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ABSTRACT: Objective To enhance the utilization efficiency of the residual fruit residues after the fermentation of
Actinidia chinensis residue, develop a new types of solid-state fermented liquors, and analyze the characteristics and
differences of its volatile organic compounds (VOCs). Methods Using sorghum and Actinidia chinensis residue as raw
materials, a new types of liquor was brewed by mixed fermentation based on the brewing process of Xiaoqu light-aroma
type Baijiu. The VOCs characteristics and differences of mixed fermentation liquor fermented from Actinidia chinensis
residue were analyzed via sensory evaluation, electronic nose, gas chromatography with flame ionization detector, and
headspace solid-phase microextraction-gas chromatography-mass spectrometry. Results The mixed fermentation
liquor fermented from Actinidia chinensis residue had the sensory flavor of traditional Xiaoqu light-aroma type Baijiu
and a pleasant aroma of Actinidia chinensis. Additionally, the total acid content of mixed fermentation liquor fermented
from Actinidia chinensis residue was similar to that of traditional Xiaoqu light-aroma type Baijiu, and a total of 102
kinds of VOCs were detected in mixed fermentation liquor fermented from Actinidia chinensis residue. The variable
importance in projection (VIP) values of the partial least squares discrimination analysis model were used to screen out
27 kinds of key differentiating compounds (VIP>1), including hexadecanoic acid ethyl ester, dodecanoic acid ethyl ester,
acetic acid and decanoic acid ethyl ester, etc. Conclusion This study analyzes the characteristics and differences of

VOCs in mixed fermentation liquor fermented from Actinidia chinensis residue, and provides a reference for the

FH1TE

development of new liquor products and the comprehensive utilization of fruit residues.

KEY WORDS: Actinidia chinensis; fruit-wine; volatile organic compounds; characteristics components
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chromatography-flame ionization, GC-FID)FITi=s [E AHZE B
A% - 3% 5 (headspace  solid-phase microextraction-gas
chromatography-mass spectrometry, HS-SPME-GC-MS)ff##t
BRI IR S B (45 RV M AR AE S 2 S o AR
FEA R T I A R A . e b R RCR, 18
SR G IR A A5 5 T FAT S 2 D IR RS S 4h,
AHIESE I TR B AR T TR S A BT ) XURARAE, S 2818
T AT 7 T R FRE 125G R S 2%

1 #MR5RE%

1.1 MRS

SCHGIE AR /NS R (LR AR XQ, TEAEE
64.0%vol) . FRBEARASEIR A ZRAR (LA FRIFR XQ-G, WHiGE
63.0%vol) . BRBEHREAS & BT CRRBRE 22, DUF iR
G-YZ, TAEEE 53.0%vol), HUH FBHIRVE K 2E KRR o

CFRIEIRER (A al, bIfgpn T A b B B0y A PR
2wl PeERE(EIEAl, REE BRI A BR A FD); IE A b
JRIBAR(Cr~Cao, LHJE =99.8%, I7 5 T AL 5 By 47 FR
ANl FALEI(NaC) (o Mrali, [ 24 45 Ak 2 500 4 BR 2
H); JoK CEE(EISAE, B TR b2 AT B2 D

12 UE5EE

8890 LA ALY . GC-8860, MS-5977 BMSD ¢
FES S (O - B B A (F T H 2, electron ionization,
EI) .DB-FFAP {4jH1:(60 mx0.25 mm x0.25 um, 3&[E Agilent
/A¥]); 50/30 pm DVB/CAR/PDMS [ A {25 B3k (3 [H
Supelco A H); FEAETAAFEY-& . CTC 4 A 3) SPME #EFE:

#R(AEE Gerstel A Al); Pen 3 BT & (F8[H Airsense A H])o
1.3 XLWHE
1.3.1 BHEHFES &

JINEHTE AR R T | A R SR TR B R TR T VA Bk
A S T 7 VR T S5 A 5 BRSO R A S 3 2 i 11,
BT ARARWE 1R, Hi, G-YZ B R E Rk SR AL,
ROl BRI 0 R EER G-YZ R 0 3 i 285 K
THE . BB AEALBIE HEATAEAE, FERNR LS 1Ok = TR
AL N XQ-G MR, /MR & TR XQ MR
T FRL RN R SR, /N AR R R
1.3.2 BB KRR AR I £ F 547

