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Analysis of Major Aroma Compounds in Fermented and Prepared Hawthorn Wine

GU Peishan', CHEN Yixin', WANG Chunguang', ZHU Yuxuan', CHANG Xiaomin', WANG Sisi’, ZHU Baoging"*, WANG Houyin**
(1. Beijing Key Laboratory of Forestry Food Processing and Safety, College of Biological Sciences and Technology,
Beijing Forestry University, Beijing 100083, China;
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Abstract: In this study, liquid-liquid extraction-solvent assisted flavor evaporation (LLE-SAFE), headspace solid phase
microextraction extraction (HS-SPME), gas chromatography-quadrupole-mass spectrometry (GC-Quadrupole-MS), gas
chromatography-orbitrap-mass spectrometry (GC-Orbitrap-MS) and gas chromatography-olfactometry (GC-O) were used in
combination to identify the volatile components in a fermented hawthorn wine (SBL-J) and a prepared hawthorn wine (FS),
and the results of sensory analysis, modified frequency (MF) and odor activity value (OAV) were used to determine the key
aroma compounds. Totally 89 aroma compounds were identified by LLE-SAFE/GC-O-MS. In addition, 29 and 38 aroma
compounds with MF values of more than 20% were found in SBL-J and FS, respectively. A total of 123 volatile components
were detected by HS-SPME/GC-Quadrupole-MS and HS-SPME/GC-Orbitrap-MS and there were 29 and 33 aroma
compounds with OAV of greater than 1 (0.1 for esters) identified in SBL-J and FS, respectively. 2-Methybutyl acetate, ethyl

hexanoate, ethyl octanoate and phenylethyl alcohol were the key aroma compounds in the two samples. To our knowledge,
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2-methybutyl acetate, ethyl isovalerate, (£,E)-2,4-hexadienoic acid ethyl ester and ethyl butyrate, were identified for the first
time as the key aroma components of hawthorn wine.

Keywords: hawthorn wine; gas chromatography-mass spectrometry-olfactometry; gas chromatography-orbitrap-mass
spectrometry; odor activity value; aroma compounds

DOI:10.7506/spkx1002-6630-20220905-046
TS TS207.3

E[BE: S

I, PRIREr, ERG, FF R AR R AR b R AV RAR I HT ] R R, 2023, 44(14): 326-335.
DOI:10.7506/spkx1002-6630-20220905-046.  http://www.spkx.net.cn

kbR A A WEHS: 1002-6630 (2023) 14-0326-10

GU Peishan, CHEN Yixin, WANG Chunguang, et al. Analysis of major aroma compounds in fermented and prepared
hawthorn wine[J]. Food Science, 2023, 44(14): 326-335. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-

2023, Vol.44, No.14 327

20220905-046. http://www.spkx.net.cn

4% (Crataegus pinnatifida Bge.) &35k )E
Yy, ERRENLAR P TSR A, R IR E
e M2 e FPEAR RN, IR ESER, AaTE g
f BRI BEIAE . VS B Th P FRE LA R
B, (RS CURECRR, UL g AT i, i A
TP DR FG DR R PR 75 1 20 R A G PR AR A Dy e A7 K e T 5%
[ i 22— AR A AR R R
EEJTES, H ST LA S A .

M B - DU B AT R 3% (gas chromatography-
quadrupole-mass spectrometry, GC-Quadrupole-MS) Hx
R & — i 5 e Sk A0 O A SO g 1 O,
Lin Yanxin5"I7E6 Fft /3 2 Ml A 009 P 2L AG I 199 FhE K
PER ST, 92 4% A Mk B 1) 06 THI AR B AE A i 1) 7 7 i
HFES s PRSI KON 2 0 T A 0 A R R R T
TN, Al 145 P2 g k. S
T FE 3 L8 B 1 (gas chromatography-orbitrap-mass
spectrometry, GC-Orbitrap-MS) ik H & —Fh R B
TR GC-MSHER, HA S ES P (120 0002
W48 (m/z 200) VLR HEFEFEE (<3 mg/L) ) KL
#, I CA N BRI IR R A A A Tt

S AR (gas chromatography-olfactometry,
GC-O) e —F st SGCHIZ A ML, SMSE
FH RE8% B A R4 kb %5 58 S A b B S B. Zhu
Jiancai %@ i AR R Gi 45 & GC-MS-Of) J7 200 1L ik
RV 48 RV AT OIS, JRa & A OETEES 3]
LA SR I RHE A S & . RRIEYEE Codor active
value, OAV) RESMENEESBAELE, EHIA
HERARAE Y FIOAV i 1 ] R 7R 1% A6 & V)RR i (1) %
WERSA TR, RIMAAEEE NSRS, BEHAN
OAVE T0. 1Ml KL At B &< okl

AT 5T K FH W0 A - Y5 700 4l B UK 728 % (liquiid-
liquid extraction-solvent assisted flavor evaporation, LLE-
SAFE) £54 GC-O-MSJ7 V£ XT thi i iR AE & <AL &

WEAT % e, P REAE (modified frequency,
MF) 1H; K H 7 B AHM A HC (headspace solid phase
microextraction extraction, HS-SPME) i 111 # i v ) 4%
R RS AT HEEL, 4393 R FH GC-Quadrupole-MSFIGC-
Orbitrap-MSHE47 & A1 E B #T, FHitEAEYIOAV
fi e A ook . WL EEFY, XK &
JRAR R JRURALE Y LR = i B SN

1 MH5T%

L1 ARSI

RS (SBL-1) 202046 Ak H LR 2%
FEE WA A R AR, BRI HON13%; FeHI AL L
B (FS) kAL FRRENARAT, CREAEF
HiN14%.

KRS (SBL-DD Bokl: weriksyt A6
TR .

Be ) B LA (FS) Fokk: Wik, 4iiFK. AN
o ARbHE. A SHBINR R, LR
. EEWERRRAD .

g, OB, &Mk (B ReEikad) % H
Honeywell A @]; FSARMES (384 | C,~C,lEMkE
YRR UE L. 4-F 3R (AR 2 [# Sigma-Aldrich
NI
12 5%

L% Colfactory detection port, ODP) I
Brechbithler/A 7]; SAFEZE  ff[EGlasblaserei Bahr/A
DC-128 A WA bl B =AW A FE
7890A-5975C GC-MSHc/Hf Sk EH Aglient B3 A R
ATl Trace 13005 AH (5. Q-exact Orbitrap /i #5{X
Z E Thermo ScientificAH; DB-WAXEYHE K
(30 mX0.25 mm, 0.25 pm) % [EJ&W Scientific

N



328 2023, Vol.44, No.14

E6miltl =

XRS5y 53

1.3 Hi&
13.1  JEEHHr

KH € AR S 7, VRN LS ST
RS ERVPAN LR A, FERHRTS )
11 & SBHERATBEST 7, aal il s, £E. @t
. OBEE. WREE. BE. BE, BE, WE. P
Frv ALF . FT R0 SAREE (0~9 75, 0 fRFRIEK
ZABFER, 9 REEITHRED .

