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Fig.1 Flow chart of histamine detection experiment
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Fig.7 SERS spectra of histamine in aqueous solution
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Fig.8 Comparison of pretreatment methods for Huangjiu and SERS spectra of histamine in Huangjiu
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Table 1 Comparison of quantitative prediction models of histamine sample solution in yellow rice wine

it & 5 ik HIE T F R? RMSEC/(mg/L) R} RMSEV/(mg/L) RPD

# A2 A fom”

Sa&kEE)a 1008,1116,1274 3 0.8261 0.2331 0.7113 0.2095 1.8620
PLSR 200~2 000 1 044 0.9317 0.1236 0.9148 0.2006 2.8254
CARS-PLSR — 51 0.9777 0.0712 0.9604 0.1405 3.7084
PCA-PLSR — 25 0.9148 0.1490 0.9136 0.2507 2.9700
SPA-PLSR — 14 0.9455 0.1303 0.9357 0.1444 3.5414

3 Zit wine by high —performance liquid chromatography

AHESE R SERS AR &5 & fb2F it w24 ik
B SE BT G v 20 B () PR AR, W T
SERS [ I 4514 NaCl 0.5 mol/L, 2H iz /K %5
W :NaCl:Ag NPs RFEL=2:1:3, IR S HFEN 15
I G0 25 SR B AR, PXC TR A3 75 58 o 28 1 A8 46 S A
[E6] FH A% BCRE FH T 2508 i Ak BB 2O R e, 4
MrE T 2 04 M [l 5 A0 PLSR #5578 F F 2 o
2 e s s ke I Y AT g FIH CARS \PCA \SPA %
Btk — 2P X SERS J6iE A5 B AT FR AR AR 4
37 PLSR #5884 | DA I T A R R AR o 1 57 1)
PLSR M R | 25 4L 3R W A6 45 A R i A8 Sk (4 1
T~ ,CARS # 37 () PLSR #% %! R2=0.9777 \R>=
0.9604 ,RPD=3.7084 , 5.4 % f= 1) AH G M 6 off B2
. R PR, AT S rh 4 e PR E R
W, 25 b R SERS $ AR S5 & b2 it ik 2e 7 vl
S5 I BT T 2 e R e T, Sy R TR A TR
i AL I W SR T Uik S, X HEAL B
T T 2 Jhe 5 i 1 S0 A R o A R o R T
R,

2 % X M

[1] YUE C S, SELVI C, TANG A N, et al. Determi-

nation of biogenic amines in malaysian traditional

(HPLC)[J]. Analytical Letter, 2021, 54(12): 1968-
1994.

(2] AR, SOKA, T, SF. RBOBOH 6 v

E B KBRS W AR MY ). B AR S OT R,
2020, 41(5): 184-188.
NIU T J, GUO Y J, SUN E N, et al, Determina-
tion of biogenic amines in yellow rice wine ferment-
ed mash by HPLC[J]. Shipin Yanjiu Yu Kaifa,
2020, 41(5): 184-188.

(3] RUb, FKAKHE, FBA:E], 4.
Wb b A B A )] B
2021, 12(4): 1574-1579.
ZHU S, ZHANG S F, ZHENG S J, et al. Deter-
mination of histamine in soy sauce by HPLC []J].
Journal of Food Safety and Quality, 2021, 12(4):
1574-1579.

[4] GAGIC M, NEJDL L, XHAXHIU K, et al. Fully

o U € 3% 7k ) 2
A o iR I A AR

automated process for histamine detection based on
magnetic separation and fluorescence detection [J].
Talanta, 2020, 212 120789.

[S] ZHONG J J, YE X Q, FANG Z X, et al. Deter-
mination of biogenic amines in semi—dry and semi-
sweet Chinese rice wines from the Shaoxing region
[J]. Food Control, 2012, 28(1). 151-156.

[6] XIFH, fELL, FhE, . B AR W I A BT Y kR
[J]. HEEE, 2022, 41(3): 30-37.

LIU M Z, REN H, SUN Z, et al. Research



340 HOE R A IR 2024 455 1241
progress on biogenic amines in Huangjiu[J]. Zhong- spheres aggregation—induced Raman enhanced scat-
guo Niangzao, 2022, 41(3):. 30-37. tering used for rapid detection of carbendazim in

[71 LUO Q Q, SHI R'Y, GONG P F, et al. Biogenic Chinese tea[J]. Food Chemistry, 2021, 339. 128085.
amines in Huangjiu (Chinese rice wine): Forma- [17] 3B/hEe, WSz, sKubAy, &5, 278G ok b 2 ot 5% xf
tion, hazard, detection, and reduction[J]. LWT-Food At PR v 4 P E A M), TR 2R SO T
Science and technology, 2022, 168. 113952. 2019, 39(8): 2561-2567.

