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Kinetical Feature for Acetate Esters Production during
Ecolly Dry White Wine Fermentation

LI Yunkui'® WANG Xingjie' JIN Guojie'> SONG Hongcong' LIU Hao' TAO Yongsheng'’
(1. College of Enology, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Shaanxi Engineering Research Center for Viti-Viniculture, Yangling, Shaanxi 712100, China)

Abstract; Acetic esters are an important contributor to the fruity aroma of wine. The aim of the research
was to explore the kinetical feature for the formation of important acetic esters, using Ecolly to ferment dry
white wine according to conventional process after being inoculated with active yeast. During the
fermentation process, the ethanol and acetic acid contents were monitored and the contents of
representative aroma of isoamyl alcohol, phenethyl alcohol, ethyl acetate, isoamyl acetate and phenethyl
acetate were analyzed by SPME — GC — MS so as to achieve the feature of odor activity and establish
corresponding kinetical models based on the classical principle of chemical reaction kinetics. The results
showed that the isoamyl acetate exhibited aroma active through the fermentation process, and phenethyl
acetate was only aroma active at the maximum production, while ethyl acetate was lower than the olfactory
threshold. The contents of the considered aroma from the beginning to the maximum production were in
line with the zero order kinetical feature (R> >0.95, P <0.001) , revealing that the production of ethyl
acetate was synchronous with the production of acetic acid and ethanol, whilst the production of isoamyl
acetate or phenethyl acetate was delayed compared with the production of isoamyl alcohol and phenethyl
alcohol. With considering the characteristics of zero order kinetics, the production of acetic acid and
phenethyl acetate could be modulated and enhanced at their half-production times so as to improve the
floral and fruity odour.

Key words: dry white wine; aroma substance; acetate ester; kinetical feature model

Wk B8 2018 —02—12  f&[E H ¥ 2018 —03 —22

E&TH: HEKARBFEEETHE (31771966 ) Fl b g 5 K He ARl 55 28 % 598 4: 550 H (2452017151

EEB Y : 282 (1985—) , 5, YHUIl, 14, N3 450 (L B 5% , E-mail ; ykli@ nwsuaf. edu. cn

BEEE: MK (1977—) 5, 8082, 11, 2 NS 450 R AR & 5 XK AL 22 3T 5%, E-mail: taoyongsheng@ nwsuaf. edu. cn



5 8 1)

Rz A ZEMCT T R A e AR P LB 2 R TR Y AR A Bl g o 361

0 3

B M O R A A R KR 0 R e B S U5
AR, TS g SR A 5 e T 0 5 R R
FRWR, P BRI R EERR TR ES
MRS RBEE AR, B R
REBEMEFYR, N EFGFEETR . RN
KW TR h 2 W AR R AE AT pH 5 1R N R
I — K EER R FRYIRD P LR,
LGSR LR 2 R R A B N B 2
BREE W IR o 2 BR 218 AN 2 IR S I G A A LA
50 F R IELSE R (E 4 0 7.5 mg/L A 30 pe/L
TE A T PP A A R R TR R R R
FHWA I oimkE . LB LW E R T
T IEIAA Y, FAE A T A e R T
WL B (250 pe/L) , BRI A/E 22 01 B0 T 5 H At 4y
WA R E D B b T U B A X R
Z RTS8 Al TT Bl 2 0o 7 4 7 <
BORE R B ER W WA, CBRIER Y
JO ) VAR 35 5 R S 0 0 T o S R M R O B
5 2 2 R T 2 0 A B BRI PE AT R

