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T 4 60 TR e N T4 R 8 N A T, LAY A AR 2 R A A, DA% R A R R R DRk R A
X IR o TR AR X AR EAT GC — MS A7, [R5 1 22 B AT B SRR E R e o i A T RIGHEE &
REEE B RAL, M BRI R R & i, CRER R I v . AN T SREM A BB MR TR A 56 =
Z B RS, U IR W B A R W 2R R I IR A A W, TR I X A 2 R AT K B TR AR e R XL T e Ak B
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Instrumental and Sensory Aroma Analysis of Noble-rot Wine
from Artificial Botrytized Grapes
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Abstract: It is known to all that noble-rot wine, a sweet wine made from botrytized grapes, has high cost
for its special flavor. Aromas of sweet wines made from artificially botrytized grapes and botrytized juice
were studied to evaluate the winemaking process of botrytized wines. Normally harvested Vitis vinifera
Var. Ecolly grape was obtained in Yangling, Shaanxi Province, China. The grapes and juice were
botrytized artificially by Botrytis spp. with high level of glycosidase activity. The winemaking process
normally used for making sweet wine was used to make the artificial noble-rot wines. Normal sweet white
wine and wine made from air-dried grapes were used as controls. The aromas of wine samples taken in
April of the following year were subjected to chemical and sensory analyses. Botrytis-infected wines
contained few higher alcohols but contained high esters and fatty acids, especially acetate esters, which
were more likely due to high volatile acids induced by fungal infection. More varietal aroma-active
compounds, especially terpenols and norisoprenoids, were detected in wines made from botrytized grapes

and air-dried grapes than those in normal sweet white wine and botrytized juice made wine. The treatment
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of over-ripe grapes promoted hydrolysis of aroma precursors, meanwhile, the metabolic activity of

B. cinerea also promoted the hydrolysis. Moreover, hydroxy benzoate esters were typical compounds in

botrytis-infected wines and +y-decalactone, phenyl acetic acid and 2-nonanone were unique in wine made

from botrytized grapes. The wine made from botrytized grapes had the most complex aroma profile, with

sweet fruity, caramel, mango and toast flavors; wine made from botrytized juice had fewer aromas.

Therefore, grapes botrytized artificially with B. cinerea could be used to make noble-rot wines with high

aroma quality.

Key words: artificially botrytized grape; wine aroma; sensory analysis; GC — MS
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G ) 2 e P A A TR A P A D 2 R R
7T 8% ) 2R, PR Ay R g XU T A e ) 7
it B INRL o 5 44 1) B¢ I A 4 904 7 b AT 3k [ e AR 22 7
DX IR H, 9 2F A HE AR 7 XA B 95 0 7 3 1
7 DX, JHG i ] 5 A A RS 7 DX 43 i Trocken
beerenausless #l1 Beerenausless 2 4\%2&“: o TE X 8t
7 DK A A I IR A A el 3R A TR S
A % R BE B 8 AR AR RO % 9 ( Botrytis spp. ) , ) %
RRAEA T W22 VR T ZE R, 7 A R R Y 5t
JEEAE T o HH 5 b At 4 28 7 X, B AR A A A 4
A WA % AR a3 A, AH R 22 B0 A Bl Y MR A%
TF A E R DI A T R REPEAR /DN o v I A 2 175 4%
PRI R TN B R F AR SR A A AR AR Rk LA
30 T A 2 A T I A D 2 i
FH AP 5 50 A A G 7 o BN [ R A 2 v
FE T oK BTSN T 58 8 4 4 AR 7™ 5 85 g 4 1 T
25 X TR b B B AE .

G SA A ) SR S 32 D A 4 TR 1R e e AR A
5 SR SE W, K2R BB AR TG 3% 2R 7 A A ) 7
oo AE Al R R A0 M A IR Ak L A 4 W ) SR AL R A L
AR A LR (I SR A A B IR AT IR ) 1B
IR S S VR P T AR TR A 2 T
A XUBR AP AIE , T HG 2 T il 3 2R 1Y B¢ 5 4 4 T A o
A W98 K IS B R 7 A X 8 2 A AR AR ) 5 4 M
R A TR B~ %5 0% 17 B , 20 Boidron % B 5% 7
2] D o R v O B R R Y A 6 AR D A A Ot
R E A BF A R B A -
BT IS Ve AR e R S IR AR T L T S
A A R B WE S #7058 R G R B A
AR AL RO A3 y- PR RS- R S A B
FE AR B 73 72 A0 i B 2 (AEDA ) FAUM (838 % 7
B 1 R A E G v 5 A4 2 1 v B0 A O, Lk B
PG (y-T B L y-28 R A &-25 N IR ) X 2278 18 XL
WA BB,