[8] MILHEIRO J, FERREIRA L C, FILIPE-RIBEIRO GUO X Y, QIU L, ZHANG J J, et al. Rapid and
L, et al. A simple dispersive solid phase extraction quantitative analysis of histamine in fish using sur-
clean—up/concentration method for selective and sen- face enhanced raman spectroscopy [J]. Guangpuxue
sitive quantification of biogenic amines in wines us- Yu Guangpu Fenxi, 2019, 39(8): 2561-2567.
ing benzoyl chloride derivatization [J]. Food Chem- [18] KOLOSOVAS-MACHUCA E S, CUADRADO A, O-
istry, 2019, 274. 110-117. JEDA-GALVAN H J, et al. Detection of histamine

[9] PALOMINO-VASCO M, RODRIGUEZ-CACERES M dihydrochloride at low concentrations using Raman
I, MORA-DIEZ N, et al. Biogenic amines profile spectroscopy enhanced by gold nanostars colloids
in red wines regarding aging and storage condition nanomaterials[J]. Nanomaterials, 2019, 9(2). 211.
[J]. Journal of Food Composition and Analysis, [19] FILIPEC S V, VALINGER D, MIKAC L, et al.
2019, 83. 103295. Influence of sample matrix on determination of his-

[10] ZHANG X, HUI Y H, JIANG M, et al. Determi- tamine in fish by surface enhanced Raman spec-
nation of 6 biogenic amines in food using high—per- troscopy coupled with chemometric modelling [J].
formance liquid chromatography —tandem mass spec- Foods, 2021, 10(8): 1767.
trometry without derivatization [J]. Journal of Chro- [20] WU Z Z, XU E B, LI J P, et al. Highly sensitive
matography A, 2021, 1653: 462415. determination of ethyl carbamate in alcoholic bever-

[11] KALINOWSKA K, TOBISZEWSKI M. Green, sim- ages by surface—enhanced Raman spectroscopy com-
ple analytical method for total biogenic amines con- bined with a molecular imprinting polymer[J]. RSC
tent determination in wine using spectrophotometry[J]. Advances, 2016, 6(111): 109442-109452.

Food Chemistry, 2023, 402. 134457. [21] KONG D X, ZHU W F, LT M. A facile and sensi-

[12] JANCI T, MIKAC L, IVANDA M, et al. Optimiza- tive SERS-based platform for sulfite residues / SO,
tion of parameters for histamine detection in fish detection in food[J]. Microchemical Journal, 2021,
muscle extracts by surface —enhanced Raman spec- 165: 106174.
troscopy using silver colloid SERS substrate[J]. Ra- [22] CHU B Q, LIN L, HE Y. Rapid determination of
man Spectroscopy, 2017, 48(1): 64-72. histamine concentration in fish (Miichthys Miiuy) by

[13] QU Y Q, TIAN Y, CHEN Y H, et al. Chemical surface —enhanced Raman spectroscopy and density
profiling of red wines using surface—enhanced Raman functional theory[J]. Int J Agric & Biol Eng, 2017,
spectroscopy  (SERS)[J]. Analytical Methods, 2020, 10(4). 252-258.

12(10): 1324-1332. [23] LEOPOLD N, LENDL B J. A new method for fast

[14] FENG J Q, FENG J J, LOUSSALA H M, et al preparation of highly surface—enhanced Raman scat-
Dendritic mesoporous silica nanospheres@porous car- tering (SERS) active silver colloids at room temper-
bon for in-tube solid—phase microextraction to detect ature by reduction of silver nitrate with hydroxy-
polycyclic aromatic hydrocarbons in tea beverages|J]. lamine hydrochloride[J]. Phys Chem B, 2003, 107
Food Chemistry, 2021, 364: 130379. (24). 5723-5727.

[15] GILLIBERT R, HUANG J Q, ZHANG Y, et al.  [24] FEZTMERZ G 2. B 4 b5 in b/

[16]

Food quality control by surface enhanced Raman
scattering[J]. Trends in Analytical Chemistry, 2018,
105: 185-190.

HE J, LI H X, ZHANG L L, et al. Silver micro-

W iE B 5E . GB/T 5009.208-2016[S]. db &t . HiH
PRt R AL, 2016 3.
National Health Commission. Determination of bio-

