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(1. Xianyang Food and Drug Inspection and Testing Center, Xianyang 712021, China; 2. School of Food Science and
Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China)

ABSTRACT: Objective To establish a technical method based on untargeted metabolomics, analyze the
differences in metabolites after blending glacial acetic acid (ethanol fermentation method) in brewed vinegar, and
screen characteristic markers for adulteration identification. Methods Taking Ninghuafu traditional aged vinegar as
the research object, ultra performance liquid chromatography-quadrupole-Orbitrap tandem mass spectrometry
(UPLC-Q-Orbitrap MS/MS) was used to collect metabolite components of vinegar samples with different dilution
degrees (acidity ranging from 6.0%-8.0%). Combined with multivariate statistical analysis methods such as principal
component analysis and partial least squares discriminant analysis, differential metabolites were screened and
identified. Results A total of 5 markers with significantly differences were identified, including oleamide,

N-benzyl-linoleamide, triethylcitrate, dibutyladipate and monopalmitin. When the content of oleamide was
significantly lower than 479.99 pg/kg, and the content of N-benzyl-linoleamide, triethylcitrate, dibutyladipate and
monopalmitin were higher than the levels in traditional brewed vinegar (0.92, 0.89, 10.82 ng/kg and 56.56 mg/kg,
respectively), these compounds could effectively distinguish whether the vinegar had been adulterated. The content of
oleamide showed a significant downward trend with increasing glacial acetic acid concentration, with a content of
39.40 pg/kg in samples with an acidity of 8.0%. N-benzyl-linoleamide (9.50 pg/kg) reached peaks in the sample
groups 7.0% acidity. Triethylcitrate (4.22 pg/kg), monopalmitin (129.26 mg/kg) and dibutyladipate (27.66 pg/kg) in
the 8.0% acidity sample reached 4.75, 2.29 and 2.56 times that of traditional vinegar. Conclusion The untargeted
metabolomics method based on UPLC-Q-Orbitrap MS/MS established in this study screens out significantly
differential biomarkers, which provides a novel technical approach for the authenticity identification of vinegar, and
guarantees the quality of vinegar products as well as protects the health rights and interests of consumers.

KEY WORDS: vinegar; ethanol fermentation method; glacial acetic acid;

ultra performance liquid
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92 fih

B e

LRI 5517 &

BT R 25 MR E 2R AL, & I BT (MS/MS)
ﬁ*rﬁum%ﬂzﬁﬁ&%ﬁélkﬁﬁﬁma\ i W) AR HE R
(tHg. rHp 5 rHo)%, DUECE] m/z 83.04914 (CsH,0M). miz

101.05971 (CsHyO,") . m/z 111.04406 (CgH,0,%) . m/z

FRAERE BT, RE S ARSI S X B S R 22/
F 5 ppm(F 1C FIE 2). XL AP TER R B SARIE S
MS/MS 5 & F B —30, B30 0E T B RE-vk LR i
826 MS/MSS St Hh 36431 m/z 259.19039 J21 G =4 2

147.06519 (CeH O4NFI m/z 203.12779 (C1oH 10,4 )25 HEE TR TR, GRS AT R GEARE M AR A R
(0] TH*
(o)
m/z 259.19039 &ik
i Y HH " i o) _He l?\./\/\rro\/\/
O)k/v%r ~~—— /\/\OM ~——— 18
&y m/z259.19039  rH mlz 185.11722 \
0 o " 0 rH, \ 0
OJJ\NY — PN  —
OH
mlz 157.12231 mlz 83.04914
mlz 259.19039
0. rH
o /\/\Oﬁ\/\/\rr —~~—— B N\é/ﬁ
0 / o mlz 101.05971
o mlz 259.19039
/\/\0)‘1\/\/\[.( ~T~— I‘HB
O \ +
/\/\&ﬁ\/\/\n/o\/\/
(0]
mlz 259.19039
o) R rHR (I) o s
. Os
/\/\OJ\/\/\H/O\/\/ R — *K/\/\n/ ~ T~ ——— \O
0 0 O~
/ mlz 259.19039 / m/z 185.11722  m/z 111.04406
(o) +H*
MQ/\/ ~n A~
o 0 rH
mlz 259.19039 "r
+H"
(o)
/\/\OJJ\/\/\ITO\N
OH
mlz 259.19039
rH, H o tHy o
o~ J\/\/\n/o\/\/ Oj\/\/\g e~ ——HOZQ
rH Y
/ iz 259.19039 / m/z203.12779  m/z 147.06519
O +
+H P T J‘M N~
mlz 259.19039
o) H
(6]
m/z 259.19039
[0}
/\/\Oﬂ\/\/\n/o\/\/ H
(6]
mlz 259.19039 rH,
0 +H* 1 o) rHB it Y
0. L - +
O)J\/\/\rg /\/\OM ~ HZOJ\/\/\Q)/
+H* m/z 259.19039 rH m/z 203.12779

