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Research progress of medium-chain fatty acid ethyl ester in wine

HU Jialiang', ZHANG Yang', WANG Xiaomin', YANG Huafeng?, JIN Guojie'***

(1.College of Enology, Northwest A&F University, Yangling 712100, China; 2. Xinjiang Xiangdu Winery Co., Ltd., Bayingolin 841100, China;
3.Ningxia Helan Mountain's East Foothill Wine Experiment and Demonstration Station, Northwest A&F University, Yinchuan 740104, China;
4.Heyang Grape Experiment Demonstration Station, Northwest A&F University, Yangling 715300, China)

Abstract: Medium-chain fatty acid ethyl ester are key ester substances that affect the floral, fruity and other aroma characteristics of wine. Their low

sensory threshold enables a slight change in concentration to significantly alter the sensory quality of wine, and their weak volatility can make the aroma

of wine more lasting. In this paper, the biosynthesis mechanism of ethyl medium-chain fatty acid ester and their regulation and control mechanism

during alcohol fermentation, malolactic fermentation and aging process of wine were systematically reviewed. The research progress of multiple regu-

latory strategies such as microorganism co-inoculation, fermentation parameters regulation and molecular biological modification were mainly dis-

cussed. Finally, the future research directions and trends were prospected, with the aim of providing a theoretical basis for the precise regulation of

medium-chain fatty acid ethyl ester in wine, and ultimately enhancing the sensory quality and market competitiveness of wine.

Key words: medium-chain fatty acids ethyl ester; wine; aroma; sensory quality; regulation

7 T B ot R R B A R R AR
I R 1A A T T, H o A R DA 9 0 T 70 T B
PR, 4G P A R 1 3000 AT, AL HE ColE
W2 RS I R R TR R R A PR (T
2B WRRSE X SEY AR L A RE BE A
EEA 8 AN ], T3 960 60 TS A ) 19 e

T 288 S 1 288 i 1y 21 ) ot ) 2 ik 5 A L IRR 9 R L 4
I, BN o A 4 R U R R R 2
— A R OOR T R B BRI S BAT AN R A A TR
R SCRRAIE 70 40 280 T A A T S SR PR L IR A e R R A
W A vl A ) A A S R

Y& B #3:2025-01-09 &= H #:2025-04-02

TR AFAE , — B AT 100 mg/L, o5 A% & P 9 I A9 30%,
T3> 4 2 T e LR 2R ) A A, AR A T R g 2R
AL BERAE A, AR SOUHE , X 2 i B i A
Ha5 1 B2 AR IE

i i B R £ T (medium-chain fatty acid ethyl ester,
MCFAEE ) 5 v 6 i 5 B2 5 2 1 52 o7 A= i i TR 2K A
BN LG TR O TR O R O BR E R TR SR ST, Tt
T 0 52 2 HCHE SR AR AL AR 5 R 4G I b AR R
WA L, T B TR £ R B A R RRAR (T R L 1
10 }.Lg/L; E@Z@E:&S }.Lg/L;'Y“EﬁZ‘EE:é Mg/L;%lgﬁﬁZAEE:
243 wg/L ) e B /N AR T £ o) A 4 0 R R o

EEWE F5%ARFEIE I (31801528) ; B 8 4k T /K H A X MK FHE % 5T (2022A02002-4 ) 5 1) % 75 3 X FHE THI 5T H (2024NY-26)

BEVE A B SR Bh 2 L RT 52 11 4] (2023-JC-YB-145)

YEZ B AT N L (2000-) , 5 , AL AF 52 A BIF 587 1) Ay ) 2 T 6 2 4 55 XU
FEWAEE WA (1983-) 53, w2082, 10 WFFE D 16] o A 0 I A 5 KUk



2025 Vol.44 No.12
14 - Serial No.406

China Brewing

Reviews

A2 WL, A AR R MR RAIG , X —Rp P AR A A T
SRR AWM, SR, H X 4 2 T AR 1D R £ R 1
P WF 5 AN R, X LA S B L 1R o R

EOCELES T A A T EERR TR SRR, O I iR TR
FERS 2 I SR B 7L IR 2 I AR I i) 72 X MAFAEER) 73
T E PR EERLR RO e | B A HAE ) A T i
PR THE R 42 B2 (1L SRR AR IR | O S 412 3 7 2 108 1) SRR BT R
7 B PR AR
1 B EBE PSR ER Z BRI SRR

AR S A R TR SR (H A R, X
HIATI R TR C TR Y B i LT B0 2 U T ) A T
b, TP EERR TR SR AT 43 PR - — SR AR I BE AR W AR
ok 8 v e il R B T LY, O — IS SR T A A TG AR R ot A
h, SIS R R D FRTEARpH AR T K A AL R AL SO B
B

TERERE | rp 5 i 5 IR £ T 3 S5 o v 4 s I T
B WG A £ T TE B A 5% 7% Wi (alcohol acyltransferase ,
AATase) A5 T A 46 KO A B, A ARG
RWEIR .,

IR O B

DAGI/LRO1  ,©

Y =
. (e
p—

AREVARE2  \__ E.g_g%@i .
v — Y _POX \
VoA TREEAS T BERECoA T v > ZHECoA ’/)
c| | || T

ADH

HEIHE A EEBI/EHTI

B -ACP TSR A iR

! AT

LHECoA ———> ZE-ACP THEIE-ACP FASI/FAS2 D--¥RIEIE-ACP

I
ACC1 | + _— \ﬁ%
: 7 S
M | MPT . >
T _HtCoA — T _HE-ACP LB BE-ACP
{
\
CO,+ACP

A1 T 7% JId ¥ it (pyruvate decarboxylase ,PDC1) ; £ i it &0 fiff (cytosolic
aldehyde dehydrogenase, ALD) ; Z ISE4#i il A 75 11 i (acetyl-coA synthetase,
ACS1) ; Z Bt AR {1 (acetyl-coA carboxylase, ACC) ; i Jlii i 7 i
fitf W 3 (fatty acid synthase subunits, FAS) ; Z.Tig 4= 9145 B 25 C Bk 4%
%% Ml (ethyl ester biosynthesis/ethanol hexanoyl transferase, EEB/EHT) ;
I 105 Bk % 5l i A & B A (fatty acyl-CoA synthetase , FAA) ; £ Bt 5% 55
fit} (acetyl transferase , AT ) ; P4 - [t /47 i ¥t 5% #% i (malonyl/palmitoyl
transferase , MPT) ; i fifi fiff (thioesterase , TES) ; i [ ik ik 4iff il A 48 1L ity
(fatty acyl-CoA oxidase,POX) ; f§§ /% ik 3t 5% £% il #H 5 if§ (sterol acyltra-
nsferase-related enzymes , ARE ) ; — [t H Jil it %L 5% % i (diacylglycerol
acyltransferase ,DGA) ,
Bl BEPREERBRZENGRRTHRE
Fig. 1 Metabolic pathway of medium-chain fatty acid ethyl ester
synthesis in yeast

