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Analysis of Quality Characteristics and Volatile Flavor Compounds of Five Alcoholic Drinks Produced from
‘Hotan Hong’ Grapes in Xinjiang

FENG Menghan'?, HU Jiaxing’, BI Jinfeng’, ZHANG Aidong’, WANG Liping’, LI Xuan’, YANG Yang"*
(1. College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Key Laboratory of Agro-products Processing, Ministry of Agriculture and Rural Affairs, Institute of Food Science and Technology,
Chinese Academy of Agricultural Sciences, Beijing 100193, China;
3. Xinjiang Khotan Feng Agricultural Science and Technology Co. Ltd., Hotan 848400, China)

Abstract: In this study, Xinjiang ‘Hotan Hong’ grapes were used as raw material to prepare dry wine, semi-sweet wine
(both fermented wines), fortified wine, as well as grape distilled spirits with ethanol volume fractions of 52% and 76%.
Basic physicochemical indexes, functional components, mineral elements and volatile flavor compounds were analyzed
respectively. The results showed that the contents of functional components (total phenols, total flavonoids, tannins and
total flavanols) and mineral elements in dry, semi-sweet and fortified wines were higher than those in the two grape distilled
spirits. The 76% distilled spirit possessed the richest types of volatile flavor compounds (44) and the highest total content
(1726.47 pg/L). Combined with odor activity value (OAV), a total of 8 key aroma compounds (OAV > 1) were identified in
the five wines. Ethanol, isobutanol and ethyl hexanoate were the common key aroma substances; isoamyl alcohol, methyl
decanoate and ethyl 9-decenoate were the unique key aroma substances of distilled spirits; and 1-nonanol and nonanal were
unique to fortified wine. Correlation analysis showed that volatile flavor compounds (except acids) were positively correlated
with each other. Zn, Mn, P, K, Na and Ca promoted the synthesis of esters, and Mg facilitated the formation of terpenoids.
This study clarified the quality differences of wines produced from ‘Hotan Hong’ grapes under different brewing processes,

and provided theoretical support for the process optimization and product development of ‘Hotan Hong’ wine.
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Table 1 ~ Main physicochemical indicators and functional component
contents of five alcoholic drinks
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Fig. 1  Cluster analysis heatmap (a) and principal component analysis
score plot (b) of mineral element contents in five alcoholic drinks
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Fig.2  Proportion of volatile compounds in five alcoholic drinks
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Table 2 Content of volatile compounds in five alcoholic drinks
ug/L
g e Al (L) ™ Dw SDW FW 52%vol 76%vol
L 65 10574359 18574350 3072138 11437426° 1964442337
7T 06 0621008 072£008" 14019 15372059 10390.10°
R il 4899H061° S8.99H061° 61467142 458842666 2081821373
E¥E 40 0812005 0922005 0602003 4424025 1274004
2 NF LO2E00I° LOSE00I 0491001 6212004 3.05+025°
LRI TAI887R061" 288TE06I 1349017 1085017 937H048
AR & 0591007 0692007 0622003 338+007  296%144°
i NE - — 049001 1002009 305025
BX RABiaE $26 - - —LR0AT 5681058
i1 10 - — 08007 — 5001045°
+hsER NF - - - =
Dﬁﬁg' NE - - - - 2431008
ot 1000 - — 0000 - 1454003
I 10 - - - - 068+009°
|8 002 - — Rk — -
QRIR-23T-E  NF 031001 0600 — - -
it 8147 10982 11163 40297 45385
oLk 5 7481035 13481035 055ELIF 70458021 92874529°
ek 580 WAL 38O BIELIE 205135614 2685821865
KWLk 510 AMELTY BAHELTY UHBE01 317651753 350432202
LKL 0000 6204008" 821+008° 1617£027 2044058 2771£030°
JERCE 3500 32H021° 3522020 290007 16352189 150335443
“%j:%é;@? NEIBEOIT LTI0IY L4THO3S DI6H021 83402
LA 1500 15620.11° LOAE0II 0381004 64274367 10295230
WEZFBR-TH NE 0431005 0632005 L0ST006 10152044 5974023
LRSI 30 - — ILO8H06Y 28414088 29064039
SRR 125 0561005 0842005  — 18302057 15.95+1.4°
ORI 13000 - - - LIE00" 1234009
A TH NF - - - 0491001° 0562007
KHE 12 - - - 2415006 4012077
KBTI 00012 - - - 18203 1892037
KRR NE - - - 394005 374H031°
Rk 1000 - - - 0441006 1372007
R 3000 - - — 6L 587ELY
BE AHRRRE NF - - - 6041055 1285 119°
- ATRIER LB NF - - — 0B 27512056
FHALE NF - - - 2601028 2422004
RiMFEAZE NF - - - 6765108 1278+0.11°
THRE 4000 - - — AR5 5396E141
3B =R NF - - - 2001001 263004
ToRMRTE NF - - - 1512003 -
KRR TE NF - - - 10H0IT -
THBZE NF - - - 16574198 -
FRRZE NF - - - 461206 -
RERERLE NE - - - - BSsELY
TR 200 - - - - 1874022
MR 670 - - 4542041° - -
3"%‘%2%? B - VA 1 — -
AAZFR-RTR NF L0901 099£0.11° 082003 - -
ToR-LE 500000 T3E00F Se4£00  — - -
KR 40 0295004 0551004 - - -
TZRELE NF 0261012 040017 — - -
Mt 80.03 8.7 129.16 103493 124044