O

PO SO

OH

m/z 259.19039

B2 R TR B AR

Fig.2 Mass spectrometry fragmentati

on pathway of dibutyladipate



F104 RN, SF BT AR AU S i SNIEE IK SR (LT e i I £ TS 4 50 S S s a5 0 20 M

93

22 SEERHEZFRENCETEZSH

R T EAREAR A IR R AR R E 5, HAERAE
84343 # (principal component analysis, PCA)WMZAfiE-vk
LTRFERLRIFN oA e . PCA 1357 BN 3A FiT7R, PC1
I PC2 43 BIfERE T R 2519 32.7%H1 17.8%, 14tk £
BEFEAS AT R B RSFEA X 7B R, RBAKCRZEE
BEACEII A  k A B 2EE f, BEAh, PCA BBl QC #EA
BRI R AT, £W] UPLC-Q-Orbitrap MS/MS 43# & 4t H.
A RIS Rt R S pE,

R ik — 25 A B AN [ R B B S - VK £ R A i 1 BT SR A i
Z 5, R AR &N ZF- #5143 # (partial least squares
discriminant analysis, PLS-DA)X}E&ES-TKZREEHiET T2 5
PO T B ER(E 3B), ANIFIRRE 1 BRIk L FRFEA
RENE, BHESAFEEREKCBRAEEHREYELET B
FAMEORAY 1, 19.7%; 843 2, 18.2%), X rf ) PLS-DA
B A 728 SUBHIF, 38 1o s B R AT AR B O° i
PLS-DA HRIMfFRERITIINAE S, o R* A O° 4351 0.998
10.987, BEHIRERIATSE(&] 3C). hAh, FIH 1000 YREALHE
A1)y ey XoT ASE TR P S M R F0I f8 7 iEA T E— 2B A, S5

A 10 + > QC
(o) o o VG
® 8 o VGE1
st &° o%) VGE2
¢ . - VGE3
VGE4
U
o0
e
“10}F 2
0°
—15F
1 1 1 1
20 ~10 0 10
PC1 (32.7%)
C
1.0 - - - 3 -
- BfER %
0.8 ':”52
Reln a
2
sz 061
=2
= o4t
=
i
02t
0 L
1 2 3 4 5
PLS-DA #5155 5%

KW PLS-DA HIRYHA RAFATRAEPERBINYE, B 3
GBS, AR (P<0.001)(# 3D).

23 ARMNEERKZEBIEREEHRPESTMER
T IRR R B R R B E

LT 1A% B 4k (fold change, FC, >2.0 8(<0.5) /%
25 B (E (P<0.05) W A5 i ik 22 AR . MR TR
SIS B BE(VG), BRIEE 6.5% (VGEDRES 43I 194 #1
292 A~ ERATF AR, BRE 7.0% (VGE2)RE S 44
A 192 A1 239 A~ EJAF N IEREY, BRE 7.5% (VGE3)H:
SRS 834 A 804 AN EIEANF ALY, BRE 8.0%
(VGEARES T 5IA 92 #1185 4~ EIATT JRAMI(& 4).
S RE A S UK TR B BE AR S P S A bR R, S
PLS-DA #5784 5 5 B2 4 $¢ 5% (variable importance in
projection, VIP>1)43HrXt il B ik 4 Rtk — B ik, fix
LIET IR TR m/z GRIE RT MIEH B FEE, %
SEH SRR HA R 22 R ARG, X e
FFEIMERIENE . N- S EE- W ImBENe . AR RR — CBR . kit
R HMAI O R T e T A 22 SRR AR S AR
FbXH i HEA T UE, % A 45 SR o T

B 101
°VG
° °VGEI
sk g &oe °VGE2
R VGE3
) °VGE4
- &o 8o
@ or °
Q o
=
& st
&R
=
10+ °
[ 4
—15+F+
1 1 1 1 1 1 ]
-15 -10 -5 0 5 10 15
H431(19.7%)
D 150 -
100 -
R
{:,?
=
=
= 50
= P<0.001 (0/1000)
0 Tl - 1 1 1 1
0 10 20 30 40
BT

1:: A. PCA 1543 #]; B. PLS-DA 543 [#]; C. PLS-DA B {52 URAIE; D. 1000 YOERHIAG R . * MRG0 22 5 22 1 e ibr iy
K3 AR B R B AR Sh i AL 2B T B2 4T
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Table 1 Significant difference markers in vinegar samples with different acidities
ay TR E i N-"N -0 i A FrBEIR = L1 ° —Tme FAEARER T
Vi Ci5sH3sNO C2sH3NO C12Hy0; C14H2604 CoH3304
RTs/min 12.5 12.6 7.7 10.7 12.3
BE m/z (M+H)" 282.27914 370.31044 277.12817 259.19039 331.28428
VG 479.99 0.92 0.89 10.82 56.56
VGE1 147.85 3.12 1.19 18.89 73.38
R VGE2 94.75 9.50 3.57 15.79 83.72
VGE3 74.53 7.78 2.11 18.40 112.06
VGE4 39.40 5.75 4.22 27.66 129.26
VGE1/VG 0.31 3.41 1.34 1.74 1.30
Wi VGE2/VG 0.20 10.38 4.02 1.46 1.48
VGE3/VG 0.16 8.50 2.37 1.70 1.98
VGE4/VG 0.08 6.29 4.75 2.56 2.29
TE: SRR pe/ke; W BN mg/ke.
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