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Abstract: The changes of volatile components in Laoxianghuang during fermentation were analyzed by electronic nose, gas
chromatography-mass spectrometry (GC-MS) and gas chromatography-ion mobility spectrometry (GC-IMS), and their
contribution to odor was evaluated by relative odor activity value (ROAV). The results showed that, E-nose PCA could
effectively distinguish the samples at different fermentation time, and the volatile components began to change significantly
after 6 months of fermentation. GC-MS identified 46 volatile compounds, including terpenes, alcohols, aldehydes, phenols,
esters, ethers, heterocyclic compounds and others. a-pinene, f-pinene, myrcene, terpinene, limonene, isoterpinene, 1-
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caryophyllene, valencia limonene, linalool, a-terpinene, furfural, maltol, anethol and 2, 4-dimethylstyrene were 14 common

components at high and relatively stable contents during fermentation. 38 known volatile components were detected by GC-

IMS, including terpenes, alcohols, aldehydes, esters, ketones, phenol, acids, heterocycles and other volatile components.

The results of ROAV showed that the main aroma of Laoxianghuang were citrus, woody, herbal and burnt sweet, and

citronellal, nonanal, isoterpinene, trans-f-ocimene and limonene contributed the most to the flavor of Laoxianghuang.

Fermentation could enrich the volatile components of Laoxianghuang and the volatile components such as trans nerolidol,

heptanal, furfural, hexanal, isovaleraldehyde, 3-hydroxy-2-butanone, 2-ethyl furan, furan methanol and 2-acetylfuran were

produced during fermentation.

Key words: Laoxianghuang; electronic nose; gas chromatography-mass spectrometry (GC-MS); gas chromatography-ion

mobility spectrometry (GC-IMS); volatile components; relative odor activity value (ROAV)

R ED e U B 0 UMl H A A
— RN AP ERAR A e il A B, XU
PHURF I AZ 2 O e amt . B i 25w AR
Y16 (Citrus medica L. var. sarcodactylis) i J5
SRR RWET N HTEEE T T UG TR R, MELA
HAEEM. T REBUTr25HME . BEE I &
FRAEAC T s s 1], B BAARLASE, IS TE HL X i M £ R
LA FR ok, e ws, o mic b2t &8
U Nl L R Y € <N = 7 N = P, Vil AN A
RIS PR IR A, 6o SR AR | ARy A et
A A AR T E AR AR AR IIRL,
T HAGANIR o b, 275 B 1 A I Ta) R, 245728
A, M B E D DRIk, S 7 B 0 e it D
W ZRBE A5 1 25 2R, B R aFa 7 e JF &
W

FIRE AT HAEIS R Hb X A A& A A
P 52 AB RN T AR RAR, T8 19 3 T Ah A
AEARNEAE, P iIER—, HHEFEC T/
PEMIFFEHRIE A 22, FEARPTEARDC T 20 i3 A
ST L LE AT RIS, AnX/ING S5 i s &7 v
W& i FirED I XS T B AR UR .
T ERAMEIR P TR T2, Bt — s aimss
WSTHIAR 1205 SRSF 42850 oY T 2B e e 2t G
PR A T2 i E S BRI 23 AR
2 WA IR ER AN GA A W TR v RS 5 X AR R AR
HEST T ZF T HPLC ¥e a0 B3, FRIE T8 521
5,710 FP AR R A W3R Y 8 s PR ERAEUO ST S0 A
T 2016 FETHE T E EURBAEY 5B ES IR
A28 R4 7R AFEN Y SR el I R R A
T EOIN TR A T AR R I 2, VETTE YR
HAN TR/ 5 A Py 2H -5 28 7 0 o 2 TR A IR 55 o
AN TR W R rp XUR A 2E e 2578k, 2K
AR ORI e A T2 Nt AR A &< (BAE
REE AR, BE R R TE e R T B
A4k, BT WAHSCHFTHIE . AT 2 e R B
ARSI H0AE AR, T R E S B A
FHRH bl S R AR