FHRE B 7 9 3 Co A 32 558 1k 240 Bt 9 DSk B UG DT 1R 1Y)
WA IR AR T2 TR A0 ST R T R A B R 4 (fatty
acid synthase system,FAS) " E 47 Bk 20 i 03 i i 1R
B HFAST(BIF 3 ) FIFAS2 (il 5E ) 20 i, 13X 94~ 3 L7
B — DN BAIRE G (a6B6)1, 2 2 TE 4 il ATE £ L5 il
ABRACTE (ACC) AL N 5% Ak Sy P9 e il A BT, rh B i 07
P4 B ALY A B GRS 2 Tk 2l it A RIT D) 19k %l i AL B 3
AFASE AW S W oty , 43 5l e 4kl 20 i -ACP RN —
BE-ACP, R 5 fITH —Bk-ACP5 4 BE-ACP4E & 78 WU K
) T e U140 7 2 T R I Ao R O R AR DRGSR R AT, Y
S R AS 2 B, TR Tl AR A ) 3 52 B0 B
PR 5 1 52 5 T R T v % s I ok SR S R ALY B, Hh B
JIE 107 Tk 5 et il AT B2 PO L A RS B 1 PR R 5 S BE S
HENG TR S g , 514 W 30 40 i A1

Fh R 7 2 < TR A A 2 TG R R ek R 2 AR KR S
B Ak 0 ] 336 8 g 2 SO o HHRE R T R & TR A I B I L R
th b B R AR RS R ok AR R O 7R BR R A
[i] 25 32 7 K A1) B g 7 IR L £ Tt R TR 1) ARRT L 1) 25 A
A 7] T A 40 1) 328 1P A
2HEROBEBESREPRERRERZERNIEE

A 7] TS PRI ORG i T ok AR v IR 5B AR A AN A 2
LBERCO,, i A ol — S R GAR M ™ By, e b A 46 v i B
i 2L TRUS ) K WAk A v = AR 1 TR TR TR £ TR 7 32 3
Z R R B FE e GG RE T A R R EE R A
A,

2.1 3k BRIE B AR A3 R SR By 3 P 4k i W BR T BR 4G ¥R

TSR TR Ol B R R WA —IRE LR,
RGP B 5 A PR T R TR A TR L T R R B K TR
fig = A Z By T EERR TR SR . BRZE A5 S A B AR
3 3o AR S I AT I o YRS A T R R T o L A1
Ab 3, BB AT S0 N B B 7 R £ TR Y B i, HU KSR
FH R TP P B 55 8 %0 T A FDL b I B AT IR S R, A P
JIg Wi R £ T 19 % BE 4R 8 T37%., ZHANG BECPUH ] = M A
AR TR TR R I AT, b SR A 7R [ e R R
FRRLAER ST TG T Bk i VR G A I Jb 35 15 00 1 v B AR D IR & TR
P o, B R L ) 22 R S R RS R AT
LA 348 0 5 455 109 v BE IR D7 R £ 1R % i o MA D CEEPAf FiR
[Fi) B 3] 14 e e M s 1 B 5 TR Y 1 RIS I, 45 R R TR
B R AT LG 3 B = v B s R < TR Y B e, LI R
BERT o LR R AR R R T AR R B ORIR
AVt BRI e AR PRI A R T L A R
T O CBERFRR ORI i . SCANSANI S% 29 F g
i VL] 2% 56 IR T B 5 TR I BRI G R R R T
HE NG 0 B2 TR 4 B e R BRI RE B BRI TR A
T, X T g S AR B th R AR TR SR B R R IR 2



BOE BROE

2025 4 55 44 & 12 1
B 406 W +15-

—o BR_LIRMEEESL (R 22 BB ) M A7 B I Y %5
R Ja PG A TR B TR R TR S R A AT LAY N A
7 0 TP R N DT TR L TR R AR TR R ) 4 1 ik
JE Wi TR R RS2 W AN R 78 o SR, — L Iy 1 B8 5 TR

P 92 4 9 80 B 7 2 R 0 2 L) 5
HAE R R OR R T R G000 o B S 07 2 I £ 7 00,
T 5 AR ICIR A SR A T T B HE D7 2
BRI TR E LR,

R FREBSNEHEHERTBRZESENZN
Table 1 Effect of non—Saccharomyces cerevisiae on medium—chain fatty acid ethyl ester contents in wine

Afe TR Y e B I AJe TR Y e B Xf rEEE i 5 R k4 5 ) EEPEN
A7 900 [ 1 B ) IR A 115 o B 275 T RE AR U R 2 [21]
DU B I i 4 A TR DL T B P& Th B iR £ T T [20]

i 25 A A L PR AN 5 T IR DT R TR [21,28-29]
Tl 52 A7 6 D00 E B P TR OB & i [31]
Al N 25 A 700950 e I8 AT i G U TR 2 TG [31]
P TR M bk [32]
Tt 15 i3 FE AT fL00H FE P AT rv B i I TR £ T 7 i [33]
1B 22 ik B ) BRIV R 22 BBk P& vh 4 IR TR £ TR T [34]
o TR 2 R 2155 rR G AR I R 2T A [35]
RSN [PEFA Aty PO IROBE IR [36]
PEEER OB SRR [25]
He fy e I FEIR B2 4 e b G TR N I R 2T [27]
B R L) ) S B B T B w5 e N I R 2T [22]
B a5 A B v T R R U R 2T [23]
I 7 VL] 2% I 5 o T i 5 TR B I TR R A [24]
M 43 TR e My A IiE B & e PR i D R £ TR [37]
5 i R R IR T AT 4 30 DG e T BTG D7 R 2 G [21]
R AL v 5 i 10 1% < TR 4% [30]
Ty W7 5 o e 25 PR A R 2T A [38]