T, N0 & B R R R
AR AT g T S R 4 B A S A R
Yy 5% A 0 7 2 AR 0 T L b 3 A S R
B B R F YR A . A B
X, 0 3T Luedeking — Piret ji%%m H TR
T T R R R vk R A T A I
T W AR A e 43 TP A R0 T 55 08 -
s R T B TS EERBE YR
LA T35 2 BTG M s G ) 19 A4 i 3l g 2
A SR, BUAG R T o 1 e F 2 8501 o Tk T 1
F) 90 B Ak S0, W R HB R o) T FG e A 7 o R
AN, Z RIS 2 B LM I L | R I 5 R 2K
Rt 2 B R U A A R (E B B L 2 b R
S SR, 3 T 0 ML A 2 I B g 2 B B A
B WA IR B 2 A g R AR . HBF S %
W], 2R 2158 \ TR S SR 16 N 2 FR 2K L R b T T
PR A P R iR A 3 R 2 mee k. W, A
SC L A% T A T A JEURE B T o S R
KT TR TR A L I IORE W % 1 A
() 2L 20 1R & B Ak, [ i ot AT 2R I
(ZWRZTE WS IR 2 R T8 ) Fe A
SRR (SR BERE 2 B ) T R SPME - GC —
MS F3 7 , I\ 28 M0k 2% R By 25 i JEE A S 7 <0 R
() 25 B B0 g 2 AL, G 45 4 F AR 7 SO0 5 9 S R 5K
315 B LA 1 30 77 25 2 0, LA o 4 4 19 Ik A

il

H C R IR 2 A U AR Y A 4 R I B8 0 R dle
i%O

1 #REFE

1.1 BBEKSEHFERM

P75 9 BE 35 PE T ) ACTIFLORE F33 (3% &
Laffort 23 ®) o % A% W 15 4 J5URL T 2015 4£ 9 J] 12
H R FBR VY 47 0 B A 4 %0 55 b (108° 4727.95"E,
34°16' 56.24"N) , ) % K R AH B (LL#H & 0T ) b
(177.0 £1.2) g/L, MR & (AT A1 R 1T ) 2 (6. 84
0.22)g/L,
L2 |5 F

TRACE 1310 — ISQLT % GC — MS B Fi X ( 3 =
Thermo Fisher Scientific /Y &) ) ; DB — WAXETR %I 5
FEFEH: (60 m x 0.25 mm x 0. 25 p,m,jj% Agilent
J&W 74 ) 550 wm/30 pm CAR/DVB/PDMS %I % Ht
3k (55 Supelco 22 7] ) ; FA2014N Bt 5K F (LI
FURAE A RS F) s HH — S6 Y i 5 fi 36 /K ¥ 44
(AL BHE AR AL A R 7)) s KH —500DE #1447
R B U A (R LR Q) A XA A FRA 7] ) s DGX —
9243BC AIG X T 48 (i B R S8 00 % B A A IR
22 # ), Millipore %Y 4 7K i £ {X ( £ [ Bedlford
NI

VAR TEL IR Pl = Lok QAL R NG o P o
AR T, %0 (R R B 22 30 A BR A
H) , B R (SO, /8 6% LI b, Kk ik
AR AR o ke . S Rms (4E 5 99% LA
) RO (L 9% L ) LR & TR (4 E
99.9% Lk £) LRSI (L0 99% L b)) (LR
SR (LLE 98% LA L) Fn 2-5¢ B (40 99% LI |)
(Sigma-Aldrich Fi/AT]) .
1.3 ZEXWTEAEBRE

e M T 4 7] BR R A B, 0 4 T T 20 L B
KT, ¥ 60 mg/L ¥ AN SO, . 44 It 4°C ¥ &
12h 5, e LEEE AT, YA RTHER 15T,
I 200 mg/L 73 i P T WERE U8 SRS KB . B
D ) R e TR RE, A R IR R AE 1S ~
18°C . AWM AT L EAL T 0.992 ~0.996 H
FRMEAR T2 o/ LI, 28 0k K e, A %6 T 56 T i 3
Wb, 4% 50 mg/L M SO, ,4°C R % B, 19 1)
PEAT 2 ~3 UCH SR T8 1 e e AL L, B 0T, A 4 Y I
HEHTACHFREZR M. WHTRELREL 3
Wo RBERIFE I E 10 5 | £l R R IR & R
AL, E T 2 B GB/T 15038—2006 , 4 Il &
HE 3K,



362 & A Bl B ¥ i

2018 4

1.4 BESHOSDW

RS T v A O 4 T A (AR 23 B
12% ) & 1,6 ¢/L 5 41 1R, pH {8 3.2) T & A
S AR U, C 58 U, Bir A IR R 4°C 2R
BECARAE ' o B R AR A S S AE R B AR
SW TR SPME — GC — MS 40477 5542 W
3.