FET I, ASWFTE AAS[R] Al H 0y 08 2275 3 iF
FEXT G, B A 5 . GC-MS fil GC-IMS i —Fitk

ARAEAEFENE: | TS 2 Tk LA R A58 45 i ) H A
B, ST & TR ) 2 e R M oy AR, B
T g N7 — 2 W 2 5 e R M AU i o3 sl S AR A
1135, R A R BRI & XA 5 1 AR A
FERRALR AR
1 MREREE%
1.1 MRS

Sz R S T 1) s =Y il WP N T K oE 2 U8
Bz 0.2, 4. 6.8, 124 HMFES,, B H o a4 N
OM. 2M. 4M. 6M . 8M. 12M, | & JR 3R £ 5 B A
[R/NEIE N

PEN3 {E#EXH F &, £ £ Airsense 2\ F ;
HP6890-5973 S AHMIE-BTHEBEHIY, 32 E Aglient
2\ ¥l; Flavour Spec 1H1-00053 #US A B T A2 1%
F BeA T4+ E LAV (Laboratory Analytical
Viewer) . Reporter i {4 . Gallery Plot ffi {4- . GCx
IMS Library Search) fEE G.A.S 2SH]; BEFHMALEL
F-2) SPME ##£F44 3&[E SUPELCO 2\ H]; 75 pm
CAR/PDMS [HI A ZEI LT 4 5% [ SUPELCO 2%
s VUSROS 26 A ) N T A A R
Hl; AL104 J145y 2 —H TR M -FoR 2 {08R
HRRAF
1.2 SKWHE
1.2.1 PEECREEMACEE  FER A, ZEEREE
J7 20k A3 U N RE T B AL 58 BRI /INAH T I 2R 15~20
A, BE] AR & A7 BI85 B E T —20 °C FRBE AR .
IMERRT, AR SRR LRI 5 51, VIREITIR G, TR
B2 MORE S R A T FE SRS, ST R ARE SO P RE
50T .
1.2.2 HFE450T PEN3 #lH FE£H 10 Fid )84
TP ARG TEAR B IV L %, PEREFS B AN R 1 IR .
ST TS RRRE AR 7k, I REVEIS . RS
FREX 3.0 g BFHFHT 50 mL B I B REim b,
IAEZE IR R 30 min. Bl 16 A LTSSk B
Tty AR, M B . LTS S8 SR [a] [A]
B 1 s, AL UEIEN 120 s, IAZRHALR 10 s, B
HEASHIRICA 5 s, R ER AR i35/ 400 mL/min,
SINTRAERT TR A 120 s, 2N AS S, T UM IR IS
FEo R AEIEs T 110 s Jo B T A8, 1EHL 111 s



<72 - £ Tl B4

2021 4 6 H

# 1 PEN3 fLaethaesit

Table 1 PEN3 sensor performance description
ME5 75 IR AR PEREHA
1 WIC TR, B
2 W5S RIFPER, SR A AR R
3 w3C SR R, A
4 W6S FEXT A
5 W5C SRR Y B Y
6 WIS PR
7 WIW AL R
8 w2s KPS | RS R AR
9 W2W J5 A BT, XA LR ALY R
10 W3S WHE B R A

AT RAERT TR, FF AR S 2P T RE 3 IR .

1.2.3 GC-MS 43t

1.2.3.1 T0Zs BEAETAERCO ¥ FE TS [ AH f A B
(Headspace solid phase microextraction, HS-SPME )
ZHT, SOk AR BT 42825 T F-5)) SPME #EkE
FAR b, TRABORESEEED 260 °C 46 20 min, i#
o BA K 22 525, XF HS-SPME 49 2T 4E k4 K . 412 BUE
BE RS i FIZE B TR S SO T, i Homfd:
WET 2. SRIEK T o Uit e 2538, K
FREL 6.0 g #E54TF 30 mL ZEBUf P, 35 G UGS
I B R, [B5E T 70 C pOTE IR RE i dEgs 1,
FERE ST 15 min, K5 B 06 TR 00 AR AR B 45
ZE LR, A W B AT 4, ZEHX 30 min, B SR ZEEL
EHEA GC #ERE T, I 3 min.

