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# EARNBHALSREXAR DL FEZFTARNHEFIFELARR LR (EARE, RETF) FiE RN KRS
B RAKIE, UERASGR, WATRRBEANTERARLZ LT ANHEATLT L, RRALZH R0 EE-
% 3 % (Ultra-high Performance Liquid Chromatography-tandem Mass Spectrometry, UPLC-MS/MS) #=T0 = B 48/%
ER-A 48 &% R iEF A (Headspace Solid-phase Micro Extraction Mass Spectrometry coupled with Gas Chromatog-
raphy Mass Spectrometry, HS-SPME-GC-MS) # K, sf#fsn693F4E K B L4057 (j’riﬁ'\ﬁ?}\ FEIF) BIELER
A R ATARMN, EREN, FREHFGERBDEAMAAELE £2F (P<0.05) , 2ZLEANH S5 84~143.97 mg/
L, AP ZRTFRAESMHERBFTEERS; FARANNRELEHF G ELALLE £ % (P<0.05) , BEEAA
1.99~34.11mg/L, A FHRELEFI-FHBFA ITHREFTLERS: 454 $47k%7fum@rré’aﬁﬂ* 4*%%%% *
EREAER 2017 HF 2/ 2018 2+ LR LHARBHYMEADREFE. &R IR FE 7 (Hierarchical
Cluster Analysis, HCA) , ¥ /hErfeft &3 THAK TR ARRBLELE 2 /E’F%E’\ﬂ’zt\ Bl o, 4% & M
SR 150 A, P 9 AR R MRS E A FEMIL (Odor Activity Value, OAV) >1, SRR TH B F, 04
FRBRCEE, CRAPAEE., FRUES, RTPTLLZLZRNHEHMEUAMOLEREORBSIE, BERE RS
BERB. RERE R E R D ZRKAH 54 (Orthogonal Partial Least Squares Discriminant Analysis, OPLS-
DA) 2R AFEEDH ZHHERKRYHIEE Fo /£ OPLS-DA Pt —F ik h 7T HTR ML R AREED
% ZIHMA £ 2 R4 1E4REY (Variable Importance in Projection, VIP) , R P RCE., FEBH B, TRCTE (VIP
{5>2.64) ARXBERSBT. AFRZAHEATS K ARREED S ZH HEGRA KA IR T 2B LE, €A
ENFRATE — 7 RAOR AL £ 73T #] BB R A RGBT 7 EF 5.
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Abstract: To extensively analyze the typical characteristics of nonvolatile phenolic compounds (monomeric phenols and

anthocyanins) and volatile flavor compounds in Marselan dry red wines from different subregions within the Hebei region,
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commercially representative Marselan wines from various wineries in Changli and Huailai were examined. Ultra-high per-
formance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) and headspace solid-phase micro-extraction
coupled with gas chromatography mass spectrometry (HS-SPME-GC-MS) techniques were employed to detect the non-
volatile phenolic compounds (monomeric phenols, anthocyanins) and volatile flavor compounds in the samples. The results
showed significant differences (P<0.05) in varieties of monomeric phenols (numbering 25) among different wine samples,
with content ranging from 55.84 to 143.97 mg/L, where gallic acid had the highest content among the 25 monomeric pheno-
lics. The content of anthocyanins (numbering 17) in different wine samples also differed significantly (P<0.05), ranging
from 1.99 to 34.11 mg/L, where malvidin-3-galactoside had the highest content among the 17 anthocyanins. Comprehen-
sive monomer phenol and anthocyanin detection revealed that samples from the 2017 Chateau Moutai Phoenix Marselan
and 2018 Chateau Kings Selected Marselan wines were especially rich in nonvolatile phenolic compounds. Through hierar-
chical cluster analysis (HCA), monomeric phenols and anthocyanins could be used to effectively distinguish between
Marselan wine samples from different wineries in Hebei province. Overall, 150 kinds of volatile components were identi-
fied. Of these, nine volatile components with OAV>1 contributed significantly to wine flavors. These included ethyl iso-
valerate, isoamyl acetate, and ethyl octanoate, which gave Hebei Marselan wine the typical characteristics of sweet and fra-
grant flowers and fruits. Volatile component profile, cluster thermogram, and orthogonal partial least squares discriminant
analysis (OPLS-DA) highlighted differences in the characteristic flavor components in Marselan wines from different
wineries. In OPLS-DA, seven main flavor characteristic markers (VIP values), which could be used to distinguish between
Marselan wine samples from different wineries in Hebei province were further screened, among which phenylethanol, ethyl
octanoate, and ethyl hexanoate (VIP values>2.64) were the key distinguishing factors. This study provides data to clarify
the typical style characteristics of Marselan wines from different wineries in Hebei province and establishes a methodolog-
ical reference for analyzing the influence of micro-regional terroir differences in the same producing area on the typical
style characteristics of wines in depth.