g3k
ik Al HE L Y DW SOW W el 6%l
iR 130 TSNEAZT 28437 MG 14342130 —
KHE NF L1004 113004 LIT2008 1132049 1832016
" i 90 B3I MWI6ELY N0 - -
; ot 250 10532019 953019 7612005  — -
15 2 IS43033 1491038 1022028 — -
At NE 3ATEINT 396107 146203 — -
it 10030 15775 15761 1547 18
; TH# 1 047£004 0782004 2152005  — -
ek
g 5 - - 0BR00Y - -
N 047 078 28 - -
K2R NE - - — 0812005 -
Bk ROEE NE L893002 1263002 3112010 081£005° 13002016
3ZRERCE NF - — TR0 Sder0s6¢ —
it 189 126 388 708 13.00
23-ZEKIR NF LI6£009  LI£00Y  — - -
2SR TERR NF - — DSSROI3 9392019 13282041
wy ok NF - - — 0542009 2245004
Xt NF - - T
i NE - - - LO720.11° -
13 9562 - - - - 1834074
/it 116 LIl 055 1328 1735
Bit 033949 MSI 1B 17264

W FAAAARNS FRERERESE (P<0.05) ;3 — £&iGH, TFM;
NFEAREHK .

WK i

BERAL G R I o B R KU
Ay, BT T RE T A R ElONE S5 o ) AR
B, AT A, SRR LS 1 6REE R A, H
H176% ZE TR HEE R MR A FE (1450 o SRS
AEEROREFREE (A2 Rk, £&Y) © 2
CEBk, KRE) | 22K ZEE (RE. BEEYD
ST CGER. AHF) . IEFE (RS, MEE .
B2 CHEEAE. BRI & © AHEREE (E&) . Hh
FIREE. BRI AR E BEEE, HHSBEEARR
WFERZE R . 5 T IR P AE 52 % 28 TR B v
(245.88 pg/L) , = T3FHRIAE (48.99~61.46 pg/L) ,
AL TE R ) P 2 KUK o 2 R R T E T 6% 75 AT
FRIE196.44 pg/L. 2-ZKFE 2 BEAE - 20 3 40 3 P o &
W, N28.87 ng/L, HA B2 AMBEEAL. 7
AR T 0 XA T8 BB AT W A ) R A 22 554, mTIt 7
HAWEE . RESEEHFME, 5 7THES.
R A A PR R - T, TR T AR
Fro 2,3- 1 T IASLE T 70 4 6 i AN 2 SR A A T PR
W, BURIRE SN WH0.130 0.16 pg/L, TR0 R B P R
HHHM . AT A, 76%FEW R A 1+ Tk
i, MFEE K DL-2,3- A -6- K e R, i T m
T R 2R AR 1 ok i 5 o R

