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Effects of thermal sterilization conditions on the aromatic

quality of traditional Korean rice wine

XIA Weiliang  JIN Tieyan XIONG Sirui
(College of Agriculture, Yanbian University, Yanji, Jilin 133002, China)

Abstract: [ Objective] To explore the preferred conditions for thermal sterilization of Korean rice wine from the perspective of aroma
component preservation. [ Methods] The effects of different thermal sterilization conditions on the aroma quality of traditional Korean rice
wine are evaluated by combining an electronic nose with headspace solid-phase microextraction gas chromatography-mass spectrometry
(HS-SPME-GC-MS). The response values of the electronic nose sensors, as well as the types and content of volatile compounds, are
determined. [Results] The response signals of the sensors R7 (inorganic sulfides), R9 (organic sulfides), R2 (nitrogen oxides), R6
(methyls), and R8 (alcohols and aldehydes and ketones) to different heat sterilized samples are generally strong. Linear discriminant analysis
(LDA) shows that the volatile compounds of the rice wine samples sterilized at 65 C for 5 min are the most similar to those of the
unpasteurized samples. In contrast, the original flavor profiles of the samples are significantly altered by sterilizing the samples at 85 °C for
30 min and 125 °C for 5 s. A total of 106 aroma compounds are identified in the four groups of rice wine samples, with alcohols and esters
being the most abundant. Their relative content is 25.53%~40.67% and 33.49%~44.75%, respectively. Thermal sterilization affects both the
types and relative content of volatile compounds in the samples. The rice wine sterilized at 65 °C for 5 min exhibits the closest similarity to
unsterilized rice wine, with total mass concentrations of compounds being 7.26 and 8.74 mg/L, respectively. [ Conclusion] Based on aroma
component analysis, sterilization at 65 °C for 5 min is identified as the preferred thermal sterilization condition for traditional Korean rice wine.
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Technical process for Korean rice wine
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Figure 2 Sensor response values of volatile compounds of

different heat-sterilized rice wines
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Figure 3 PCA and load analysis of electronic nose of different heat-sterilized rice wines
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Figure 4 LDA analysis of electronic nose for different

heat-sterilized rice wines
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Figure 5 GC-MS total ion chromatogram of aroma components of rice wine
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Figure 6 Volatile compounds of rice wine after different

thermal sterilization treatments
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Table 2 Aroma components identified in rice wine before and after thermal sterilization by GC-MS
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Figure 7 PCA analysis for volatile compounds of different
heat-sterilized rice wines
1001
=
IH 3 80f Al
£ L=
S e 6ot [PATES
2EE e
Xz S
ey :q,: S 401 Yi-e S
¥= 20t
=
0 —— 1 L 1
RAH 85 “CA%1H30 min

65 CAAHS min 125 CKHS s

Rice wine samples
B8 KIE A S P AR A M KR L B
Figure 8 Proportions of volatile flavor compounds in rice

wine samples

WFCER A L T AN 125 CKE 5 s BRI AR &
IR VAT i AH X i e s B2 Bl B A S R,
RN TR A R M XU ) BT Y 24.12% , 5 A K I TR
TR A5 AR, Ay 3 ORI A i Hp AR X I
B R O BERIOR B, 5 2 T 24.75%~
41.43%. % 65 CA M 5 min,85 CA W 30 min 1 125 CK
TS s FROR AR il mh 23 40 0T 5 2 A 2% A R TG 43- 0 34
T 4.79%,14.97%,4.19% B 1 F 1 1 38 Jin ] 58 2
T G B L DURE AT Y A RS R LA B AR 1Y
JIE 22 i S i

BIEW T — M A R T . R A TR FE P A AR
X B A TR 2K oA O R O TR (15.24%) L O R T 04 TR
(15.25%) A1 T 2 5 % BK (12.90%) o 48 65 ‘CA I 5 min,
85 “CAA 1A 30 min Al 125 ‘CH A 5 s MY KT AE v 3 B0 R 28
TRBA I TREZ 125 CRIE S s BRI R K1 O R
PT84k 3L A5 358 43 T 288 KUBR 4 2%, AT BB & IR R
MR 26 & K i, 5 R BV IR S AW A . AR
TR &b 5 DR R 28 A AR B R A TR R TR
PR R,

B 2938 | 2026 F 3 A | RGBS

T2 TR 2% o, 2 A VG O A AR T A S o 4 Rk
T RE S ARG S P 2 R 6 Rl R 2 . B 2 KR B
A, ELRE S 22 Fh KUK B i, F A T 4 R {0 XU IR /2 594 i
PE T o T 2% 32 32 1R G 5 4R Ak 26 B, 4 st $A R T Ak B X
ErE RN R R S W R R T S X A R KUk
[ BT kA R

