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Abstract: To explore the changes in volatile compounds of Dezhuang hotpot base at different cooking times at 0 min (A),

30 min (B), 60 min (C) and 90 min (D), electronic nose, trap head space-gas chromatography-mass spectrometry (HS-Trap-

GC-MS) combined with radar charts, principal component analysis, odor activity value (OAV), and orthogonal partial least

squares discriminant analysis (OPLS-DA) were utilized to explore the odor variation patterns of Dezhuang hotpot base

cooked for varying durations. Results of the electronic nose indicated significant differences in the overall odor profiles of

the hotpot base at different cooking times. The GC-MS analysis revealed that a total of 87 volatile compounds were

detected across four samples, with olefins, alcohols, and ethers being the main volatile substances in the hotpot base cooked

for various durations. The OAV analysis showed that linalool and anethole were key volatile compounds common to

different cooking times. Compounds such as 2-caryophyllene, dihydrocarveol, acetone, divinyl disulfide, isoamyl

propionate, a-terpineol, (1S)-(+)-3-carene, (E)-f-ocimene, P-cymene, ethyl propionate, n-pentene, and p-xylene were

identified as characteristic substances contributing to the differences among the samples. The composition and aroma

characteristics of Dezhuang hotpot base were significantly influenced by the cooking time. The results of the study can

provide references for the research and development, quality control, and consumer guidance of hotpot base materials.
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orthogonal partial least squares discriminant analysis
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Fig.1 Radar chart of electronic nose analysis
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Table 1 Distance and similarity comparison of hotpot base at
different cooking times
FEE AR e PEES BB HHEE (%)
A B 1.86 99.63
A C 1.27 96.95
A D 0.84 92.09
B C 0.64 89.02
B D 1.08 95.05
C D 0.45 67.34

— Y, KRR SAE 0 min(A) B
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Fig.3 Analysis of aroma types in hotpot base at different