132 GC-OM[ /3 #r

LLE: HUFEMA100 mL, 235 F50. 30 mLAI30 mL
AT IR, RRGE IR 3 (700 /min)
10 min. RH W& HA VA, 1530030 EF SR
i ET

SAFE: /K K AE iR KR E R E N50 C, JF
B TR, REEA LA X 107 ° MPalt T FF i
JeFiegE, (FHZE M N FRZA M . SAFESS B4
R OB TE SR N HARRL S, N 10 g o /K B R Y
T, 4 CUKFEFREL12 h)aidug, BHUEDT ZRIKS S
500 pL, SRAGHERNE R IRAE WL«

GC%1fF: 1) HP-INNOWAXMME (il F: (60 m X
0.25 mm, 0.25 uym) ; #FH (He) Jii# 1.5 mL/min;
BEFERL pLs Aoy JHRFEF . 3R E250 C,
EAEES0 CE4F ] min, L3 °C/minFfZE220 C, {7HF
10 min. 2) HP-SMSIEMPEATER: (30 mX0.25 mm,
0.25 um) ; A (He) Wikl mL/min;
BEFERL pLs A0 THEFEF: HERECIEE250 C,
I®40 CE¥E3 min, LA3 ‘C/minfFZ180 °C, LL9 ‘C/minT}
%280 'C, fR¥FS5 min.

MSZfF: MR E280 Cs B 1R 8230 °C; U
WA IR EL50 Cs T HESE; HTREETOeV; FiRH
Y5 Hlm/z 30~550.

ODP%fF: Ff & (s FE 20 B J5 1+ 19 ik N 5 i
FMODPHEATRE I MR [ (1R 220 C JIE 125 LA
50 mL/minyi AR [,

WA 4 (341 5, 22~24 %) AFWLES L EY
AP N SZIRTHT, 4 AL R IR IR B
1225, JEIEEEA9 B FAARRIE b FC 1 R B2 B RAR3 435 % LA
EREAIR TR SR AANCIZ . SRIRIT, 4 AP R
S SACA ISR RS2 25 WA A RIS SR [a], -
TSR SUFIERGRE, BB “1~117 #7475,

SEPES T AR e Ml R A o R B AR
BSF AP UER R E R, FA MR, NIST 20451
JE AR VG B H 5

MFi5: SR SRINEREL S, BAFEMER
MO TEAT 4 BTN A E R E2 K, KESAMMEE
I PR ) B R B AT R EMEFL L R S

MF/%=/F X1

s FRSE— A0 G WA L i) 31 1) S A58/ L 5] s R
B, BUEAE D EG DR/ O B — e S PR B
AR AN (e /3 fH X R RED , BUE N 24
1.3.3  GC-Quadrupole-MS J5 2% Ll ¥ 85 75 .40 J 1 2 1
E BT

HS-SPME: SPMEZEH(LR 2 cm 50/30 pm DVB/
CAR/PDMS, CTC CombiPAL autosampler% Ijj it H 3
HERE ARSI A ST S AR I . FF AR OTE40 C LA
500 r/minfl#430 min. K CE A ZE TSk 30 N BRSO T
T, 40 CHRPHHERYI30 min. FRRE LR A GCt
FEC e, B8 min, HEREITRE250 C.

GC-MS%fF: KH7890-5975 GC-MSHEH A%,
HP-INNOWAX i F: (60 m X 0.25 mm, 0.25um) ; i
FERRE250 C: A NmAE A (>99.999%) ; i
1.0 mL/min; At FHEFEF: WIHIERES50 C
{#%51 min, L3 C/minfHEZE220 C, {££55 min; $%0
EE280°C; B TIRIRE230°C, M7 HEIE, HEREE
70 eV; FEARTEE30~350 u.

SEMEE =AM I E BT R A AR A A e R
£ (AMDIS) i+ 513 (R BE BN EE B, R 4>
Mr et R A5G NIST 206 HE 0 DL RC AT 28 o FEAH A (il 2% 1
N, I C,~Ch EM KRR A VIR PR R fa 5. Bt
Prbr e R IVE AT B BT, A ARAE S AL E Y 3 a
SRRHERT R AT e B, X FRE RS A Y, @i
HaB Mt e 8,

1.3.4  GC-Orbitrap-MSJ5 A5 111 # 1 & S W0 5 1 5 1 5
AT

HS-SPME%ff: FfH2 cm 50/30 pm DVB/CAR/
PDMS# ALk, K FHTriPlus RSHH kAL 8% . FE S 1E
60 C A HEF 4730 minj5, 60 ‘CAIHN30 min. ¥
RPCLIE N BIGCHERE D, #AWS min, BEFEDEE
250 C.

GC-Orbitrap-MS"": K H Trace 130075 (& i
1% 5 Q-exact Orbitrap it ¥4 B HI 43 H1. DB-WAX T4
R (30 mX0.25 mm, 0.25 pm) ; WA NEAES
(>99.999%) ; 1.0 mL/min; Ak, FHEFEF:
7E40 “CAEFERS min, A3 C/minfHE 180 °C, FLA3 “C/min
FHE 2250 'C, f2#F10 min; LUB4TH [A]64 min. B RE
70 eV; JEAREFE33~300 u,

EMEEEST: AAHFEAEAET, BiEC,~ChWiE
Wkt IR A VSRS IR B AR 2. B VT &S5 b AR
BA I (R RS T8, S5 AW T /N ST ) & A S
ZHHRE " (Food Flavor Laboratory, http://foodflavorlab.
cn/) WEbHEATE M. f8 H TraceFinder® 4 (Thermo
Fisher Scientific, Les Ulis, France) #ATMEM, F
i Xcalibur 4.1 (Thermo Fisher Scientific, Les Ulis,
France) #HATH AW & HT -



