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Construction of Prussian Blue Nanozyme Colorimetric System and
Its Application in Rapid Determination of Peroxide Value of Edible
Vegetable QOils
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Abstract: Prussian blue (PB) nanozymes were prepared via chemical co-precipitation, and their
morphology, composition, and structure were characterized. Kinetic analyses of the enzymatic activ-
ity indicated that the Michaelis constant(K,) of the PB nanozymes in the reaction with H,0, and TMB
was 1.65 and 1.79 mmol/L., respectively, with corresponding maximum reaction rates (V. ) of
1. 87x10"and 1. 55 X 10 mol- L' +s™". These data prove that the PB nanozymes possess favorable per-
oxidase-like(POD) catalytic activity. We further established a colorimetric method for the rapid deter-
mination of the peroxide value(POV) in edible vegetable oil using the PB nanozymes. The experimen-
tal results demonstrated a linear correlation between the POV and absorbance of the detection system.

The linear detection range was 0—0. 30 ¢/100 g, and the limit of detection(LOD) was 0. 020 /100 g.

The correlation coefficient () for this method versus the national standard method reached 0. 972 4,
with a relative standard deviation(RSD) not more than 9. 5%. The developed colorimetric method fea-
tures simple operation, high accuracy, and excellent stability. It offers a new technical strategy for

evaluating the oxidation degree of edible vegetable oils.

KR EE: 2026-04-07; fEEIBHI: 2026 -06- 26
E4WB. EREELSVEITR(2023YFF1104603-05) ; #4448 HAARMEIE G i H (JCZRMS202602206)
«EIES: £ O, Wit 8L, BETOTIN . KPR E A, E-mail: wangdu@caas. cn



2 SR AR (http://www.fxesxb.com) o545 3%

Key words: Prussian blue (PB) nanozyme; edible vegetable oil; peroxide value; colorimetric de-
tection

B HAMPEAFE . T, BkEEE R, HREAYSIEEREN, AR E R
ALY, JFRT o R ANy FEE L TR, AR ON 2R T RS S0 A (R R AR T AE S
FHL W EARE (POV) R TEO AR A LRI B 48 bR, BUER , HIMIBMR AR ™ &, GB
2716-2018 (& ShZc e FbriE AP e & AR il CERE IR . PR 1) AL B A S
##id 0. 25 ¢/100 g

A & RS SR i 7 vk B B ARR B R | s L ik . AR e . AR
e faik B, RIS R 22, e BOR K A E ST 52 R g, ik
WAL TR LA, HERETREB ™ IRAERI 45 2R 5 2 AR AR R B+ itk ik
HAPRERE . A S8 HOSAR S U sl ™o Jia SV 88 1 2 T oo b g (HRP) (g AR HH T
FEp I B A ARSI, (H HRPAFAERR SRR T 22 . il B A i il o, PR T HLAE & A ARy il P i
AT i 87

YK B — A B GO S BV P 5 K SRR S R AL S P ) i BRSO, mT AR IS & A
SR AL, AL AT O ML RN Bl R R (PB) AR BRI R T (Fe?/
Fed ) VE AL TR O, ARt UL S i i E A e H (- Ol , LAY e, B
sk T RARERREMEZE . i f A s A b, SOREERNiEFRR et . BALETE S R EN g
SO KSR AR R A0S S LR, A AL R RE LA B A
Fa, BT WO, PRI . Zha S T S L AR BUR 7300 e b AR E A A R
(MoS,-CPBNPs), JETFTLZEEXF3, 3, 5, 5-PUHFEHIRNE (TMB) A L IGlER , SCl 7 2 B
FEPEE BRI . AWESY LLSEE % B 00 PB AUKERVE A EARAZ O, R H 2R A AL e (POD) (AL i
P, MR T PR . R PR . REVE ST TR, SEBLT N AR I POV I R
LB E A

