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Abstract: In order to develop a new type of high-quality honey tea wine, a mixed culture of Saccharomyces cerevisiae and
non-Saccharomyces cerevisiae was employed for the fermentation of honey tea wine. The electronic nose technique in
combination with headspace solid-phase microextraction-gas chromatography-mass spectrometry (headspace solid-phase
micro extraction and gas chromatography mass spectrometry, HS-SPME-GC-MS) was adopted, and the basic
physicochemical properties, organic acid, and polyphenol contents of the fermented honey tea wine were detected. The
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single-strain fermentation products of Saccharomyces cerevisiae (SF) and non-Saccharomyces cerevisiae (HF) were used as
control groups for comparative analysis to comprehensively evaluate the effects of mixed-strain fermentation (MF) on the
quality and flavor of honey tea wine. The results indicated that compared with SF and HF, MF increased the total phenol
and total flavonoid contents of honey tea wine. The organic acid content in the post-fermentation samples increased, while
the polyphenol content decreased. The response value of the electronic nose sensor for HF was low, and the majority of the
sensor response values of MF were greater than those of SF. A total of 75 aroma components were identified by HS-SPME-
GC-MS, and mixed-strain fermentation significantly increased the types and contents of volatile compounds in honey tea
wine (P<0.05). A total of 10 differential compounds (VIP>1) were screened out by PLS-DA analysis, among which 6 were
ester flavor substances. There were 12 key aroma components with OAV>1, and compared with HF and SF, those with
higher contribution rates to the aroma of MF were phenylethanol with floral aroma, phenyl ethyl acetate with honey sweet
aroma, pentyl formate and n-propyl acetate with fruit aroma. In conclusion, compared with single-strain fermentation,
mixed-strain fermentation of honey tea wine has more advantages, with a richer and more intense overall flavor. This paper
provides a theoretical basis for the application of non-Saccharomyces cerevisiae in alcoholic beverages and the deep
processing and utilization of tea by-products.
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gas chromatography-mass spectrometry

AT — PP A Vs & 5T P EEIE I W al A 1)
FREAIRGh . GHELASSIS™ o R0}, HoAt g
TERLAEARE, Zoad e i el 2 O ) i A5 A R FHTE N 21,
FERR SR T A B vh = A RN, B SR
fIRPT, e —Fi e S iy 24 st 5T DA TR IR
AR B IRCRE, FLAS AT LA AR kT S i v s 5
i R DA MR S N, R, DAAR IR/ N AR
AR IRk, A DN AP A R A A e A, AN
A ERGEASIE T ETRL TER, IR BB Sy HIK 5~ 58 2 ek
HigE.

A GEIRE ISR T R B T BRI 9% B (Saccha-
romyces cerevisiae, SC) ¥.— R, LI{R—E0I 7
SUFIEFIAH R 055 1 B 5 50 B S T 2 3 T
e R ESR AR S, ARERIPEEEEE (non-Saccharomyces
yeasts, NS) {475 >R F1N FH L FEAS Wi in LB Geirg 25
IR L. [ERZZH00) NS KRR 2s, r=ilirsae
TG, Ei G SC #HATIRG LB, LIRAS HEHn
T E F 8 FUE TS O, Bl anfill A i
W EER: ( Hanseniaspora opuntiae) 1 SC & & B4
FH T ARG TSNS L A & i, RS T AEAS
WIEE ST, AW SEA TGN B (Hanseni-
aspora guilliermondii) 5 SC 1R B & MU I, 218
KOTSRS T 8.2 1, BYIN T B L Fn e 2 1 7
S MR BDGEEER: (Hanseniaspora uvarum)
55 SC LA 1:1 iy Lb e Fh ml LAREARIL A 19 2 iR &
i, IR T SBE S LR S e 2 T 1 B K SR AL
ROV, SR VGRNREEE (Hansenula anomala) 3&—285
TG & WA DG 1 AR AR BRI e B, AU RE 122, R
AeZl A ST BAPRE & 1, (R T ] LG 3 SIS sl
A O ERZE | RN D AR A — RS, LY
ISR E 2 AR, H AR Al Z
R FH T S8 A, XA A A S ST B R
e, A BEAT I ELAET, H RIS B & LU
TR R AR 7 i it /b, TR 31577 i B E A