Key words: Marselan dry red wine; non-volatile phenolic compounds; volatile flavor compounds; flavor characteristics;

multivariate statistical analysis
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Fh, R EESZRFFERE T 1961 4F IR ERFIRK
WFR A AR A2 B H Ak, HAA O B iy i FE 4
PR AR (4 AT S 2 i, AR
HRIN 2 H R EF S5 U BRSSP, k=
X Ja ety ki o RS, HAT DU =48 L SR ESE
JE BRI 25 A AR A, MBSO A B2 P 5
AN HES, 3R o8 3, v Sra, HE
IRVE R AT, HAR . F503 & e EE, o0 ih BRI
AR, R TR EE AR g e X B, SRR
> F 2001 AR5 | ARG OB LR, B A S
A 23T P R 1 T, R A < v [ A 2 T 1 B H
Z B HAL, HE B AR B 2L R AU
B B I FRE, PRt T R 2SR A Xl e AN
W32, T 37 506] v o JOT - 25 = A 4 Y 1 e R AR
K.

A TR 1) T S L R T s 2 S AN
KRS RIPeRE o AT T I IS (2
TS5 A SIS ) (A ZH AT 2t R e LR
S5 LTI RET Y, FEIZEE (O | B el M A Wy
Sy TR PRk R i R SHEAG I 7 1 (AN v 28 AR £ 3% )
FOBIFSE, R AT 0 7 DX S ) AN S s HE e T E e
AN EAE WY IE T I 2 TR A 8 D SEE T
AFEF= XA X Sy, B EELAEN % R LA S
B LAR Y 5 DR B R AR A T (A s 2 o R B, B
B X IREAETE 22 B, 3L 3R A B as R mE 2 5

Fe T IR X (P<0.05), I Ty B i 22557
AT TR LR SRR S A R X S T R =
ARFET 7 X0 H 3 2% T LA 2 0 AR S50 8
2 S, (HH AL (O | Boe st MO Bk R ER IR
SEM IS S B R B XU R S, BT )
SBT3 3 AT AT AT R X 3 AN ] 7 DI AR T4
FRPEFRAODTIHL, HApZE | i BUsEE L e T2
e] (AR B AR FH PR E T 8 2 104 19 B B AR G, S PP
Zeg 0 i SO DGR EEZR U HET, SR TIZS [EAH G AR
B -SAH B0 Bri% e H (Headspace Solid-phase Micro
Extraction Mass Spectrometry coupled with Gas Chro-
matography Mass Spectrometry, HS-SPME-GC-MS)
ARG G ZgeiH o, BN AT AT S SAHE
AA R TF-BE, Jurado 2517 SR HS-SPME-GC-MS
HR, FEEEG FIIr 53T L P BRI BT A A 28
PRIZ S RIT T2, B RE T DY BESA DU 5 M AR b 4 4
MR HAIE . Lan 451 SR H GC-MS s 50 AH ¢,
T ERIBE BT AR XS 34T 1 o A A 2 1 7 X
L A AR A AU B RAIE, Sl A
AW 1E 38 M e /N 3R F1) 51l 53 #T (Orthogonal Partial
Least Squares Discriminant Analysis, OPLS-DA) ,
JRII X G3 AN A 7 DXL S~ A 2T o AR, S DARAH
KMo 2 A b T bl Es R AR A 22 ]
77D TR AT EY, TR [R)— 7 DX AR 4 22 53 A i 2
09 Py 240 Jo R 47 M UK ) It 2 S 43 A DA B =
[RI b, Xl 288 22 A 25577 , TR ASHATT [R]— 7 XA [R] 438
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BT B S ot M AT S P IXUBR ) S 2H )l 2 5,
THE P X LR XS AREAE, B 2L Y B A E AN
PSR S