SPME J7 3% : £ 15 mL %A 1 B #F 7 19 T =
TR IA 8 mL AL (& AR 2-E 12 ,0. 4 mg/L) B¢
PRl PR, A 2. 0 g NaCl, SR J5 K5 T0 2 S A A
BEREFEAS K ,40°C 2 F T P4 1S min ;4 A ZE I
274k ,40°C WL 30 min, 57 RPAE A2 Bk 7E GC ifF A 1
fi# W 8 min, il J* GC — MS 734,

GC — MS . JC 47 W #F A5 3% A DB —
WAXETR FHE R F LA 3. 0°C/min {433 B M 40°C
JFZE 130°C, F LI 4C/min B 3 & M 130C F+ &
250°C , PR ¥F 8 min, B IR L 250°C , % 44T R B2
250°C , gk AE O R B 250°C , i1 JE 70 eV, i 9 4 v
[ 25 ~350, T3 %K 0.2 /s,

AW SR SE P 53 A R 5 A U T v o Y
SRS R B AR B T L XL Wiley 275. L i )5 ( Agilent
Technologies /A H] ) 20 if) % 77 ik 47T & &Mk A
bR AR TR 2R3 R AT, A W) o A s v i £ i
RAR AR
L5 BESMRENNNFERGE

25 T TR S, A T A R 0 Y A T Ok T
FRIERE A B A BIF 5E LA R b R
JEP) (RIAE R BE Coy ) ¢ B 220 A B i) A S o (Gt
E?ﬁﬁfﬂ’&fﬁﬂ Coo M AL 2 I 8 )y o 3

AR W A IR Y UL R 7 R 4 B
427517

9]

dc,
r=—o =kcczk(cm—

Ao
k—— 3 R4 8, mmol' "/ (L' "+ d)
C,—t W 2] i) 4 2 4 R 2, mmol /L

IV WL, Ak SN ) % s Iz ek 4

T

B 52 U 2 3
(1) PR 2 AH0E R4, T
¢, dc, ’

jo = e nzfokdz (2)

(Co-F)

Mol B (AE—Z ) , = (2) nl 15

(c. —&)l_" no el (3)

“f S

)RR k(n#1 ) ALK

I-n

CP 1-n
catmllea-) ar] @

JC(3)Eﬂiﬂﬁﬂ%%ﬁiﬁi%%%ﬁﬁﬁk~é&fiﬁj%
AT AR A X
Hon=10 (%N, dxX(2) /T

In(fCy - C,) = —%kzﬂn(fcco) (5)

3 (5) BRIy b 0 2 0 A= B A S o A — 8 S vy 38
ARG RSB A EA . B (5) B ERE
(n=1H8)MRKE N
k:flnfcicio c (6)
A HFH A Y Bk B FE R [E] AR 4R ) C - ¢ B R
HAR A R S35 B A S A B3 ) 2E R T )
SLREHE N A W A TR 205 B, s R Ty R T
PLgs A S0 o vk B W I ] 1) A2 AR 1R 5 (G 28 AL T4
B R EIVE ) 5 RN 2% B AT LA R A ) 26 4 00 s Wk 2
X S o A B 38 R, SRR 5 T ROK  E
FRH RO AT DL R AR A S T A B B R R 45 R I R
XoJ IS 7 3 5 () R o B OE T L R TR VR A L A R )
B DRI RN A A B R ), SRR R R R, AR
JE B 52 M i) 38 2ok BT A8 JE 2 B 8 SR T A A
K SPSS #E47 B it 43 #r Ik 55, >R A Origin Pro
2z i A DG Hh 2 o

2 HR5WR

ek T I A 118 B3 W O o vk B (LA A OB ) Oy
(2.21 £0.15) g/L, & & (LATE A TR 1) b (6.45 =
0.36)g/L, REEHATIR], 2 B0 R o0 BRI 45 K TR
JEVREE (DL C R i) ¥ s B 1 0 ) T AR e
AR Ak R B fe 2 B 4 ) R (11,83 £0.19) % FiI
(398 +14)mg/L,
2.1 ABIBEPERESYREAHE