HRHE GB/T 10781.2—2022 { T FEZKE 2 3B
HEBMAWE) , BT SIE TS, JEN . FL OBk
W55 4 AT AT ECE VY, B 10 A E L B L PE AR
XPRESL AT AT 48, JFBCE BB IR R 43
133 &-F b0

fcHE H T B AL RGBS B8 R MR RBRE R (R 1D, XA
FERL AT R TS AG I US4 mL ARSI T
R, MRS SCHR[1S)FT iR & 42K 25 min, JfHIHL
T 5B FUR AR 5 EE A BRI Winmuster 1.6.2 #4740 43
Bro B F R P E R THPE 100 s HF 10s #ER 5s, i
FEE 120 s, BFRR 1 s —R, SUAREN 300 mL/min;
[, S ORIEZS R AT E R M, B8 58~60 s BRI BL iYL
P70, BRI EIE 3 K.
134 BHERSEZREESZHEN

22 GB/T 10345—2022 { FUBEAMT 5 ), SR FH B Bk
FEVSIN A SR ik, B f- B R S T s 0 2 A 5 ik
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Fig.1 Flowchart of brewing processes for 3 kinds of liquor samples
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Table 1 E-nose sensor array and its performance description

e e lan 44 K

R R FEREH 4

PERETH I

1 wiC PR I R 6 WIS X HBE . R R

2 W5S RGP, MAEELEWRA 7 WIW X AHLEY . WIS R
3 w3C MRS I5E T R 8 w2s XEE | RS R A

4 W6S FEN S PR 9 W2W XT%EQH%MZ;;?Z AL
5 W5C Xof S B e 05 7 A R 10 &N X b R

1.3.5 E#45 GC-FID #m)

TFERY GC-FID #6:52% GB/T 10345—2022., FEShALHE
Fik: BBGE RS ST 10 mL 253, A 0.1 mL 278
WE SRR R ONATR, Tkl k20 o/L, Ak R 0.2 g/L),
RS E A BRI MRS, 7 GC-FID AL,

GC Atk BERE R 250 °C; KM #$IR R 250 °C; 4,
T TG-WAX (30 mx0.25 mm, 0.25 pm); 4 He: 25:1;
HERERE: 0.5 pL FHEFRT: RIAEE 40 °C, 4E+F 6 min,
LI 4 °C/min F+ & 60 °CJ5, LA 20 °C/min 7} 160 °CJ5,
Pl 45 °C/min F+ & 220 °C, 4 4 min,

FERIT: 4 FPERZA B R F AR I S bR 2k
WATERD, 5 FMERZER T AR VL L 5 ) BT N A i
WA L2 &, TR A=) IR:

Cl(g/L)=AJAsX Cis )]
A CONFRMA A B BT B, g/L; Cis i AR I I i 2t
WL, o/L; A WARFINZH 3 WA TEI R Avs A AR BT A UEE TR AR
1.3.6 HS-SPME-GC-MS #:l

TEFEH) HS-SPME-GC-MS #5032 SCHR[8], HHP i
FERAFIR] . IR EEAEARMFE R AL AL B T R A R AL
FH 2B T K5 500 B0 R A BE AR BE S 10.0%vol, BT
4 °CH38 KA I 55 B HOGIRAE . BUL IS AT AFE 5.0 mL F
20 mL BYTSZS 3, DA 1.8 g NaCl, B ARG PEHEE 1,
M 20 uL WARYI (TR 0.05 /L (1 =B e Sk
W, BT AL S -, R DVB/CAR/PDMS £14i
S T2 3 AR AR IR TR, 50 °CTHIEN 5 min S5 AEHX 45 min,
S B A GC HERE DRI 5 min, P4 HRIE S50
BT AT GC-MS [ R,