FE T, PR EECTT I miiE ny 10 Famdby= X
SRR PE R B 338 22 T LA 2P AN 1 SRR B B T4
ZEJIPIAE SRS RS 52, 255 i FH A v 8OO A -
BX 57 ii% ( Ultra-high Performance Liquid Chromatog-
raphy-tandem Mass Spectrometry, UPLC-MS/MS)
5 HS-SPME-GC-MS £A, axiaifii Al HARE A M
e o (BRI | BT ) M A HE AR SR  2H %
FFAE, $87 AN (R PR S5k = £ 25 770 i TR XU A
AIE, B AE AT Y7 DX T S8R 2 T T AR 25 TR 1) ot SO RS 5
5 Ty X MRV E A YRR R AR 5y i S
1 #MREFEE
1.1 MRIEEE

10 ML T 558 > 2T #4570 . 1 aXIREEER T4T
A B AW KON RN, Horh R ES BRI
A AT REL YRR SRR T A R . IS T . RS
PP WA N v N NS it A SO = - B Y N =3 = R P 5 S L T
JE, BARfE B ULER 1. Fra AR T T 4 C 4%
AR B GBI A s 4-F B (ZERE =97.0%) | 29 Fiep
KRB FRAESL . 18 FifE R B RMESL  T5E Sigma-

Aldrich 25wl FHEE(Eggal)  REER R T A
BRAE] AN (Orprat)  REETTICAUe TR A BR
iR
F 1 BEWAERER
Table 1 Wine sample information
5 s aFp TR ARG TREZ R
1 1S2017  HEEE B 20174F 20174 LD
2 JS2018  HhEE2Z BR 20184 20184 L BRI
3 IS2016  LEEE B 20164F 20164 DR
4 JS20172 HEE2Z BER 20174F 20174 b LEEAE R
5 JS20182 ThEE BB 20184F 20184 L ILEELHE L
6 LS2018 LEE B 20184F  WIEIT2018 L 20k
7 MT2017 SEE2 BR 20174F  FERUAER2017582
8  HG2017 BEZ Mok 20174 420175852
9 GZ2017 SEE MOk 20174F BEEERI20175E2
10 MD308 S Mk 20184F TR 308
11 HX92 FEHK B 20184 (=)

GCMS-QP2020 NX FAPUATHRIS AR (O3S BT IR
FHAX. SH-Rxi-5Sil MS SAH{A %41 (30 m=0.25 mmx
0.25 pm) . 30-AD WAHEIEIY  HASEH 6] [EAH
FEEL TG . 65 pm PDMS/DVB [#] 4H 13 % B 2T 4
Sk . 15 mL T 23 0 (BE B ek i /38 DU SR 2. s B 38
15 mm 12iEss) 3EE Supelco 22 Fl; ES35 B-Pro %
Jrm#EEFERS  LabTech GEAZFRED A FRASF]; Triple
QuadTM 4500 = 5 PUBFT-L M B8 1B A2 6 i
(Be A B2 2 I . Turbo V & F I Al Analyst
1.5 Blsab i 52gt)  2E[E AB Sciex 24H] .