22 B30 TR 1Y 1 B 55 RS T B TR S K T B f 35 V) P49 248 L2 foh , 200 P ) 2 fd AL 1) 25 5 e 2 8 T AR A Qg a2

%@*ﬁ%%maﬁai1mij#m@%t%ﬁwm

5 500 A T 7 A O R XU DT S5 Wi e e 3ot AR 1) B
@MAMDC#W@mKHwWMk% & 7 T Bk TR o) 7 2
0, % 3k va b ) A A TR Y R (10:1) 2 3 3508 46 T h iR
I R 5 e ok v (0 8 26 A S B B, ZHANG B Q5P
AW B L) A A BT B S O B O R
5 T A SR A I RS TR %) A/ ) o A
T vt 25 S R ol P AN TR 1 A R B Kb B A
TP AN BB B L A TR 3 e X 0 2 919 < SR 07 TS M), 3 1
A 15 8 40 0 TP R T R LT8R % & . KONG C LAEHOE ]
B b 7 4 TG & Ak AR v 43 S RN T R TR SR R R R R R 41
TERE M A AME Y, e T ThEERR TR L e i % 1, 9
TR0 (R ek 20 1 4 B T R 2 R 14 K g, B AN B X
HHBE T TR <. TR 1) A AN e e M L B, AR AR
5 HC R T P 3 2 T TR 5, TE T T AR B Ak B AE T
Eﬁﬁﬁmhﬁh¢ﬂ¢&h%&a%imm&mﬁmo
2.2 AFBRIE BE A L BT B Rk dm 0 19 B ik % P 4 S B BR T

BE R E 0 %R

RSV T TR R TR R T A A TR B B S AR R B 2

S 1 255 V9 v IS U7 TR <L TR 1 B o 00 O T 4 k) v 4 i
IV 2 TR 5 0 114 5% W 776 TR R R 574 . PETITGONNET C
ARV X2 2R G B S i B A S0 R A R R
TR G KW, S5 WoR | 4 M R 422 fl A 5 7B A Z A
MR AL B3 22 5, o H R P R TR U IR TR 1) 7
o MTHU KA T 2 B 5800 v 65 248 1 B 5 IR % 1 1)
£ D) 2 il A FH T DA v A 4 T v B T R S TR
JEL A5 W S s 8 7R A At [ T R 5 TR R AT O E TR
T, 8 7 20 R TR (%) 4 B fi S A T 2
RE Wi R TR 9 B i, HL DG T 40 A [R] 42 3L fl A FH X v
N 105 R £ T ) VR B AL 18 AN B | R R 7% L o S 4L 2
i A A E TR
2.3 K EEIR AP AR NS R TS 0 R

R TR B 25 W T RE A, DA T 5% 00 v 5% i 7 R 2 T
()45 B . DEED R CHFHUdfi B Ui AS ] 9 i B T A , 625 °C
F112.5 CHAM T K& B AH A 450 | & IR 45 14 F st
JE W5 2 T 1) 2 42 58 5 . SCHWINN MZ5EUIfiF 58 1 15 ) 4
G e T Ak R e OAS [ L BE X R AR B W TR ) B
SEERW TE19 CHE, TR a5 I 7 R £ TR vk B2 5 55 o 1% A5 17



2025 Vol.44 No.12
16 Serial No.406

China Brewing

Reviews

WFIE 2, 13 CHY & A 1 TR e B vh 5 ok 4 Ji
J I T KR G 1) 36 DR AR 45 125 °Csk A BT B3R 18 I 3R
AR T T RE v A R AR AR i R e e A R 2 TR
EORE A

2.4 AT B AL RO W 4R S B BR T B5 49 %

R T A TR A T R 1 mT R, AR ) T AR
55 BB S R AR RS 2R
2550 R T Ao AR AT RE 25U S H Y N TS AR O
500 mg/L) , % %5 15 P& i U5 R 2 T8 11 5 o 5 1 n e F
FEEI IR S I ECUR 0 I MILAE BT o R T R vp i A
U 2 £ T A B0 HU KA ORI 5T 3R W, S o 40U v i A8
T B 0 P 43, 9TE T HP B T D IR L TR 1 A B, I
IR B I 0 B L v % i T R 2 T 1 A B AT B
M), SEGUINOT PEFEIF 57 2 B, Z0 U5 VS I 1 B ML X 8 26 T
TS W5 R T IR 9 4R, He v e B I R R R
FRATE & STl ¥ JIOk<s
2.5 B AR AR RS B R T BS W ¥R

T H )V R SR R T TR 4 B AR O, IR B
52 W) PR o) v % i R B HL 2L TR B A B9, BARDI LA
BIFFE T AE RS ROUR 280 7 P 2 R 1 B 0 1 D0, A B 4RIk
Ji 5 T BE AR 7 R < TR 1 i B UTA DG | IR SR B RE IS 1
TR EE R IR £ TR A R, O LR SRR AR T, R[]
KB B B T R BRI R4S 5 MU AR B R
rh AR 1D R TR 1Y) e A 5 BE B T R 1 A v
HON R R TR £ R W T I R
ik B f KA B S FE 45 T B . MARCHESINI S4B 57 3=
B 7 BRI 25 E T, £ Tk 2l Tt A PR A TG 1 3% P g 0 261
SRR G 7 R A Wl 00 A Bz R e Hh B g 1 TR
Ik M 7 T 0 e 5 I B i DA U7 7R A il e R R O, T
12 5 RR TR LR 6 i, AAGE 5t L7 (oxidation-
reduction potential, ORP ) 1 Jhy % 420 R 25 19 R A F5 78 S 44,
HEh AL S5 R A S B R B B A M 3 1 S
ORPIH i1 ZhHLIE , GE 5 4G i 2 AL MR SR E B A I i K
S T 30 g AT A TR AR O s ) 6 o ) 25 T P B g
i L TR B 5 5, XUE S J450558 i il 52 KN [RJORP T i £
BERG TR  BRAR A SC I (R (1 e ik & 48 7R T A et it
ORPIR 5 H &t I i R £ 156 25 BRI HILTH , I ORPAE M 1<,
TE N TR A A B &S 5 LB, EARRNR &
KRR A s 2 8% g 1D R £ 16 B 1 ORPEL AT BT AR
(] GO0 7 ] 8 A TR RS & % 2k R b XT ORP 1 B B 1 47 1l
AT THESY , R ILAE0~48 hf ORPFE il #£0 mV , Bifi J5 7 %%
R H 2K ORPHH 4 25 17 Hh % i 1 R < TR 1) o5 o B 5 2 s
2.6 IR A By BR X 4k RS B BR T BE W9 %R

R ZR TP AN [R] (4 B 7 R B A 45 5 W T RS A T ot
R AR K TR U TR 1 B BT A B SR G il 1 T DS

5 T A A v i 7 TR 2 T ) G AR 4 I, R R, 2 5 i
259 105 v B B DT R R 0 B RO E S SR YRS
g o e AR o e i P T 2 0 ) B A AT A A
2% FLIR oA 3z B, TR 9 A5 85 R 0 Sy
SAERENS S M G 57 3% BH | 76 BF A= P i 1% B & 8%
T TR S o s Vi E B O R RN SR IR | BE A 10 35 4R TR R AR T TR
LRI KT B2 T B PTSAH0R% I LIU P TAE R 15 458
W LETE A & B PR 41 ~410 mg/L Y A1 FIS 15 % (an
IR R L RR R ) T BE S B £ B O- R 3L 5 B i (FR
EEBIZE P 4t ) (33 235, M4 1F o 5% A s R 2 T8 1) 4=
YA B, KONG C LAF1TE & [ i N [ [ B 1) 6 25 109 v s
i B i 7 R B 5 45 R 3R W AE R T R S o b B B
7 56 T A7 S b AR 1 PP B R T TR 2 TR 14 A B, T R TR R Ik
FI R 48 L P 5 0 e R 5 Rl 1 3 P A v, DA T A R
FrhaENR IR IR A LS LR
SHAEFEREBABRL BRI RAHNIARE

