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Table 1 Traditional Huangjiu samples information at different ambient temperature conditions

H ob ok AT B 18] B EEAIC ¥R E/C
By M A (S1) S (16.36 £ 0.97)~(4.75 £ 0.74) 10.56
PR 1(S2) Z4)E 3R (12.13 £ 0.58)~(6.5 £ 0.37) 9.32
Pk A 2(S3) AZAT2d (8.21 £0.69)~(9.88 + 0.83) 9.05
J& P (S4) A2 40 (8.88 £0.38)~(14.38 +0.61) 11.63

FEME & T R AR ATERR (BN
B, &R H-BIO W HRARAWR; #A
iz FALER (B i ai g ), BIARE T AR A
Cils
12 MUBR5EHF

TS-5000Z HL T & 4t , 11 & AAE.CAO,
COO AE1 GLI CTO 1% &4%#1 CPA X, HZ IN-
SENT A #l;Milli-Q 7K &4 (HLFHL = 182 MQ-
m), % [# Ultra 23 7] ; .+ K (GZX9070MBE) , |-
T PR S AT BR S A BT 45
1.3 REH*

1.3.1 BE S

1.3.1.1  BEEPF /N R v AT Sy AR (%
BoAr wak . SIS S EIEA B — e 51
4y AR PE 51 ) (GB/T 16291.1-2012) H iy At
SE T ] U R R KA AR R A At i 2
MBS AR R SEBCE RN AN DL, IR E 1 12~16 44
TCA BT AP >0 AT 0 et o s S U PTA L
TE Y B PEAY N DR 0 A Ja 1 ) 3R R A — oM |

a0

HAEPEMIX BT, O WU I H AR E IR A
PEATHLIE T RGP GE N 2R, DAAR SR PN 45
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HRE 2 PO A [R) i B2 A6 DR 2 LR, 006 I AR T
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Pl R 5 B2 DO Bl BEAT AL B AR AEVEAN L B
W5 A iR BE I, R B SR TR A M /D R i T
T AHE i Z 0B AR TE D AR EF 10 s, WM
NG B B R S WA 3 WA B, R 58 T
AWML, 12 A0 T A5 (4 55 8 X,
FEAEWE 25 %) AT R 4L
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Table 2 Taste descriptors and the reference standards

ek . B AF M A BAwhRE
S b ik SH RE/g L
iy B oA A A R 9 0.80
5 0.50
1 0.15
H ek A 9 64.00
5 32.00
1 8.00
2 E FRER AT 9 0.20
5 0.05
1 0.01
AoOR% THReER BTR 9 2.50
5 1.20
1 0.15
3 Ay 37 BE vk B R AR 9 5.00
5 2.50
1 0.50

JB ARG AEVAH R ek

W PR A BUTEIEA R AL AT 1 h PN Lk SR R R
ECE TN TETE R (22 °C) BIARHERCE T S 56 %
JCAEAE T HEAT  BER M O R 22 R o R AR G BT
£t 70 % 10 mL T ISO S8 {4 A i W AR HE i 3 A6
o B REABEALARIC 1A 3 ALEL, $E R T 7 st
(PLT 7 AR 1 s, R R BEPLHES 523K 25
12 ZRE A5 PR A DU SR A A7 I A o
R it R TR A i 2, ORISR S TE 1 PR
HTERe 10 s, 7 A 2B bl I 18] B 0, PPA N B 7 2
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BUREESRE i B R 5 E EATAT 0, RS T RE K
32 B BT AT R A T, R RO o BRAT B T AT
i R IR SR F(UD)

% F( o=t LR B PE R U
gﬁﬁgﬂq}_:%iﬂﬁﬁUmkﬁ x100 (1)

S1 S2 S3 S4
S2 S3 S4 S1
S3 S4 S1 S2
S4 S1 S2 S3

B NTHZITER

Fig.1 Latin square design matrix
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SRR VAN E AR I (22 °C) AR R PR S 56
G HAT, PP A ST AR AT 1 b
DAk G T B S A ) 2 AR KR e B
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Table 3 The frequency and probability of taste descriptor citation of traditional Huangjiu

ek b 12 98 BR H * prid 3 R B3 )5 B Hg ek JG ¥
AR &3 39 37 33 37 27 22 16 19 30
FA51% 83.1 80.5 68.8 77.1 56.3 45.8 33.3 29.2 64.2