1 SCIHER4Y

1.1 #E, KFIS5N=H

MY ERM . AR RSN ZRR . SR SEAEAIA I B
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1.2.2 PB#XKEESE POD UL FMERR

AHRGT PB AR 25 POD EALTR P, 1% 100 pLZE 0PI (Ve © V=1 1 1, PBS, pH 3. 0)JIAZE
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W22 (RSDOVE P aR s 2RI S UCPATINA, DL 8 ik Rt RN 4544
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1 PBADKAGEH TEMIE (A, B), RiA2s i EJ7EI(C) . XRDIEE(D) . XPS &% (E) Fl Fe 2p i) XPS [#i% (F)
Fig. 1 TEM images(A, B), histogram of particle size distribution(C), X-ray diffraction(XRD) pattern(D), and X-ray pho-
toelectron spectroscopy (XPS) profile(E) of Prussian blue(PB) nanozymes, and Fe 2p XPS spectrum(F)
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VEERBE T PBADKEG DL RLIFI02 POD MALIRIE™ . 12 m—
DRI I S 7 A 22 e A pHL B4 3. 0 OB
BNk 202 6 BE Rt PB AR J5T 84 32 A sy T 86 R SR,
(K13B), 4 PBALKEEF EIKIE A 0. 16 mg/mLEY, PBAY o4 “
KRG AL C B SE R, WOREREIR A . R}
WOREHE— TR, WORRE T RS, X TRE A ik 3
AR R C AL A5, SO RIROEPBAY
K B B 4 0. 16 mg/mL.
B13C s, 7R RWOEIES TMB W ¥ T2 5 b1,
FEAE 1.9 mmol/L I IKFH A, ARLEHE KIS . Tk e
FERARMRREAA, XER hFEE TMB H BN, 25K 0 500 550 600 650 700 750

Wavelength/nm

2RI R R A

Fig. 2 Absorption spectra of different reaction systems

N7 SR AG IR B A, WOCRER B R ME, RSN
TMB ¥R JEBI AT &, BT PR B ik
Z A TMB #BE A7 1. 9 mmol/L.

ME 3D PR, GV ITRE R, WOCEERETT &, X2 BT PBAUKERFEH#AL H,0, %L TVMB,
BAFEYAMARRIEL YRR T 3 min B, PRROEERAE TRE . WO AR R it Ry
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Fig. 3 Influence of pH(A) , concentration of PB nanozyme(B) , concentration of TMB(C), and reaction time(D)

2.3 PB#XKEEREEZ TFERR

BtE (e 3l AR LK FCH 20 (K,) Rl RN (V, )BT o K (BT EDWARAERE 5 I
FRIBET, ZEEMUN, RIHEE Y E ERU R, SRR . R 4 4 H,0, I TMB fY
W EAU A TFRE T, PB 4k Rt H,0, 5 TMB i K {84351 47 1. 65 mmol/L Al 1. 79 mmol/L, ZEZZL>
45 HRP X} H,0,55 TMB 9 K {843 7114 2. 345 mmol/LF15. 56 mmol/L, Pl £ PB 44 K%+ H,0, Al
TMB Y K, BT HRP, FBHH X H,0, 81 TMB 8935 F1 7146 HRP, SIEWLESHE B, FERIR
P B R ATY T R S AR ™ S AR B J7 #E T 45 PB 4K H,0, 81 TMB i) v, (B 5351k
1. 87x10" mol -+ L'+ Al 1. 5510 mol - L'+ 5™,  FEZEZE 4509 HRP X H,O, A TMB (1) V,, {H 55 3k 2. 38x
10 mol - L™ +s™'F10. 503x10* mol - L' +s™", HHt PBAKEREXS H,0,8 V, BEAKT HRP, Hbn] Rk s v
MRS RIREG R R Y, BARFAHZEPODIENE, W R P 75K
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H,0, concentration/(mmol - L) 1/H,0, concentration/(Lsmmol™") TMB concentration/(mmol - L") 1/TMB concentration/(L*mmol~")

4 PBYKIEN) Michaelis—Menten i Z6F Lineweaver—Burk
Fig. 4 Michaelis—Menten curves and Lineweaver—Burk plots of PB nanozymes
A, B: H,0; C, D: TVMB
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2.4 PB#XKEERIFEE MK

¥ PBAKEGFT 4 C o AR 0~60 d, HIES
IR, FEPRAF 60 d T, IMAROLEER) RSD 4 2. 7%,
WEHH PB A K EE AR I O A7 5 A7 B AT B 28 POD
Ak, HA R IFfaEt.
2.5 PB#XKEELL B&NR AEYH POV