cooking times
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Table 2  Analysis of volatile compounds in hotpot base at different cooking times
AT B i (%)
Fhzk llacyy]
A B C D
3,3,4,4-DUFR-1,5-C. M 0.11+0.01 - - -
BIKSFT 0.98:0.04 1.01+0.06 0.04+0.00
a-JRN 1.58+0.04 - 1.35+0.06 1.25+0.05
BN 0.15+0.01 0.57+0.01 0.45+0.03 0.77+0.02
3-SR0 H - 1- IR 4.85+0.23 0.41+0.04 1.45+0.05 2.90+0.14
A 0.48+0.03 - 0.62+0.03 1.16+0.07
JERET 10.34+0.73 - 6.63+£0.38 8.37+0.09
oz 1.2140.01 0.98+0.04 - 0.35+0.01
3-E G 1.35+0.27 1.05+0.03 1.140.06 1.18+0.02
- AN I 2.14%0.25 0.53+0.02 0.04=0.00 1.02+0.02
D-tril 38.77+2.21 5.95+0.43 9.31+0.17 16.82+0.37
Bl 1.14+0.07 0.67+0.05 0.26+0.01 0.2240.01
I 2.58+0.22 1.91+0.04 1.76+0.05 1.82+0.06
2- B 1.60:£0.04 1.60+0.02 0.0620.00 -
2,5- IR O 0.10+0.01 - - -
S F N 0.040.00 0.14+0.01 0.10+0.00 0.1120.00
K4 0.07+0.00 0.52+0.04 0.69+0.02 0.44+0.01
1,3,5,5-PUHI3E-1,3-F L 0 0.37+0.03 0.28+0.02 0.12+0.01 -
g i 0.34+0.02 - 0.14+0.00 0.06:0.00
FATHI 0.68+0.01 0.49+0.02 0.55+0.01 0.22+0.01
iyees BTN 4.65+0.17 0.85+0.07 2.41£0.01 3.67+0.23
(H- I ETER 0.02:£0.00 0.11£0.01 0.06=0.00 0.06+0.00
(H)-1,7-3-B-FAG 0.09+0.01 - - -
BTG 1.43+0.02 0.41+0.02 1.05+0.04 1.18+0.08
ESAE - 0.06+0.00 - 0.53+0.01
(-)-a-BETEHR - 1.14£0.10 - -
ZETiE-a- IR 0.54+0.05 0.93+0.05 - -
1-F3E-5-(1-H R 230 - 20 0.16+0.01 15.73+1.01 3.44+0.11 -
3,6,6- = HIHE-XUR(3.1.1) BE-2-4f - 0.60+0.04 0.7+0.02 1.59+0.06
o~ - 0.14+0.01 0.10+0.00 0.1120.00
o-ZE I - 0.34+0.02 0.34+0.01 0.45+0.01
DR - 0.05+0.01 0.04+0.00 0.06+0.00
(-)-p-TRH - 7.610.42 9.99+0.67 11.96+0.16
(E)- B-% s - - 0.43+0.01
SRS 0.04:£0.00 0.17+0.01 0.14+0.00 0.13+0.00
P2 - 0.05+0.00 0.05+0.00 0.0620.00
(18)~(+)-3- & ffis - - 0.210.00 -
2,4-—HIIEC bt 0.09+0.00 - - -
2,3- 5 2-FH 3 T 0t - 0.15+0.01 - 0.34+0.01
2-fifFE-2- A - 0.24+0.00 0.29+0.01 0.56+0.01
2-F 2R = - 0.05+0.00 0.05+0.00 0.07+0.00
P 0.09:0.01 - - -
1-FHREBR P 4o FH 0.08+0.01 - - -
S 0.060.01 - 3.75+0.18 5.92+0.34
ZEE TR 0.08+0.01 - - -
2- IR 0.05+0.00 - - -
_— Jy R 7.63£0.24 4.20+0.29 5.21+0.33 6.18+0.18
L B 0.09+0.01 - - -
LI - 0.05+0.00 0.28+0.02 0.43+0.01
1,3-9 - 0.18+0.01 0.09+0.00
(R)-2-FH LT - 0.41+0.01 1.16+0.04 2.9+0.09
o-FATHEE - 0.51+0.03 - -
TR Y P - - - 0.22+0.01
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k2
AR i (%)
Fhzk &Y
A B c D
LR TR 0.02:0.00 - 0.09+0.00 -
IR 5 ER - 0.10+0.01 -
LR TR - 0.43+0.02 7.15+0.47 3.31+0.04
WL LTk - 0.0420.00 - 0.57+0.05
e ST - 0.07+0.00 0.09+0.00 0.10+0.00
3-MBLIR g 0.08+0.01 0.06+0.00. - -
5-F3L-2-(1-F EL 23 ) -4-C M- 1 - B 2 TR e - 0.15+0.01 - 0.09+0.00
R IR - - 0.15+0.01 0.05+0.00
B4R LT - - - 0.08+0.00
2-FHIL TS 0.09+0.01 0.19+0.01 0.13+0.00 0.27+0.01
B 0.08:£0.00 - 0.040.00 0.04+0.00
1IEC - 0.15+0.01 0.25+0.00 0.56+0.05
S R - 0.18+0.01 0.210.01 0.20+0.00
e - - - 0.07+0.00
TR - 0.1.£0.01 0.07+0.00 0.08+0.00
TR - 0.43+0.03 0.24+0.00 0.27+0.01
1-F -2 TN 0.07+0.01 - - -
PR 0.09+0.01 - - -
AR 0.10.01 0.05+0.01 - -
o Evm! 0.05+0.00 - 0.06=0.00 -
eSS . .
4-FFE-2- T - 3.42+0.25 6.19+0.06 -
E L] - 0.57+0.04 0.62+0.02 0.31+0.01
4-(1-F F 2 5) -2-FF C A 1-Fi - 0.18+0.01 - -
(Z)-— 2 - 0.090.01 - -
X Z 0.030.00 - - 0.29:0.01
ek AB-F I ER 2.12+0.11 2.05+0.2 3.44+0.15
4-ZAFFH-1.2- " PR - 0.13+0.01 0.07+0.00 0.09+0.00
P-ApAE)E - - - 1.27+0.03
F i 3.37+£0.06 0.57+0.03 4.39+0.16 5.24+0.15
fi FF e B G S ik - 1.79+0.12 - -
(B 5.7.£0.28 1.74+0.03 8.51+0.41 6.58+0.60
2- PP R 0.01+0.00 - - -
HoA TR 0.1120.01 - - -
2,6- FRFRHR 11.06+0.67 - -