AT 5 A 1 000 6 K A % 78 T AR B Al b 3R

5 B~ 46 Wl I R HL o) TR e A JLRR B Ak
RPN T MR e 19 90 08, 0 Bk V4 A% 0 3t IXCOE 6 >R
We ) 2 E AT A B LA A ST A B A A S
T SO N T B I A O LA e A A
T8 R0 DA 0 2 DR P S A g R 3 i A O
FAF SRRAE Y FL Ao 1T, V0 N I 5% T 4 25 304 1
SURHIE S 2 BOR AT AT o

1 #R57A=%

L1 #HFEH

1256 FH R 78 28 O & K T ( Vitis vinifera var.
Ecolly) , % it F tht KR & F 4 2 A58 ] 2% 22 3k
91,2013 47 8 J1 R [ Bk P4 0 1 A Ml TS 1K B A
A o, SO BT R 170 g/L( LAk i b
W) E BB KIE 5.5 o/ LOLUEATRIT) o
1.2 {LZikH

WA AR IR (SO, Fi it 0 AV T 6.0% ) A
) W (BREIR AU AR R B (BRI A B SF (4
Bl ) W -5 04 22 A 273500 T 5 A % T A bR HE W) ot
(Le Nez du Vin,80 %, FHF kM & /A ) ) ; 4li /K ( Water
MiLLipore {3 %%l % ) 5 7L By A 5 % G (L 5t it 5
AW ) 5 A-fiF 3 2R -3 -D- itk e A 2 b v
st A EC TR L P 2 DNA B il $2 35050 & (36 [ Sigma
3] 537 B SR bR (35 [ Sigma A H]) .
1.3 REHREXRREAERH &

JK 3 % 7 ( Botrytis spp. ) Tk « R S BR VU 45 19
AR 751X 24 3 JR% e A ) 160 1) 2R i M 4B Y T Tk
JR A % AL TR AR ISR TR PDA B 37 58 73 85 U 25
WA (K ) RS 3 el RS H S TRIEWNE
Mo 3B E fDNA - ITS J§7 51 Jo RAPD J Bt 43 #r
i E Rl 2K

TER R PDA 558 (1 Bt i 43 %k 20% | #
AREBTR L. 6% (B IE A IR 2B 2% R BE
[ 8 0.05% (WEIR — A R %L 0. 1% ) 8
TR L TR AR B 21 15 5 10 55 R B 22 RO Ok, TR
R A R o SR )5 R I E B 8L K ZH DNA R 3t il
F 12050 & PR IBOK A % 7 DNA
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Fig.1 Morphology of selected strain spores

rDNA — ITS J Bt PCR 4" M K &« 2 B R
50 wL, £ 45 10 mmol/L Tris (pH {H 8.0) .1.5 mmol/L
MgCl, 4 Ff ANTP £ 0.1 mmol/L, TagDNA R &
L5 U 51445 0.1 wmol/L L K it 3 i ¥k DNA
1 wL, 94°C AR PE 2 min J5, L 94°C A5 1 30 s .50°C
Bk 30 s 72°C SEAH 30 s S 2514, 7E S1000 HI A A BR
A EAE 30 AR, B J5 5 72°CIEf 10 min, 28 1%
BIEAE (& 0.5 pg/mL VRAL 58 ) VKIS , T2 5 40T
TULERES R . PCR W 2L J5 38 58 A TAE AT IR
A (bt ) .

RAPD [ Fft 45 5 v B 4% 1 & S R AR 7R
25 pL,fu 5 10 mmol/L Tris (pH {4 8.0) .3 mmol/L
MgCl, 4 # dNTP 4% 0.1 mmol/L, TagDNA % & Ff
2.5 U X519 4% 0.1 wmol/L LA Kz AL B #k DNA
1 Lo OB E5AF:94°CHEME 2 min J5, DL 94°C 25 1
30 s.37C 3B k 30 s 72°C ZE A 1 min 1F 35 PMEH ,
T2°CHEM 10 min, 28 2% HUIEHE (& 1 pg/mL R AL
ZHE) WK R TE S AMT T g AR