LR TR LR IR LB P TR 4y 5l &
B SRR O S G ROV A . ST,
CBER SR IF AP N R I I, IR I A SO %
SN RO LR G TR LRSI TR M SRR
fi 5 A H b5 A B HEAT 5 BT 9 o

KBS R H AR AW R an gk 1T
AN o B TR R R R S T BRI W,
THER 1R 5% 5 R A1, At 5 S0 T 09 K i 7E K
8% i W1 45 — 52 W ¥ R . MOURET 45 7 #F 5%
T S IR T B AR U R A U8 43 i)
R K R A B KR M 10% FT90% W I . 4
B AW D )R] R A R
U AR BU O & S IR i Gk B B KR O ~




5 8 1)

Rz A ZEMCT T R A e AR P LB 2 R TR Y AR A Bl g o 363

10% 900 7 B30, 55 A, i T 7 S 0T A B KA i
A A R 5 R R AR R EHE S, e X
W0 260k AR U R A S 0 B KR i
BET . 2B ol 0, FEAS SO N, S R O B
MR TR AR BN 2 KRB I RA
K A 10% , R I X — B9 BRI R 5% 3l Y
TG A T, 2R SRR A G R PR LR AE R IS 2
KR o o i35 B T e Kk R 120 1% A
10. 4% , P 1 3 79 4 o 1 A Bt 00 5 T B SR
—H, HHN,S T HARE W BT 0 TE K R A
16,12 .16 .20 12 K ik 3| £ KA o, B ik — & %
BF 220 A A S B R 46 0k A I o

B W AR R A b A AT M (R AR AR
F 1R o LR AR TR AR LRE L I 20 B8 S+ TG TR
S IS ) A A M AR AR A TR, X B R B TR
) 055 LR AR 5T AR AR A A A — B
Mo SRR R OB S EE R £ R 5 R 1) A
ST I E R TR 35 2 4.6 .12 K3k 3 5l i
L HCRARCTREFEHERT )G, S =R

REBEBME LT . A D5 R0, #06 & R
TE 18 ~20°C I}, 2 #% il 41 75 85 P 2 IR 20 TG 14 e 4
JF VR 2 3 400 e/ L, T HE 2 B RO A A
AHEFE (R BEIRIE 15 ~18°C) i A WAk . X &
W, 2 T L3 o 2L R TR 1 P BT REAT — E R
10 AT, 2 LR LR 2 R Z TR A
T ol R A T R, B, 7E R S AR X 2
B LRI C T RN 2R 26 14 A AT IR 42, X SR A
BB RAA —E B L8R B FEA BT
TR R — EAR T LR B, X 5 WANG 4T
2 0 g S AR X B A T T A T
SRR T LS SR — B, U8 5 T A 2 2 A T 4 Y
i, EL LB BT 5 3 W1 % 4% 6 T 14 4 40 30 v 2 1R
2T F19 15 T 52 SR WA IR T 242 T T ) 4 T Ak 3 3
HE MR R . SR B AT B B
DEEES S AT 1% S o =
St 3 R 19 B 20 PR 2 W8 6 S AR %
480 26 1 2 TR 2 T % T O A R A R A (A R
ABFTE

®1 ERFSYREABIBTHRHE(RERE)

Tab.1 Detected concentration of objective aroma compounds during fermentation mg/L
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Fig. 1  Changes of odor activity value for considered

aroma during fermentation
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Tab.2 Expressions and rate constants of production kinetic models for objective aroma compounds
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2R T8 Cp =4. 6461 0.985 (4.646 £0.199) pmol/(L-d) <0.001
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Fig.2 Observed values and linear regression predicted values of objective aroma compounds
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Tab.3 Kinetics characteristic parameters of objective

aroma compounds d

HFERW T L T T Ty,
SR 2.0 6.8 8.8 16.0 14.0
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Tab.4 Residual analysis of kinetic models for objective

aroma compounds

Durbin —

AR k% s KF Wason
bR 2 ) ‘ Siit
Sig. 6 Sl
SR 0+0.090 0+0.926 0.798  1.929  0.200
A2 0+0.046 0+0.894 0.265 2.582  0.200
BRI S0.354x S0 1T e 300 0,066
4. 680 0. 992