SEn, el & R A s E

ERlitE, Ao A 38 DGR S SC IR -G & 1%
TR 3 W S 25T , O DA PR ER R IR S A R Xl B, LAk
AERLL  AHLR . 220 L R A5 KA A SF 8 bk b
FAN BT, WFTOR P T S Y A PR R R v 2
25, Bt st gl e g R R, I S A A G
BRSSP
1 #R55E%
1.1 #RISEE

HAIYR/INAEZSWE L AT AT VAR
LG R Y A BN )5 BRPGPEBE SY 22 R R
HIRA T YM B 3738 | 585 DGR B Hansenula
anomala(BNCC336003) Jbgi @AYl Ha BRA
Hs B | WA RS A MLRAR S, BRI JLASR S
M b G briESh, B, R, 2. 2l 2-2E0
brufidh (B asme) iR T AR B AT
BRONF; SN . IRIREN . #9880 | A2 (39 R 53 AT
ali)  EZGERFEEFIE R A E

LDZX-50KBS & & KW dy g 2248 )
iNose UL F 5 g &Y AT ERHE A R A5 T6
AN ETE bt E AT B F]; Eclipse
Plus C,q {44 . RRHD Eclipse Plus C,q {233 £+ .
DB-5MS it | LC-MS B . 8890-7000D T/,
AH RS A 3B 2 FE AR B A Bl ZHIH-
Cl112B ¥ T/ES L E WA RA A,
LT2002E HFRF KB A RTATEA A
HWS-24 FEIEKGE  Ei—ERA A TR
INFE; HYL-C2 HARFEIR RO SCEE AR
BN w]; F2 78 pH 31 Mg -F0R 22 A R
BM-03 FHpHEEE T KRG R AR H]
1.2 XFEE
1.2.1 REERIMEE SR b A IS A TR iR
SY 5 30 «C EI/KLA 1:20(g: mL) 1 FL BRI S5 1k
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20 min, 5% TN RE Hansenula anomala T YM %
FEILPIEAL 12 UG . BKIRHE: SR S K%
MRk 1:50 1RA, 1 70 °C Ti242 1 h, i 3En 15
B o A DR P R = N B P N R R R R
WG WEEE N 24%, FPIEEIR . Wk R BN VE B IR A WY pH
N 4.00 1E 90 °C A4 FLARF 30 min AW, BHI B =
W5 o BE R PR R W B R O Sl 2%
10° CFU/mL, 435"~ %5 SF: H PR B2 H: SY;
2% 5 HF: B3R Hansenula anomala; 9% 5 MF A
TR AR & B 25 DL 1x10° CFU/mL 1y 42 Fh 5
A Hansenula anomala, 25 °C k% 24 h J5 LA 1x
10° CFU/mL 3R E AP BB IR L SY . LASREEFRD
B R IR E R 2s LA REZH CK, CK 4Had 38 )m BRI
EARLEAE—20 °C VKA . =ZHRBELEAE 25 °C KE3556
% 18 d JSEUHY, 65 °C F KB 30 min, i UE/E
TERE, W IFAE—20 °C VKR RAT LA T e b
FIAGE

1.2.2 HRALFEFREMN 9GS I 22 G A E
K v 2L A0 A ) (GB 5009.225-2023), i
pH TR 2 VAR ) pH AT 15 [
TEM & ht, SRR & R 2 22 Kl P AR 1 DU E )
(GB 12456-2021), Sl FLS B m-S 5 g a2 45 1%
JHBEEFIR o — AR Eb ikt ok S
FERH DNS 740121