FIH SR AR A A 2 T BRI . AEAE T
R0 ZRRIN . SRR SRR 6 B UL &
Ry it B0 AS ) 06 B i SR AR (B R O o TE SR P b 0
WA, R 2R AL LI & H ok
B, BRRME 6 R, 4R E/R, POVIE0~0.30 g/
100 g /BB, SIS SRR S Tk RIOEEE ) 2
B R AP 2t oC R o AN [E & F A i b i Bh 2
HIRIR SEIEFE R E 25, Xlaedl T AR
e A A A ok ) ao S AR P e 288 e 3R I 4 %
ST RN R R AR, 5 B0 I A A
TSGR E PR AR ZE . SR 3ok (K o
has AW BERRUE 25, & RbRifi ph 268 %) 5
53] 77 3K B R (LOD, S/N=3) 3 0. 020 /100 g.
ATk H A R AR I RO, RS POV Y
e 752K
2.6 LBREERBIRT

53 ) R P BT 57 A0 b Ao i 5 AR 7 v, X6 30
Py & R AE (KT . AEA T . RS SE)
AT POV INRE , AL OLIE 7 03 1, PRk
Tk B0 45 R E PERS L (Shapiro-Wilk) , a4
IR MIEZS A, PRI 4 Spearman Bk AH 5 43 #7 i
TIAHSRETRAN 25 A R P FD I v 2 A 5k 1 AH
KRR, B EHE—3, HAGWSZE R E A
ZHr40.972 4, RSD<9. 5%, bRgEHREH, &
WA I ok B R i dit:, WTHT 8
FAAR DI POV (B A
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Fig. 5 Storage stability of PB nanozymes
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Steps for detecting edible vegetable oil using colorime-

Fig. 6
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=
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Fig. 7 Linear relationship between POV of real samples de-
tected by colorimetric method and national standard method

POV,: POV determined by colorimetric method (b fai4) ; POV,,:
POV determined by national standard method ([EFRE)

AN 5 00 E B A Il POV

POV of oil samples measured by different methods

POV/(g-100 ™)

POV/(g-100 g™")

Sample Colorimetric method National standard method RSD/% Sample Colorimetric method National standard method RSD/%
Corn oil 1 0.13 0.12 8.0 || Sesame oil 1 0.14 0.13 7.5
Corn oil 2 0.22 0.23 1.7 | Sesame oil 2 0.19 0.17 9.5
Corn oil 3 0.15 0.14 8.0 || Sesame oil 3 0.20 0.20 0.4
Corn oil 4 0.22 0.20 6.1 Sesame oil 4 0.12 0.11 4.9
Corn oil 5 0. 26 0.23 9.0 | Sesame oil 5 0.30 0.27 8.5

Peanut oil 1 0.11 0.09 8.8 |Rapeseed oil 1 0. 14 0.12 9.2
Peanut oil 2 0.10 0.09 6.0 |[Rapeseed oil 2 0.19 0.17 9.3
Peanut oil 3 0.16 0.14 8.5 |Rapeseed oil 3 0.26 0.23 8.1
Peanut oil 4 0.23 0.22 4.5 ||Rapeseed oil 4 0.24 0.22 6.8
Peanut oil 5 0.33 0.29 8.6 |Rapeseed oil 5 0.21 0.18 8.6
Soybean oil 1 0.13 0.13 0.6 |Sunflower oil 1 0. 10 0.09 8.2
Soybean oil 2 0.17 0.16 4.8 |Sunflower oil 2 0.14 0.12 8.8
Soybean oil 3 0.22 0.20 6.0 |Sunflower oil 3 0.21 0.21 1.5
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(g1)
POV/(g-100¢™") POV/(g-100 g ")
Sampl RSD/% Sampl RSD/%
Beete Colorimetric method National standard method 0 e Colorimetric method  National standard method 0
Soybean oil 4 0.26 0.23 9.0 |[Sunflower oil 4 0.32 0.28 9.3
Soybean oil 5 0.12 0.11 6.9 |Sunflower oil 5 0.32 0.29 7.9
‘
A\
3 & it

ARSI AL P L S s & 7 BA P28 POD FE VR PB 440K . HOBURI MRS | 20 HCrE

4 "CMEAF 60 IR FrieE AL YERE . 45 RRW], MY FE SR RATOE RR IFEE LR, 4
PEREITE R 4 0~0. 30 ¢/100 g, LOD 24 0. 020 g/100 g; SEhatf il 5 FEl brik— vk R I, RS 2
Rl SR o %7 AR & AR N POV AL Hh HAT R S P Sl 5Edk . AHEL TL48 POV RN 7 i,
ARTFERNAEIN A, HARIERIAE . FE i . A A ARSI, o)™ kel i SE R B HI BT3¢

SE k-
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