3.1 FRBRIUBR A B TAR P 4R I IR T B5 0 R 45

SE L2 7L B2 & % (malolactic fermentation, MLF) /2%
W R 25 o S R AT 1) R R A R B 08 A 4 4 0 1 £k
S A R LB TR LR AR R, ARG RS B AR
JE T A R E MRS DA R © E W LR T
5 PR R A RS e T T L v A 2 P A S I R 2 R
TS SR AEk R T LG O 2 AR RETR A R Wk A
s 3 SR R L R e 3k A DT 82 v 0 280 TS P 4 Mg D TR . T
1 F i, ZHAO H Y S5 T e Me AR I B T 2RI BR 1A 5
iR 7 P R 1 TR G I S AR T R D R TR Y B
i, HU KA Y & g 50 O e R LA 1 -5 TR e 1R
B R R T kT HE iR T B g 0 1 5 AT TR A 1
FE4E = T EE R TR R F VR B DEVI ASF IS T 42 T A
Sz T 3k i v A T) HsF i) it 2 TP VP R A AR 400 LT B 6
BRI A R RE R 25 5 R B 5 Ul A T IR
S I 6T R 21 A E , MILF A B %) 38 250 b O R 2 1R L F TR
LRSS TR R ) & B A TR, U R EWRS & 1 )
O L AT 1 A X SRR S I 1 BRSO
Rl . ZHANG B Z2 RS 109 0 3K 1 5 48 W) FLAT
TR R I R A TR A Al 45 R R BE RS
P 5 v B G U R T P
3.2 MRERIEAR P P 4R I R T B 09 9R 4%

T 765 TS B R R B R R TR B A2 B 2 Rl A
KI5, A5 IR AL AR T /K A T B R 2L R 4 40 i )
RS RO E Y, UL SR 2 T 2 ] ) A AR AES, A
I AE PR IR O R b TR 2R S 0 A Gy 23 Kk AR A ARl h
B NG iR £ TR 5 I/ B A SRy T iR i — (] B
SE W, 750 25 WA A7 B2 op ) ol 7R T N- 2 T b R
FE A4 5] v 5% S 0 TR 2 TG 18 70K A 0O T 458 I Tk D) 38 3k 4



BOE BROE

2025 4F 45 44 % 55 12 )
M 406 ] <17 -

il S Ak 1 FH Vs 20 B 2 0 5 A /K g 70, SUKILTE K458 5%
KR, TEA R E] , 28 TR £ TR 1) % 2 b 7R IR SO, &
SR LR IS MERR fE 98 A1 AL PH 1R E TR LR R R &
R 7K A o AR R A A AR 7 R ARRIE N 51 22 T A
TF & w8 P HAR AR 9 N T BRER B AR, LA 0 38 21 7 4
T 1) AR TR ok AR e TR A% GE AR A AR B ot i o 2R 7 ¥ L
4ERy LA R b BE B D5 IR £ 1R & B AR Y ] 3 . GRANJA-
SOARES J 45 PR F o S0 Wk B FAG AR Sl 285 & 1 5 vk L 1
ANGPFE PR g T — OB B BRER AR FR |, DT B8 5 T A
HHBE N TR 216 1 & . GARCIA R MZEUIE B 1 RT3
T T IS T B B v 2T TP R B T R £ IR B L E
S5 P B O AT A B AR R D s BRI A it
T4 S 56 vt UL SR BRI , W B A Jir R 2 8 7 i
FE 5 AR, I T v 65 B 7 1R 2, 1R 119 4% k71
4 FERRIAER ZBE R 5 FE W F IR
4.1 P4k R By BR T 85 Ak MR % R B AT W 4% IR B BR 2 B 09

LR

LT BRI , v B 105 R T8 1) A2 40 Ui 5 4
R, H 32 AR O R P B 0 BE SR A AT . MASON
A BEEUIE Sy M £ B TR 45 U (ATF1,LgATF1,ATF2) ) ,
PE TSR DUFP R A BB — £ O R L B I X WA AL £ B
A2 B CoAA B C 2 Z i , VERSTREPEN K J&EMIfff 55 T
atfl AR atf2 AR PR 2 TR B RN A6 TR R, & IR 7 A 1Y
B I 17 R <, TR & AR [R), ITTIE B T ATFI R ATF23E
RS 5P ENR IR LY G . SAERENS S M G5
I PR O BEO-BE R AL B BEEEB L MIEHT L, 45 SR &0, 5 87 4=
B R EL , BRI 2 BFBY 4741 eeb AH R P, C 1R 216 F 1R
T SR LRI 2 7 s T 88%,45%,40% ., fEeebl A
PR RE R B EHT15E RUXT 28 TR £, T 1) A6 7= A s i), A
H O R LRI T36%, R OBRIR D T20%., R A
BY4741 ehtlAeebl AN F SR P 5 eeb I A HLIE PR 5 G TR
PRAH LG, O R R 222 LRI & AR (H TR SR 1 &
IR A30%, 1% £ Eht 1% HEENR IR 2 16 145 e &
UCELAE T, M Eeb 1 2 HRBt i 15 8 £ T 5 B Hh 5 T2 Y il
TEeht] Aeeb I ARUEE R Gl B bk | i — 20 iR YMR2 10wHE
A, FEC R TR AR LR i & ik — 40 3> R
YMR210wHE 1.2 5 rh 4% g 17 R £ R 1) & % . SAERENS
S M GEEMHESE K& I, Us N =F 1R fig 1% 15 7 EEBI M EHT1 5
[Hid %3k {H EEBISL EHT 13 K /i 36 ik 01 & i 4 = v
BE G R £ R G IR AN ST B Ik SR 5 S B ERt 1 A
Eeb15Z 51|t 4 i % 4 15 A 09375 S IR 45 0% 48 285705 v B S i
1% 20T 1Y) e B B T SV ) — v B s Tk e AT R BE L TR
B, HBE IR Rl T A 5 2 P IS D R TR A B Y B A PR
R (HE R 5T K B, 3 63K EEB 13 R 0] L4 g Hh %
NEIWIR R 7~ i, YIN HAOE i e b rp i) 83K EEBI

