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Abstract: Mixed fermentation has exhibited great potential in improving flavor quality of wine and fruit wine. To reveal the
competitive utilization of amino acids by different yeasts and their effects on key aroma production in mixed fermentation,
this study used Saccharomyces cerevisiae and Hanseniaspora osmophila as research subjects, prepared simulated grape
juice as the fermentation medium model. Single and mixed fermentations were conducted to assess fermentation activity,

cell growth, amino acid consumption, and aroma production. Mixed fermentations included two modalities (simultaneous
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and sequential inoculation), each yeast was inoculated at a cell concentration of 2x10° CFU/mL, and the inoculation ratio

was 1:1. In sequential fermentation, H. osmophila was inoculated firstly, and S. cerevisiae was inoculated after 48 h.

Results showed that both S. cerevisiae and H. osmophila preferentially consumed most amino acids, while the former

exhibited higher uptake rates. In sequential fermentation, H. osmophila consumed key amino acids (alanine, aspartic acid,

glutamic acid, threonine and serine) related to cell growth, which significantly reduced the maximum biomass of S.

cerevisiae (—33%, P<0.05) subsequently inoculated, and induced fermentation delays. S. cerevisiae dominated amino acid

utilization in simultaneous fermentation, leading to a similar production of aroma compounds compared to single S.

cerevisiae fermentation. Aroma production in sequential fermentation was conditioned by amino acid competition between

two yeasts. In sequential fermentation, early utilization of amino acids by H. osmophila induced the production of higher

alcohol acetates (particularly 2-phenylethyl acetate, whose OAV was increased by 15-fold), and high productivity of fatty

acid ethyl esters in S. cerevisiae was also retained. This study characterized the competitive utilization of amino acids and

key aroma production in mixed fermentation, providing a scientific basis for improving fermentation stability and aroma-

enhancing efficiency of mixed fermentation through exogenous supplementation of key amino acids.

Key words: wine; mixed fermentation; Hanseniaspora; amino acid; aroma compound
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TET % el (U HIZ M A R ) | TR 15 A8 S AR
WERIRE, Hob, AHDGE R & (Hanseniaspora) |
/R A 3 BB R ( Torulaspora) .« B2 IR g HE R
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Pk, SO /AR EARE P,
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ERE PRI R R R R AR R AR K
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B RN 2-2K 2,1, i —2E 38 S i N 2 Ak A il 2018
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7. IEE VRN R AR AT SPS 15 S5l
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FACIH! Y, SR, X IERRTHAFE T IR AN e B TR
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MU R TR A R N LR A G N A S B A
(Bl TR AT & B ) 2l s v R PR 2 P e B B AR
RUARTE B ZARTE . AP, AP SR AR THEEM
P B R I 2 ZE MR X Al AR . LA B R
AR IRFEVE R TSNk, PR I A 5 R
P B VR TR R 19 T 22l BRI R FH A A S S 2B i L
HHITARABGE, LARFHRE B & B vl # I
WERLHE

FT I, A5 LIBRIE BE R (S, cerevisiae) F1LE:
A IETRE T Vg = R A DGR (H. osmophila) A
X4, LABSIIAS [R] 2 I BRZH A AR LA 281 11y 32 S A
HU, e g PR R AR B ([RIRSE L I 3 ) 22 R A {4
B, oW A TR AR T R TR Y L AR AR G L AR
THFEM SIS ARU L M B B 0 & 1, Ha
TR A R N RE (8] () 2 LR 5 37 B AR5 Xk a2l
FRAR P, S AT A TR VR A R TR 1 v R A B R B i
=%,
1 #REE%E
1.1 MREEE