ZEWSRE: 0+0.839 0+0.894 0.376  1.519  0.200
ZWHEZEE 0+0.099 0:0.913 0.957 1.316  0.200

MK Sig. {9 322 07 % 3 HE KL R0 Levene 5614, i
FER B0 6 3% 22 FF 91 K /MIF 5 09 B 4L, FEEAT Levene J7 22 I
Ko, B3 1 Sig. (1K T 0. 05 WAy 8% 22 F5 1 Jy 2% 7 s Durbin —
Watson S HREIIL 0 ~ 4, FUU S UE 2, 00 9% 22 T 30 P R 5K — S
SRR 0. 05 WA V3R 22 7 91 I M IE 45 30 06 25 43 A
A PTG HECHAT (A TRUA PR, U5k 22 19 7
2257 o MbRHEARTRZZRERL i fE ( -2, 2) VERIN B
B2 P85 BENAEL R 41 JC 5% , A2 i ) o AR 2R TE S &R (T
AT F AR RORIE AR, DS 5 A S22 AT
PRIELCIRZER P — P FLANIET 4 Bion o SE06 B bR AL
BR2EfE (-2, 2) X LLA TG0 A (R /N T 45 F
0.05) , BEHAJCSL I 5 4 sl o e AR IR 22 mU U FE— %
HA L, HAMRPR N IREZE (1), SN EIE(0) 5
HF S VR A B 0L T LE 243 A1, FLACHE 5 1 AL 4
TR WIERZE ML 5 b S g R, AR <
Yy B M 1 BT o

1.0° 1of o
(o] ) 0o
Moo0s o5
i & o]
= =
& 0 & 0 o
I o I 5
m m
L _05 = -0.5
ﬁ o fo) (o] ﬁ
1.0 (o} -1.0[
| ast ., ., %
-15 -1.0-05 0 05 10 15 -15 -1.0-05 0 05 10 15
R oAb TR ] I A5 7 A TR
(a) I (b) A Z B
151 157 1.5p
o]
o
101 10} o 1.0f o
o )
05} ‘
iﬁz o o o o iiﬁ 05f ;‘g 0.5} 5
ﬁ i ﬁ 0 i—f 0
= 0 : P z
g i} | © ing
2 0l g 05 z 03
° o
| -1.0} -1.0
-15 o o o o
o0k L L L L L ) -15 s L L L L L -15 L L L L L )
15 -10 05 0 05 10 L5 215 -1.0-05 0 05 10 15 215 -1.0 =05 0 05 10 15
T Y T bR oL T [ AR A AL TG
(c) ZME Z T (d) ZFR 51 (e) A LT

Fig. 3

P03 b AL % 22 K B 5 12 W 11 R

Scatter diagrams of rigorous statistical diagnosis for standardized residual



366 g Ak Bl M ¥ 2018 4
10r Lor
(o) (o]
08} o 08t
£ o6} = 06}
K ey
5% %
f=2 24
ﬁ 04}F O g‘ 041 o
\ 02t o © \ 02
“l O
0 02 04 06 08 10 0 02 04 06 08 10
UL ) SRR % TN By R
(a) SFICEE (b) K21t
10f 10f 101
038 038 ot 2 08} ©
i & LR ° ¥
= 06 oo =06 Z o6}
B o % %
£ © = = o /6
=y 04t = 04r = 04
= = < =
02 02 02t
o ° o
o
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
LI ) BB AR M LI ) BB AR LI ) BB AR
(c) ZBRZTE (d) ZHR IR (e) ZFRIR LB

Kl 4 ARtk = 52l P— P A

Fig.4 P — P diagrams of rigorous statistical diagnosis for standardized residual

VAL B B O BRI 28 S H R R A )
JRB PR Bl 1 S BT BE S S R R LB LR
LWBE. MRS T BR AN L IR S B 2 AT 5T X
S MIONT AT RE B AT A A H R T I
i, AT B0k & SR A L T 2
TG E 26 T K L e A T L B i )
A £ R A £ T 19 AH 5C A B Bl 7 2 TR AT 5 X Bk 114
FRIFEE . B, A58 25 28 T4 Sy H AR 5E Y A
FE , () Oy 2L 2R P 2 W0 B A A R I R 4 4
PR A