GC 44 >KJH DB-FFAP {aj541(60 mx0.25 mm, 0.25 um),
He /RS (LERE =99.999%), ik 1.0 mL/min . F2 7 FHE:
FHAE 40 °C, 4E4F 2 min, DL 2 °C/min #ETFE 100 °C,
L4 °C/minFH 2 230 °C, 4iFF3 min; (R EIRE 240 °C,
IPREE 501, WEFIIER 3.5 min, MS £ PR T E LR
BETFIR, HTRE 70 eV, HFRMATHIE 350 v, K4TH
Wi 200 pA, HIOIRE 240 °C, BFURIEEE 200 °C, Scan 1
Tl 33~450 amu,

A0 v R E B X GC-MS

T £ 1% 18] 5 56 [ [ G R AR W5 i B3 R AT H XS
(VC L = 80%); [FII, H 14 6 4 (Co~Cao) B HE ity AT
GC-MS 43, H3Pa Ok B Bt (0] 3138 08 B $6 L (retention index,
RD), RI HHHH I AK (2)PR:
Rx=100n+100[Ti-T /[ The1-Thl 2)

Kb Ry ARRMZE S i PR B EG T e 20 23 i O B g
[&], min; n Fl n+1 5351 R IEARE I8 A B S48 T, Al Ty
3590 A R I 281 53 4 5 T I R0 P 7 A TE AR e e ) £ B I ],
ming GE i SR AR R R A R AL 05 N AR
AR Z e TR &, R RAR ().
1.4 HaELE

FIF WPS Office Excel 11.1.0.8567 X ¥t¥fs /b4 7 4b 38,
Origin 2017 #2il#1IR[&; Hiplot Pro (https://hiplot.com.cn/)
22K SR SIMCA 141 #14F dE 47 35 A4 40 7
(principal components analysis, PCA)FM it /)» — 3k 51
43 (partial least squares discrimination analysis, PLS-DA).

2 HERE5HH

2.1 ETHTFEMREIFNHMKREHES

H & 2 AT, R L S AR 3 IR A 45k 1k 4
ST T 400, ARG EBL WIC, W3C., W6S.,
W5C Fl W3S & 5 AME AR MR (ERAR, KPR RIAE
2RSS E2E . SR BY. MRS KiEbiRess
EYRERE D, FE, WS, WIS, WIW, W2S Fl
W2W %5 5 A IR 0 b7 (LA 4 s Herp, WS A )i
(EfRc R, HUOR WSS, FREIAR[ERE S i F SRS /2R
AP SRR . BAN, XF WIS Fl WSS 4 2 MEEEE
HIME AT S, G-YZ. XQ-G 1 XQ Z5A% 5t £ I AR vk [
R, REtaw . Hee, HREMASYE G-YZ
B A B B 5 T XQ-G M XQu X HAb & i &, AF
TERE P ) 1 A 25 S R B

P P 3 R, 3 Fm e A S iy XU 48 3 R T PR 43D
FAEHEZES. HE 3@)AH, XQ AR . A Mzt
FEANRE, XQ-C HAHBRE . tF. AWE. ME
FRZSIAE, G-YZ ERF AT . B MR L RIR N
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Fig.2 Radar map of aroma characteristics of 3 kinds of liquor
samples based on electronic nose detectio
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Fig.3 Sensory evaluation values of 3 kinds of liquor samples

BYEMEME, LA RSRBEIANRE . HF M
PR S o . FH R 3(b) AT, XQ AT AR I R A . R AN
kR, XQ-G HA W AARIR | WEUR . BRI, G-YZ &
PRZE H ISR AN 0 . IR 3(c)nT A, FES4RFRIRGERE, XQ
BRI T XQ-G 5 G-YZ; XQ-G fEMI& . £ 5Kk, h
PR SCER XA Z R T ERT XQ 5 G-YZ; G-YZ
T HAG T JUR S R B R IE . 25 BRI, TEERAL
R ALES TR XQ-G L5457 XQ Ml G-YZ (I E
FRIE, BRI B BUEFH RS & RS, A
FLEAT <R BRI . BRUR”, I HAT IR IR I RHE, 25
B PR DAl . = 5 O DR A T, AR XU
B XQ-G HA &gt /Nl A L 0l iy MR, JF R
DL R A R, LA 25 T RS
22 HmEFELMEETH GC-FID RMNEHER
S