2 2 R VP o ) S R ) R A 8 e JE UK v
WA A S Bl i H: b 7 R 5 R A T A R K R R I
R 8 Pl AR S T, ob Uk R 1 AR X i e . ORI
Ak B 5K T SR R S R A R R MR
B AN, 4 FlOR I B P RS B g 6 Bl i ke 8 B L35 F ke
8 Fh e Wy T P I 2 AH O AR R D % R Bk
e R AN H A TR I R T 1 2 5 R A W A R I 4
Koo MG A 45 & v XU B A & B AOR B R R
KV AN 65 “CoRTA 5 min K i #E RV B 5 AR 4B
e AL
3 g5

3 3 FL T g T A [ R A B — R — I
FHEE AR 387 7 A TR B B A B K T 4R & TR SO 4
BRI, 25 IR R W], 4848 R7 . R9.R2 . R6 . R8 X #A R T
o 7 2 20 B 3 BT T AT AKX ) 4 R RE L
65 ‘CATA 5 min B9 R I 55 A A% TR (04 45 & 1 143 S Al
815 T00 25 [ A fol 2 B —SAH 033 — o 1% 2 5 106 Bl A7
SALE Y BRI G T AR T N A A R
e W TR 26 R 5 4, 65 “CAATH 5 min K I 14L& 4 3 5
W ESRA WA R . B, 65 CREE S min Bk
AEZE R R R SR 30, RE LA SR B . Jo gl |
T R Rt 56 W JRUBR 5 i A ) R AR B R
LI TAE R S MaiE—mmpkHERS
JERCE PE A S (SR AR R R Y S R AR i — b
523 T AT 78 42 T FL 52 bR i 18 .

5% 3k

[1JHE Y, WANG X Y, LI P H, et al. Research progress of wine
aroma components: a critical review[J]. Food Chemistry, 2023,
402: 134491.

[2JHUANG M Z, LIU X Z, LI X, et al. Effect of Hanseniaspora
uvarum- Saccharomyces cerevisiae mixed fermentation on
aroma characteristics of Rosa roxburghii tratt, blueberry, and
plum wines[J]. Molecules, 2022, 27(22): 8 097.

[3] CHIOZZI V, AGRIOPOULOU S, VARZAKAS T. Advances,

applications, and comparison of thermal (pasteurization,
sterilization, and aseptic packaging) against non-thermal
(ultrasounds, UV radiation, ozonation, high hydrostatic

pressure) technologies in food processing[J]. Applied Sciences,
2022, 12(4): 2 202.
[4]BAO S H, YIN D Z, ZHAO Q Y, et al. Comprehensive



F&M | Vol.42, No.3

evaluation of the effect of five sterilization methods on the
quality of black carrot juice based on PCA, TOPSIS and GRA
models[J]. Food Chemistry: X, 2023, 17: 100604.

[51 9005 FF, S B2E . 2 il 3% T Ak 00 ) i DK I8 i 553 W) 119 TF 5

[J]. HE3h K22 24224 4, 2019, 41(1): 73-78, 86.
SUN F D, JIN T Y. Research on the effect of two sterilization
treatment methods on the quality of Korean rice wine[J].
Agricultural Science Journal of Yanbian University, 2019, 41
(1): 73-78, 86.

[6] 5k ¥ . 53 6 % K 04 g i A% B 7 1L BIE 5 (D] SE T - SE IR A,
2016: 13-15.

ZHANG L. Study on optimum sterilization method of Korean
ethnic rice wine[D]. Yanji: Yanbian University, 2016: 13-15.

[71 fB R B, E e T, T2, 45 v i IR IR I B8 X ORIl I Y
ST, £ 5 S5 LA, 2024, 40(1): 183-188, 218.

XIONG S R, WANG LY, WANG Y F, et al. Effect of ultra-high
temperature transient sterilization on quality of rice wine[J].
Food & Machinery, 2024, 40(1): 183-188, 218.

[8] I=)itguge, A7 B HH, XA, A5 . FLAR UG 2 40 vy it R ) KT 7L
ST SR SE IR (7], W B R 272441, 2023, 54(6): 741-747.
YAN HY, YANG J X, LIU Y J, et al. Effects of milk fat content
on the sensory quality of ultra-high temperature milk[J]. Journal
of Shenyang Agricultural University, 2023, 54(6): 741-747.

[9] POLAK N, KALISZ S, KRUSZEWSKI B. High-temperature
short-time and ultra-high-temperature processing of juices,
nectars and beverages: influences on enzyme, microbial
inactivation and retention of bioactive compounds[J]. Applied
Sciences, 2024, 14(19): 8 978.

[10] R, ¥ —, LMy €, 55 HlFF B A8 RV Pedis )i e 7.2

0 326 9 18 FH (9], £ i WF ST 5 0 &2, 2020, 41(23): 73-79.