P e Bmiltz 2023, Vol.44, No.14 329
1.3.5 OAVil#& 41
flo 2y é Bt 5 B O LE BB 9 OAV . AT Ay e —
OAV 0.1 TN N HP-5MS' HP-INNOWAX SBL-' SBL' FS' FS’
j(? AR A %\%DOA\/X?IE@E@*% i LR 12074 1422 Uifh, BE OUEBE O — 2909 923 459
X LA I A A S AT e Tk BELBLE — 196 TR BE OEE - w2 - —
1.4 s abe VRESPEIMTR  — 14848 fHh e
- . . . N (EE2A4CREROR 1168 15056 i, %, F, #F —  — 4167 2170
Az . - . XA] ik 22 4
K ﬂﬂEjtps‘ ///h1plot academic com/bas1c]jl£ 21l Venn — 69 15006 s g 59
P, A S0 250 23 B I I3 25 11 32043 i Mlicrosoft Office CEERRZE — 1668 ik -
Excel 2019%44F . ToR-LE 1202 16619 Rk, 2t 204 6124 6261 5539
BB - 1768 =T, A - - = 60
Bk BB - 18113 i, % #EF — 3615 — 3536
2 HRESHT ERB- R 12907 2038 4%, ifE, HE G 1768 1685 4986 6836
VA iRl 13816 21023 &, RE HE 18 168 — —
21 EEONLER 2'(4%@1%%%4 21039 & BE Y I
X2 A TR e IRE ST, R VEENCHCZE  — 20057 HE - ¥ - -
PR 1A PLE W R TR L A S0 SBL - AN TC 1) 84 11 A IS FS1E VEEIETRIE 1485 23093 Bfs, BHL AR — B4 496 —
Ly 75 P Ik T A B M B AT R AL B . A LR TR =, ERRLE L3787 23647 itk g, RE A - — 997 1768
TZRELE - 24208 LM, TR EE -  —  — 5616
_JREH H HELZE:  [E|Es T S "
SBL J*iﬂﬂ\/xﬁ%é%ﬁf]% H EH—J-/E\‘ﬁ :Zﬁfﬁnﬁ{ﬁﬁ/]%% ﬁ‘%&l@lﬁ _ 2505 “l%y J[I%m _ _ _ 1615
s TMESEE B A BOm G & flig ek, [FN A —ik CPEELRTE  B6 — B (F7 -
MRFER . TR WEM B2k, BT A SR MRECETR 9 - 5 I
Ju LRESHETROE 9812 - 2% 843 - = =
RRE. (EABLLCHTE 10 — o -
FETZMeE 11371 - &, ER 178 - - -
Hw PP KL 14183 - BE BT A - — 83 —
ToMCESFHTR 14619 — o, g, i 8 - —  —
e - &ﬁ-l’;zmﬁﬁ 14915 - & - =y -
PR - 10852 AF, BF LBE  — 576 — 414
T W #TH - lIs6 RE CPERE S - 6 — 26l
ETHE - 11744 2% #E — B3 — 4986
- SRR 1055 i RE WAL 5165 0980 — 5539
e RIS L8R — 12306 BE - - =
W o :ISJSL‘J e — M8 BE EE ME - 88— U8
3R - 13513 g, A - 36 - -
Bl SR EE JiA-3- -1 — 13848 i, HE - 99— 68
Fig. 1  Radar chart of hawthorn wine aroma 2LE-CH 10496 14762 fif% 24, R& EF 714 — 1768 913
£ - 1566.4 & - e - -
22  GC-O-MS%5H 23 T2R - 1568 HE EE 5L - w0 - —
P 10525 18796 A, AtA, L BE — 843 1685 3769
#1  FIILLE-SAFE-GC-O% % I b F IS PEIE & KLE 11344 19205 E, HE 8126 3769 5195 2845
Table 1  Odor-active compounds identified in hawthorn wine by JA3-CHR 8722 - W, 1 - - BB -
LLE-SAFE-GC-O FCE 885.6 - &, HE - = 1685 -
(REFHRS MF/% (32
PN = g
Blad HP-SMS HPINNOWAX At SBL-' SBL-® FS'FS’ DB - 11925 9E AR HE O — 8 — 1685
2 o-HhE L3 — R, HEF 4 - = =
RRLE - 860.1 el BRI — 06 - - Big
FTRLE 7824 10036 BE, il %9 5530 09— — L# - 14428 [ - 08 — 69
THRLE 8071 10545 & BE 159 2064 — @ — R - 1575 ik, £+ - - = 15
LRETRE 8702 10745 BE L HE O 685 1066 89— ETE - 16244 2t B — M = 6054
RINRLE - 10887  RE HE BRSO — 08 - - FETIR - 16867 WA 2t - = = 9y
LRSI 9005 11386 BE AF 845 WL — — ECR - 18441 KE, HE 1846 — — 9B
CHE 10168 12341 HECBE HE 997 2170 2770 1685 LR - 19429 3 - - = 88
LRENGS-CRE — 12795 aE - 1846 - - RAS-CHR - 19536 BE A% - = =
PR LB - 12799 HE, BE BRSO — 01l — 159 E*8 - 205718 #%E RF 2L — 91— &4
2R EFIR - 131 LE EE BE - —  — 365 2-BHET — 21692 ik, 1% - - = 668
ABLE - 13708 BE, LF - ny - - SACHERECH 15407 2053 BE 0L A Uk 88 192 93 —




330 2023, Vol.44, No.14

E6miltl =

XRS5y 53

gkl
- (REHEA . MF/%
U s mnomx T SR
SRETR 9295 - REk, BE UE B84 — sl —
E%R 1401 - ok EER R - —  —
22
T® - 14212 E, & - M - -
KA 978 - R - - W -
KR 10653 - S - - %R -
%
RAR3-R0-2-8 - 11607 s, e - M =
23T - 1321 & AF - 168 - -
2T - 14156 &, BE — 184 - -
IREARELTH — 1469.7 ik - - — 664
GESER3 S8 10004 14819 HIF, 36, 8% 4% —  — 4538 614
i3
% - 1795 BE, 5 - M - -
fomtiib 918.1 - & N4 - = =
L
il 8544 14701 RE, W& W54 B4 — 84
LBRLE 1079.5 - HE 1k 93— = =
5-‘#3%-3-&?%@%-2(3&- 936 1809 iR RE B BT @8 20 1R
S-LECEA0HER  — 21285 i, %, #E — 1685 —  —
ERERE
T&8 13814 22166 &F, FH — 997 258 —
4-L1EEW 11867 - iy, EE WAO1066 0 — 3131 —
REHE 14257 - HE, W 93— 919 —
LidTE
i - 20177 E B L A
LEFEE® 12292 20736 W&, U B 2700 92 - —
il &
3R 10027 17145 iR, BE B M —  — 3605
Mm%
3T - 16468 Wi, &% BE — 9B — 84
FROERTHE 1349 2255 %, WE BF B4 — 269 5616
FOEETHEE 1046 — B ok BRI - — B4 —
RN 13344 - & 93 - - =

T AR VRN DR e R eh [ B AT a. HP-SMSARRIE
AR b, HP-INNOWAXARIE (il AT A . — oRAs o

350 % © SBL-J
30F | EFS
I8 251
= 20k

dn 15} 1413
i 10k m 8“ .
S5k ) 34 3 33 3 3 4
2 2 2
0 1 1 1 |rL!_\|’_1_‘|!_\0| |m|’_‘0|rivium|

’_‘L
¥ & X K FF FFF
&% @4@ & & @’@\@&.@@@@@@@@
@%’Q\@\“
HEERMEWFIS

¥12  FIHLLE-SAFE-GC-O% % (W vp 44 05 5 /T T Rh I 8L Bt

Fig.2  Number of aroma compounds identified in hawthorn wine by
LLE-SAFE-GC-O

1L GC-O-MSr#7, 4w 389 Fliib &y, WIE
B2536 P, BESELS Fh. BEMZR2 Bl BRZE12 P W
3 FP. WEZES Rh. ARIAE2 PhL WRMES4 FhL R MR

K3 TP MEMERSR2 Fh BRACIL Fh. NERRACE Y4 B

CRUAIER) o BRG0P SORE i 32 25 0 B0
BEMIT, w7 AR T SERAR A" R BRI
K, AL AL SBL-T 4 1

FSe FSP

a. HP-SMSAEM M (il FEmL] ;b HP-INNOWA XM M (i ki nst ) .
P13 AR % B L 5 1 Vennl¥
Fig.3  Venn diagram of compounds identified using different

chromatographic columns

R4 R IME3, SBL-JFE & L4 e 365 B <4
%, {EHP-5MSHIHP-INNOWAX {2 3 £ rf1 43 51] % 5 3|
T31 FRFI48 Fh, PEFP SRR S E I B A 14 R AR
FF—3; FSKEM LY E 58 M <S4, 7EHP-SMSHI
HP-INNOWAX 8 i 41 1 43 1) 45 7 1) 128 P42 #p, W
Fih e i i 5 5 R TR 12 PR — 3. AR3EEL, f#
FHHP-INNOWA X {41 FTHP-SMS o B AT 722 Fb 1L 4 T AF
S E B A A BTIX N, AT S, HP-INNOWAX
R A2 P e N E R EEE . B, R
2. Wb &Y, BRI, HP-INNOWAX (B AT % 1
PR i 2 R P20 0 (P s 28 SR LU HP-5MES €8 35 A 00 R B
fE, AT DURI 2 B 2 1P