2.3.1
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i 2 Ak 9 2 8 60 3 P R S IR R I R TR RV
WA, R2ATH, SEHPRE IS H3SFh R L &
Y, 52%Z M@ h Be R AR R 2 (27FD , HikE
76%vol ZE1FI (25F) o SHFAE FEE KM A 2
FROBG. FROEE. B LK LE. AERL
B2%, HrP¥RR 2l (28.42~268.58 pg/L) F1%E 1% 2.5
(21.34~350.43 pg/L) W EKRER E . 2P0 2RI R H
T AR IR A RS A 1OMERSRAL A, B 4R
SRl (BEEE. BREY)  FERRTE. ZRTE.
9-Z4R e . T6%75 N+ O R Ol (92.87 pg/L) +
% .15 (268.58 pg/L) « %R MG (35043 pg/L) K HHE
B .l (150.33 pg/L) 55 S 2840 5 o vk 5 20 e
Oy IR P ASE R A . A A LA ST .
bk, ZIRCNE (4.54 ng/L) FI3-F%:-22 4-= HFL I H
THRME (0.66 pg/L) A2 s A8 4530 rhRs A (1 R LA
Y, NHAREERGEP LEFHMAKS., TR -2
fig GRMIVRT. 2B . KT, T R8O
WA BRI R R A P . R T Be . 23R
STHe. WKR OB TR LBENS52 %75 i R A 1
FERERRAGEY) . WTEIR OB CRP =5 R
ARG ZHEAEEEYD UAE76% 203 s H
233 BRFEWIR

A HLER AL A W 6E AR () 11 8P 47 K A= P A e
AFEEZE Y. GIREBEFET T, R,
SRV A, HX3FE S E oM A NLER, HRE
WRPE R BMRAR O IE 228 (59.03~75.28 pg/L)
% (68.36~86.72 ug/L) M (7.61~10.53 pg/L) .
IX e o 5 BE R 7 IR e R T I A g0 R AL A, 4
TR R B 2 B0 76 % 2 AR AR D B R
(1.83 pg/L) 5 BRAEHERALN, 52% &8I i Hi 1E 28R
(14.34 pg/L) o FEPFT R A ST ARDE R E T
(19 7K il DA % v 0 A 28 ARk 2 v 138 4 B A o
234 BEEAZE S AR R

[ e /R o 1 N e e N =1 s R B R
FAPO. SAh CFIEH 20 9 A A H 2 B i 28 R 3 R 2
MR . TEENT A, @A o B & W b s
(0.47~2.15 pg/L) 3 +—BETE N 5E BY 78 &) 1 +
A (0.13 pg/L) : 52% 718 A A H B S 4 Joid i 26
REE, Ho, 3,4-H IR LB RERE K&
(5.46 pg/L) o KRE5EH (BERRA) 76% 20 i
BRI (13.00 pg/L) o 76% 758 A 7 S5 4 i
SRR (1.83 pg/L) o HAtZtb &arb2,3- A%
TR AE 2R R B ARG He 5 2,4- —URUT 358 2R 76 Jin ok
R RORH AR A s a-RRE 2R I, M
FFi i 5B BN AE 52% 2 PRI R

b, ML TZHARMERET MHEL BRFE
B AE R RS RS . RBE L 2% T e R A
T TR B A A AR B AR P AR IR R S 2 e R,
Tt~ Y7 A 24 R ) L 5 B v s s Y T 2 4 e A T
W R A S R B R, (R - TS
FIRL B, 1 2848 25 A 2R TP A T R T
W 5 R O TR SRR S 19 R Rkt &1, £ 8
TR, DEEETCRLEE. BRLBEERRY
i, SRR TR R = XUk
235  OAVAHr

