [E] 5 min.,
2.4 LN 6-BA

M 4 AT, BE % 6-BA BT vk BE (% 84 AN, Fe, O,
MMIP NPs-H;O,-TMB R W& R 7E 652 nm &b 19 0% 5% B
1B 3% W7 B A . 32 ] Fe, O, MMIP NPs RE & 1% £ ¥ 1% (i
6-BA, I T Fe; O, @COOH 94 3k i 1 53 & 1k ¥y B 7%
M. AAsyom 5 6-BA & W EFE 1~300 ng/mL 5 Fl A
BA ﬁﬁ?ﬂ@éﬁ‘@%%d’a‘ﬁlﬂﬁ&ﬁ y=0.001 52+
0.066 1(R*=0.998 4), LL3MH {5 M Lk (S/N =3) R 131K

Hor o
1.05F
o © 1.001
=]
s
g ’é 0.95F
5} 12
=2 000k
0.85+
0.80
002 0()4 006 008
A AR
H,0, concentraton/(mol + L)
(b) dEMERE
.l o
1.01
o
<
ﬁg 085
R E
gé‘” 0.6
0.4+
0.2
LITIH?
Time/min

(d) SRz

B3 e fasdREdRagHy

Figure 3 Effects of detection conditions on color rendering
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Figure 4 Colorimetric assay results of 6-BA
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2.6 EBRFEEMRH 6-BA B
KM GB/T 233812009 XF B JIN P4 20 il . 8% 5 2 L 4%
TEFHEAT 6-BA KN, 25 R R IR E A 6-BA, HE 1
FIAT, 0 2 N7 Y B o v R T B SR b 6-BA (Y IR Sy
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3 g5

T & 0 Sife B R TR M LR S M B R 2K Ak
Yy BEAEAL I Y Fes O, #E0> T BV 94 KR T, @S2 T —

il ] 5 LR L PRGBS T 6N R R I S R B Y LB
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SRS AE 4 CCYPR 60 d 4753 B H A 5 1) WL B 14 18 A A
PG e B R AE AR 5 5l AR ) 5 BT
ZWELMH ., BERMAET 6-FEIERESAE 1~
300 ng/mL JE W E W NS AA s w0 BT R IFH M
KR MEREHN 0.998 4, KM BR H7 0.697 ng/mL, Hix
D7 ¥ BB R T S2 PR 3 b 6-7% 24 3 MR N 0 (4 % BE AR .

TR0 77 % 0 R 00 A IR L 45 1 17 B L N B A6 FL B 5 1)
1, J0 5 R AL 5 4% BRIV AT DR R I L B A 35 KA L i
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Table 1 Results of recovery experiments for real samples (n=3)
(S iiR7 iRl ELISA i 7 &
Fedh AR BTEMREE/ R PR/ P [l RSD/ Tk B W BE /R BT REVREE /SRl RSD/
(ng*mL Y (ngemlL 1) /% % (ng+ LD (ng+ L7 1) /% %
R 50 53.38 106.76 5.66 10 10.85 108.50 4.21
150 127.32 84.88 0.37 25 25.18 100.72 0.65
250 227.31 90.92 2.58 45 46.59 103.54 2.39
[EEART 50 51.62 103.23 5.40 10 10.62 106.16 8.09
150 130.24 86.83 3.09 25 25.38 101.59 1.05
250 228.17 91.27 0.40 45 41.64 92.54 0.33
T E A 50 47.49 94.98 3.71 10 9.22 92.22 5.27
150 147.24 98.16 2.23 25 24.43 97.72 2.01
250 250.51 100.20 2.53 45 37.96 84.36 0.69
BREZF 50 51.04 102.09 1.76 10 10.59 105.92 8.11
150 154.89 103.26 2.47 25 25.32 101.27 4.05
250 208.67 83.47 2.32 45 45.86 101.91 1.11
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Figure 7 Enzymatic kinetic analysis of Fe; O, MMIP NPs
# 2 HRP 5EEFMYREMN K. M V.
Table 2 K, and V... value of HRP and nanomaterials
Kn/(mmol« L71) Viax/ (X107 8 mol « L7 « g7 1) .
IR ik
H; 0O TMB H; 0O TMB
HRP 2.345 5.560 2.380 0.503 [26]
Fe; Oy 154.000 0.098 9.780 3.440 [12]
Fe; O, @SiO, @IL 0.245 0.107 0.465 0.174 [27]
AgPt-Fe; Oy 3.463 0.442 2.076 4.763 [28]
Pd-Fe; Oy 177.240 0.031 74.630 68.210 [29]
Cu-CuFe; O, 0.087 0.690 16.870 32.180 [30]
FeS, /SiO, 0.013 0.948 18.100 31.000 [31]
Fe; O, MMIP NPs 0.850 0.690 4.766 0.859
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