FHE 2 AT 3 FIPTRE S AR M A 43 1 5 i A e B
BM2ER; [, XQ-G M LBRLER S #M(1.056+0.021) g/L,
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LEFET XQ M G-YZ WZMREE & &, ZIRZE1E N {A
PR E SRR, I AR STER R, AT T R
B IAERERNT 3k 2 W, XQ-G MY Z MR LR &
o, XA Re GG B A T BB, B T ]
KB ERFEZEA X, FERELR T OB A
M BETH R, E—B AT CROERY . FAh, XQ W2k
LEREEET G-YZ, XRS5 W MRS T A%, B
RWESATT, LR X e RE TR AR 1 1 260 05 F VA R 8 O =X,
175 % I 7 S RB A S0 vh ZLIR B3, SE e E T 2R
SRR eAb, TS & WA R B X A R
LR LT AR T ¥R S ([ S R W78 1R ), 80U S &
TEETES 14 2 R 2 T S5 TR S ok o e ) v o s e v

XQ-G HMH RS R T XQ Al G-YZ(E 2),
GB 2757—2012 (&t bR IE 2280 K IR G )
TP ZE R R B S BN R T 0.6 g/L; [RIL, ASWFSE T
B 3 FRAS R 9 B 2 B I AR A A AR I 2R A EE XQ
B BB i, XQ-G A Y W s s, X AT R PR 2o i
SR SR MRS TR T 1V T SR e A o FR e 5 SR e R 2 I
FARPP S REBATFES SEARBHERER . 0T
W PRI HE s . MR SEOR RN DRI, PR s
ORI A RS 2 B P B R, SR A L R R,
B DL A o R e A it o R R AR A TR R P R Y
i SR R AT M, FL N Han SRS SR K BT
VA T A R SR SR B, Miljie 2V A G 1 4
TR H S 0 B o SR A T 1

J14bh, XQ 5 XQ-G M AR & A, XQ-G MBS
W T XQ(F 2), X FHIRLE MU IRt A L WA T
SR i PRI, R RS i R B N AT SR
Ao, MHET, XQ 1 XQ-G Ay AR 7 A g & it
IR G-YZ (1 6.08 15, 6.25 1551 2.44 1% . 2.88 1%, BI5E

KW, RS LR ET, MEMRERAE 2 iR
FEEZH, HARFMER, AH T2 YRR
SEAL; MLZT, WS R FR P U P A A e —,
PR AR B, B2 B RS S A PR PR o 1
PR3 R S5 R S (9 A 7 RE 3 D5 T, [ 28 A 1 7 3R G
SR [ AR CH) R REIRAS A A T RUE i b FIVEA,
RELH AL TS R RCR o

2.3 ETF HS-SPME-GC-MS EXHERIEL MLESD
BRI K H & F i
23.1 A MHAHHE

HIE 4(a)nl 1, XQ-G HF¥#E & 41401 & e T3
ERL @), T G-YZ I &A1 & BT P (E R
), Hi, XQ M. KR, LR LT LIRREIL
Bis bR B 3 T AR . LRI LR LR
S TR T A I b R B ARy, CRROR TR
BRI, LRSILEERART | SR LR
R, X TLZEMRSSW o0 i A B T B 22 7 A RS ¥ B
R TTE0, fE XQ-G FEah R, ZEUE KA WRIbR
WM B = A 2 RS, o, TR T /\LERR LT |
LR CBEFNE TR L BRSF LAY WIRRUE o 550 25 = F oAt 2 A
FEfh, FU XQ-G 7E & BN, Hifs v i) —Se g A A
VIR BB B TR R AL S A . fr B 4(b) AT AL, XQ
HALRS 104 FIE RS, GRS 15 B, BRI 6 Fil
Ba2 44 Fh, WERRZE 4 Fh, 55 F& KBi2s 29 Fh, ok 3 Fh,
HAl2E 3 Fh; XQ-G rhtbds Y 102 Fig R Ve 4y, fudimsss
12 F, FRS 7 Fh, RS 41 Fh, BERAZE 7 Fh, 357 K2 26
Filr, mRRG2E 5 Ah, HABZE 4 F; G-YZ PR 69 R R 1
4y, RIS 15 Fh, RIS 5 Fh, FE 23 Fl, WERRE 7 Fl
J5 7 RS 14 Fh, nkmgdE 3 B, oAbk 2 B