LR B E S T O OB R O EE R &, LIU PAES
TETRE B B b i R EEBIFEN | B 3538 5 T F 1R L TR AN 5%
2 BRI B i, IS IR AR R J5 | IX SR A & it il —
RN SR, 2o 0 TS INAS T 0 g 7 PR 5 350 L TR & TR R TR
PRI T i R R AN FEAS ) i AN TR R 7 BR S I
EEBIFER ) 3238 it (R HF— 2, X — 45 24 8 T SAERENS
SM GHEMZ Fi iy ik, 38 2 33 3% 3k EEB 15 D% v g i
TR W6 T 3 1) 2 v A7 IR, SHIT W45 B0 B 785 vh Ay 2 1 1 ik
e B I T | N TR B RO AR FRAA i — D e T P
BT R TR 19 7™ i
4.2 4k B By B T BS AT AR 4 R AR & K B R P 4% R B R 2

B AT Ak 4 R

H e A U I 25 A T A R BE S R £ TR A R Y G A
TR BT, 98/ AR R Al A5 P OB i L5 U, )
AL AT AR T R AR 1D R < TR 9 7 i, CHEN Y 4552058 2o il
R ERT BE BE I FAA IR, B3R T CIR BRI 7= =,
FAA DR T2 5 R ZEOME K BENR DR 6 1k . 4 4h
VA G 17 T 1ok v s T 2 Ay 5 i TG T S R A ) G JRE
o 2E T B0 2 AR B AR AR T L X — i B S BUIR i
TR A T A2 A A R R S 1V R I O TR B L TR T 4 Tt A 1Y)
WRE TN B, DT A b s R R 218 19 A B, THOMPSON
R A% SIFE R I B th KA MR T FAA2FIPXA2KE A | iX
WIS 3 R 2 5 TG I 1 A2 i 2 0 B Ak IR 17 B- 41
b, AL E R S RE R U TR A AR B- LT
i 15 5 22 1) 1R 9k 8 1 A 0T R T b BE R T R 2 TR 1Y A .
DE JONG B W % ¥ i i i DGA1.LROI1 . ARE] ,ARE2
FIPOXTHE D W /b T g 17 Tk 56 4l g A 1) — Tk H- i | 55 B g
M B BEA R AL, BRI D b4 i 107 R 2, 15 VR4 I 3
ri) F A AR A A0 A 38 A B R L i T D = v B
R T8 () P | 3 F6 IR FAS IR FAS 23 R AT DL 4R v B g
T I B A Y 7 5, T4 S RN TR £ MR Y BT
DE JONG B W 4 B3 1+ i 5% 55 ADH2 . ALD6 . acsg:™™" |
ACCIS"WASSONIACBIFER 38T 150 il A B 2R 7 A J2
P LA Tl A ) 5 B, B T BB T R R R
5 REERE

B T U 2 £ TG 2 4 25 T 1 S B R I o R
B R R RS U R AR AR R
Pl AR 2 X BE IR IR £ R 1 & i B B E
A, 25w Y B SRR e, 7RI WS H ERE  EAN
REAE AR IR T 4R T TP R NS DT R O 1R & i, M A B AR b 1
AP EOLE R B E WS, XF RS T T
SEBR AR PR N L AR 5T N A R IR AR AR R
AR L3 T RO R R TR DA e b 7 X A 2% 22 7R 1 A
2 TS TR 325 25, DA T Rt i T v % i T R £ TR P % o

T T Y R ER 2o AR v B I 1D R 2 R 1 BN



2025 Vol.44 No.12

-18- Serial No.406

China Brewing

Reviews

AU AR AR AN BA B R IWTIENIZE S
% 18 22 b R 20T BRI O R T B S 7 TR £ TR S R 1R P AR
SR 38 AL RO E R R I s F e PR R A A iR TR A
PRST AL Sk Bl B [ 4 TGS T B i DT TR T 5 i 1Y
Wi, A SR 58 AN ASL BE TR A ] 25 1 AR i 8 v A 2 A8 e Y
B, B SR AR R MR T UAE T SRR, AT 4R
T 2 T R A

FHT T ] 0 e R o 4 4 T TR e o R A T R 0 ol
I, IR TR R 9 03§ AR W A DA PRI I B v T AR
WS AU, AN, b T R RELE S [ R A R AT Y
PRBPRRPEAT AL 22 57, S HTVF 22 50 T B G T TR & R 9142 1Y
R0 R LB T 4 T R AR RIF 5 17 45 5 i 2 S
KRR N 2 2B R a3 T HLH 2 T TR A AT 5%
BERQ AR R AR . KA B T IR A BT I8 B P BE AR 107 1R £ TR
(18 A LR, 1 T T R A R 4 T A I P R
DRG] 22 4 N7 P T 480 25 TS R, DA T 494 0 v 58 IS T . U T
0 5 i, o 20 A 4 T RS R R AT 58 4

S E K

[I]LIN, WANG L, YIN J, et al. Adjustment of impact odorants in Hutai-8
rose wine by co-fermentation of Pichia fermentans and Saccharomyces
cerevisiae[J]. Food Res Int, 2022, 153: 110959.

[2] LIU S, LOU Y, L1Y, et al. Aroma characteristics of volatile compounds
brought by variations in microbes in winemaking[J]. Food Chem, 2023,
420: 136075.

[3] KUMAR Y, RICCI A, PARPINELLO G P, et al. Dealcoholized wine: a
scoping review of volatile and non-volatile profiles, consumer perception,
and health benefits[J]. Food Bioprocess Technol, 2024, 17(11): 3525-
3545.

[4] HEY, WANG X, LI P, et al. Research progress of wine aroma components:
A critical review[J]. Food Chem, 2023, 402: 134491.

[5] SUMBY K M, GRBIN P R, JIRANEK V. Microbial modulation of aro-
matic esters in wine: Current knowledge and future prospects[J]. Food
Chem, 2010, 121(1): 1-16.

[6] ARITOMI K, HIROSAWA I, HOSHIDA H, et al. Self-cloning yeast strains
containing novel FAS2 mutations produce a higher amount of ethyl
caproate in Japanese sake[J]. Biosci Biotechnol Biochem, 2004, 68(1):
206-214.

[7] SAERENS S M G, DELVAUX F, VERSTREPEN K J, et al. Parameters
affecting ethyl ester production by Saccharomyces cerevisiae during fer-
mentation[J]. Appl Environ Microbiol, 2008, 74(2): 454-461.

[8]LIN, LI G, LI A, et al. Synergy effect between fruity esters and potential
odorants on the aroma of Hutai-8 rose wine revealed by threshold, S-curve,
and o-1 plot methods[J]. J Agr Food Chem, 2023, 71(37): 13869-13879.