BV EREEERE S, cerevisiae Actiflore F5 T H
1218 Laffort 23 vl HATYEAFHE J1 (g i A fE50H
Rk H. osmophila NX09 ik H A -+ 7 457 H 4%
RIFAR R, P v E L BB 32 £ o0 (CCTCC
NO: M20232410); NaCl, NaOH L Az 1 i ik
F TSR, PEBERLE R A RS W] WL SRk
H IV ARARAF]; 17 Fha ing . Sk
Ko 2 PPEIERRATAEY) 2 =99%, LI T A1k
BHE A IR A E]; LSRR . B4R iR
AR A BRZS s NaCl, NaOH ., #2588 . SRAVE .
R, BRI R R GGHAa BRAH]; T
MLER . AV . i nR i e AR A TR
ONE] HEER 2G40 =99% @ik, Jb ntiifmik
BHE A BRA T SC80 /K S G G aligoK
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Table 1 Ingredient of CDGIM
S B4 I ik (L)
IR Hi%IHE100 g, 100 g
TCALERFIA HLER L-YERER3.0 g, FrERR0.2 g, K,HPO, 1.14 g, MgSO,-7H,0 1.23 g, KNaC,H,04-4H,0 3.12 g, CaCl,-2H,0 0.44 g
e S MnCl,"4H,0 198.2 pg. ZnCl, 135.5 pg. FeCl, 32.0 pg. CuCl, 13.6 pg. H;BO,; 5.7 pg. Co(NO;), 6H,0 29.1 ug.
IEILR Na,Mo0,-2H,0 24.2 g, K1 10.8 ug
Y r 2 JILEZ100 mg, RERIEMEEE2.0 mg., HHAR2.0 me. IZAR451.0 mg., MARRBIIL 0.5 mg, XA HFR0.2 mg, HFR0.2 mg,
AR A 2H 0.125 mg, B # 0.2 mg
PI% R (Ala)26.7 mg, Ki%MR (Arg)200 mg, RAHEHE(Asn)40 mg, KA (Asp)93.3 mg, 422 (Glu) 133.4 mg, A4 BEH
A (GIn)53.3 mg. HAE®K(Gly)13.3 mg, 4% (His)40 mg, 5+5E 2k (1le)53.3 mg, 5E%(2(Leu)80 mg. 4/ (Lys)66.7 mg. Hi

Z M2 (Met)40 mg., 2K 2% (Phe )40 mg, %2 (Pro) 133.4 mg, 224241% (Ser)106.7 mg, FHZ 2 (Thr)93.3 mg.

{652 (Trp)26.7 mg., MR (Tyr)5.3 mg. 4R (Val)53.3 mg, & ALF#26.7 mg

T T R RE AT AL R 2 5200 me/L.

LC-2050C 3D %! HPLC, QP2020 %! GC-MS Bk
FAL  HABHEAARRANE]; DB-Wax @ift:  SSE%
RS A R/ 7); Aminex HPX-87H faiit: &
Bio-Rad 2\ &) ; QTRAP 5500 # LC-MS/MS. Inersil
ODS-3 4%+t  55E AB SCIEX 4\ wl; MP-250B 7
ERE IR DB MEREERA A RA A
NRY-2102C BIFEIR ISR = WA A R
H]; TGL-16M BB R B DAL VDI AL
HRRAF]

1.2 EWHE

1.2.1 REEBETE B R RE Y LRIECHE 53 5 ZE YPD
WARERFR I AL, PR 153 48 h(28 °C, 160 r/min)
J5 ARAG W B R U o 42 P TR R L R RS O

(4500=g, 3 min) J55r_ i, BARUTIE 0.9% A
oK EE, AR A IR, BRI AT $RAS Al i i B

T o AARUE R AL T v S SR VR B RS R S R

PRI A EE 52 M, ARG R FH B INAS ) 2 L1 20 )

AL FI 25 7T (chemically defined grape juice medium,
CDGIM) 1E fy JE A A8 B 0L 40 45 71l 7 =%
Mcbryde 5519 Jf- W& AEJE AL (F 1), R 10 mol/L
NaOHE% pH £ 3.5, 28 0.22 um R IERRE .

A & BEAE 250 mL BO2Z TR P b T, AR
200 mL B A T, R O EA A B, R0 5 mL
B9 K B H T (40%, viv) o PR K 4 B R S
cerevisiae Fll H. osmophila % (ic& Sc, Ho), fEN
XFREZH o TR KRR 122k TS A 5 W) b e P 2 19
G2k SIM) A FHeRP R EE(IE S SEQ) . SEQ BRI
JeiER Ho, 48 h Ja 4 Fh Sc 444E % B, Sc 5 Ho 1Y
PR Rl 2x10° CFU/mL. B4 & AL B 5
SANEE, HCE T 25 °C PRI IR T O TR &
1%, YRR SRR 2 o/L DA, Fh R I .

REFRIAOBLH] . YPD 553238 T B4 9 7%
1b. P SRR A, B 20 o/L FERE ., 20 g/L B
R 10 g/L BEREIZ KT, 28 115 °C KB 15 min;
WL 25 51|55 32 35 FH T & B 4 v i - 40 L 09 A T
M5, 45 121 °C KB 20 min.