F2 A3 MEHDEFELERSE GC-FID LR

Table 2 Detection results of main volatile components in 3 3 kinds of liquor samples via GC-FID

25 Lotk el E R /(g/L)
XQ XQ-G G-YZ
LR LT Y=0.7017X+0.0184, r’=0.99987 0.475+0.011 1.056+0.021 0.223+0.012
T 0.0037 0.0020.001 n.d. 0.0040.001
TR OB Y=0.9670X+0.0041, r’=0.99988 0.065+0.004 0.029+0.003 n.d.
IET 0.0042 0.32240.010 0.22120.012 0.409+0.011
5T 0.0141 0.198+0.014 0.343+0.019 0.116+0.012
ETEE 0.0209 0.017£0.007 0.0130.008 0.0050.000
SR 0.0424 0.539+0.024 0.814+0.031 0.515+0.017
R R Y=1.1231X+0.0275, r’=0.99988 0.175+0.011 0.091+0.008 0.005+0.000
FLIR 2 g Y=0.6060X-0.0083, r*=0.99992 0.527+0.015 0.165+0.014 0.107+0.011
F Y=0.5818X+0.0135, r’=0.99967 0.288+0.022 0.369+0.031 0.221+0.022
SR 0.0011 0.730+0.050 0.750+0.020 0.120+0.020
JENH 0.0028 1.0500.050 1.240+0.030 0.430+0.010

H:nd FoRAH,; CBRAEE. ZBRAER. FLRAES. TRROHRKHER: 0.01 g/L, E&R: 0.03 g/L; HEAEHIR: 7.5 mg/L, ERFR: 25 mg/L,



%514 4 e

96, S BRI R TR A IS B TR S AR R M2 O R ST 243

M 4(c)r %, 3 FEAE P ERE M & B, o,
XQ-G MBS 5 (36.291+3.472 mg/L), G-YZ MyFEE
E i RA(6.720+0.210 mg/L), PR H 2IRAE . EF
KA, RREERIINER M TR, HA BT BURARE &
B UBRLS2T 4P 4(e) R, XQ . XQ-G e G-YZ HIBEZE &
R, XATRR S PRI R IR LA O ANITE AL
TR I SR FH eI IS e e =X, A TR R R o ke D5 T i
Wl LASR, IR IR T ER i PR T B AR AT & S 1,
F 0 ke BER R A Z RIS SR, 7 A I AR
HIXFAZ 2527 s e ey SN BRAE TR A R, Wb £
FEMERAR, R RARE &AL RSB . AL 4(b).
()P AT E H, XQ Al XQ-G M . Fr MR LA
FEB¥ET G-YZ, Wb GWE 4 MMkl 1 DR
M2 005 B RAL A1, BRI AR . R i S e A PR
PR S A R B OCEEVE R, RmE S Ak & P RE A2 ST 14 1Y
AR U328 XQ-G RIS A A R XQ.
G-YZ 1y 1.79. 4.08 f%; H, XQ-G Y 3-HME & it
(0.04+0.005) mg/L, 5-H FEMR IR % 5 47(0.127+0.016) mg/Lo
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232 #AZ 2456 PCA #= PLS-DA 947

N1 EEWHT XQ. XQ-G il G-YZ FFFEM AR
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Fig.4 Classification and comparison of volatile components in 3 kinds of samples
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