[91 ZHANG J, WANG X, ZHANG F, et al. Influence of an indigenous yeast,
CECA, from the Ningxia wine region of China, on the yeast community
dynamics and aroma of Cabernet Sauvignon wines[J]. LWT-Food Sci
Technol, 2023, 189: 115506.

[10] SLEGERS A, ANGERS P, OUELLET E, et al. Volatile compounds from

grape skin, juice and wine from five interspecific hybridgrape cultivars
grown in Québec (Canada) for wine production[J]. Molecules, 2015, 20
(6): 10980-11016.

[11] SAERENS S M G, VERSTREPEN K J, VAN LAERE S D M, et al. The
Saccharomyces cerevisiae EHT1 and EEBI genes encode novel enzymes
with medium-chain fatty acid ethyl ester synthesis and hydrolysis capacity
[J]. J Biol Chem, 2006, 281(7): 4446-4456.

[12] RUNGUPHAN W, KEASLING J D. Metabolic engineering of Saccha-
romyces cerevisiae for production of fatty acid-derived biofuels and
chemicals[J]. Metab Eng, 2014, 21: 103-113.

[13] SHI S, CHEN Y, SIEWERS V, et al. Improving production of malonyl
coenzyme A-derived metabolites by abolishing Snfl-dependent regulation
of Acc1[J]. mBio, 2014, 5(3): €01130-1114.

[14] HUSSAIN S A, HAMEED A, KHAN M A K, et al. Engineering of fatty
acid synthases (FASs) to boost the production of medium-chain fatty acids
(MCFAs) in Mucor circinelloides[J]. Int J Mol Sci, 2019, 20(3): 786.

[15] DUFOUR J P, MALCORPS P H, SILCOCK P. Control of ester synthesis
during brewery fermentation[J]. Brew Yeast Ferment Perform, 2003:
213-233.

[16] ECHAVE J, BARRAL M, FRAGA-CORRAL M, et al. Bottle aging and
storage of wines: A review[J]. Molecules, 2021, 26(3): 713.

[177RAMEY D D, OUGH C S. Volatile ester hydrolysis or formation during
storage of model solutions and wines[J]. J Agr Food Chem, 1980, 28(5):
928-934.

[18] LILLY M, LAMBRECHTS M G, PRETORIUS I S. Effect of increased
yeast alcohol acetyltransferase activity on flavor profiles of wine and
distillates[J]. Appl Environ Microbiol, 2000, 66(2): 744-753.

[19] WANG X, FAN G, PENG Y, et al. Mechanisms and effects of non-Sac-
charomyces yeast fermentation on the aromatic profile of wine[J]. J Food
Compost Anal, 2023, 124: 105660.

[20] HUK, JIN G J, MEI' W C, et al. Increase of medium-chain fatty acid ethyl
ester content in mixed H. uvarum/S. cerevisiae fermentation leads to
wine fruity aroma enhancement[J]. Food Chem, 2018, 239: 495-501.

[21] ZHANG B, TANG C, YANG D, et al. Effects of three indigenous non-
Saccharomyces yeasts and their pairwise combinations in co-fermentation
with Saccharomyces cerevisiae on volatile compounds of Petit Manseng
wines[J]. Food Chem, 2022, 368: 130807.

[221 MA D C, YAN X, WANG Q Q, et al. Performance of selected P. fermen-
tans and its excellular enzyme in co-inoculation with S. cerevisiae for
wine aroma enhancement[J]. LWT-Food Sci Technol, 2017, 86: 361-
370.

[23] 2ok D&, bty WY A8 200, 26 A TS 19 RE 5 IR R R A e I X
A A SR I [)]. T E AR ,2022,41(10) :89-94.

[24] SCANSANI S, VAN WYK N, NADER K B, et al. The film-forming
Pichia spp. in a winemaker's toolbox: A simple isolation procedure and
their performance in a mixed-culture fermentation of Vitis vinifera L. cv.
Gewiirztraminer must[J]. Int J Food Microbiol, 2022, 365: 109549.

[25] RUSSO P, TUFARIELLO M, RENNA R, et al. New insights into the
oenological significance of Candida zemplinina: Impact of selected au-
tochthonous strains on the volatile profile of Apulian wines[J]. Microor-
ganisms, 2020, 8(5): 628.

[26] VICENTE J, RUIZ J, BELDA 1, et al. The genus Metschnikowia in enology



2025 17 5 44 % 512

B 406 W +19-

[J]. Microorganisms, 2020, 8(7): 1038.

[27] CIOCH-SKONECZNY M, GRABOWSKI M, SATORA P, et al. The use
of yeast mixed cultures for deacidification and improvement of the com-
position of cold climate grape wines[J]. Molecules, 2021, 26(9): 2628.

[28] FRESNO J M D, LOIRA I, ESCOTT C, et al. Application of Hansenias-
pora vineae yeast in the production of rosé¢ wines from a blend of Tem-
pranillo and Albillo grapes[J]. Fermentation, 2021, 7(3): 141.

[29] VALERA M J, OLIVERA V, BOIDO E, et al. Wine aroma characteriza-
tion of the two main fermentation yeast species of the apiculate genus
Hanseniaspora[J]. Fermentation, 2021, 7(3): 162.

[30] HRANILOVIC A, ALBERTIN W, CAPONE D L, et al. Impact of Lachancea
thermotolerans on chemical composition and sensory profiles of Merlot
wines[J]. Food Chem, 2021, 349: 129015.

[31] BADURA J, KIENE F, BREZINA S, et al. Aroma profiles of Vitis
vinifera L. cv. Gewiirztraminer must fermented with co-cultures of Sac-
charomyces cerevisiae and seven Hanseniaspora spp.[J]. Fermentation,
2023, 9(2): 109.

[32] FILIPPOUSI M E, CHALVANTZI I, MALLOUCHOS A, et al. The use
of Hanseniaspora opuntiae to improve 'Sideritis' wine quality, a late-
ripening Greek grape variety[J]. Foods, 2024, 13(7): 1061.

[33] ALBERICO G, CAPECE A, MAURIELLO G, et al. Influence of mi-
croencapsulation on fermentative behavior of Hanseniaspora osmophila
in wine mixed starter fermentation[J]. Fermentation, 2021, 7(3): 112.

[34] X1 SCwy, b, Wi ali 6, 45, TR M 22 W B 7 0 1 ol 22 BR 0 2 1 B
AP BIRLH[I]. I R, 2021,40(12) :45-51.

[35] L1J C, WILKINSON K L, FORD C M, et al. Effect of non-Saccharomyces
yeast strains on 3-isobutyl-2-methoxypyrazine concentration and aroma
properties in Sauvignon Blanc wines during fermentation [J]. Aust J
Grape Wine Res, 2022, 28(4): 607-620.