1.2 LWHE
1.2.1 HRppgIE = iEa B ik, #
JH UPLC-MS/MS X BAAAT BEA T 22 .
1.2.1.1 FHZAWFESATAREE B 1 mL F5 IS AE A
10% F B (3 0.1% R ) & B+ 100 175, 26000 1/
min 2.0 5 min JFH_EWRGES T A 0 A2, AR
)52 25 S E T BORE 1 mL AR 20 S B O,
B0 R B VE R B IRERATI
1.2.1.2 OiEFa% sk UPLC &4 #EiE 0 30 C,
PEFEARFL 10 pL, % 0.25 mL/min, Cg {03 #
(2.1 mmx100 mm, 1.7 pm) 5355, M4 BRI P R A
ETLIAH A N 0.1% FR-7K; HiishAH B & 0.1% H
W2 -2 0 o Vel AR : 0.00~3.00 min, 5% B; 3.00~
6.00 min, 30% B; 6.00~9.00 min, 50% B; 9.00~
12.00 min, 70% B; 12.00~17.00 min, 5% B. %5
- FBESE B IR, RS ARSI 2 S N W 28U
13 EE 500 °C; HL M 5E L R —4500 V; AT R
40 psi; filf 3§ <. : Medium; 25 1L 7 60 psi; %l B
ISR TT 50 psio
1.2.1.3 EHEEETE BRI EERTE IR R
S5V A A U AT 45 G 2 6 A T 4 T 1 B Py e
JriEU, SR HAMRIE, Bl 29 Fh 2B R i
REHRE TAER, 47 %IHE 0.00, 0.001. 0.010, 0.020,
0.050. 0.100. 0.200. 0.500 mg/L 7K3F Fill=, DL H
b T AR Cy ) o AR N ST F v B () s il e
HHZR, 5 BRI A4 S B X4 LAAH . B9 BRI bR v i 4 2
I
1.2.2 feairmile  SBAeNIEN 19 ik, FIH
UPLC-MS/MS XIAEATFEL TIIRE .
1.2.2.1 FAWAE S ATANEE B 1 mL 205 4570
e, & 5% FEEH 1% RIS EE 500 1%, 1R iE
RA W 1 mL B ARSI, v B AR ik,
1.2.2.2 @i%fEIES&IF  UPLC 451k AEiR 40 C, i
FEAAFR 30 uL, ¥ 0.25 mL/min, /J Phenyl-Hexyl
EREAE (2.1 mmx150 mm, 3.5 pm) 5355, RPEIE AR
FAPRPE BT 2 T BIAE A S 5% HBERY 1% HRRE
W, FLshAH B A 1% HIR-H BEE W PRI ER T : 0~
3.1 min, 0%~65% B; 3.1~8.0 min, 65% B; 8.0~8.5 min,
65%~100% B; 8.5~12.5 min, 100% B; 12.5~13 min,
100%~0% B; 13~20 min, 0% B.

MS F&fb: S mE RS TR, I 8 T AL 2%
R W5 B TE Bl m/z 100~1000; 546 )E S)
345 kPa; B33 10 L/min; TH 0 350 C;
A AR T 30 psi; Al fE SR Medium; 25 B 55 L&
5500 V; BFIEIEE 500 °C,
1.2.2.3 Mk O e eI N 2 2
S5V AL A U AT A5 I S 6 A T T AR (T e
IR, EECRHAMRE, Bitl 18 FhAb Lt hrifEdn
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IR & b TAE W, 4 514 0.00. 0.001. 0.010,
0.020. 0.050. 0.100. 0.200. 0.500 mg/L 8 /K3 F
e, LA HARMEE P A (y) X EAR R T (x)
L HIBRUEINZR, 25 A6 10 & B LIAHDN A bR
HESH & BT
1.2.3 #EERMEAGY M E a3t X 17
e, A A HS-SPME-GC-MS X #% % M1k & ¥ 347
M .
1.2.3.1 Tz -[EAHMEERGR A HETEI 3 mL £F
) 4] 2R TR AR T R S BRI 15 mL TRESHR
1, A 20%(ED 0.6 g) 14 NaCl, [EBFEHIA 5 uL 4-
EEENPRE I, BIZE S T T o R e
FER TSRS RGP TAES B, F 40 <C
TEHIR S5 T4 15 min, 285K B 3G LI /Y 65 um
PDMS/DVB [E AT AE I LT 4 Sk 3 A TSR IN, 27
VAR FE IR A A Sk SRR Z AT AR S, B sz ik B
i, T 40 °C HIR 4 F AL 45 min. 58805 BUH
FERCEL AT B A GC-MS JEFE AT 5 min, WS
B ER A TR R A
1.2.3.2 A&t GC 4514 ¥ SH-Rxi-5Sil
MS {8545 (30 m=0.25 mmx0.25 pum); &l #e M e
HVRLEESY 5124 230 °C F 250 °C; FHEARRE: 40 °C 1%
¥ 3 min, A 2 °C/min F+Z 140 °C, #RJ/5 LA 7.5 °C/min
FI2E 270 °C, £ARF 6 min; 2 4li20<(99.999% );
ORI 1.78 mL/min, ANriaERERY