1.23 AHREENE S Jiang 51" 7%,
IaE Mok . BEM AL B RS aE 0.22 um JE B UE
MEEASF FH o 8 20 AH £33 (high performance liquid
chromatography, HPLC) £514*: Eclipse Plus C,q A%
% (4.6 mm=250 mm, 5 um), HshAH A o H AR /K%
W (0.1% H ), ish 41 B b B W, VOH 1R
KD VIHFEE)=97:3, it i# 0.8 mL/min, £1&E 30 C,
BERETE 5 plo WBIAHMYBEMLES B S : 0 min, 3% B;
0~10 min, 95% B; 10~20 min, 5% B, {8 %=
TR (ESDAE B FASLN BEA 7 BT Al 15 B 46
3200 V HIWIZEHL I . 400 °C BYZERIRE . 500 °C B9
B THAIR)E | 50 arb IUHHS. 20 arb HFELIAAFN
50~750 m/z WA YE Bl o ARIERS W BB L 25T
P . SRR . FLIR . ARl . BRFAIG . BT IRECHI L
AN[FVAS EERRUE SRS, UL 0.22 pm 119)E B UE AR FF
FH, SRS MR 7 i

1.2.4 ZWEmEilx S8 LS orkItines
ik, RESALFR. BENLT 0.22 pm S BIERTS .
A AR 3% 55 F: RRHD Eclipse Plus C,q {3 4+
(2.1 mmx100 mm, 1.8 um), {#i# A 0.2 mL/min, £
1% 40 °C. WBhAH N 0.1% W R KIER (A) Fl 21
(B), ¥R 1 pLo HshAHPRIEASE A : 0 min, 5%
B; 0~15 min, 30% B; 15~27 min, 90% B; 27~28 min,
5% B; FAMIZEES TR (ESDE 3200 V BTSSR
TAHE. ZERIZIE N 400 °C, B THALIRIE N 500 °C.
BN 50 arb, FifEI SN 20 arb, R E T

2, LR 50~750 m/z. HRUEFER: BERESRER . TR
JLZRIR . R E T LA Z (epigallocatechin, EGC) |
SRR . RIKET LI FEIE & FIRMAR (epigallocate-
chin gallate, EGCG) . ¢ JLZ5# (epicatechin, EC) | %}
FEE. ST RILE R EE T HREER (epicatechin
gallate, ECG) . B =ity . M E | MR . Mz E .
TR 22 L2 i ARAS R0 AR v SR VA TR, Ve
0.22 pm M IENEIEART ], RISMRIE A TE i o
1.2.5 HFE&N =8 Liu F0 Wk IfEy
&2, TE 15 mL TZSHHIERE 5 mL A4, PR SRR
EIEIFHR L LR . FESAE 55 CKIB T E4E
15 min, $RJ5 R H B E R T as O . X 4514
e RFERT TR B E N 1 s/4H, 2 EES A 35 I I |
300 s, IR ITZFAT AL 5 s, FE Ml &R R 10 s,
FESLGE S 500 mL/min, S3HTRAERSE] 2 180 so X
TR AT 3 YOPATEESR . T AL B as e
iR 1 pioR,

R HTRKERATEREM L

Table 1 Performance description of each sensor
of the electronic nose
5 FRIRT AN PERER IR
1 wIC P SY, RE R
2 W5S MRS YR B
3 W3C K557 Lo P R
4 W6S X &AL R A
5 W5C RN 7 AT R
6 WIS X B R
7 WIW X B A R A
8 w2s XREE | A2 7 A
9 wW2w XA LR A R
10 EN XEEpeAE R A5

1.2.6 HS-SPME-GC-MS {ll EFHFS ST S8 Xia
S0 1y RIS B2 . FE 20 mL /Y SPME £ 5%
JEHELA 5.0 mL BT, PN 1.0 g NaCl DLk
o B JTURON , B i RBLRE, SRS A 29 B N AR
5 uL BAUREE N 0.822 pg/L. HEHTEIH AL 240
MIFEEET, BT 50 °C /K, S5 30 min JE i 2E
Bkt sk, TH2S #5035 min 54 #E BCLTE A GC-MS
BEEEIT, 250 °C f#4T 4 min.