[36] FRANCESCA N, NASELLI V, PRESTIANNI R, et al. Impact of two
new non-conventional yeasts, Candida oleophila and Starmerella lactis-
condensi, isolated from sugar-rich substrates, on Frappato wine aroma
[J]. Food Biosci, 2024, 57: 103500.

[37] BINATI R L, MAULE M, LUZZINI G, et al. From bioprotective effects to
diversification of wine aroma: Expanding the knowledge on Metschnikowia
pulcherrima oenological potential[J]. Food Res Int, 2023, 174: 113550.

[38] BARONEE, PONTICELLO G, GIARAMIDA P, et al. Use of Kluyveromyces
marxianus to increase free monoterpenes and aliphatic esters in white
wines[J]. Fermentation, 2021, 7(2): 79.

[39] ZHANG B Q, LIU H, XUE J, et al. Use of Torulaspora delbrueckii and
Hanseniaspora vineae co-fermentation with Saccharomyces cerevisiae
to improve aroma profiles and safety quality of Petit Manseng wines[J].
LWT-Food Sci Technol, 2022, 161: 113360.

[40] KONG C L, LI A H, JIN G J, et al. Evolution of volatile compounds treated
with selected non-Saccharomyces extracellular extract during Pinot noir
winemaking in monsoon climate[J]. Food Res Int, 2019, 119: 177-186.

[41] TV, W7, PV EG 30 , 45 010 28 =l R 1% - i A1 484 77 TR T 1 7 2
TR [I]. Al TR 2% 4 ,2020,36(4) : 278-286.

[42] PETITGONNET C, KLEIN G L, ROULLIER-GALL C, et al. Influence
of cell-cell contact between L. thermotolerans and S. cerevisiae on yeast
interactions and the exo-metabolome[J]. Food Microbiol, 2019, 83: 122-
133.

[43] HU K, ZHAO H, EDWARDS N, et al. The effects of cell-cell contact
between Pichia kluyveri and Saccharomyces cerevisiae on amino acids
and volatiles in mixed culture alcoholic fermentations[J]. Food Micro-
biol, 2022, 103: 103960.

[44] JAFHRI ERAEHE , 95 82, 45 WK AT S0 150 1 1 15 R 0 T R 240 D 1] 42 fike
X< AR R A A T XU S B R (D). R E AL B2 ,2024,57(16)
3264-3282.

[45] DEED R C, FEDRIZZI B, GARDNER R C. Influence of fermentation
temperature, yeast strain, and grape juice on the aroma chemistry and
sensory profile of Sauvignon blanc wines[J]. J Agr Food Chem, 2017,
65(40): 8902-8912.

[46] SCHWINN M, DURNER D, WACKER M, et al. Impact of fermentation
temperature on required heat dissipation, growth and viability of yeast,
on sensory characteristics and on the formation of volatiles in 'Riesling'
[J]. Aust J Grape Wine Res, 2019, 25(2): 173-184.

[47] Fo 51 SCRL, BRIt , 45 A 46 10 & 8 7 U BUIR A S ot S (0], vh
B4 15 43,2024 (1) :81-93.

[48] LIU P, WANG Y, YE D, et al. Effect of the addition of branched-chain
amino acids to non-limited nitrogen synthetic grape must on volatile
compounds and global gene expression during alcoholic fermentation[J].
Aust J Grape Wine Res, 2018, 24(2): 197-205.

[49] AR I XUANES | A R 00 I 8 B e W i AR P R 2R
A IR, v R R L2018 ,37(1) :149-154.

[50] UGLIANO M, SIEBERT T, MERCURIO M, et al. Volatile and color
composition of young and model-aged Shiraz wines as affected by di-
ammonium phosphate supplementation before alcoholic fermentation
[J]. J Agr Food Chem, 2008, 56(19): 9175-9182.

[SIJHU K, JIN G J, XU Y H, et al. Enhancing wine ester biosynthesis in
mixed Hanseniaspora uvarum/Saccharomyces cerevisiae fermentation
by nitrogen nutrient addition[J]. Food Res Int, 2019, 123: 559-566.

[52] SEGUINOT P, ROLLERO S, SANCHEZ I, et al. Impact of the timing
and the nature of nitrogen additions on the production kinetics of fer-
mentative aromas by Saccharomyces cerevisiae during winemaking fer-
mentation in synthetic media[J]. Food Microbiol, 2018, 76: 29-39.

[53] BARDI L, CRIVELLI C, MARZONA M. Esterase activity and release
of ethyl esters of medium-chain fatty acids by Saccharomyces cerevisiae
during anaerobic growth[J]. Can J Microbiol, 1998, 44(12): 1171-1176.

[54] MARCHESINI S, POIRIER Y. Futile cycling of intermediates of fatty
acid biosynthesis toward peroxisomal [-oxidation in Saccharomyces
cerevisiae[J]. J Biol Chem, 2003, 278(35): 32596-32601.

[55] XUE S J, ZHANG J R, ZHANG R X, et al. Oxidation-reduction potential
affects medium-chain fatty acid ethyl ester production during wine alco-
hol fermentation[J]. Food Res Int, 2022, 157: 111369.

[56] XUE S J, WANG L, CHEN 8§, et al. Controlled aeration driven by oxi-
dation-reduction potential affects ester profile in wine alcohol fermenta-
tion with different starter cultures[J]. Aust J Grape Wine Res, 2023,
2023(1): 5667458.

[57] WS, ERgh, B 7, % . ORP Ky B M 45 il 42 = 4 257 b 56 g
T2 T R ey R 3 SRS (D], AL HLAR % 4 ,2024,55(2) :353-362.

[58] FARINA L, MEDINA K, URRUTY M, et al. Redox effect on volatile
compound formation in wine during fermentation by Saccharomyces
cerevisiae[J]. Food Chem, 2012, 134(2): 933-939.



2025 Vol.44 No.12

<+ 20- Serial No.406

China Brewing

Reviews

[59] VIEGAS C A, ROSA M F, SA-CORREIA I, et al. Inhibition of yeast growth
by octanoic and decanoic acids produced during ethanolic fermentation
[J]. Appl Environ Microbiol, 1989, 55(1): 21-28.

[60] LIU P T, ZHANG B Q, DUAN C Q, et al. Pre-fermentative supplemen-
tation of unsaturated fatty acids alters the effect of overexpressing ATFI
and EEBI on esters biosynthesis in red wine[J]. LWT-Food Sci Tech-
nol, 2020, 120: 108925.

[61] KONG C L, MA N, YIN J, et al. Fine tuning of medium chain fatty acids
levels increases fruity ester production during alcoholic fermentation[J].
Food Chem, 2021, 346: 128897.