1.2.3.2 GC-MS 43#ré&f4  GC A4 %4 DB-
WAX EANE 1541 (60 m=0.25 mmx0.25 pm); FHE
BRI WILGIERE R 70 °C, 4445 2 min, 2R/ 3 °C/min
PR T £ 120 °C, i L 4 °C/min 1938 R T 5
F] 230 °C, fR+F 5 min; 28 < (He) jii i 1 mL/min, #f
FECIREE ] 260 °C, ANrimdete.

MS Z&AF: 3% 2 R FFRE S 70 eV [T

MR E 280 °C; BT URIREE 230 °C; MUK AT IR
150 °C; R4 =0 4= 45 0T 9 4 3 [l m/z
35~600,
1.2.4 GC-IMS 73t TAS BEREAA4: B 2 g AREEFE
fm A A 20 mL T0 25 3% 55 IBORE R H ; T0T 2 B0 1k 7t B2
60 °C, JFALATE] 15 min, BEALFZ3E 500 r/min, SEAEA
500 pL, FEFEETIREE: 65 C.

GC £ 35 E(FS-SE-54-CB-1 15 mx0.53 mm,
1 um), fAi%AENR 60 °C, i1 THIE] 30 min, 25 =
2l N, (2 = 99.999% ) ; 2 Atk : #24F 2.00 mL/min
{4 2 min, 7 2~20 min £8P % 100.00 mL/min,
JE£R-¥EF 10 min.

IMS 2514 B IR IR (6.5 KeV), IE & F15E
2, BREEE 9.8 cm, B NZEHLE 500 Viem, &5
B 150 mL/min(BF 4%, 41 = 99.999%),
ERAIRE 45 Co LA nifi C4~C9 IR, 115845

T EYIRRRFEEU(RD) -
1.3 ROAV it#

ARPE 85 55 AF ) HgdlE, ARG EEAE 1T T LA
FlE— 25 ROAV, 1S K058 52 X RE i XU BTk
B RSy ROAVstan=100, FHA %23 iR 4% 58
(A):

C%A ><Tstan
CY%stan TA

FH: C%A . TA AR S BARS & 5
I N IR DE IR E ; C%stan ., Tstan 5331 2 XA 54 X
R DT R e L S P AR o S e FUSRGE B . 249
JiE ) ROAV>1 B, 12249 5T X%F F#4 &H XUK 1) BT Rk
K, R EBEFESST, ROAV I, X RS 04 BTk
R 24 0.1<ROAV<1 A, iZAAE B ST o
1.4 HIELIE

W GC-MS N B 1) NISTOS.L th2F T AEwhibn
YETS 22 X ARG 2 (A S A T 2 5, FH T AR
— AL E S P RAT RO AR T B i . SRAH GC-IMS 3%
& AAHANER TR A, B FE LAV Fidfi 4 (Reporter .
Gallery plot) X #F i 35 & -1 T 2 REEFNSTHT,
iR R R EU(RD FHELEE B E] 5 GC-IMS UL
W AR A — LA PR T S e P 5253 P . fdiH
TB tools 3Ll BRISHRIE . {H ] SPSS 23.0 A
AT FERESTSHT(PCA), GeiTEAC IR ¢ Ky iEA T
2 [a) 2257 W 3T, P<0.05 h2e S g
2 FBR55H
21 ETHFESMARAENBEERNZELM
By

PEN3 HL -~ 5% 22 G X 2 71 [ PN AR & AR
YRR VRS AR B BURR, TN AE A 25 5 B R R i
BEZESM, HE 1 FR A EBE R LA H,
XA ] 2 i H Ay 285 B AR it i) 1 588 38 81450 I Py A2 e
A W2W., W2S, WIW ., WIS, ‘B 1435154 55 & Ak,
Oy PSS BEERZE . WAL S A MLk R
o ANEIR R G RE T 25 30U W AR B E W2W |