3% 5514 035+ E N DB-5MS(30 mmx0.25 mm,
0.25 pm); FEFHTEE : 40 °C, BERE TR EE: 250 °C; T
TRFEF: 40 °C A34F 3 min, A 4 °C/min J} & 120 °C,
1%+ 4 min, H-LL 6 C/min FF = 210 °C, {£FF 9 min,
HJE LA 25 °C FHE 240 °C, 4 3 min; 23 (He): it
3 1.0 mL/min, JEJJ 49.5 kPa.

SRS S B TIRIRE 230 °C, 5 IREE 230 C;
B U7 =0 BL B EAHGYE Bl m/z 35~500; $5 4 3
1000 u/s.

AT BES TR G W4 GC/MS B4
2, I 5 NIST20 Tk 2 D fc, MR8 ARl R KT
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85% MM . FHEARFLE W AR B BRI RS S
B SRS T AR

REF T UL 2R B AR IEA T2 0 A .
ARTNFE R e BE T HER AR N3 2 W THURR 5 R
WETHARZ bhafe L 2-2FFifk TS
1.3 HuEIE

K Excel A T8RN # ], Prig a5 R0, —
WCH AT Y S B PR E 227 0 ; SR IBM SPSS
Statistics 24.0.1 A4 BEFT BRI 2K 7 22537 (one-way
analysis of variance, one-way ANOVA) FIX 5 £ &
[t %% ( Duncan multiple comparisons) D46 56 425 i 2H
[a] i 2 M (P<0.05) ; & JH Origin 2021. OmicShare
Tools S MA-HATLIE
2 BREZ
2.1 EEFRBEHIRBIIERR T

WS I Y REA PR FEHR WS 2. MF 1 SF
JES R BT T HF(P<0.05) o i J HH TR AR
PRI AT R BRRRTE, ANREVE T & lEnd 3228
TRR, BRI I B A SR R I A AR v 19 3 B R A
FHU, KRFER BRI pH 27 3.4 2247, MF
1 SF (1 B IR MR B2 22 /51 HF . Horp SF (9 R ER & 1t
Ferey, K AT HBARE FH T TS & P S B Ry e B e i)
ZRIBIEIR . LEETRIEIA G ZFhiste A il 408, idE
PRSP B R A0 [ s o P e 2 0 R £ B AR AT A v
IR AR AN AR 0N S ) S
I 35 25 5 (P<0.05), SF. MF. HF 1% BB AR U 3
in, FEHHAS [RY PR B XA S R R BT — g 19 22
5o PSR IRSS LG Rt s b i S
FEWY BT, FEA K AR o oA B AR & MR L, T R T
JEHR B BEAIL(P<0.05) . Z MW E ML A LR
JEF, Sy AL, R R e A T R E A
fifg, M- B W2 B & 2R T A0, 8] I BN i
LR FE RIS S T M. {H MF A5 P i BN A
AT s T SF RN HF, ULIATR B & e n] Lh—
REFREE Ui/ X Z W2 B R, DA AR B s 5

it

2 OANEEERIE ISR
Table 2 Physicochemical parameters of different
honey tea wine

BN HF SF MF CK

R (%vol)  1.05+£0.09°  10.40+0.06° 10.36+0.22° -
pH 3.47£0.01°  3.38+0.02° 3.40+0.06°  4.19+0.01°
BBE(gL)  160.25£12.26° 50.78+4.97° 81.42+4.59° 202.73+12.13°
HR(gL) 3.80+£0.25°  5.48+0.35* 5.32+0.25°  1.76+0.18°
S (g/L) 1.64+0.09°  1.81+0.06° 1.82+0.06°  2.38+0.10°
BEEEI(g/L)  0.80£0.01%  0.77£0.02° 0.82£0.01°  1.20+0.02°