[62] PEREZ-MARTIN F, IZQUIERDO-CANAS P M, SESENA S, et al. Aro-
matic compounds released from natural precursors by selected Oenococcus
oeni strains during malolactic fermentation[J]. Eur Food Res Technol,
2015, 240: 609-618.

[63] YANG L, ZHU X, MAO Y, et al. Effect of different inoculation strate-
gies of mixed culture Saccharomyces cerevisiae/ Oenococcus oeni on the
aroma quality of Chardonnay wine[J]. Food Res Int, 2024, 190: 114636.

[64] ZHAOH Y, LI Y Q, LIU L X, et al. Effects of inoculation timing and
mixed fermentation with Pichia fermentans on Oenococcus oeni viabili-
ty, fermentation duration and aroma production during wine malolactic
fermentation[J]. Food Res Int, 2022, 159: 111604.

[65] HU K, ZHAO H'Y, KANG X, et al. Fruity aroma modifications in Mer-
lot wines during simultaneous alcoholic and malolactic fermentations
through mixed culture of S. cerevisiae, P. fermentans, and L. brevis[J].
LWT-Food Sci Technol, 2022, 154: 112711.

[66] DEVI A, ANU-APPAIAH K A, LIN T F. Timing of inoculation of
Oenococcus oeni and Lactobacillus plantarum in mixed malo-lactic cul-
ture along with compatible native yeast influences the polyphenolic,
volatile and sensory profile of the Shiraz wines[J]. LWT-Food Sci Tech-
nol, 2022, 158: 113130.

[67] ZHANG B, LIU D, LIU H, et al. Impact of indigenous Oenococcus oeni
and Lactiplantibacillus plantarum species co-culture on Cabernet Sauvi-
gnon wine malolactic fermentation: Kinetic parameters, color and aroma
[J]. Food Chem: X, 2024, 22: 101369.

[68] ANCIN-AZPILICUETA C, GONZALEZ-MARCO A, JIMENEZ-MORENO
N. Evolution of esters in aged Chardonnay wines obtained with different
vinification methods[J]. J Sci Food Agr, 2009, 89(14): 2446-2451.

[69] ROUSSIS I G, LAMBROPOULOS I, PAPADOPOULOU D. Inhibition
of the decline of volatile esters and terpenols during oxidative storage of
Muscat-white and Xinomavro-red wine by caffeic acid and N-acetyl-
cysteine[J]. Food Chem, 2005, 93(3): 485-492.

[70] ANDUJAR-ORTIZ I, CHAYA C, MARTIN-ALVAREZ P J, et al. Im-
pact of using new commercial glutathione enriched inactive dry yeast
oenological preparations on the aroma and sensory properties of wines
[J]. Int J Food Prop, 2014, 17(5): 987-1001.

[71] SUKLJE K, ANTALICK G, BUICA A, et al. Inactive dry yeast applica-
tion on grapes modify Sauvignon Blanc wine aromal[J]. Food Chem, 2016,
197: 1073-1084.

[72] MA T, WANG J, WANG H, et al. Wine aging and artificial simulated
wine aging: Technologies, applications, challenges, and perspectives[J].
Food Res Int, 2022, 153: 110953.

[73] GRANJA-SOARES J, ROQUE R, CABRITA M J, et al. Effect of inno-
vative technology using staves and micro-oxygenation on the odorant and
sensory profile of aged wine spirit[J]. Food Chem, 2020, 333: 127450.

[74] GARCIA R M, MARTINEZ-LAPUENTE L, GUADALUPE Z, et al.
Ultrasound and microwave techniques for assisting ageing on lees of red
wines[J]. Food Chem, 2023, 426: 136660.

[75] LUKIC K, BRNCIC M, CURKO N, et al. Effects of high power ultra-
sound treatments on the phenolic, chromatic and aroma composition of
young and aged red wine[J]. Ultrason Sonochem, 2019, 59: 104725.

[76] DAIN, ZHANG X, CAI Z, et al. The effect of different pulsed magnetic
field and microwave composite treatment on the aroma compounds and
sensory characteristics of soy-sauce flavor Chinese liquor[J]. CyTA-]J
Food, 2021, 19(1): 793-804.

[77] MASON A B, DUFOUR J P. Alcohol acetyltransferases and the signifi-
cance of ester synthesis in yeast[J]. Yeast, 2000, 16(14): 1287-1298.

[78] VERSTREPEN K J, VAN LAERE S D M, VANDERHAEGEN B M P,
et al. Expression levels of the yeast alcohol acetyltransferase genes ATF1,
Lg-ATF1, and ATF2 control the formation of a broad range of volatile
esters[J]. Appl Environ Microbiol, 2003, 69(9): 5228-5237.

[79] LILLY M, BAUER F F, LAMBRECHTS M G, et al. The effect of increased
yeast alcohol acetyltransferase and esterase activity on the flavour profiles
of wine and distillates[J]. Yeast, 2006(23): 641-659.

[80] YIN H, LIU L P, YANG M, et al. Enhancing medium-chain fatty acid
ethyl ester production during beer fermentation through EEBI and ETRI
overexpression in Saccharomyces pastorianus[J]. J Agr Food Chem,
2019, 67(19): 5607-5613.

[81] SHI W, L1 J, CHEN Y, et al. Enhancement of C6-C10 fatty acid ethyl
esters production in Saccharomyces cerevisiae CA by metabolic engi-
neering[J]. LWT-Food Sci Technol, 2021, 145: 111496.

[82] CHEN Y, FU C Y F, LI F, GUO J, et al. Enhanced ethyl caproate pro-
duction of Chinese liquor yeast by overexpressing EHT1 with deleted
FAAI[J]. J Ind Microbiol Biotechnol, 2014, 41(3): 563-572.

[83] THOMPSON R A, TRINH C T. Enhancing fatty acid ethyl ester produc-
tion in Saccharomyces cerevisiae through metabolic engineering and
medium optimization[J]. Biotechnol Bioeng, 2014, 111(11): 2200-2208.

[84] DE JONG B W, SIEWERS V, NIELSEN J. Physiological and transcrip-
tional characterization of Saccharomyces cerevisiae engineered for pro-
duction of fatty acid ethyl esters[J]. FEMS Yeast Res, 2016, 16(1): fov105.

[85] BENNIS N X, BIESEMAN J, DARAN J M G. Unlocking lager's flavour
palette by metabolic engineering of Saccharomyces pastorianus for en-
hanced ethyl ester production[J]. Metab Eng, 2024, 85: 180-193.

[86] DE JONG B W, SHI S, VALLE-RODRIGUEZ J O, et al. Metabolic
pathway engineering for fatty acid ethyl ester production in Saccharomyces
cerevisiae using stable chromosomal integration[J]. J Ind Microbiol

Biot, 2015, 42(3): 477-486.