ROAV = x 100 X (D

W3S 2.0

W2w

W2s ) » W6S

W1S
B R[5 i) 8 A B R
HL S A o 17 50 R A K
Fig.1 Radar map of aroma components distribution of
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Table 2 Identification of volatile compounds in Laoxianghuang by GC-MS
L N AR SRS
min) oM 2M 4M 6M 8M 12M
(172
o-JRM 9.589 442+41.03°  4.32+0.59°  3.82+1.02°  4.04+1.24°  3.53£0.99°  3.09+1.42° HAERE NG . AT
BRI 11.699 2.6241.43¢  2.41+0.83° 2374093  3.3241.40°  2.98+2.80° 3.64+1.04* A WIRFEAE
Al 12.925 4.68+0.80°  3.85:1.24°  3.19+1.30°  3.56+1.36°  3.13£0.50°  3.96+1.78" B
T it YR 13.733 4.65+0.13° 3.9+0.01¢ 2.79+0.81°  3.17£0.72°  3.62£0.25¢  4.39+0.34° AR
-1 At 13.739 ND ND 0.51£1.35° 0.68+0.15° 0.99+0.70° 0.48+0.20° DNC
Pl 14.554 30.03£0.66°  34.72+0.94°  33.64+1.55°  28.13x1.90  24.55+0.22°  22.16+0.43" MG 2T
BN 16.068 14.54£0.22°  17.73£0.03°  18.56+0.32°  17.82+2.00"  14.03+0.64%  14.55+0.04° N i
1 Prids 28.802 0.45+0.50" 1.7£0.30° 0.99+0.33° 1.94+1.54° 1.12£1.39°  3.75£1.11° ARE.TH
Erep e 30.355 2.11£1.60°  1.23£1.80° 1.39+2.20° 1.19£2.01¢  2.87+1.01° ND HEEE. G
B 30.374 ND ND 0.3+0.04° 0.81+1.42° 0.3+0.01° 1.18+1.55° TN, BEA T
LS PO A 4 31.798 227+£0.08°  0.46+0.60°  0.36£1.09° 1.8£0.01° 0.29+0.31¢ 1.48+0.10° M
3-E 32324 ND 0.11£1.00°  0.23+3.74° 0.80.36" 1.2£0.26° 1.12+0.10° AARTE
LAR N 32.664 1.45£1.60° ND 1.77£0.35 ND 1.46+0.45" ND DNC
B ST 35.667 1.22+£1.03°  0.15£0.04° ND ND ND ND DNC
PEVi 68.44 70.58 69.92 67.26 60.07 59.8
3-C - 1-BE 20.437 0.23+1.04* 0.11+1.00° 0.09+0.23° ND ND ND DNC
J5 R 26.134 8.16+£0.09°  7.23+1.38° 8.19+0.07*  7.1240.06°  8.09+0.50 7.1£0.74¢ KRESL . FH
(-)-4-1H% i 28.36 0.22+£0.12°  0.15+1.45¢ ND 1.85+1.20° 1.88+0.25" 1.93+2.52° R
1-T-F% 29.874 ND ND ND ND ND 0.25+0.22 JEIT . MG
oA 31.503 1.24+0.02¢  1.1120.09°  2.35+1.51" 3.240.09° 1.27£0.04°  1.78+0.02° T AR
Y- R 31.516 2.86+1.00" 1.61£1.48°  0.03+1.22° ND ND ND TR AF
AW 33.011 1.87+0.77*  0.84£1.74*  0.86£1.36°  0.46+0.66° ND ND AR
AL 34.063 0.99+0.68°  0.12+0.45°  0.29+1.78  0.58+0.80" ND ND M. R2/S
iy 35.295 ND 0.28+1.42°  0.15+1.00°  0.34+0.02° ND ND B R
JER 4 15.57 11.45 11.96 13.55 11.24 11.06
b 23.76 1.33+1.33¢ 1.65+0.30° 1.94+0.14°  2.83+1.35° 2.87+1.11° 0.9+0.49° FEFIE
3-HeE 23.76 ND 0.8+0.32° 0.96+1.44° ND ND ND DNC