3 &XRiE

ST by RN 8 ) o IR B A TR B

Yy A A= B8l T 2 R A B T A% T A TE R
B R P Y B LR IR 2R (L MR O TR L L R S IR
MOTRA LR ) B HAH O 0 HRE 28 (5 )L AR AR &
) 0 A= 8l g 2 BRI X R e B 5T 45 R 3R
W, LR PRI A W B A R A & Bl T S
(R*>0.95,P <0.001), 3 J % BAE R, 2R
SR T A 2R BAT TR I i £ PR SR K
P A R A T 9 HE B3 ) ARDAS T 57 13 I K £ T
A IEHE RN o R PRI I S TR I SRR L
P A TR T 9 A 8, 24 7 S T 0 Ok ME R 1Y 2
AU A T A TR A ke R AR P A
JI, $ i SR IR 2 A 0 O ) RIS R 0 o ) A i, O

& % x

1 STYGER G, PRIOR B, BAUER F F. Wine flavor and aromal[J].

38(9). 1145 -1159.

Journal of Industrial Microbiology & Biotechnology, 2011,

GURBUZ O, ROUSEFF J M, ROUSEFF R L. Comparison of aroma volatiles in commercial Merlot and Cabernet Sauvignon wines
using gas chromatography — olfactometry and gas chromatography — mass spectrometry [ J ]. Journal of Agricultural and Food
Chemistry, 2006, 54(11) : 3990 —-3996.

SAERENS S M, DELVAUX F R, VERSTREPEN K J, et al. Production and biological function of volatile esters in Saccharomyces
cerevisiae[ J]. Microbial Biotechnology, 2010, 3(2): 165 - 177.

SWIEGERS J H, BARTOWSKY E J, HENSCHKE P A, et al. Yeast and bacterial modulation of wine aroma and flavor[ J].
Australian Journal of Grape and Wine Research, 2005, 11(2) . 139 - 173.

PENG C T, WEN Y, TAO Y S, et al. Modulating the formation of Meili wine aroma by prefermentative freezing process[ J].
Journal of Agricultural and Food Chemistry, 2013, 61(7) . 1542 - 1553.

HERRERO P, SAENZ-NAVAJAS P, CULLERE L, et al. Chemosensory characterization of Chardonnay and Pinot Noir base wines
Food Chemistry, 2016, 207 ; 239 —-250.

of Champagne. Two very different varieties for a common product[ J].