genic amines in food by national food safety stan-



24 W12 KB RR A R e 2 AL F T IR AR R ST P 0 2 341

dard: GB/T 5009.208 -2016[S]. Beijing: Standards WANG Y L, ZHAI W L, HAN C R, et al. Deter-
Press of China, 2016: 3. mination of aflatoxin B_1 in peanuts by QuECh-
[25] EhMrEEw Ll kiR, PREHE, 5. AT SERS HEAMR ERS- surface enhanced Raman spectrometry[J]. Food
G AR VA R | R R s e 1 T ST O Safety and Quality, 2022, 13(5): 1502-1508.
i SRR HT, 2020, 40(7): 2073-2078. [29] FEb, 2Kk, ZER, % RKIEHEERA 2GS
HAN S Q G W, ZHANG C, CHEN X X, et al. B Al A T kA e RS 0 X R A ) s B 2 B A 2R AR
Study on rapid detection of midazolam in aqueous ). bk, 2022, 50(10): 1578-1586.
solution, urine and serum based on SERS technolo- YAN S, LI Y Y, PENG Y K, et al. Rapid detec-
gy[J]. Guangpuxue Yu Guangpu Fenxi, 2020, 40 tion of quinolone antibiotics residues in chicken eggs
(7): 2073-2078. by surface —enhanced Raman spectroscopy combined
[26] AxaEsl, W&, 2B GRP 2O R MK Aa LA with chemometrics[J]. Chinese Journal of Analytical
o2 B[], WRIL AL B, 2021, 62(9): 1886- Chemistry, 2022, 50(10): 1578-1586.
1891. [30] LI P, ZHOU B B, GE M H, et al. Metal coordi-
XU Z Y, LIN L. Analysis of histamine in rice fish nation induced SERS nanoprobe for sensitive and
muscle by surface enhanced Raman spectroscopy|J]. selective detection of histamine in serum[]J]. Talanta,
Journal of Zhejiang Agricultural Sciences, 2021, 62 2022, 237. 122913.
(9): 1886-1891. [31] TAN A, ZHAO Y, SIVASHANMUGAN K, et al.
[27] SMITH W E. Practical understanding and use of Quantitative TLC —SERS detection of histamine in
surface enhanced Raman scattering/surface enhanced seafood with support vector machine analysis Food[]].
resonance Raman scattering in chemical and biologi- Control, 2019, 103. 111-118.
cal analysis[J]. Chemical Society Reviews, 2008, 37 [32] CHEN W L, LONG F, SONG G F, et al. Rapid
(5): 955-964. and sensitive detection of pesticide residues using
28] EF e, ®EH, #ikdh, %. QuEChERS-3 iy dynamic surface —enhanced Raman spectroscopy [J].
SRR IELE I E A TP IR M ERHEE B BWNE Raman Spectroscopy, 2020, 51(4): 611-618.

R AR, 2022, 13(5): 1502-1508.

Rapid Determination of Histamine in Huangjiu by Surface—enhanced Raman Spectroscopy
Combined with Chemometrics

Su Xinyue', Suo Ran', Zhai Chen?, Ma Qianyun', Sun Jianfeng', Wang Wenxiu
("College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, Hebei
*Nutrition and Health Research Institute, COFCO Corporation, Beijing Key Laboratory of Nutrition and Health
and Food Safety, Beijing 102209)

Abstract Histamine is a kind of biogenic amine, which is produced by decarboxylation of histamine acid. It is one of
the by—products of Huangjiu fermentation and is closely related to human health. In this study, surface—enhanced Raman
spectroscopy  (SERS) and chemometrics were combined to detect histamine in Huangjiu quickly. SERS spectra of his-
tamine were obtained by using silver nanoparticles (Ag NPs) as SERS substrate and NaCl solution as aggregating agent.
Firstly, the SERS reaction conditions were optimized by using the concentration of histamine aqueous solution to NaCl
solution, the mixing volume ratio of histamine to NaCl and Ag NPs, and the mixing time of the three. Then, based on
the optimal conditions, the purification effects of C18 solid—phase extraction column and PXC strong cation exchange re-
versed —phase solid —phase extraction column on Huangjiu were further compared to quantitatively analyze histamine in
Huangjiu. The results showed that when NaCl solution concentration 0.5 mol/L, histamine solution:NaCl solution:Ag NPs=

1

2:1:3, and mixing time 15 s, the enhancement effect at the characteristic peak of histamine at 1 002 cm™ was the

strongest. Under this condition, the detection limit of histamine solution was 1 mg/L. At the same time, under this condi-
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tion, PXC strong cation exchange reversed —phase solid phase extraction column was determined as the pretreatment
method of Huangjiu, and the detection limit of histamine in Huangjiu was 2 mg/L. Finally, multiple linear regression
analysis and partial least squares regression (PLSR) prediction models of histamine content are established, and the ef-
fectiveness of competitive adaptive weighted sampling (CARS), Principal component analysis (PCA) and Successive pro-
jections algorithm (SPA) in screening characteristic variables of original spectrum was compared. Among them, the cali-
bration set and verification set of PLSR model established by using 51 variables screened by CARS have obtained higher
determination coefficients R?=0.9777, R?=0.9604, and lower root mean square error RMSEC=0.0712 mg/l. and RM-
SEV=0.1405 mg/L. The results showed that the rapid quantitative detection of histamine in yellow rice wine could be re-
alized based on SERS technology and chemometrics method, which provided a new idea for the on-site monitoring of
histamine in fermented alcoholic beverage.

Keywords surface—enhanced raman spectroscopy; histamine detection; Huangjiu; chemometric analysis