s =R AR EZ

TE B BRI R H . (R)-2-FJE T BEAE C. D #f
i PSR (KT 1%), A RBESS ARG 2, B £
i AR (<0.5%) o ABFTES (i 5T 2 BH IS
Py IS AN [R]85 i ] 78 R SRS R S B M) o
FAG I 3] 8 FREEEY) T, Ho& BEAE 39%~58% (P&
) Z 0], BRI L ST EE AR
= LRI R o FREEY T, LA YR . R
Jt R RIS NI SR A S N =417, Xok K i
B STE L TRR R, HEEAT KR . B &
SR AUIST RSO RENREAT AER R, KA
FEAT BB DT AR, WEZE) 5T rh 20 £ R A B AR
(C. D 1 RF 3%), HAbWYy o & i 4K S
2l 7 FPEEIEY T, HAA Y 1 FRQ2-FIETE) . BESS
Py 5B IR (<0.6%) o — BTN R S B =
RE Wi A 3h AL TE 070, A WF 98 A o 2 BE TR 1Y

Strecker [ i 52 W L AT BEIE B/ IN T IE 2 P i 1),
LG ) 8 FhEESS T, T YT . R 4-FRHE-2-
TR ({XAE B, C £ &b, HoAth ot i) 5 2 I
T 1% R ZE4) 55 ) B (R A X s v, HL & i K248
IS, WO K FR SRR B BTN K . A5
il 24 9 o = B S ANV AT G D 12 () PR e . SR A S
SAITRIEf A, — B TE R AR, R
B 3 Pk o, Hrh HA W 5T A (BRI | T
) o BLEMN . mIEFNAE AL C. D S EHAT
3%, B FESL RTINS AL 1.70% 2547, 100 B0 ik
TE 0.50% ZEA7 o B i R0 TET A ik 2 2L A TR
HEEAEYIL, FEORIET /A NEE SR
BET, A7 S (BT IE 4k SRR 2 O A | THT A
i 2 PP 0T, i 28 AR (1%~37% Z 0] 5 A<
TG A AN 5 3 Tk S 4 0T, 52 Sy e s i A g
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F, S 2257 (0.5%~10% Z[7]) o AER I3 it H
b 2,6- —FRFCRHFRE B AEM TP S ER &I
L//)pie

AT, Ikads | IS fb G e 2
PR, SAHTES i ST R SR A G,
{EAZHISES ISR 25 SRR B IR 2e ) ot & AR, 1
PG FPLE S R AT B2 b A 2R A &

PRI AASE
2.3 AEEGIREAIRER OAV 71

Ay — 2L A W) R B TR] 1) KRR R <
YT AR TIMR, T X EER AT OAV 4. —i
AR T AR ) TTHR B 420 0T 1) 2 i A
BRIFME .. AT ER OAV =1 [T 2 seik e ¢
HFRSYFR, 1>0AV =0.1 P BHAHRESL A B

Sl HAS RS2 B AR AL T 7l L DT R T
TS o A2 5 A i JTORXUSR 22
S Al SRARIYT . TR T2 AR AR R ] 45

LREMRVE R, sk 3 T LA HY OAV =
1 g A 32 b, o LU oo (13 Ff),

K3 RIS A KR IERHE R PEYIBUR OAV 7 #t

HJS 6 Fh . BEE 2 Fh L WESE 5 R ERZE 2 AR ARk

Table 3 OAV analysis of volatile compounds in hotpot base at different cooking times