22 EEEBEKRBFMEFRSBEERAES T VS AR G R, Rk S2 5 S3 BRI R A Ry

4 DO R B IR T R B A R nfege e ARG . ST A1 S4 T B R IR 28 H | i TR IR Al
SRR R ML 4 Frox, k4000, JasWREES T S2 5 83, MW S5 WAeE—E
B2 o B JE T 4 R R MR A AR R B AR AR LA SRR, I e P O v R
FVeES, RERARE S2 5 S3EERE  HRE TECErE, DURBENS S RO i
L BRIREL S, W RS A ORSR BERS . ATHLRRAT  AOORAR AL R I A R R i, R
HIEBOEL G I P SRR Y EEORIR, RS BB n] A T BRGNS
WP OE AR M S 9 A T 2 M DU MRS R R, 23 4 O SR A T
S2 55 S3 ZE A EEURHI 55 T RRIR S W R B, TR I 2T AR R R R

x4 AMARARNERETABLSERAEELRESR
Table 4 Taste score table of traditional Huangjiu at fermentation end point at four different ambient temperatures
# 5 R H * A & J& &
S1 5.62 +1.25¢ 2.09 +0.67° 4.38 +1.32° 4.84 +1.28" 4.51 £2.01" 3.81 = 1.46°
S2 474 +£1.39" 2.25 £0.59° 3.75 £ 0.98" 4.12 £ 1.36™ 5.13 £ 1.89* 2.76 £ 1.65°
S3 4.02 +0.89° 2.03 £0.89" 3.17 £ 1.42* 345+ 1.02° 541 £2.15° 2.31+1.31"
S4 497 +1.24° 1.93 + 1.01¢ 4.18 + 1.56° 522 +231° 4.06 + 2.06" 4.11 +1.58°

T T REAN ] B R 22 5 .3 (P<0.05)

23 ERHABERHNEBREBESN W EETIEZ —, T7 Ik B BE 4 3 MO T 5 Wk
TDS 2 il ARV 0 18] A [ E I (3 A8 JRoE B AN [ D7 T, AR 0 T S s B R Rk i T o
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e #h
Rate of dominance/%

e
Rate of dominance/%

I [A]
Time/s
()55 3 HEUR 28 2418 & T 2% a1

YRR, W i 22 1] 0 400 1) 478 FH - A R s 55 1249, S2.S3
B 5 A G 3 8 1 45 R R I () BT ST R0 84, Hirp
S4 [ 75 BRTH WL R R A, DR AR S4 BE S IS
fE S RS EE 08 iU N OEY e RSNl 3
BRI T A S RE W AR A
TR BRI W T, (R A e e (18 o
TR S WA SR /K- 2 A iR K4, i e —
PR B R BEAh,S3 RE AR Y EE R A s S
P B s (] 5 L LR S2. 81,84, X — it A
ALAF A5 8 BTGtk 8 B 1) 11 R AE i L
TP A A oF T R 1) 28 R VR T, Ok i B 1 400 1
TEHL,

g
Rate of dominance/%
3

FiF 8]
Time/s

(d)55 4 SR G 24 Bl R I

2 AMARRERERBNERBELK TDS SHE

Fig.2 TDS analysis of fermented traditional Huangjiu at four different ambient temperatures
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Fig.3 TI curves of bitterness of four traditional
Huangjiu at different ambient temperatures
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Fig.4 Taste radar map of electronic tongue taste
response values of traditional Huangjiu at four different

feeding temperatures
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Table 5 PLS model between ET signals and scores of sensory evaluation

R G AR PLS 7 #2 & ik &, r RMSE
Bk Y=5.551+0.170X,-0.384X,—0.053X3+0.373X,—0.072X 5+0.528X 4 0.945 0.257
ok Y=1.619+0.024X,+0.230X,+0.049X ;+0.345X ,+0.006X5-0.671X 0.771 0.154
Fok Y=3.903+0.087X,-0.109X,+0.411X3-0.329X ,+0.185X5+0.580X 4 0.939 0.197
PR S Y=3.264+0.043X,-0.138X,+0.062X ;+0.873X ,+0.049X 5+0.546 X ¢ 0.848 0.366
8ok Y=4.147-0.003X,+0.327X,—0.101X3-0.173X,+0.094X5-0.661X 0.888 0.277

J& F ok Y=2.669+0.021X,+0.399X,—0.018X3+0.156X,—0.537X5+2.801X, 0.976 0.191

H & 48 AR SR R i sh AR, 25k
BT, v T R T RS A G B R 5 R R
W 5 3 55 54 AL B8 WO Y 32 5 0 W s M e e
@%Fﬁﬁ&%ﬁﬁﬁmmﬁ%m%¥ﬁmn%
NS HE N T AR G R RV R
RS o R P A AR E AT R O S S SR AL G B
R S5 i RV R R TR O B S B
hEAZMESSEWRE A EER, 4
FEN] g — P PRI AL GE W h RS R A B
FHOGZR |, LS8 385 B0 186 A S DA B 0 9
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[1] CHEN S, XU Y. The influence of yeast strains on
the volatile flavour compounds of Chinese rice wine
[J]. Journal of the Institute of Brewing, 2010, 116
(2): 190-196.