SBL-JH 29 Fi & S AWIHIMFE K T20%, HIHP-
SMSHIHP-INNOWAX 4 i i %5 45 78 Hi 12 Fifi24 Fp; 3
R LR BRRKIMMEE (87.26%) , #iihid NIEE .
E AR HUOR R A RER (74.62%) , WA ANE
L RAE%. FSHAE38 MEFS &Y IIMEE K T20%,
HHP-SMSAIHP-INNOWAX {1y 3 4 43 5 73 25t 17 Fhofl
27 By HAPMFE &S 2SR = Ol (68.36%)
etk AR A . ARGt ORI -3 - O - 1 -
(66.89%) FN2,4-CL 458 (66.89%) , 4y ilukitik At
. HHR LR, 6. ESBL-JFES R AT B Z 14
J IR IR A N R, B LR TR LT
THROER. RIRR OB LR EE. HLR L, Xk
e A H ILAESBL-TRE S, [FIB HAA B s FIMFAE, %
M RIAE S — 0Tk, 2B T4 R F SBL-JFE
i AT AR R AR RN 2 — . FSEE S A gl s 31 7 24
A B 5 MFE 5 HI(E,E)-2,4- O 6 TR LR AN4- 2 36 5%
Wy A o, X AR E R H A S 2k, I BAEFSHEE
I MF{E 7 T SBL-JFE



P ki Bmiltz 2023, Vol.44, No.14 331

16 MALGWTE2 PPt s HF MF(E ) K T20%, EE)
ARG B BEKS R BRK2 FILURIKIE . BifLi) ey B TER ) T T
s N o s s ) " TE . % L bil
R ABRELH, BXRAUGRBENRE . HE. & RIMLE - 32311]68 94318032 T:“” 1I
% 2 G N s Ry 7 d a Rt AL, " B
%0 Z'EF{%TEQZAEEI (%ié:\ %/Eﬂs EH‘%-%[I}K) N ZI:ZA@? (ELRELTRLE X R 6394037 ok _ )
(e BEW) « 3-HRIENE CHMR. Z&&. H¥Y MR o IBSERE s NS Y |
BRD o S-HEE-3-WH A 2(3H)-WREEE (e, R LEIRLE O N (E 1)) 5834060 NS - I
k) . 2B (EERR) . SRR Ghg. BE. AA (ER24TBMCE o 989E3260 17168425015 Ht 560%) 2
) 57 U | NG (. BEE. BEND . T WUCLHBRZE b TR AR0E1LIS e - 2
N e \ QTR 0 AR ST T YYEY 1 R H
Eﬁi: ZJ@E (i%\ Zj:%) %'f”t%#%E(JMF'fEEQI%’ Xﬁﬂ:u—l ﬂ(a};—rﬁ@z@a a TR 13840.10 E223 — )
A BETHR. A EETREZIR R m ™, KBBCE 0 0MR000 L0k
U1 2R L LE — SE VR T B AR, IR i A AR by gy e
L7 % 3
FEFR . T R ZETEGC-O3d T e ) ) L A ;f@?f;b Lo e e
0y Iy N - PN H Saleiid e
%:t‘ujk’ ﬁﬁjk*ﬁiiﬁj‘*f&%ﬁg%ﬁﬂ]%ﬁh %[21 22]’ ﬂﬁ% EMLEE a TR 5161095 $5% 850”4] 1
& FHFTERE Sl R B ek vy 2 2 A N AN ) Sk ERATZE o 1244003 4304002 O 1)1 B
EWEIEN EE AR LB 2 2154001 10994027 H L1 1
2.3 éﬂ%)—; B’]IET%IEE%*E )
N pASA ok J
#i F§ GC-Orbitrap-MS f1GC-Quadrupole-MS W i /7 ;ﬁéf;n ; :igﬁji 110'173%00‘0107 » igg’*” ;
N S O 4 e W Ny -RHGRe RAENE 130
Y%Xj‘ L]-l FKEL {Elﬁ 'TT /lj;?* E ’ ;ji‘ l% e EIJ 1 23 thlJ #ﬁ 7/{ fT 1’t é#@ ‘HM;ZJ% a 16.04+2.18 26.14+4.64 * 30[32J )
(F£2. B4 ; HAF107 MErE e A E R EEE R, BRI a R 1040403 - )
HED & A B 5B R n C L2 S8, wE4fR, 2 # TORERE 0 GRENTT I0MEIH e - )
PRI, MR, MBI & W) T LAk 2 PPRTRTE e R e
4y FESBL-J & S AL A s B> [tz a 26544013 1200614108 e - 2
e 2N ) RIE AR B> LRI o OSHEDB0 S8E629 s 30 I
K>|E>SHAMKUEY); FSHERERMEAEY S & OB o 50D T35 # 50 1
AN BEIE> RIS > BEE > HA b &Y. SBL-IFESY) WETHPE b TR 4154017 e - )
R E RSN SRR (150.04 mg/L) , HIKHE R ﬁ%ﬁé:zﬂﬁ A 819Nl 13032721624 s 10000*“[J | 2
T-R-LR o 0126100465 616842424707 = 1250000 I
7 1 — i — = _
MR, 2,3-T 2. RTE. LR JAROBEHEE BORCZE a SABROSE 3DA6R02 - )
YJ#Rid 73 mg/L. FSH & i E Y oN2,4- 2 G IR R a 185005 0934021 N |
(64.16 mg/L) MR LNHE (40.55 mg/L) , SpikBE. FL LR @ 070£003 2074019 " 2 2
oy .\ e . e A RA-WHER R A 4505007 9974012 wx - 2
RO LR T R 4B 2,3-T B, KROBEME - ’ . esn w w )
E@ﬁﬁ?:ﬂ mg/Lo 535 ﬁﬁkﬁﬂﬁéé:%ijy‘j—‘ﬁ’ g&mﬁ T-BMIESTETE b 46664504 R ok _ )
FAZECYR B A T B N SRR (6.09%) T R LE b 11284006 $98+1.10 : 750 )
MR (3.26%) 5 mTTETEMT SRR, LB Bx
e [N N N 5 g 694601, 164168, * &l
VUMM 23T 0 AR AN STE s menses soims e mwn |
N N SR ) 2y = - S L0T)): 37331,
TERESMAEY. HIBFUEE. 2,4-C MR 7R e A MATSEN96 4146826355 ¥ 4000% |
A ER A, HETHEB SN RESEOAV /N BB bOISOMO2TES RS ERTIEIRE 1T
T1, W TR EARF S TR )N Low b R TR0 e SO0 I
JFisA-3-Cf- 1B b R 84181£19.13 HE 1000 1
2 IR D R A Rol o MTMEISSS ISIS43EI9599 e 50000 |
Table2  Contents of aroma compounds in hawthorn wine T8 a 3019205 135002640 ik 900" 1
I i B (ugll) 48 iy =B KLE o ASRESEIIIBGH 5495364314 564‘2[?] 1
R TE SBL-I ES #i (ngll) ik 2031-CF b 2412077 2319433 NS 8000 I
22 ¥ b 6902046 12212060 ¥ 120 I
LBLE a0 2543683155085 405454442030.08 305507 | I6- A 1B a 11,66+3.09 79862432 e 130 1
[ a 1602£0.13 11364022 #rx 02" 2 Eh%
LARLE a 2B25E930 183361635 14007 2 Dtk a 4404303 5890£7.17 HE 200 I
MR 0 34SAETEI4695 3652645435704 mr 15463¢" I 55 b 6674988 940542476 NS 14 2
THZE a 6ME360 82.05+185 # 4007 | kT a 0.74£0.00 096+0.10 * - 2
RALTHEBLE o 241833 11274459 #* - 2 )RR @ TR 0500.06 wx - 2
DLVRIAFHIILE o 117254486 70.7549.89 + 126" | g 2 0.89£0.09 2354033 # 1144 I
TZRELE b 102883651 5099142395 w1000 000" | PR a 145404 4324063 # - 2
LRETRLE e 1SBE080 25204240 # 16" | N e 0354006 146+024 # - |