A~ EL .
o FXF i (%) Al OAV A
A B C p (mgke) A B C D
o-JR M 1.58 135 125 0.041 38.58 - 32.84 30.37 PATF . AN I I B S,
BRI 485 041 145 29 0.036 134.64  11.26 40.23 80.66 AT | FAR IR
(i 0.48 062 116 0.98 0.49 - 0.63 1.19 GHARR . SRE A AR
ELE 10.34 6.63 837  0.0012  8618.13 - 5522.78  6970.83 %
y-RATHAR 2.14 053 004 1.02 1 2.14 0.53 0.04 1.02 GRS
D-Fr5E M 3877 595 931 1682  0.034 114039 17502  273.82  494.61 GERS
it 258 191 176 1.82 0.2 12.88 9.53 8.8 9.11 FAARTE
KT 0.07 052 069 044 0.04 1.68 12.98 17.25 10.88 SRR A
LUSTIL 0.68 049 055 022 0.085 8 5.76 6.42 2.62
B-IRNG 465 085 241 3.67 0.14 33.18 6.05 17.19 26.24 PR TR A S R
B-ANTH 143 041 105 118 0.064 2232 6.4 16.4 18.45 B2, TG, S EMEE
1E 0.06 0.53 0.29 - 0.2 - 1.83
Khe-a-iM 054 093 0.1 5.38 9.34 - -
a- AT 0.14 0.1 0.1 0.16 - 0.89 0.6 0.66 B N NN RS
(-)-B-IRM 761 999 1196 416 - 1.83 24 2.88 AT, B
(E)- p-% s 0.43 0.034 - - 12.52 - B AL
(18)-(+)-3-E 4 0.21 0.044 - - 4.77 - BiESUS
LIRS THR 0.02 0.09 0.025 0.76 - 3.75 - R
TR S R 0.1 0.043 - 226 - - AT A
LR T 043 7.5 331 0.005 - 86.13 14292 661.93 R
IR 2T 0.04 0.57 0.01 - 42 - 56.83 JERAFR
S TR 0.07 0.09 0.1  0.00002 - 363333 4516.67 4833.33 R K Rk
3-MHEILRCEE  0.08  0.06 0.000008 1062234 7458.33 - - B AERMUES
RS IR 0.15 0.05 0.00015 - - 1011.11  322.22 KR B
ZEMR TR 0.08 2 - - - 0.04 W KRE
P T 0.09 5 0.02 - - -
S I 0.06 375 592 0.004 14.43 - 936.42  1479.25 R M
ZEEAE 008 0.3 0.26 - - - B 22U SRR Bk
2- R 0.05 0.18 0.27 - - - LR S g
Py 7.63 42 521 618  0.00022 34660.04 19095.45 23683.33 28095.45 M, 2224 B HHMARE
O 0.05 028 043 950 - 0 0 0 g
a-FATHEE 0.51 12 - 0.43 - - AR 22U
2-HRTRE 0.09 0.9 0.3 027  0.0843 1.07 225 1.53 3.21 SLROY
B 0.08 0.04 0.04  0.001 76.11 - 38.67 38.67 IKRTFR
IE O 0.15 025 0.56 0.005 - 29.4 50.33 111.73 ER R WS E RS
R 0.18 021 02 0.0063 - 28.04 33.33 3222 ERFUNMEFHES, MR BT A kAR
e 0.07  9.562 - - - 0.01 WA IR
TR 0.1 007 008 00011 - 94.24 61.52 703 ARFIGNRITI SR, FRET BA T F SR
PR 043 024 027 0.75 - 0.57 0.31 0.36 FERZ . R
PR 0.09 0.832 0.11 - - - P
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Hk3
AN (%) 5 OAV
wEY B AL
A B C D  (mgkg) A B C D
7 0.05 0.06 0.027 2.02 - 2.15 - B
EFFR 0.57 0.62 031 0.44 - 1.3 1.42 0.7
X R 0.03 0.29 1 0.03 - - 0.29 R, SR EHSIE
-FHEZR 212 205 344 0.005 42419 409.53  688.13 - KT M AR
P-4 1.27 0.8 - - - 1.58 HEEANESE . AE
N 337 057 439 524 0.016 21046 3575 27425  327.19 NEEY e
iR 57 174 851 658  0.0018 316422 969.07 4725.19 3655.56 LEE U SRS
THRETR 011 0.08 1.34 - - - FoRs