Y1 rDNA — ITS 8 51 %) 1TS1 (AGA AGT
CGT AAC AAG GTT TCC GTA GG) ;ITS4 (TCC TCC
GCT TAT TGA TAT GC) ., ¥ 14 RAPD 45 5 &7 5|
¥ .a (AGC TCG AGA GAG ATC TCT GA) ;b (CTG
CAA TGT TCT GCG TGG AA) . 5|¥¥yH Takara 2y
Al

TR R T O P < PR AL B A e O A
o bR, W T A A JEURE N AR Gt B0 T PR o
RIS AL G % 5% By B T3 100 mL &
PR VR A B 5 B 1 = A P, T 25°C (180 r/min & [
B3 o fRANIFIF ] (24 (48 .72 h) , KA pH {H (4.0,
5.0.6.0 F17.0) 73 510 5 H 3-8 % 4 BTGk

(B - 7] ARl TR O P Y IS ) R 4R AR R
Be-B-D-H A AT, SOVAK R ALHE 1 mL K EEK 1 mL
SRR (1 mol/L) Al 3 mL 7 45 R~ TR = — 41 2%
MR, 25°C RO L h S TS R R SR AR T mol/L
B PR M 2 11 BN, £ 400 nm K0 0 i WO BE

MR DL b 25 2R 0 06 1 Ak , R LA A7 T 0R R
(% 20% Hih \20% + G iR K ) o, T 4
SR N L5t AR Y

TR A VR T 2% < TR R B R 2 PDA S Al [ R 15 5%
BB TRE 23°C MXRIE 75% ¥ 9% 3 ~5 d, ¥
B R0 0 R % F R 22 R, TR T IS ks o A
HB T 20 mg/mlL 1) 4 %5 0 v b, K T R
W (ALFHCHN 1 x10°4/mL) .
1.4 HEBEREKE

PR 779 1 56 7 VG U AR AR R 1 4 0 o e T 2
FOLR R AT A A 2 IR

N T 5% 8 4 ) 9% R R X < R TC 4R R &, B
TEH SR A 0940 2 R 50 kg, B2 BT AN 45 B9 F A
it 42 b P AR 1 75 % 05K I 15 KT ) 880 K A 4
OB B, TR 23°C AR IR 65% & 1F T iR g
2d,RIGTEIRE S0°C JRGH 1.5 m/s 554 F T4k
B ~2 b, gt o A R R T AR A BB, B A
ORI e B IR F 300 g/L AL PR BR A R
PEIUH, B3 S0,50 me/ L, Bl J5 4% M8 A% 48§ 1 44
TR T 20 R AT IR R o R E T 4C T
24 h, [ AR THIR E 18°C 5 4 Fh 1& b 4 1 R T % L)
( Saccharomyces cerevisiae, ZYMAFLORE X16, 1 [E
Laffort AW ) , #¢ K 45 5 19 0. 02% ¥, Ja 3l &
P WAE BEBCE N 13% 5 KR 15 ~20°C, K e 4
HIFIA SO, 50 mg/L £ 1E K, 4CI# 1 DA TG
T VR B AT A e T O R T AR E PR IR
4T, AT RO, BEAT AR BT A

N L 5 T 0 0 0 TR a6 < B R 47 )
JERE 50 kg, PR R AE 8 R M BOTE, WS SO,
50 mg/ L, ) 2 2 A B B R rh (ST 5 B O A R Y
1/2) 1 3R 101 W57 K 4 7 16 T B (4% 0. 5% He ik
PUTEE) L 1 d S5 A AT 7RI BE SOC KU 1.5 m/s 5%
T T HRAL PR 1 b, 25 R A 4 T 3% TR 0 2 £ 1 B
PR BY SO, 20 me/ T, G wHe B 52 H5 b A0 T Ak P
U, T2 A 4 T B BT R Gk #) 300 ¢/L P E
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Wi I i MR T 2 T P R AT R . AR
4 H AT, BEAT A BT

JRGF 4 7 SR PR S < A T PR e R E, BUE
KA A0 75 J5URE 50 kg, B2 Bl 0T AN 85 4 - Al B
B AR 75 % 00K I 1 K ) L 7E IR S0°C X
P15 m/s SR T AL B, A A R R
JEIRF] 300 g/L DL b, Rl B 450 A R R BT, U
SO, 50 mg/ L, i J5 ¥ LA b 4 25 1 R 2 o A
PR ES . RAE 4 H AT, 2R T 40 Bk

1% 255 I 1 A 25 TG TR < BCOE H SR A 1Y 4 i e
50 kg, PR BRABER B R A B, WS m SO, 50 mg/LL,
VR R BT 4°CF 24 h, BRTHRE 18°C ; £ 5h