MS Z&F: PR B IR (ED; FESEES: 70 eV;
BRI 230 °C; fEHIZRIRE 270 °C; S
2, BT e iE A 30~450 m/z.
1.2.3.3 FEAGYEEERE #id GC-MS 4347
BT A5 AL 5 BT 18 5 NIST 17 098 28 3547 Fb X 43
BT, 45 -G08 B i [a] 07 158 S AHARLURE >80% 119442 & R4
Gy, PR G A G SCHR AT 1% A TR AT, 1 T A s T A
AR R Y o SR PISRIE IS T2 KL A3AT,
PEHUR B E A 0.822 mg/mL WY 4-F1E R N BR, iE
TG TR AR LR 00, BE RS IE
TR L HEAKANR:

R MRS E E(ug/L) =

ORI K1) x B4 R 2 VR TR X AR BE (mg/mL) X 10°
P BRI THI AR

TR R 448 R B 0G F1{E(OAV),
T BREARCE AR i Sciik [21-23] 31645, 1183 A
W

N RS R (pg/L)
FERIGME = FSBE (ng/L)

1.3 B

f#i [ Origin 2021 #RAF2x il T s & . RS,
SIMCA-P 14.1 #4347 1F 28 i Fe /N 3 4 31 53 Bt
(OPLS-DA), ITA TN AS f R ZMEREE VIP H; 145
A SPSS 24.0 FHMAHAT R H R I 2257 Hr (ANOVA),

# P<0.05, VIP=1 WIML-E L OPLS Al b i H.
APl O AN Taty/N
2 HBRESH
2.1 SE=ZTUEEEIFEL B RMR
2.1.1 AR E RS ASTHT M2 T A A
IE P PR A AR R R, JLHUE AR IR
SAOME L VETE EE AR E MR AR T T Y . AT P 2
A RIS IR B R IR, T NI
PRSI ZS P R, R AR h ARAG HY 25 Bl
RGP (3R 2), o B 54 14 Fh (8
fiZs 6 Fi . BEGERESS 8 Fh), dEISVEENZS 11 Fh (iR
256 Bl I 5 B, JEE—2EXTIX 25 P4y
AT T A T 2255707 o
F 2 2 I, 11 AR b BT i PSRN i

Y AE B E 22 F (P<0.05), Ho R Yu Bl 55.84~
143.97 mg/L, 5 & XUBUEFE 2017 PR B i e
(143.97 mg/L), RELH EEm A g 1. ()-8
WETILRREE TR AR R R
5 FEREPRE Y, (O-FILF R E TRRAER AN
2017 F4: W R 5 3RE R Y, LLEZS T A AE
H 92 M4 EART 5 3INEEP A . X —4r g
NEFRH, iRy 2o n] 58 5 W R AR s
PR T 20 A SRR A5G . WHERR . & TR . it
JeF g (H)-LAER . (O-FRILASE . TR
(B1. B2, C1)J& 11 3l 19 EZ PR L5 -
A5 T 2 WH I st = DX ) 2 28~ A 4 Y v e ] e 3
B (BNt i 22 -3-O-FiHE T | it iz 3 -3-O- - ZLbE
T LA K 5 Bl AR 2R -3-O- i 145 ) , iX R Bk A ASIE]
7 XA A T A 2 A ) T REAZ B SR SR A A5
Mt PR FIRAE 9 AR St e, LR A A I
AP A LAY RIS, DTk T B e S gk
A E R, TP A T A A M R 5 A A RS A
Hr 2018 K5 H 55 die e ) SRR S IR, 22420 5t
553 S B (0 38UN A 1, DN I X A i 2 T AR TR
BRI B BARAE R, ST 308
TR NS JEAE T 2 CL, O — PP A SISy
PEMRRIFAET 22, Ho o im 22 5 vl e S 45 skt CR
SRR | R R S ) R T UG, ()R
HETILEREE TRERM () -RILEREE TR