1.2.2 FEREAEREARGI i PR, SRR
RATSARGEAE WL 5538 5E LIRA, BT 28 °C fHiEE;

FEFE ISR 3~5 d Je TR 1B, AR IR AR TR VR
TESFHERE HIX 43, S. cerevisiae 2Ry “ G IR,
H. osmophila N “ &0 w0
1.2.3 HE¥ R & EAN @i HPLC #4580
Aminex HPX-87H {44 (300 mmx7.8 mm, 60 °C)
M 5E & BT AE R R PR B v 08, R shiAE Sl
10 mmol/L i H,SO, # &, #iii# 0.6 mL/min, #EFf
i 20 pLo FoH RO R4l . SO . LB
T AE A R 22 YT Ve R (RID-20A) FE 45 °C A&
Z RSl E VWD S/MEIIRR7EI S 210 nm
A o 30 3o o N A v o 1) 4 BE B TRDT B i SR EA 7
SEME, FAE X ARV S AR v 2R T S
1.2.4 PFEEFER S BRI =% Wang 7 (1977
15, U A B R I B MTAE L 45 QTRAP 5500 F
i LC-MS/MS 1T, FEHL Inersil ODS-3 fa it
(150 mmx=4.6 mm, 5 um) . LC F2JFLE 25 C T it
7, shAd A S~ 0.5%(v/v) R, WshAl B i HF s,
W S 0.5 mL/mine B EE YRR P& B AR 0~
1.0 min, 75% A F1 25% B; 5.0~6.5 min, 5% A #l
95% B; 6.6~10.0 min, 75% A Fil 25% B, #EFEf N
2 uL, BSFHTEFC A 10 mine MS 437 R H 1E 25 4
o, BEBEH 5500 V, IR E T iS5 IRk IR = R
600 °C. AL ARFNHT B S AR E J1 57 B E A
60 psi Fll 35 psic AFHTH)EAFRTIN 5 2 2R FH 22 )
WA . IR IEAER A Iy K= Li &Y
TR, AT

C(%) = C°C;C x 100

2 € J&2EE 1 d ZIERINFER, %; C, F1 C, 4351
JEES 0 d(IUATT) FNER ¢ d POSIERR & B .
1.2.5 #EEMER S SrEME  SRH A - ARG A
B -GC-MS #£ Bt DB-Wax {4, 3% 41 (60 mx0.25 mm,
0.25 pm) M % fe LG E 145 K M A SO BP0
FESRTARER: B 2 mL WAL, 6 mL 4liigik ., 2 g &Mk
#N % 20 pL AR (2-21, 16 mg/L)TE 20 mL i =S
FRG, G B T A3l F&, 78 40 °C. 600 r/min
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AEFEBUE A ST 30 min, 2R A GC #EED, T
230 °C MK 5 min, # S He, Wik 1.5 mL/min.
GC FEJF: WIIRIEEE 40 °C, 4L 3 min; LA 4 °C/min
FHEZ 160 °C; 25 LA 7 °C/min FHEZE 220 °C F-4F
2£ 12 min, MS &% B IEIREEY 200 °C, 3T
1 E Sk 220 °C, FHHEIEEl m/z 35~350, [E]F% 0.2 s,
BT H AR 7S 538 13 Xk 7 A v & B4 £ B8 B[R] R
NIST 17 32X LLiE A TRE PEAHT, 456 AR5 XN AR
HE ST ST BRI E R 2R TR 4Tl
1.3 #HiELIE

P SIS R =AY, B AP bR i 22
7B, SR IBM SPSS Statistics 26.0 % %t
AT B 2K 7 224387 Duncan #5565 (P<0.05) A7t 57
FEAS T K336 (P<0.05) o, ZA BLIR AR 512 SR ISH
[#i# i ChiPlot (https://www.chiplot.online/) #£4743
BrFngsl . &R BT £ 85353 T 4E Origin Pro
2021 FEF7.
2 RS9
2.1 AE&EHARFEREREIRILLER

El 1A B/ T ASE R R 2 N JFEREFEF 24
BEAE B ASARAL, G598 3R: BR T Ho (KR LIS, K
AR R Y58 AR T RS & (GR R <2 g/L) ;5 Sc Fll
SIM 1R ZR YL BERE 1 I C 35 22 5, ¥97F 14 d N5E
BTk R, IR T 12% B 2 BE; SEQ R R
KEEIER T 6 d, {0 2l A g e ) 0 i 3 281k
(P>0.05)., HI, H. osmophila FF AR & A

&8 17
,:"g A IR 110
4 4 —e—Sc g
—4-Ho 4 8 >h
—-SIM X
SPQ16 o
s e
J -o-Sc¢ | N
;' -a-Ho 4 %
3 -o- SIM
i SEQ | 2
0 e
0 2 4

1 ()
6 8 10 12 14 16 18 20

A1 (d)
B 1.0 a
a a

0.8 - /
) b
20.6 -
i
g 0.4
N

0.2 -

0 T
Sc SIM SEQ
BT KRS & BRI AR R 2l s S AR R (A)
FEREH 2R &/ (B)

Fig.1 Dynamic changes in sugar and ethanol content during
alcoholic fermentation (A) and acetic acid content
in wine samples (B)

TE: AF/ING PR Bl 22 5+ 3%, P<0.05.