VE: AT 5B 4R 22 52 5 (P<0.05), = oAk, 463, 4l
22 BEFREFOENBRMSHIE

22,1 AHRERHT AL TR YOI 5
AN, o IR it ST B FE W, AR AR A A IR T

X LB YORMRE A 10 R Rl 1R SR s SO R £
T I A T T R AT ML e, s
VR ZETIR . SERMR . LR . ATEERE . SRR A
BETR 7 FEYR(E 1), Hrp 3 7 A [H
FE 5 18] 22 53 2 (P<0.05), 7E CK B/ K,
7.40 pg/mL, Zead LSS W3 1 FH(P<0.05), Hig &
Tk SF(562.48 ng/mL)>MF(492.02 pg/mL)>HF
(175.20 pg/mL) . BEFAFRZERTE I B ™ A= 19—
FAYIE . B F A AT = RRIG M R
7 WD (Y e 287 2 — o EAb, TR I
REI P TRAE A 2 SR At B8 = 2 BRFATR ™),
DA SFFE S r 3R EAMR & R de i o HLRR FIAE TR IV
B ETE HF i, HkE CK 4, X RE PLERTE
SF £ 1 MF 21 & A X AIR, AR B T RS A
JoR, ) e B AT AR 1 1R A SRR . LR AN
SRFRAE KBS S B YA BT LT, i & FRare K e
M 2RSS N R B SRR AE H P AT
— PP RIS, T LI W) B SR K, A AsE et Xy 1
PR — 2 W MGEE P, 78 MF BRSSP R
FIFLER A 43 512 111.02 pg/mL F1 18.72 pg/mL,
ST PR PR - B 2 PRI B ok v A — o I SGEBAE H,
PRS2, W PR A IR, tE—FhE
WA PG Y, CK h & ik i, 2 30.49 pg/mL,
TERBEIRR T, A=) 53 Wb Z2 P g (ARG . TIRTE . MHIR
SR IR TS ) AR S B IR S S AL S B8/ NI By

el 7/

6001 gzHF 2
@ SF
_ 5001 E@MF |
3 CJCK
£ 400
=T)]
2
300 A
Ex V]
1§ 200 b Cd i 7
i R | 1 b 7
e 1
100 {06 | A | Al abe PAf
A | 7 Phea
o REL| VR | VB | et BB Al el

T
AT T

K1 AR E R A LR
Fig.1 Concentration of organic acids in different
honey tea wine

H: NEFHRFRRZE R 55 (P<0.05),

222 ZWEEINT MG Y R R RE
W YsE Y R —, AP . buEfe . iR
SRR TER . SR RO (R I R T
EAW P A G W RN SR B i . SR 3 R,
£ CK. HF. MF F SF 3l iy 14 Fip 2 ib &
Yo LE IR, BRI AN R TR A X e S S 1 S
YIRS AW, 5 CK AR, 3Rl T 5w DLEk
L)Y HF ZHAE S b i 24 -G 0 it vl 2D B /b, a1
S LI R T 1 DS ) T A A LA — R R AP
JH. AESRPR{AE HF F1 MF R ke, 56 4eh S5
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Table 3  Polyphenol content of different honey tea wine
) B (ug/mL)
Fr L
HF SF MF CK
1 AERR 0.45+0.01° - 0.11£0.01° -
2 JRLASTR 0.09+0.00° 0.10£0.00° 0.10£0.00° 0.07+0.02°
3 EGC 961.35+24.65° 928.79+10.31° 921.47+3.49° 1019.51£94.54°
4 LR 1.56+0.09¢ 1.81+0.08° 4.13+0.19° 4.90+0.08°
5 EGCG 851.31+21.83 856.96+36.11° 858.65+15.85" 1065.26+8.82°
6 EC 102.38+2.84° 100.36+5.96° 100.35+4.35° 121.66+6.35
7 POEICR 0.06+0.01¢ 0.15+0.01° 0.14+0.02° 0.35+0.01°
8 T 2.30+0.08" 2.30+0.11° 2.37+0.10° 3.06+0.04°
9 ECG 164.08+3.62° 165.23+5.22° 167.20+£6.45° 200.77+8.35
10 KRBT 7.77+0.08% 7.00+£0.97° 7.43+0.10° 8.56+0.19"
11 Wtz 9.42+0.92° 7.84+1.53° 7.81+1.49° 23.29+1.75°
12 Wit Rz % 0.38+0.08" 0.30+0.08" 0.29+0.09° 0.78+0.13"
13 Tl Fz % 0.07+0.02° 0.04+0.01° 0.05+0.01% 0.05+0.01®
14 gy 0.92+0.12° 0.85+0.10° 0.86+0.13° 1.76£0.19*
HPGIE ] DR #FRER R & . EGC. EGCG.
EC Ml ECG #BJi T LA 26 S AL £ 1, S 20t v iy S MF
FEIRE NS, A PURAE . BUBE . PUR EE BT +oSE
LR, X PUR LA RAE R B G & =A 1
Ui /L, Al RESE TR KB A EARAE A, LA R w 2 wac
T Ak Sh W 25 S A AR g A LSS 32 2 ARt i 0
XIS SEA RN SE 2N, PrEfbTE
PEESRM EGC #1 EGCG & m{/ME T, I =14 wes