332 2023, Vol.44, No.14 % ? X &5}5}*}?
=) 5= y)
5 TRk (pgl) 48 : g y FEIE (ugl) B i B
B %’g SBL-J - S %ﬁ (f]yf%/) ﬁ [ %é SBLJ - FS %ﬁ <Lfg1/HL/> ﬁ
e 0491047 137£109 N0 I VREEAZBERR o MTEN2 8RN NS 40 1
RAH 2 0290.09 1462117 NS - 2 BT a 034000 410£001 i 10% |
B a 153166 66.79+7.24 b 25 | THR 2 ALISE0D 40704703 # [ 1
LR a 294014 11712062 e 250° 2 WHTHRR b 568911682 HL7IH4060 # 1000% 2
friget a 41155088 74934629 * - | T
ot o 16224106 70.68£7.57 e 14 | % a 1660006 0974002 e 5000 )
()7 a 0411001 TR ik - 2 REK-H%
(— )i a 0482007 R H - 2 fE5 a 0.1520.00 0.5420.09 " g4 |
b i 26884384 5404118 wx - 2 P a 020000 0174002 * - 2
Hhatiim a 2641050 1094049 * - 2 Biluink
PSR ao BwR M e ! VHEERE o 6B0EBR AmEsM
istene a TR LI£001 i 03" | higk
LREFR a 0.6920.09 0762001 NS - | 1L a 12914068 14084138 NS 359 000" 1
LEEIE a 0524007 0.70£0.06 * - | A SR a 15455001 17474002 i 75 2
JRT b 1624027 7954508 NS - 2 )L a 0022001 10.2640.05 o 218 1
B 7E: aJfiid GC-Orbitrap-MSJE ;s b.iliid GC-Quadrupole-MS i i .
LR o 409969429095 7260474145955 * 200000 2 Eib‘ﬁl.aﬁ$3@@y %UHJ%*‘(’E %éﬁi&ﬁi;ﬁ: T 2% H
Toh o TIS6ESES OISR ¢ 3000 *’Tf“”“' FI A ﬁf*@ﬁu%ﬁ”*i% TRME: 4. P<0.05: .
D a 2ISB9T66M0 6416089304 H# - 2 P00 s P<0.001: NS. P>0.05. — K5
KPR o OOEL9T  46048+207.08 : 1000 ! m gk
LECR a 35084288 617.13£39.59 #x - 2 L %%
48 a0 665.03£5261 # 500°" | N Egﬁ%
5@ 48109 T07ELS] w500 I " @%
223 u i
. | P78
2 THRE b I66T9ELE 997734109 #t - 2 - @’%i
e b 50845213 76394398 w0 I m iRk
R a 2404036 1692062 NS 500 | L] ﬁkt&%%
FROFER 0 NSELM 10274306 NS 3[i” I . E%E@?%%
34 @ 4415095 46444299 e [ I u A
I a 346£15 11.14£198 # 122 | " NG
L S P61 S P 1 53 309 % % BLLL RS PSS BL-J
CESERSH-28 b TR et o - 2 TRE 12 L KPS (O M R A R 0 4 B
CRESRBIE o SAB el - Pl IR A R R A R B e
LEH ¢ 3451078 027013 " 4 ! Fig.4 Comparison of composition of volatile compounds in two
LU-RRERLRE b 27912050 2.70+640 NS - 2 hawthorn wines
268=HEATH b R 1242015 s - 2
F3i%
Yok 2 04900l 2154010 w0 | 24 OAVHHT KBRS EY
ALl @ 0300 103005 w0 I H3EW, SBL-JHIFSH %4529 FhHI33 S ALE
124- 5% b 3414002 996056 Ht - 2 .
jz§ a 0114001 0744005 ik _ 1 %E/‘]OAVj(:‘Fl (@Eﬁ()AVj(—]:OI ) ’ ;H\:qjﬁ27 %EP%EE
DCFRAZBEE b AmR0M L9z e - 2 RIS AAAE T2 Bkl . SBL-THHOAV i i RIAL & W K
Wik 2 Vs 2~ i 2 Sy
R @ 6657624651 107.85£9.94 " 14100 | LRF (86.54) , JUCHWMLE (80.10) MIZ RS M
R @ G0 GRERE NS s (43.65) ; FSHOAVIR & MY No-FAEE (70.68)
S-FRIA R a MTS6EMSL 207738119009 35784 | HRCNRIEZEE (56.80) FIHZEE (46.44) . BT
L 103940, 1810414 # 16.000% 1
e " 2 EAED FiRE el ) 6 BB (1136~16.02 pg/L)
DCFESZENE 0 RABN s e 1 EHEFEBRERK 02 pg/L) , THHAKFEIIOAV, Xt
ﬁé@ﬁﬂ& @ L8006 1484149 . 440 | P AR A HE TR K LR AESBL-TH I OAV i T
BOKR n 20005 2994067 N B ] FS, TEREMTRLERETRERESWR, Gt
CTESEAR 0544001 145£0.05 i W I EH], o4 (R B REEhrlichi& 2724 . SBL-JHH Z,
4L BER a 13831090 §5.2849.07 e 40 | . . L . )
3-Z§%Eﬁ 2 0.8240.01 293+0.58 *% — 1 @ﬁﬁﬂi@ﬁ E"]OAVEI% ’ ﬁﬁ% Hﬂ?a@ﬁﬁm@lﬁﬁj‘:g%ﬁ
CCERUAR  a 4BELD 1042066 ¢ 0 1 TR FERY,




XK 53D

E6mill=

2023, Vol.44, No.14 333

KZOAVE m HIE K &P, FEMFAE [H Rt
s A RFREF M — B . B, OAVE & i) 7 R
LT, ZBRIEE. RN, CRABE. T NS,
2-HETRLE. K28, EXR. XoW. TEHEM
& MF{EIITE20%LL . SBL-JAIFSH %457 Fh9 Fhe
ST IMF{E K T20% HOAV K T1 (g3 K T0.1) -
SBL-JH A2-HE TR 4. CRLEE. ¥ROFE. 7K
LBE. FIRR W CIRSFIRER. TR OHE: MESH A
L$%T@Z%\E@Z%\$MZ%\$%W~
fis. KOEE. (EE)-2,4-C RO, IFrR. &
%\Té%oﬁgé%%ﬁ%m%@ﬁ&$E%%ﬁm
BRI o %oF L2 PRE S A7 7E 22 57 (R R AE ISR A0 52 R 1%
B, AL LA VY SBL-J (14 AIE AR 47 57 5% DT ik A6 75 AN i
FHIK RS, HRVZTMRFNERENEY, S