T A 1% TR % B, i R RS BRI 0..02% BN, )
Bl R 5 K TR W B O A 1 R AR o 4 e T
K BE 13% (R WE Bt i ¥R 50 o/ 35505 k I 4% I
15 ~20°C, & Bt b HE B 2 1,015 B, % S0,
100 mg/LZ E & e, 4C I, 1 A H IG5 REE S, b
Joi EAT R A G E R R e E BRAE L IRAE 4 H A
T 20, AT A Bkl
1.5 BEBEEMNELERSN

AR T i R A S A, Ak JEORE RS B2 i
2 SO, FLi SO, & i . TR Y & it i E R i
pH (AR & R & e %5 K as R (R D IR AEE
7 4G 7 bR fE (GB 15037—2006)

x1 AEERENENENLER

Tab.1 General physico-chemical indices of sample wines

ZH B AT KT FORE A N TS A A T T N T 5 A I
W BT e/ (g L7 1) 64 57 60 47
RS B/ % 14.6 14.5 14.7 14. 8
TR B FRRAE/ (g L") 20 21 20 22
T A TR RV B (LA G R ) /(ge L) 7.1 7.9 7.3 7.5
pH {H 3.3 3.2 3.1 3.3
P S TR B B v (AT BR3H) /(g L7 ") 0.42 0. 46 0.71 0.77
B SO, R HE %/ (mg- L") 51 48 52 55
M SO, TR E/ (mg- L") 166 153 180 171

1.6 HEBESHASTH

ARG AR E AR AR B0 8 10 mL 35
FEITA 15 mL S A7 i g BE 41 7 1 T0 20 R, A
20 mg NaCl,50 pL 2-3= % (0. 234 ¢/L, N#R) , F¥F
T2 A BE B HE 2 T 40°C T ASE 10 min, #§ A
AWK PDMS W B 40 min, 48 5K 2k (100 pum,
£ [EH Supelco 23 w]) A GC #EAE O, #17 GC — MS
(P9 FF TRACE DSQ, 25 [# Thermo — Finnigan 23 7] )
OXHT e BRI R E S AT 2 IR

GC — MS Jp Bt 2% 14« R FI SCHR [ 15 ] v iy 3 30 2%
fFo B He iy | mL/min, FHEFEF : LA 40°C
{54 3 min, 2R )5 4°C/min F+ & 160°C , -1} 7°C /min
TH# 230%C, (R FF 8 min, ARG ES AN 1 pul, A
SRURIERE o TR I . 33 ~ 450 3 B AR
230°C ; FEFE R E :250°C B - Y50 B2 . 230°C, Hy
T &L, BT EBE 70 eV, 4T 2 i &
0.20 mA , #5 I &5 H1 H 350 V, 94 M % 1 Hz,

T SE B0 BT - R TS b o A SO P B )
X LB T VR AT RE M, N AR o il 2k ik R AT E A
2 WA AR 0T, b v i AR T L Sk e . A
ST RAE VR R T SRR EE WCR, VR RE L A A A
T P IR e R 100 ~ 1000 4%, 28 )5 i B Iid B TR &5
P v it A DL A R CTRORS JEE 12% B AR S ¢/ L,

1 mol/L NaOH % I} %% % pH {H 3.2) , i T il & b
TR T B B S AR E R 2 o TR G bR o i BB HDLIR
R DA b 07 i iR AT A SOBAT ZE I, IF AT GC -
MS 53 #r
1.7 BREBLESH

AT A R ERCE A S Ok [16]
M5 AR/ H 30 24 (12 4 51,18 H 41k,
RS 22 ~24 %) 28 30 A %G W AR fE R AW I (Le Nez
du Vin 7 % 1 F G IE ) 8510 10 45 5 5 400
Tl 2E AR s, AT A RURCE A A, A
INHTEIATFESRINIEIN 2 A A4, BBV
B A — A SRR AE 1 2 R R 22K F 5% , A RE
TTIE i o BE ATk 4 2 41, B4l 2 fe kAT,
R 3 RELE BEILIX At | A& 0T A
ST A B R AR R R TR 5 R (20°C) F4ETE
STHTIRE, X WA AR S ~ 8 s SRR
FELEA S5 ~10 8,2 REFHHAEMP 1 ~2 min, 2R
e A T R et e W L I R & S 11 B
IRFE S A SRR, I bR BE 9 X6 R — A SRR AE
SRRV T AL 1, AR 55 52,5553, 44, 5855, R0 .
RFTF R B 1) MF {E ( Modified frequency ) J&
o — A ST ) e P A0 3 R 5 B e AR AR 43 i L AT P
PR BV /FT x 100% 31345 3], Hop F 45 5 —
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SRAE Y A R, T2 4 e — R AIE 9 B 20 B (e P 1Y
B lORME (S 70) A 4L
1.8 FHitHHwAiE