FELH vh 22 532 RN K, 43 BN 921.47~961.35 pug/mL Fl
851.31~858.65 ng/mL. Xu 252 JURIFSE & I S 15 4%
WHAE K 14 d J5 B9 EGC Fll EGCG & 143 3 F %
#| 96.53 pg/mL Al 307.10 pg/mL. Bayram ZER4 2%
BT AN BE AN P I} (a3 S5 vh LS 2R a5z,
MR EGC ST 250.00 mg/L., 5 HABZE
FH L, B A 00 LA 3R S EAR R R E, B AT REX
Hose et B —EEH-
23 HBFESH

FEL T SR i 14 SORAR 80%, & RIS 4.
SR NS A TT RE T BOA TR AR I v 1251, A&k
# Mia) 7 1) B S T s, AE T HL S AR AR i 2T
Lo e BT BR 5% TG i R 375 S SMARESE, X A%
JEARHY G/GO B8 GO/G e EL AT 1105

PEN3 HLF 5l 10 MMERAR L, AR — Pl
HASWITE 10 MG AR F e R fE 250 T & ik B .
AN 2 FizR, MF ££50 R SFRR & B A B BT AR AR
L, AEER Sy W AE AN [R], 1 B W 25 1 34 R AL G Rl
HRAARL, AR E A . BR TR W1C, Hopxft
RS IR VAR 2 MF>SF, U] MF 84 R 225
KU B e B B i . Horp MF AR5 A WIS, W2S Fill
W3S & /s 0 {8 . 3555 T° SF(P<0.05), BENLerELA
T s | RIS FNERIS (e o (B B vy, 1 B X e )akdts
b I A B o AR XU BT B A EE R . R4,
HF FE54 5515 85 MF Fil SF 5886, B— 5%

WIS
A T e 25 T B i 7 {1 S
Fig.2 Radar chart of electronic nose response values
for different honey tea wine

& 2

BRI N (A SEAEG, D5E BH A R TP R rp i 2 e 1
RURASE o

i e/ N TR 3 53 B >R FH 28 i fie /N 3 Rl )
AR, I 1 AR Sk —2H N G TG =2 [l 2 1) 26
RN FAF RS . IR BRI T i, w1
DI R X Sy H ] SR S5 L, #3813 B2 R 25 S 105
M AR HEPO SRy PR B A A i 2 TR AR A
RN N 25 55, SR FH W PLS-DA Jy 12 %o A% 2§ i 137
{HIEFT 5087 QilE 3A Fias, PCL Al PC2 YT 2253
HRZST ) 98.1% F1 1.5%, 5 PLS-DA ¥4 ATy
ZE10 99.6%, TP FEZL ST AT LA A [F L Js
X RE A A N A EVARE B . PLS-DA [l _I. MF Hl SF
PSR RSy TS B RS AT T XUARARFIE A AL Ak

(L IRERF A AT VIP PESUNIE 3B Bk, W3C,
W2S, W2W ., W3S Hl W5S L&A1 VIP P43k
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Table 4 Volatile compound content of honey tea wine
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