B o3BT 25 B A SBL-JRE i A i B SR A A5 7 AR s e Y
LA P F S B R AL R 53 Hh (B, E)-2,4- C IR R L IE ok
PR ZR DAL T F M sk A BRI 2 FPRE iR
SINTII AR R R 2k, B R A X A E R A

#3 IR E UL PIMOAY

Table 3  OAYVs of the key aroma compounds in hawthorn wine
EAM A —ﬁzgﬂ;;—‘ EAMAY '@ﬁﬁﬁla;—
B ik
LER LT 078 125 KL 86.54%  9.74*
WR I 80.10  56.80 [id S
L7 015 092 BB 548 672
AR <0.1* 024 PRk 245 685
THE 0.16% 021 L% 030 267
DL2-FHE-4-RIERIR I 093 056 a-FA T 1622 7068
2-FHETRCR 9.80%  15.79% oA <01 222
SN LI 178% 053 B
CBRCIE 1097%  7.84* EFR 350%  1.33%
(EE)24-C B/ <01 317 [T
RER T 1818 427 R-2-E N 393 34
¥R 044 0.1* KB 1441 46.44%
KRG 081 017 %
PR 2B 195 9.99 AR 129 566
BRI 011  <0.1* ek
9-%[R L 018 <01 [[23-ZFE-s-2 0k 1080 517
IR 2 053 087 1R MR
LRSI 4365 196 |[-HEHE-4-2HEER S62 1M
O s <01 019 T & 353%  6.78*
SRR <01 0.14%
7 035 1.04
LRl 015 0.2

e LG AEZAR T GC-Oid T2 4 e i 21

3 & #

K P 5 5 8 3 1 43 T o A T R R o) AR 1L A Y AT
BE T, R HLLE-SAFE 5y 5 A B 72 R0 i i) 784 1
FE 0 A R ML ' AR R, 8 GC-O-MSTE i #E i

o3 ) % 8 )65 FRAISS Fit, AL LK W SBL-THMF
ERRKMLEMERER LR ARSI Bl B
WFSHEFEERR - AR N-3-C6-1-1F. 2,4-C =
IR J@J‘iGC-Orbitrap-MS%HGC-Quadrupole-MSWﬁﬂF
TFEATES A S e e &, LR ER23 MER
‘ﬁ%A%o%ﬁMNﬁ%@W%ﬁﬁWﬂlJﬁm¢%ﬁ
7 RPN FhE S IMFE K T20% HOAV K T1 (fig2k
KT0.1) , REFSESZLBNNEEEEYR. &
B 5025 S AT B T LAV B SR N AT R ) 4% 55 AR
HIFRE .

EEpEN

(11 akflan, e, e, & i Dhae ko X HIT R R i et
JE[T]. A&7 N T, 2020, 21(11): 94-97. DOT:10.16693/j.cnki.1671-
9646(X).2020.11.024.

[21 A, B, BURN, & AR R IUIR AT ST &
fRHE, 2021, 46(10): 59-63. DOI:10.13684/j.cnki.spkj.2021.10.010.

[B1 @, S, R, & AL IS A R AR U ST ]
BB AL, 2019(8): 27-32. DOI:10.13746/4.njkj.2019028.

[4] HAN Y Y, DU J H, SONG Z L. Effects of the yeast endogenous
f-glucosidase on hawthorn (Crataegus pinnatifida Bunge) wine ethyl
carbamate and volatile compounds[J]. Journal of Food Composition and
Analysis, 2021, 103(1): 104084-104095. DOI:10.1016/j.jfca.2021.104084.

[5] LIU S W, ZHANG X, YOU L, et al. Changes in anthocyanin profile,
color, and antioxidant capacity of hawthorn wine (Crataegus
pinnatifida) during storage by pretreatments[J]. LWT-Food Science
and Technology, 2018, 95: 179-186. DOI:10.1016/j.1wt.2018.04.093.

61 X¥FzE, F%H, ik, %. SPME-GC-MS5SPME-GC-0 )} [A]
SE IR R OGSO U], B ALE, 2022, 43(20): 296-303.
DOI:10.7506/spkx 1002-6630-20210726-306.

[71 @&, ESE, Lolsg, & LS SR I GC/MS /T[] i
JRHS, 2013(8): 95-97. DOI:10.13746/j.1njkj.2013.08.029.

[8] LINY X, LIU Y R, MAARIA K, et al. Sensory and chemical
characterization of Chinese bog bilberry wines using check-all-
that-apply method and GC-Quadrupole-MS and GC-Orbitrap-
MS analyses[J]. Food Research International, 2022, 151: 110809.
DOI:10.1016/J.FOODRES.2021.110809.

[91  Petfedl, £, R4 E. B AR A A RO R B AU I R

B M [T, o EERE, 2017, 36(1): 180-185. DOI:10.11882/
j.issn.0254-5071.2017.01.038.

[10] LIU Y R, QIAN X, XING J T, et al. Accurate determination of 12
lactones and 11 volatile phenols in nongrape wines through headspace-
solid-phase microextraction (HS-SPME) combined with high-
resolution gas chromatography-orbitrap mass spectrometry (GC-
Orbitrap-MS)[J]. Journal of Agricultural and Food Chemistry, 2022,
70(6): 1971-1983. DOI:10.1021/acs.jafc.1c06981.

[11]  BELARBI S, VIVIER M, ZAGHOUANI W, et al. Comparison of
new approach of GC-HRMS (Q-Orbitrap) to GC-MS/MS (triple-
quadrupole) in analyzing the pesticide residues and contaminants
in complex food matrices[J]. Food Chemistry, 2021, 359: 129932.
DOI:10.1016/J.FOODCHEM.2021.129932.

[12] ZHU J C, XIAO Z B. Characterization of odor-active volatiles in
hawthorn puree using thermal desorption system coupled with gas
chromatography-mass spectrometry-olfactometry and GC-flame
photometric detector[J]. Journal of Agricultural and Food Chemistry,
2018, 66: 12296-12305. DOI:10.1021/acs.jafc.8b04636.



334 2023, Vol.44, No.14 Rz Py % i

[13] FERREIRA V. Volatile aroma compounds and wine sensory pre-fermentative cryomaceration[J]. Food Chemistry, 2004, 84(4):
attributes| M]//REYBOLDS A. Managing wine quality. Woodhead 585-590. DOI:10.1016/S0308-8146(03)00282-6.

Publishing Limited, 2010: 3-28. DOI:10.1533/9781845699284.1.3. [30] MORENO J A, ZEA L, MOYANO L, et al. Aroma compounds

[14] XIANG X F, LAN Y B, GAO X T, et al. Characterization of odor- as markers of the changes in sherry wines subjected to biological
active compounds in the head, heart, and tail fractions of freshly ageing[J]. Food Control, 2005, 16(4): 333-338. DOI:10.1016/
distilled spirit from Spine grape (Vitis davidii Foex) wine by gas j.foodcont.2004.03.013.
chromatography-olfactometry and gas chromatography-mass [31] PINO J A, TOLLE S, GOK R, et al. Characterisation of odour-active
spectrometry[J]. Food Research International, 2020, 137: 109388. compounds in aged rum[J]. Food Chemistry, 2012, 132(3): 1436-1441.
DOI:10.1016/j.foodres.2020.109388. DOI:10.1016/j.foodchem.2011.11.133.