WU J L, HUANG Y Z, JIANG P F, et al. Application of
ranking test in screening of Atlantic mackerel (Scomber
scombrus) deodorization process[J]. Food Research and
Development, 2020, 41(23): 73-79.

[11] FANG D L, YANG W J, KIMATU B M, et al. Comparison of
flavour qualities of mushrooms (Flammulina velutipes) packed
with different packaging materials[J]. Food Chemistry, 2017,
232:1-9.

[12] 3, B8 Al AL 5% . TAS TR A A 6 ORI 43 B

NI 5 0K BT 9 AU (], BRI AR £, 2015(1): 115-
119, 123.
LIU H, ZHAO S M, REN G X. Analysis of flavoring
components of yellow rice wine made by millet or husked
millet by head-space solid phase micro-extraction coupled
with gas chromatography-mass spectrometry[J]. Liquor-
Making Science & Technology, 2015(1): 115-119, 123.

[13)ZI0tE, MAH, XIFH, & . 5T i 78 iz UM E % —
BT AL RS 1 2 BT L A [] 2% TR A B SR OK: T R 4 R T
BATI]. BAR AT SR, 2021, 37(7): 259-268.

PENG X Y, ZHENG J S, LIU Y H, et al. Analysis and

comparison of volatile components in purple rice sweet wine

EFARE ARELFGMARKEZKREEERTHN N

with different sterilization treatments by electronic nose and
headspace gas chromatography-ion mobility spectrometry[J].
Modern Food Science and Technology, 2021, 37(7): 259-268.

[14] B REZETR, 705, BRI, 5 T BB R A A2 it i 22k
HEEB B AN ], B S S L, 2023, 39(6): 31-36, 179.
GUAN ZY Z, FANG F, WANG Y Y, et al. Rapid identification
of adulterated camellia seed oil by e-nose combined with
chemometrics[J]. Food & Machinery, 2023, 39(6): 31-36, 179.

[15] Mk, I, o i, 45 GRe sl R A& RN RIR L T2

PeAe B dh e M [9]. b B RS, 2023, 42(12): 153-160.
WU L, YUAN X, MA J T, et al. Optimization of low-
temperature fermentation technology and quality analysis of
kiwi-apple compound fruit wine[J]. China Brewing, 2023, 42
(12): 153-160.

[16] G b, e v, JEl A, 45 R s I R I 2% B X 25 YR B

R B SE IR (7], £ 5 R EE D, 2022, 48(10): 16-21.
JI Z W, HENG Y Y, ZHOU Z L, et al. Effect of ultra-high
temperature instantaneous sterilization on flavor substances in
Supai Huangjiu[J]. Food and Fermentation Industries, 2022, 48
(10): 16-21.

[17] B/ 22, Al fil e, BB XL, 46 . AMps 5 X 5 A0 Ak 3G i T B 4% % P
JRAT I FZ I [T]. £ 5 S HLI, 2024, 40(10): 39-45.

HUANG X L, HE X F, X S, et al. Effects of external carbon
sources on the quality and volatile components of kiwi wine
[7]. Food & Machinery, 2024, 40(10): 39-45.

(18] oA e . o O P9 T o] 8 25 B G it B M 0 5 (D). TE 8- 10
WK%, 2020: 23-28.

SU J J. Study on preparation technology and quality
characteristics of brown rice wine[D]. Wuxi: Jiangnan
University, 2020: 23-28.

[19] TUFARIELLO M, CAPONE S, SICILIANO P. Volatile
components of Negroamaro red wines produced in Apulian
Salento area[J]. Food Chemistry, 2012, 132(4): 2 155-2 164.

[20] 5 3¢, ¥ A, 95 R LR [ A 18 Jr 200 388 I i Jot 1 5%
WA [J]. £ 5 BFEE, 2016, 37(9): 144-149.

WU Q, FENG W M, JIANG H T. Effect of sterilization
methods on the quality of mulberry juice[J]. Food Science,
2016, 37(9): 144-149.

[21] ol 3, VAR e, 58 SR 30, 45 . 2 e R v AR IS B B I K AR

R T R R LA A S5 K KA g 55 ) (9. £ i Tl R4
2025, 46(12): 173-183.
HE Y, FENG Y T, WU H W, et al. Effects of synergistic
fermentation of yeast in Yunnan rice wine and rhizopus oryzae
on physicochemical properties and flavor substances of rice
wine[J]. Science and Technology of Food Industry, 2025, 46
(12): 173-183.

[22] B I ER, 013, T L0ME, 5 . N[ X & 9 R OR0 44 % 1 XUk Ak
EYFGE[I]. £ 24 AR I 4%, 2024, 15(20): 176-185.
TU TY, XIANG L, WANG H M, et al. Study on volatile flavor
compounds of fermented rice wine in different regions[J].

Journal of Food Safety & Quality, 2024, 15(20): 176-185.

175