B TR 0T, aX ISR T B DR A T
R S ST RN S G 11 R AR P, SR R R R AR
PraEAF 2 —, HEA AR 50 A8 5 1)
fE. BEER AL E T o iy o, B4
= RSB R T A R R D — 28, (R R R
RS AT RETEDY, EEEE X IO L NS 2
HAMRrr g2, IR IS b 2 G TR, =L
SRRt B2 Z2 AR LLAS I RE AR R XU,
[FIpF B B A ROPT R G MR AU B AR TR, Rk,
ST AR n] REAE AR D RE M 7 T LA IR A,
HI B A Rt — 2P T .
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Table 5 OAV value of volatile compounds in 11 wine samples (OAV>0.1)
FE s SR oAy
7 " " JS2017 JS2018 JS2016 JS20172 JS20182 LS2018 MT2017 HG2017 GZ2017 HX92 MD308
1 TR Butanoic acid, ethyl ester 0.83 063 091 0.88  2.36 - - - - - -
s o
2 gg$f’@‘ Butanoic acid, 2-methyl- ethyl - 5050 049 038 009 011 014 043 031 077 039
LG ester
3 Sikmepy Buanoic a‘”de’sf;’emy"’ chyl 538 103 246 174 160 040 106 124 198 278 167
4 ZIRSHINEE  1-Butanol, 3-methyl-, acetate  7.65 502 755  7.55 731 1360 3.61 469 726 662  6.03
5 1-BfE 1-Heptanol - 009 012 012 0.6 - - - - - -
6 CLRR T Hexanoic acid, ethyl ester 4471 2249 4387 4144 4027 5633  62.89 4845 39.10 4234 5578
7 LR 5 R Isoamyl lactate 0.16 018 024 027 024 039 011 011 016 016 022
8 J5 i Linalool 090 1.06 120 150 153 244 - - 0.71 - 1.64
9 HKEE Phenylethyl Alcohol - - 007 006 004 006 003 006 011 0.10  0.05
10 43I Phenol, 4-cthyl- 0.06 - - - - - - - - 0.28 -
11 FHR Octanoic acid 008 009 029 021 0.4 - 023 011 018 022 029
12 ERR TG Octanoic acid, ethyl ester ~ 237.32 111.76 246.04 221.01 204.16 28529 290.12 219.74 23031 246.98 284.93
13 G Decanal 113 077 115 088 1.09 197 145 222 268 282  2.04
14 TAWE Citronellol 0.03 - - 0.04 - 0.12 - - 0.11 - 0.10
15  ARLMRZFE  Benzeneacetic acid, ethyl ester 028 0.17 023 0.8 027 017 0.19 023 025 041 023
16  LMAZME  Acetic acid, 2-phenylethyl ester 022 020 020 0.8  0.15 023 - 0.15 028 028 0.15
17 B LT Tonone - - - - - - - - - 770.56 -
2(3H)-F ,5-
18 AR L)-Furanone - 014 022 015 032 004 - - - - -

butyldihydro-4-methyl-
2(3H)-Furanone, 5-

- 1= — —
19 (AN dinydro-d-methyl-, cis-

20 TEm Eugenol - -
21 »-TEWNBE y-Nonanoic lactone - -
2-Buten-1-one, 1-(2,6,6-
22 K4 trimethyl-1,3-cyclohexadien-1-  95.00 -
yb-, (E)-
23 B0 TR Decanoic acid, ethyl ester 1.02 0.54

040 017 047 022 002 - 021 035 0.8
- - 053 064 - - - 068 -
- - - - - - - ol -
- - 10692 28826 - - - - -

096 104 125 138 034 - 068 Ll4 LI2
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Fig.5 OPLS-DA Biplot of volatile compounds identified by
GC-MS
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Fig.6 Cross-validation results of OPLS-DA model
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