[15] KORTESNIEMI M, ROSENVALD S, LAAKSONEN O, et al. [32] ESCUDERO A, CAMPO E, FARINA L, et al. Analytical
Sensory and chemical profiles of finnish honeys of different botanical characterization of the aroma of five premium red wines. Insights into
origins and consumer preferences[J]. Food Chemistry, 2017, 246: 351- the role of odor families and the concept of fruitiness of wines[J].
359. DOI:10.1016/j.foodchem.2017.10.069. Journal of Agricultural and Food Chemistry, 2007, 55(11): 4501-4510.

[16] 2Ry, HF#, s, & B R o &5 2hw & 0 A 7= 2 DOI:10.1021/jf0636418.

JUAFAE 20 [ 0]. BRI AR EE, 2019(8): 79-83; 88. DOI1:10.13746/ [33] ZHENGL Y, SUNG M, LIU Y G, et al. Aroma volatile compounds
j-njkj.2019066. from two fresh pineapple varieties in China[J]. International Journal

(171 g, RORIG, 22 305E, 5 WRERS R MM a N EEE & of Molecular Sciences, 2012, 13(6): 7383-7392. DOI:10.3390/
Y4 e (1], HEERE, 2014, 33(5): 90-96. DOI:10.11882/ ijms13067383.
j.i8sn.0254-5071.2014.05.021. [34] VAN GEMERT L J. Odor thresholds compilations of odor threshold

[18] Food Flavor Laboratory of Beijing Forestry University. Flavor values in air, water and other media[M]. 2nd ed. Oliemans Punter &
compound information sharing system[DB/OL]. http://foodflavorlab. Partners, 2011.
cn/.2021-3-31/2022-2-18. [35] ZEA L, MOYANO L, MORENO J. Discrimination of the aroma

[19] LEDAUPHIN J, SAINT-CLAIR JF, LABLANQUIE O, et al. fraction of sherry wines obtained by oxidative and biological
Identification of trace volatile compounds in freshly distilled ageing[J]. Food Chemistry, 2001, 75(1): 79-84. DOI:10.1016/S0308-
calvados and cognac using preparative separations coupled with gas 8146(01)00190-X.
chromatographymass spectrometry[J]. Journal of Agricultural and [36] XIAO Q, ZHOU X, XIAO Z B, et al. Characterization of the
Food Chemistry, 2004, 52(16): 5124. DOI:10.1021/jf040052y. differences in the aroma of cherry wines from different price segments

[20] WOLINS L, AMERINE M A, ROESSLER E B. Wines: their sensory using gas chromatography-mass spectrometry, odor activity values,
evaluation[J]. Journal of the American Statistical Association, 1985, sensory analysis, and aroma reconstitution[J]. Food Science and
80: 484. DOI:10.2307/2287929. Biotechnology, 2017, 26(2): 331-338. DOI:10.1007/s10068-017-0045-y.

[21]  xUH:, Bras, 5B, 2. AR BB AR 1 5% 3 B & Sl 10 [37] WANG X C, LIA H, DIZY M, et al. Evaluation of aroma enhancement
M. BB S R, 2013, 34(24): 212-217. DOI:10.3969/ for “ecolly” dry white wines by mixed inoculation of selected
j-issn.1005-6521.2013.24.057. Rhodotorula mucilaginosa and Saccharomyces cerevisiae[J]. Food

[22] GBS, TS 7 BB 5 AR R R R A T A R AR B Chemistry, 2017, 228: 550-559. DOI:10.1016/j.foodchem.2017.01.113.
I FEEHII]. BARERAL T, 2019, 46(5): 5-7. DOI:10.19465/ [38] FRANCIS I L, NEWTON J L. Determining wine aroma from
j.cnki.2095-9710.2019.05.003. compositional data[J]. Australian Journal of Grape and Wine Research,

[23] TUFARIELLO M, CAPONE S, SICILIANO P. Volatile components 2008, 11(2): 114-126. DOI:10.1111/j.1755-0238.2005.tb00283 .x.
of Negroamaro red wines produced in Apulian Salento area[J]. [39] GOMEZ-MIGUEZ M, CACHO J F, FERREIRA V, et al. Volatile
Food Chemistry, 2012, 132(4): 2155-2164. DOI:10.1016/ components of zalema white wines[J]. Food Chemistry, 2007, 99(4):
j.foodchem.2011.11.122. 1464-1473. DOI:10.1016/j.foodchem.2005.11.045.

[24]  skIRFA, SKICMH, B, AL S KR R BE )], R, [40] GAMBETTA J M, BASTIAN S, COZZOLINO D, et al. Factors
2003, 30(5): 44-46. DOI:10.3969/j.issn.1002-8110.2003.05.016. influencing the aroma composition of chardonnay wines[J]. Journal

[25] ZHU L, WANG X L, SONG X B, et al. Evolution of the key odorants of Agricultural and Food Chemistry, 2014, 62(28): 6512-6534.
and aroma profiles in traditional Laowuzeng baijiu during its one- DOI:10.1021/jf501945s.
year ageing[J]. Food Chemistry, 2020, 310: 125898. DOI:10.1016/ [41] ZHU W Q, ZHANG B Q, L1, et al. Acidic electrolyzed water
j.foodchem.2019.125898. efficiently improves the flavour of persimmon (Diospyros kaki L. cv.

[26] GUTH H. Quantitation and sensory studies of character impact Mopan) wine[J]. Food Chemistry, 2016, 197: 141-149. DOI:10.1016/
odorants of different white wine varieties[J]. Journal of Agricultural j.foodchem.2015.10.106.
and Food Chemistry, 1997, 45(8): 3027-3032. DOI:10.1021/jf970280a. [42] SELLI S, CANBAS A, CABAROGLU T, et al. Aroma components

[27]  YAO 'Y, CHEN K, YANG X Y, et al. Comparative study of the key of cv. Muscat of Bornova wines and influence of skin contact
aromatic compounds of Cabernet Sauvignon wine from the Xinjiang treatment[J]. Food Chemistry, 2006, 94(3): 319-326. DOI:10.1016/
region of China[J]. Journal of Food Science and Technology-Mysore, j.foodchem.2004.11.019.

2021, 58(6): 2109-2120. DOI:10.1007/s13197-020-04720-y. [43] DU X F, FINN C E, QIAN M C. Volatile composition and

[28] CAIJ,ZHU B Q, WANG Y H, et al. Influence of pre-fermentation cold odour-activity value of thornless ‘black diamond’ and ‘marion’
maceration treatment on aroma compounds of Cabernet Sauvignon blackberries[J]. Food Chemistry, 2010, 119(3): 1127-1134.
wines fermented in different industrial scale fermenters[J]. Food DOI:10.1016/j.foodchem.2009.08.024.