5 8 1) Rz A ZEMCT T R A e AR P LB 2 R TR Y AR A Bl g o 367

10

11

12

13

17

18
19

20

21

22

23

24

25

26

27

SUMBY K M, GRBIN P R, JIRANEK V. Microbial modulation of aromatic esters in wine: current knowledge and future prospects
[J]. Food Chemistry, 2010, 121(1) . 1 —16.
MOURET J R, PEREZ M, ANGENIEUX M, et al. Online-based kinetic analysis of higher alcohol and ester synthesis during
winemaking fermentations[ J]. Food and Bioprocess Technology, 2014, 7(5) . 1235 - 1245.
ZHH, EWA, R, 5. ET NIRS (¥ RIWAFEF AW T ER B [J/OL]. L B2 4R, 2013, 44(4) .
179 —183. http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20130431&flag = 1. DOI:10. 6041/j. issn.
1000-1298.2013.04.031.
PENG B Z, YUET L, YUAN Y H, et al. Kinetics of character aroma production during cider fermentation by NIRS[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(4). 179 - 183. (in Chinese)
TRELEA I C, TITICA M, CORRIEU G. Dynamic optimisation of the aroma production in brewing fermentation[ J]. Journal of
Process Control, 2004, 14(1) . 1 -16.
MORAKUL S, ATHES V, MOURET J R, et al. Comprehensive study of the evolution of gas — liquid partitioning of aroma
compounds during wine alcoholic fermentation[ J]. Journal of Agricultural and Food Chemistry, 2010, 58(18) . 10219 - 10225.
MORAKUL S, MOURET J R, NICOLLE P, et al. Modelling of the gas — liquid partitioning of aroma compounds during wine
alcoholic fermentation and prediction of aroma losses[ J]. Process Biochemistry, 2011, 46(5): 1125 - 1131.
MORAKUL S, MOURET J R, NICOLLE P, et al. A dynamic analysis of higher alcohol and ester release during winemaking
fermentations[ J]. Food and Bioprocess Technology, 2013, 6(3) . 818 - 827.
MOURET J R, FARINES V, SABLAYROLLES J M, et al. Prediction of the production kinetics of the main fermentative aromas
in winemaking fermentations[ J]. Biochemical Engineering Journal, 2015, 103, 211 -218.
WANG X C, LI A H, DIZY M, et al. Evaluation of aroma enhancement for “Ecolly” dry white wines by mixed inoculation of
selected Rhodotorula mucilaginosa and Saccharomyces cerevisiae J]. Food Chemistry, 2017, 228 550 - 559.
TAO Y S, LIU Y Q, LI H. Sensory characters of Cabernet Sauvignon dry red wine from Changli County ( China) [J]. Food
Chemistry, 2009, 114(2) . 565 —569.
PeK E, SRIGesk, EhAG R, AE. A VT A 6 DU B B3 W 1 30 TR I A 0 ) e A [J/OL . ROk MUK 2 4, 2016,
47(10) : 280 —286. http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20161035&flag = 1. DOI: 10.
6041/j. issn. 1000-1298.2016. 10. 035.
TAO Yongsheng, ZHU Xiaolin, MA Decao, et al. Application of glycosidase from hanseniaspora uvarum on wine aroma
enhancement[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(10) ; 280 - 286. (in Chinese)
RO WAL IR IM ] deat: WA AR, 1995,
2RI, HAEAE, PEHRYE, S R [E] SR MO N S A% T R T X 2RI A R [T ] Rk, 2018, 39(2)
215 -221.
LINN, SHUTT, LIANG Y Y, et al. Effect of different harvest times on aroma components of Ecolly wines and distillations[ J].
Food Science, 2018, 39(2): 215 -=221. (in Chinese)
BRI, £, FFE S, S RIR AL B %G X 22 0 BT U A A AR e [T ] R ke, 2016, 37(13) : 71 - 76.
LI N N, WANG H, TANG G D, et al. Effect of cold treatment of grapes on aroma components of Ecolly dry white wine[ J]. Food
Science, 2016, 37(13): 71 —=76. (in Chinese)
P AL B 7 9 DX TC bl A R A 4G A B BER SE [ D). A VE LR AR K2, 2013.
NAN L J. Study on the physiological metabolisms of wine-grape of single crawled cordon rraining trellises growing in soil-bury
over-wintering zone[ D]. Yangling: Northwest A&F University, 2013. (in Chinese)
FERREIRA V, LOPEZ R, CACHO J F. Quantitative determination of the odorants of young red wines from different grape
varieties[ J]. Journal of the Science of Food and Agriculture, 2000, 80(11) : 1659 - 1667.
KHIO S W, CHEONG M W, ZHOU W, et al. Characterization of the volatility of flavor compounds in alcoholic beverages through
headspace solid-phase microextraction ( HS — SPME) and mathematical modeling[ J]. Journal of Food Science, 2012, 77(1) .
C61 - C70.
ZHANG L, TAO Y S, WEN Y, et al. Aroma evaluation of young Chinese Merlot wines with denomination of origin[ J]. South
African Journal of Enology and Viticulture, 2016, 34(1) : 46 - 53.
PEREZ D, ASSOF M, BOLCATO E, et al. Combined effect of temperature and ammonium addition on fermentation profile and
volatile aroma composition of Torrontés Riojano wines[ J]. LWT—Food Science and Technology, 2018, 87 . 488 —497.
DU X, FINN C E, QIAN M C. Bound volatile precursors in genotypes in the pedigree of ‘ Marion’ blackberry ( Rubus sp. )[J].
Journal of Agricultural and Food Chemistry, 2010, 58(6) : 3694 —3699.
ROBINSON A L, BOSS P K, SOLOMON P S, et al. Origins of grape and wine aroma. Part 1. Chemical components and
viticultural impacts[ J]. American Journal of Enology and Viticulture, 2014, 65(1) . 1 —24.