BHR 3T AT, 5P 3k % 58 8 Bl 5C B A& R W) it
(OAVZ=1) , 6MEZEEFESYHE (0.1<O0AV<D) . &
B, ST S OB CBRIE NSRRI A B E S
Ji, A RCZ R AR R SR R R AR B . Hoh, R LT
TURRIL L B SRR, BT REACEY, AR
OAVTE &M iy, R T Z8 1R 72 ) 3 S5 RN
IR TR BRI EE RE
1-F B 5 WA g o i 250 4 267 VG Hp OC B 9 R PR R R )
J, A A RLE R AR S AR A A 2R AR
H9-Z4 R LR IOAVEY KT 1 500, FHREMN T ZIBIE S
BRI BT S A e A X 23 A G 5 78 TR ) o R
HEFZH 4y, iX 5 Tian TiantianZ5™156 T 2848 (9 > Hh e S,
WRE PR AL B B R R AR AT 8 25 18 — 30

3 SRR PR IL A BIMOAY K 75 CHifid

Table3  OAV and aroma descriptions of volatile flavor compounds in
five alcoholic drinks

Wk e i DW  SDW  FW  52%vol 76%vol
LEE iﬁ‘é 163 286 472 1760 3022
_— B TEAE 069 083 087 346 293
RomTH wEE 103 120 238 2562 1732
2-KOEE BRE. BEF 002 004 002 0.0l 0.01
TR FHE OWEE — — 41.00 — —

TRl Y. FERE 150 270 451 1409 1857
EWOlE  WEE RRE 005 0.07 0.07 0.35 0.46
BB WEE. WEE 004 005 0.05 0.62 0.69

Rk LR HE BRE — — 037 095 097
B W WEE — — — 2.01 334
i fi67 SN N S _ _
O-RMLM Tpx s 1525.00 1575.00

R ERE MEE. BHE — — 228 — —
Bk E%E% JENE. WEE 058 049 045 011 -
TOTM o BE MEE 077 075 081 — —
VE: M#EFlavornet and human odor space Chttp://www.flavornet.org/
flavornet.html) FIWREHE % Chttp://www.odour.org.uk/odour/index.
htmD) & FEFPE KM 7 10 B SRAL AT iR
24 §YIITER S RVERRAL G 18] AR A 23 B
K Pearson A 5 1 3 #r 5 Mantel £ 46 % A 4 0 75
8™ M) e R 5 & & HF 4 AT 38 I 45 KA KR AL &
BEAT AR 20 Mo T3R50, BRER KM 4h, K
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Fig.3  Correlation analysis of mineral elements and major volatile flavor compounds

PERBRA S 2 RIEA G EXKR. ¥FRACRS
OO, BROBE. RIRE. LR 208 E A
XK (P<0.05) , ¥ (Zn) % (Mn) . B (P) .
BO(KD) TGRSR AN FROMR. LK CHRENRR
Y R RSB IEA G (P<<0.01) , REXLEIERAE M4
AT 5 T EERMCH IR NEIRR B 5 & RER
AR, AN, B (Na) . 45 (Ca) JTER S5 CMR 4.
AR OBESEEYR 2 EM*x. 8 (Mg tx5%
RERE . S - TE U S s I R A W IEAR G, HENH 2
5w ai AR AR, 52 MK, 8 (Fe) &
EI5ng . S aQ-R AR S o) by SE A R 2 2 63 AR
K (P<0.05) , AR I8 (A0 A R ) FH DG
HERMEAE M REMERY, &b, v @i QuiE
PBE RN N IRER T AL KRR &
B AR ERR ST EARERE T ORI 5 2 TR R A XK R
MZE5R.

3 4 i

AWFFELEEE R A NIRRT
BULCRETAY . R AL B S 52% . 76 % 25N HE AT
tetabs THEEPERL I« B4 08 S 35 R Ve XU AL & ) ik
T, SRR, TR E A RN 5 B & 0
hReYE R S0 Yt 3R & B8 T2 M 28180 76% 7%
P RR Y AR S (448, HERERERS
(1 726.47 pg/L) o SHFILEE H8F LB F WA
(OAV=1) , LB FTEE. CRRCENILE B R
PEXRPI T, A LA XK SR BE . T A PR A R B
HREESMRE CRIER. 5T, 2Nk S R
By NGRS E A A SR - T T, R
FHEASHEME: AWEPEREEAE, 9-BRa
s COAV>1 500) 2 Z& TRE (A & PR R 1% R A
TERCECER . BRAF RORARRIR 1 AR o AHOCTE AT R B, 4
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