R 5 BB IR H SCER[26]; KUK H 3 (http:/www.odour.org.uk)

1 b, BREEIE 3 Fh. OAV =500 ¥ FA A AR . D-
PPl . PR TR ST R £ . 3-F JL R 2.5
RS IHR . SR D AR . S-S5 PN SRR RN A
i, 23t 10 F, 500>0AV>10 BIYIFEA a-JE4E . -
IR L TS KO B-TRIE L BT L (B)-
B-E . R O s . PElE L IE U RO WE . T
FE N, 3t 13 . OAV>10 BRI 23 Fl, i
S SR S A AR S DTk, H ARk (R
HHFIE A, C. D FER I OAV {HISKT 5000, H
A BRSNS R T, Ak —
JESRIE Tk, Wnl B p-UR I LE = iR 2T R, 5
FRIEAEIE 245 ™ A Ak, i H ARG e i =2 — P9,
HEEIGXT AL C. D HEMEIIE A 2 oTHk, D-
TGN e DU AR S AR AG I 21 (g ) o, HLAE A BE S R
B OAV {EH3Ik 1140, 7E B, C 1 D 43514 175, 273
N 494; D-FrA80a e —Fh HAT B s T F R R <
B et, HABURALFNTE R AT, Bkl
CANFERL. /SR ) R s DL o, el HOR 5T
Fr ok MR R, A 9 R o-IR I 1ESZ
BT S AL D-FEE DY . 3-FF B8R LR PR G
5 (B #% 1 (0.000008 mg/kg), RETE A, B RESH Y
TR, 5 OAV (AL 7000 LA L, SRR 5t
Xt AL BRI SA EE SRR . BT RO
R 7E B. C. DAE M A KW 2], H OAV (HINTE
3000 LI b, X B, C. D £ HFTE A B K51
Bk DRI 4 ARSI R ) T, FE 4 SRR
i R B B (>4%) , HLE AR, 4 D EES Y
OAV {H 53 FH 34660, 19095, 23683, 28095, &A%
Wh I ST . DT ARBE AT . LA B

T AEMAEEL, BAYUE. 1M IHR . R

REAR 4 R ISR FREHCY SRR SRl &
LT I I AR B A A P RS SR T B T
IXiAE 4 DRI E B (51.7%), BEEAR, &
4 PMFEESYEY OAV B IN 3164, 969, 4725 3655,
SRR E TR AR/ AN R
R, B EAMILT 50%07, HAF HEBR | o
M.

25 b, Ak . Dl . 3-H R LT . 5

FEIE . TR A RS EFSIE A 2ok 5T
PR 205 . 3-H LTI 2U1055 . F5FRME . miar Xt B A dh
TR A EZ DT A . LR OlR. 5 TR
ZTig . RSN . S DA AR-F NI
AT C FESESIIE AT BTk H . &
TR BRS¢ TR MR . St EE . D AR | 18] 75 Ik Xk
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AR s (] AR AR o SHeAT S R T .
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Fig.4 Principal component score plot of key compounds in
hotpot base at different cooking times
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Fig.5 Cross-Validation results of the model
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Fig.7 OPLS-DA variable importance projection of key volatile compounds
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