(2] A REAE S A v R A Bk HOR IR IR A
KT, 2004, 30(2): 87-90.

YANG G J. Discussion on bitter substances in rice
wine and their sources|[J]. Food and Fermentation
Industry, 2004, 30(2): 87-90.

[3] M) k. B ERE HEORM]. db T
¥, 2016: 100.

XIE G F. Rice wine brewing technology[M]. Beijing:
China Light Industry Press, 2016: 100.

[4] FERES, Mefe, 2% . RORE RS KT
ZAﬁtit[]. PEEL G, 2022, 41(3): 168-173
YAN X X, WU S H, WU J, et al. Optimization of
liquid fermentation process of glutinous rice wine[J].
China Brewing, 2022, 41(3): 168-173.

[51 WA Jy. R BE X O A = s om )] Bt &,
2016, 9(18): 53-54.

XIANG D F. Effect of temperature on rice wine

o 42 Tl R

production[J]. Modern Food, 2016, 9(18): 53-54.

[6] A7 ik, VSR X B AR RS )] B,
2003, 30(3): 47-50.

SHOU Q H. Effect of temperature on rice wine pro-
duction[]J]. Wine Making, 2003, 30(3): 47-50.

(7] B4, AR PRI B 45 0 A% e 47 % B Rk i

TR RELE A LA B ESED]. B B
R AR R, 2022.
GUO W. Study on changes of community structure
and aroma substances during fermentation of tradi-
tional Shaoxing Huangjiu under different ambient
temperatures conditions[D]. Shanghai: Shanghai In-
stitute of Technology, 2022.

[8]  FEHEME. AR | BRI Tk B X T i
[D]. BoMl . Wiimfepkoks, 2022.

LU L N. Study on the influence of external nitrogen

JBT 52 i 1) F 50

source and ambient temperature on the quality of
rice wine[D]. Hangzhou: Zhejiang Agriculture & For-
est University, 2022.

[9] PINEAU N, SCHLICH P, CORDELLE S, et al
Temporal dominance of sensations: Construction of
the TDS curves and comparison with time—intensity
[J]. Food Quality & Preference, 2009, 20(6): 450-
455.

[10] ZHOU B X, MA B S, XU C C,

enzymatic fermentation on taste,

et al. Impact of

chemical composi-
tions and in wvitro antioxidant activities in Chinese
teas using E—tongue, HPLC and amino acid analyz-
er{J]. LWT, 2022, 163: 113549.

[11] VIDAL L, ANTUNEZ L, GIMENEZ A, et al. Dy-
namic characterization of red wine astringency: Case
study with Uruguayan Tannat wines[J]. Food Re-
search International, 2016, 82. 128-135.

[12] MEILLON S, URBANO C, SCHLICH P. Contribu-

tion of the temporal dominance of sensations (TDS)



368 bR CE A IR 2024 4E 55 4 1]
method to the sensory description of subtle differ- temporary sensory control combined with time inten-
ences in partially dealcoholized red wines[J]. Food sity evaluation in Jiangshan wine[J]. Food and Fer-
Quality and Preference, 2009, 20(7): 490-499. mentation Industry, 2018, 44(10). 231-235.

[13] FRANOIS N, GOVAERTS B, GUYOT-DECLERCK [20] Khi/NEZ ) BULrf, BAeZE. J&aw iy B ) O O o
C. Inferential non—centred principal curve analysis of Jr ik R R ). & Tk B E, 2013, 34(5):
time —intensily curves in sensory analysis: The 396-399.
methodology and its application to beer astringency LU X T J, RUAN H Q, TONG H R. Evaluation
evaluation[J]. Journal of Chemometrics, 2007, 21(5/ method of sensory time advantage and its application
6): 187-197. [JI. Science and Technology of Food Industry,

[14] SOKOLOWSKY M, FISCHER U. Evaluation of bit- 2013, 34(5): 396-399.
terness in white wine applying descriptive analysis, [21] ARES G, BARREIRO C, DELIZA R, et al. Alter-
time —intensity analysis, and temporal dominance of natives to reduce the bitterness, astringency and
sensations analysis [J]|. Analytica Chimica Acta, characteristic flavour of antioxidant extracts[J]. Food
2012, 732. 46-52. Research International, 2009, 42(7). 871-878.

[15] 288707, o7 BORAE 8 il g vk 340 v iy B Tt 5 [22] W5, N, BRE. B b e gms p BIF 5 k(D).
[D]. 7. fERFEE TR, 2019. thE R, 2023, 42(5): 9-14.

LI L F. Application of electronic tongue technology ZHAO M, SUN A, CHEN L. Research progress of
in soy sauce taste evaluation|D]. Guangzhou: South higher alcohols in fermented wine[J]. China Brewing,
China University of Technology, 2019. 2023, 42(5): 9-14.