FRPN B 2R, SR HAALG ™ 2L B AT SR I B
PRARFRIAEIPY . BT g SRR IR 7 =X I 25 i
kG & B0 R, HAEN) PR A 28 PN PRI B AH
HAEM WS TR R R T, TR R AR IR I
%, s, i W ELE] Ho 1 L BEA: il &= 23 10%
v/v, 228 H. osmophila AR EBEBE ). Valera
SERA e W, H. osmophila 5 S. cerevisiae TEZ1~ 4
K WEAHSCIE (N HXK2 . PFK1/PFK2 1 CDC19) I~
HA RS AETETE, Bk, AT E—2 s T /.
osmophila P i ULAE FRTFS FzA: 55 0 (TR & Bz s Y.
P, AT RB SRR PRI & RS Z2 i I B A2 i

TR 2 W B RS 2 B A ) e 2 ZE IR R R,
R IR S Y 90% LU L, B T ERAE A 2 iR
RIBIKTEH, 2R BA “HE”, HArEad & 252
2 IRUBR T T . AR R R BRI AT S S R 2
Mg S Y, WniE 1B fras, Ho B4UlA B AL 1Y)
LR R ScIPIREIY 1.4 4%, $& B B e [ AR
JWFEIN . Ho. SIM. SEQ F#E MY LR ™ ht JC i 35 2%
F(P>0.05), £H S. cerevisiae FT-AFZMTR B & A
RN BRI
22 EBEEEKEHNSEN

N’ 2 Fr7n, Sc Al SIM 1 S, cerevisiae W B2
AR — B, R EZN 8.0 1g CFU/mL, JG
2253 (P>0.05), 1BYE SEQ W1, S. cerevisiae 153
S A BB S (A RGR T ER AR, T LR A
A} 7.8 1g CFU/mL, [RIFLFFAIR T 33%. BRIPGIEE AR
ST TR 3 B A, HRP R X RS A E
B, KM SEQ KA S. cerevisiae HE K
S P EUR I FR AR i 2 A

9.0 1
285
5 8.0 43»—9— Crely E
o %01
751
Lc)o ' TR o/n}%
?ﬁ; 7.0 o-F ¥ % \% -e-Sc
i r K
J L5 = SIM(Sc)
£ 653 P L SEQESe)
2 60 ~o-Ho
= ~o- SIM(Ho)
SEQ(Ho)
0 :

0 2 4 6 8 10 12 14 16 18 20
ST (d)
P2 PR A e P R A AR R

Fig.2 Cell population in alcoholic fermentation

H. osmophila 7€ Ho. SEQ R N i K s 4EFF
TER Ko 7E SIM KRR, H. osmophila B 1K
HAZE| S. cerevisiae WETNH, (HAEFEAN K T R
KEAFNE, KBS R AP B AR SRYERFTE 6.0 1g
CFU/mL Ll I, H. osmophila W41 RS HI AT
KR 22 N EL o LB B — 30 (] 1A) . HFh
Hanseniaspora &R, BTEHIFGE & B4 1HE 1810
P EE (H. uvarum) 0 RS & WIS D PERESS, 5 S
cerevisiae [RIINHERP ST, TEALAE 2 1 rh AU
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4 dB, FHBZ, Aguiar-Cervera 5% iff 5% B 45 25 70
B HIDGIMEERE(H. vineae) W) & TS M A, S ASHIFSE
" H. osmophila WIRTH RSN F12ER ML, T
) 2 9 BEALWE 5T % B, H. osmophila 5 H. vineae
J& T FE—34k 32, Wi H. uvarum WL T 55 —Als7
SO A
2.3 REABNEEARIHFETE
FALIRAE N TR SR L) B IR T, X R TR AR
K2H HA mEENPREIERAR . AT iE—20 W)
T REET T R E R R AR b, SRS 18 Fha gk
1R, ITARPE I FERAR LA U2 (] 3) . 125 Asp.
Val, Phe. Glu. Thr. Ser. Lys. Arg; Il 2%: Leu. Met,
Ile. Gln. Asn. Tyr; I Z%: Ala. His; IV25: Pro. Gly,
AR IR IR R R T> T > >V,

Se Ho SIM SEQ
gememttal @ [o [t [2Ja[sia] o[ J2 a8 Tia] o1 2 T4 s ia] o]1 J2 4 ]8T 14]20
|
[
\
=