Chemistry, 2014, 154: 217-229. DOI:10.1016/j.foodchem.2014.01.003. [44] LIUM M, ZENG Z R, XIONG B. Preparation of novel solid-phase

[29] PEINADO R A, MORENO J, BUENO J E, et al. Comparative study microextraction fibers by sol-gel technology for headspace solid-phase

of aromatic compounds in two young white wines subjected to

microextraction-gas chromatographic analysis of aroma compounds



XK 53D

E6mill=

2023, Vol.44, No.14 335

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

in beer[J]. Journal of Chromatography A, 2005, 1065(2): 287-299.
DOI:10.1016/j.chroma.2004.12.073.

GARCIA C V, QUEK SY, STEVENSON R J, et al. Characterisation of
bound volatile compounds of a low flavour kiwifruit species: Actinidia
erianthalJ]. Food Chemistry, 2012, 134(2): 655-661. DOI:10.1016/
j.foodchem.2012.02.148.

ZHANG S J, MIKAEL P, LIU J, et al. Influence of pre-fermentation
treatments on wine volatile and sensory profile of the new disease
tolerant cultivar solaris[J]. Molecules, 2015, 20(12): 21609-21625.
DOI:10.3390/molecules201219791.

LIU S X, LIU E C, ZHU B Q, et al. Impact of maceration time
on colour-related phenolics, sensory characteristics and volatile
composition of mulberry wine[J]. Journal of the Institute of Brewing,
2018, 124(1): 45-56. DOI:10.1002/jib.476.

BUTTERY R G, TURNBAUGH J G, LING L C. Contribution of
volatiles to rice aroma[J]. Journal of Agricultural and Food Chemistry,
1988, 36(5): 1006-1009. DOI:10.1021/jf000832025.

LI Z H, DONG L, JIN J, et al. Characterization and evaluation of aroma
quality in Doubanjiang, a chinese traditional fermented red pepper paste,
using aroma extract dilution analysis and a sensory profile[J]. Molecules,
2019, 24(17): 3107. DOI:10.3390/molecules24173107.

JIANG B, X1 ZM, LUO M J, et al. Comparison on aroma compounds
in Cabernet Sauvignon and merlot wines from four wine grape-
growing regions in China[J]. Food Research International, 2013, 51(2):
482-489. DOI:10.1016/j.foodres.2013.01.001.

PINO J A, QUERIS O. Analysis of volatile compounds of mango
wine[J]. Food Chemistry, 2010, 125(4): 1141-1146. DOI:10.1016/
j.foodchem.2010.09.056.

BRENNA E, FUGANTI C, SERRA S. Enantioselective perception
of chiral odorants[J]. Tetrahedron Asymmetry, 2003, 14(1): 1-42.
DOI:10.1016/S0957-4166(02)00713-9.

FERREIRA V, LOPEZ R, CACHO J F. Quantitative determination
of the odorants of young red wines from different grape varieties[J].
Journal of the Science of Food and Agriculture, 2000, 80(11): 1659-
1667. DOI:10.1002/1097-0010(20000901)80:11%3¢1659::aid-
jsfa693%3e3.0.c0;2-6.

WATERHOUSE A, SACKS G L, JEFFERY D W. Understanding
wine chemistry[M]. John Wiley & Sons, 2016: 40-277.
DOI:10.1002/9781118730720.

LYU J, MA'Y, XU Y, et al. Characterization of the key aroma
compounds in Marselan wine by gas chromatography-
olfactometry, quantitative measurements, aroma recombination, and
omission tests[J]. Molecules, 2019, 24(16): 2978. DOI1:10.3390/
molecules24162978.

WELKE J E, ZANUS M, LAZZAROTTO M, et al. Quantitative
analysis of headspace volatile compounds using comprehensive two-
dimensional gas chromatography and their contribution to the aroma
of chardonnay wine[J]. Food Research International, 2014, 59(1): 85-
99. DOI:10.1016/j.foodres.2014.02.002.

SANCHEZ-PALOMO E, ALONSO-VILLEGAS R, DELGADO J A,
et al. Improvement of verdejo white wines by contact with oak chips

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

at different winemaking stages[J]. LWT-Food Science and Technology,
2017, 79: 111-118. DOI:10.1016/j.1wt.2016.12.045.

CULLERE L, CACHO J, FERREIRA V. An assessment of the
role played by some oxidation-related aldehydes in wine aromaf[J].
Journal of Agricultural and Food Chemistry, 2007, 55(3): 876-881.
DOI:10.1021/jf062432k.

GAO W J, FAN W L, XU Y. Characterization of the key odorants in
light aroma type chinese liquor by gas chromatography-olfactometry,
quantitative measurements, aroma recombination, and omission
studies[J]. Journal of Agricultural and Food Chemistry, 2014, 62(25):
5796-5804. DOI:10.1021/jf501214c.

SIMON B F D, CADAHIA E, JALOCHA J. Volatile compounds
in a spanish red wine aged in barrels made of Spanish, French, and
American oak wood[J]. Journal of Agricultural and Food Chemistry,
2003, 51(26): 7671-7678. DOI:10.1021/jf030287u.

SAISON D, SCHUTTER D, UYTTENHOVE B, et al. Contribution
of staling compounds to the aged flavour of lager beer by studying
their flavour thresholds[J]. Food Chemistry, 2009, 114(4): 1206-1215.
DOI:10.1016/j.foodchem.2008.10.078.

JAVED H U, WANG D, ANDALEEB R, et al. Drying treatments
change the composition of aromatic compounds from fresh to dried
centennial seedless grapes[J]. Foods, 2021, 10(3): 559. DOI:10.3390/
foods10030559.

PARKER M, BALDOCK G, HAYASAKA'Y, et al. Seeing through
smoke[J]. Wine and Viticulture Journal, 2013, 28: 42-46.

PENG C T, WEN Y, TAO Y S, et al. Modulating the formation of
Meili wine aroma by prefermentative freezing process[J]. Journal
of Agricultural and Food Chemistry, 2013, 61(7): 1542-1553.
DOI:10.1021/j£3043874.

SANCHEZ-PALOMO E, TRUJILLO M, RUIZ A G, et al. Aroma
profile of malbec red wines from La Mancha region: chemical and
sensory characterization[J]. Food Research International, 2017, 100:
201-208. DOI:10.1016/j.foodres.2017.06.036.

SAENZ-NAVAJAS M P, AVIZCURI J M, BALLESTER J, et al.
Sensory-active compounds influencing wine experts’ and consumers’
perception of red wine intrinsic quality[J]. LWT-Food Science and
Technology, 2015, 60(1): 400-411. DOI:10.1016/j.1wt.2014.09.026.
MAYR C M, CAPONE D L, PARDON K H, et al. Quantitative
analysis by GC-MS/MS of 18 aroma compounds related to oxidative
off-flavor in wines[J]. Journal of Agricultural and Food Chemistry,
2015, 63(13): 3394-3401. DOI:10.1021/f505803u.

CZERNY M, CHRISTLBAUER M, CHRISTLBAUER M, et al. Re-
investigation on odour thresholds of key food aroma compounds
and development of an aroma language based on odour qualities
of defined aqueous odorant solutions[J]. European Food Research
and Technology, 2008, 228(2): 265-273. DOI:10.1007/s00217-008-
0931-x.

QIAN X, LAN Y B, HAN S, et al. Comprehensive investigation
of lactones and furanones in icewines and dry wines using gas
chromatography-triple quadrupole mass spectrometry[J]. Food Research
International, 2020, 137: 109650. DOI:10.1016/j.foodres.2020.109650.