[16] b, BACyy, SRR, % ETHFHFHKE [23] LVAREZ -FERNANDEZ M A, CARAFA I,
O3 BB R A B SR B R BRI RE Tl K VRHOVSEK U, et al. Microorganisms modulating
WM (ARBI2ERD), 2019, 40(6): 65-69, 79. wine aromatic amino acid catabolites by using Toru-
LU J C, HUL' Y B, HU X L, et al. Bitter analysis laspora delbrueckii in sequentially inoculated fermen-
and evaluation of soybean protein isolate based on tations or Saccharomyces cerevisiae alone [J]. Mi-
electronic tongue[J]. Journal of Henan University of croorganisms, 2020, 9(8). 1349.

Technology  (Natural Science Edition), 2019, 40 [24] WHERan. 1% 50405 2430 5% B 7 R ) 5t K HL 52 i (R B
(6): 65-69, 79. 5¥[D]. L, i HE AR K2, 2021.

[17] TRiEE, #Hh, BRoEE. PanelCheck £ I ¥ f /N 4H XIE J R. Study on key bitter substances and their
Yo LR TR AR B BB IS BE )] ok Tk, 2018, influencing factors in traditional Shaoxing wine [D].
21(2): 12-17. Shanghai: Shanghai Institute of Technology, 2021.
XU S Z, HUANG W, CHEN R R. Sensory evalua- [25] 4L, MDA, B304, S5 LT AT A
tion ability of PanelCheck detection and evaluation M5 R J] fRrE Ak TR 22 B 25 iz, 2016, 29
team on lactic acid bacteria beverage|J]. Beverage (4): 30-32.

Industry, 2018, 21(2): 12-17. QIAN M, BAI W D, ZHAO W H, et al. Detection

[18] FRANK O, BLUMBERG S, KRUMPEL G, et al. and identification of rice wine based on electronic
Structure determination of 3-0-caffeoyl-epi—gamma— tongue[J]. Journal of Zhongkai University of Agricul-
quinide, an orphan bitter lactone in roasted coffee tural Engineering, 2016, 29(4). 30-32.

[J]. Journal of Agricultural & Food Chemistry, [26] FECA. SPSS GEit 43 Hr[M]. b3t . HL - Tk i3 b
2008, 56(20): 9581. #, 2010. 320.
[19] iR, Phile, wXwe, 5. 8 kw245 LU W D. SPSS statistical analysis [M]. Beijing:

V) 58 52 B A 325 A A R 1L R A R ) B S
KEETA, 2018, 44(10): 231-235.
MA X Y, SUN B, ZHAO X, et al. Application of

Publishing House of Electronics Industry, 2010:

320.



5524 % 454 R ERBE I8 B A A B 69 4 oSk B 69 R AR AR £ T 369

Analysis of Taste Characteristics of Traditional Huangjiu Brewed
under Different Ambient Temperature Conditions

Yu Haiyan, Wu Shiqi, Wang Xiaoyu, Chen Chen, Tian Huaixiang"
(School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418)

Abstract Traditional Huangjiu is the treasure of Chinese brewing technology, but its semi—open brewing environment is
easily affected by ambient temperature conditions, which leads to the instability of product flavor quality. In this study,
traditional Huangjiu brewed under different ambient temperature conditions (pre—wine (S1), neutral wine (S2 and S3),
post—wine (S4)) was selected as the research object, and the difference of static taste intensity of four batches of tradi-
tional Huangjiu was analyzed by quantitative description sensory evaluation. Time—intensity sensory evaluation and dynamic
dominant attribute test were used to analyze the dynamic change of taste characteristics and the difference between differ-
ent batches. The difference of taste profiles was analyzed by electronic tongue technique, and the taste prediction models
were established by combining partial least square method. The results showed that the taste of S2 and S3 is harmonious
and full, the umami is prominent, and the bitter and delayed bitterness intensity is weak. The dominant taste properties
of the four batches of traditional Huangjiu were sour taste, bitter taste and umami taste in order of time. The bitterness
dominant attribute of S3 ended the earliest (85s), the bitterness disappeared the longest (110s) in S4, and the umami
dominant attribute of S3 was the earliest, followed by S2, S1 and S4. The electronic tongue has a good correlation with
sour, bitterness and delayed bitterness sensory attributes, respectively. The prediction model for delayed bitterness was
robust with a correlation coefficient of 0.976. Static and dynamic sensory evaluation combined with electronic tongue can
comprehensively evaluate the taste characteristics of traditional Huangjiu. The ambient temperature conditions have an im-
portant influence on the bitterness and delayed bitterness of traditional Huangjiu.

Keywords traditional Huangjiu; taste characteristics; ambient temperature conditions; sensory evaluation; electronic

tongue