]60 Sb 6 fé()fl‘[]()
B3 I Al e b i B R R T AE R I A RIS A
Fig.3 Grouped clustering heatmap of amino acid consumption
rate during alcoholic fermentation

AT X AR AT A B, S. cerevisiae TE 1 2844
B A 2R A R B WAL Sc R &R T
A1 RERMBELES 2 d e REHEC=
80%); Ho K Z 7 H A5 Asp. Val, Phe. Glu. Lys FJ7H
FERLES 4 d A ML 80%., T FE4(FLMRFE Sc Ml
Ho A& T FE S 33 B A ARL, e e T2
PR R g m P R . DX PT BB T H.
osmophila 55 S. cerevisiae HAG MU EFEIR ;12 1A
RGPS, BiE @RI s A T 2 e Stk —
WRIT . AR BRI T, 2RIV e 5020
THABRBAR, I w VA R AR I b MR 2 iR . IREb B
Xf Gly #1 Pro BYAEMEF-HERIFHFE Su &2 iyt o3 b
W HRIE

X FUIR B R IR Y, LR IE A S S S A
A SRR VI IE . SIM 5 Sc IR FR N2k
FRENASASACARL, T 2FN T JEE IR AR H 3= 1
THFER . X TTHBE S. cerevisiae 7F SIM AR F Hiy 3
FHLAL TS, #E SEQ H, KA TR S. cere-
visiae J5, 1 SR FEIRATF LI PEEIEFE, FHRUEL T S.
cerevisiae TEIRBNIR A F= N & LR A 09 = 54k
FHo. I H, 7F SEQ & Z&, IRETEEFI MY H. osmophila

TERT 2 d RETHAE T 1T LR MR T LR,
HIHESE S. cerevisiae MEASTRFFARAYE 2L TPH, AT
BT RBEFIRIE R
i 2L BRI He Rl KW S cerevisiae 1)
AR RE IR, R 25081 T SEQ T $E A S,
cerevisiae RTHI (25 4 d) Fl Ho [A]— B 21 B9 2 3192 74
FEZESE, LA S, cerevisiae TR KT BRI 48
AP, ELIZ A 3 PN I R R K V- B2 3 S
cerevisiae AR . 43 HTFRBH, Ala. Thr. Ser.
Asp Fil Glu 7E SEQ H 1 1 #E R B 3 & T Ho(P<
0.05) , X £ Z JL R v fe S 07 3 A a9k 3 S.
cerevisiae "ER A T, Ala mARVEN Sc HLEE
AR 2R IR, (H M FERAE SEQ Wk 2271
T 56%(P<0.01). Crépin 25" WFFE R, MR R
HIEATE BT, S, cerevisiae 2=7F NCR & 4t 0 JE 345
T R B R B A I Gaplp A AE e &4 i
Ala, HAS 3] E T ERRIY N Sc Imbr s
I 2GR, PR THIRETE 12%~26% . X SCHES It
P A AR IR TR A A 55 P g Uk 530, A7 B 1By
IR R BEIR i, AT R TIETR B A s M S e M o
# 2 Ho 5 SEQ KM% 4 d B Y IR THAE R W #E
DR ERES
Table 2 Significance analysis results of amino acid
consumption rate of Ho and SEQ fermentation at 4 day

HIHR Ho SEQ BT
Asp 81.4+6.2 96.3+0.4 *
Val 87.745.7 98+0.3 ns
Phe 97+1.8 98.5+0.5 ns
Glu 82.9+2 94+1.1 *oE
Thr 7248 97.9+0.2 *
Ser 71.8+£5.2 95.5+0.2 *
Lys 80.7+7.1 92.844.5 ns
Arg 37.3£3.4 46.7£5.5 ns
Leu 98.6+1 99.5+0.2 ns
Met 100+0 100+0 ns
Tle 98+1.6 99.5+0.2 ns
Gln 95.943 88.9+£5.2 ns
Asn 97.743.5 92422 ns
Tyr 89+4.3 94.1£3.9 ns
Ala 36.3+7.6 82.1+1.1 *x
His 26.8+2.9 35.8+4 ns
Pro 2.8+1.4 5.34+3.3 ns
Gly -10.9+4.4 —2.1+23.1 ns

e *UEER B EP<0.05, **REEFWE #EP<0.01, nsfUE LB ELEF
P>0.05,

24 BRYIREREFE

SAFEMRAE AW TR, R PR Z0 52 1)
HERE P R . BRISY B AR R AR
T T 16 FIRERMM R R o : 46 LR 2
g . 3 Fh TR = IENE . 6 FIIBIITAR B8 3 Flvs Zps
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