5- H Bk mRg 27.622 0.83+1.29° ND 1.01£0.01>  0.51+0.33¢  0.76+0.39° 1.49+0.22° SRR
5% b 29.046 0.68+0.09° ND 0.5+0.25¢ 0.560.63¢ 1.24+1.92° 1.64+1.25° JEY N F TN S
I A T 40.985 0.45+0.50° ND 0.32£1.03°  0.22+1.06° 1.151.04* 1.21£0.90°  FEZ. PEERAR
S A 40.985 ND 0.46+0.30 ND 0.21+1.41° 2.2+1.30° 2.15+1.50° REDS
R 3.29 2.91 4.73 433 8.22 7.39
[ES
i) 40.324 6.91+1.35°  6.68+1.27  8.32+1.06°  6.55£3.40°  7.97+0.35"  6.88+1.01° SRR
3TN A AR AR T 43.769 ND ND 0.53+2.00° ND 0.28+1.74° ND FIF
T 43.801 0.8+0.03¢ ND ND 0.42+1.36° 1.14£1.93°  2.44£1.30° TH.ER
i 43.904 ND ND ND 0.87+1.70° 1.13£1.06°  2.22+1.02° B AR
EYVe 7.71 6.68 8.85 7.84 10.52 11.54
IS
2-HmR R 40.164 ND ND 0.01+1.44°  0.85+0.55°  0.05+0.67° ND DNC
3- Ikl P 72 Y i 40.196 ND 1.53+1.66°  0.32+0.63° 0.8+1.66" 0.81£0.15° 0.8+0.15° DNC
A} 5528 T 5 TR 40.453 ND ND 0.34£0.43°  0.5240.26°  0.13£0.20° ND FEREAR
Ey/e 0 1.53 0.67 2.17 0.99 0.8
T 77 i 35.327 224+1.06°  2.824321°  2.113.14° 1.55+1.03¢ 1.05+£0.99¢ 1.65+1.06° HE AR
E8 224 2.82 2.11 1.55 1.05 1.65
IS
2,5- T Lk i 39.195 ND 1.88+0.45°  0.63+0.03°  0.96+0.60°  0.82+0.43" ND IR
2-( Fdk 4 TS e 39.432 ND ND ND 01700 78" -; 10.93+0,28° ND AL v Ay
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Fig.6  Cluster analysis heat map of volatile components in Laoxianghuang in different fermentation months
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Table 3 Identification of volatile compounds in Laoxianghuang by GC-IMS
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Table 4 Relative flavor activity values of volatile flavor components in Laoxianghuang
X AT XU EEfHROAV
% [ {H (mg/kg)['e>4
oM M 4M 6M 8M 12M
SRR 0.041 11.29 12.87 1331 13.41 9.30 10.41
I 0.302 0.25 0.31 0.35 0.37 0.25 0.30
R -B-Z i 0.043 6.91 5.23 3.87 426 3.96 4.02
Frh 0.2 478 5.17 495 434 3.34 3.25
EEEE 0.1 0.58 0.55 0.25 0.31 0.34 0.38
IR 15 1.07 1.08 1.05 1.06 1.07 1.08
a-JENG 0.19 1.78 232 2.40 2.18 1.76 1.76
S AB AL B 0.68 0.17 0.37 0.39 0.22 0.54 0.57
a-FAThEE 0.3 0.80 0.66 0.72 0.64 0.65 0.88
4 1.29 0.17 0.15 0.19 0.16 0.17 0.16
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1 g H 2 0.026 3.15 2.64 2.64 2.49 2.09 1.50
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