K F SPSS 19. 0 47 4b BB A A Sl o T <
FeAE B 95 89 & 82 20 A ( Principal  component
analysis, PCA) , #3785 A T. 5 i &S 0 1E LA KK
] 2] L X 2 T A A R R
2 HBRE5HH
2.1 HHETER B-AHBEEHEENE

S5 AT DNA — ITS 791 5 RAPD
FRECATHR 3 b O B (I 2 B % e 300,
520750 by 49 51 7% 81 5 0 % 10 DNA J B
BEL,C.Y. T M 43 5l 78 Botrytis — C ., Botrytis — Y,

Botrytis — T B2 5 i Bt K /N X 8 DNA Marker) , i
(€] Y i M

- e e 520

(a) IDNA-TTSH 38 Fr B 1935 fg 1AL 6. 7k

B ke BUEA X a0 % AR, R 8 5 23 i)
A Botrytis — C: K] 476696, Botrytis — Y. KJ 476697 ,
Botrytis — T: K] 476698

(3 -/ 4 A 9 P - A T R S I -
B Tl AT LUK A7 A T 4 4 2R B b R A O K
FERBE IR AT o 3 MREEERAE AR pH i A
[El RGN R] R 1 - A E S AR AN &l 3 Pl

3 BREKEIS T pH (R 6. 0 I, B~ 45 B 11 B
PR BN R, oo, 3 AR Botryus — T 7€ pH {H
6.0 I B~ 4w W IS P AR K. WA KRR pH
{HAE 4.0 LIN , Botrytis — T 32 BRI (AN [F] pH ) B 52
Wi f5z/INo LA, Botrytis — T AEAR Y 48 h i, 374 %5 4
TEFE YR B ok, L, e #% Botrytis — T & bk
TN TAR e ) 2 s 4 0o

(b) RAPDF™ ¥ F- B2 B A 3K

K2 DNA - ITS §" 5 F B 1% BN HER L Uk Al RAPD 974 1 Bt 2% 3hUIR BERE L Tk
Fig.2  Electrophoresis of rDNA —ITS and RAPD amplification sequences

W Botrytis—C
NBotrytis—T
OBotrytis—Y

B- FEFHEHE (U )
© = N W A L O = ®

~
[
o)
-

pH{E

8 W Botrytis—C
o~ NBotrytis—T
Ton OBotrytis—Y
2 6
#
Hi
& g
i
£33
i
=
o 1

0

24 48 72

{2 et [a/m

B33 BB B-WEH WETE AN [ pH (B A [] 4% Je 6] [A) B9 7l 35 LE 4

Fig.3 B-glucosidase activity comparison of three strains at different pH values and different infection time in 1 mL fluids

2.2 BEHSOTWER

HEIP A SPME — GC — MS A5 43 17 45 2R L 3% 2
(R KIE ik WAX AR B F5 450 , 2eAa b 37 Fif
TN, W L 3 pe/L ~194. 823 mg/L,
FE F 2GS G W R A TR RO DT IR , 3L
G YRR R RN AEY KRR T
KA REm A, NN T EY S E Tk
JEAE 155 ~330 mg/L Z [A] . {HJ& W58 A, 76 % 4
T R A SR04 S PR AR DT R T AR IS M

(i e B 45 B fEL 9 B AR, OAV) il AN 2 A UM o
WK
2.2.1 FEFLD

BEC SIS A N s Ea
B E KRR oy A R A e R D S R R Y
B AR A W R B T R R
TR H ARG I 1 Y 5 v o ) 5 R R TR R
% e T U BE MR B/ A5 G2 i T
AT TGRSR PR 28T N T 5 A 2 T T R LN T
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Tab.2 Concentrations of volatile compounds from four sample wines

JRRE R/ (mg-L7")

% Fs  wRWE KUt fegdita WNTEREE  ATSEWE AT ML B RUS TG
? kR ko TH B R i I
1 SHE 968 0.725+0.043  0.408 £0.013  0.523 +0.240  0.248 £0.015  150. 00 mg/L!'®] W, Rk A
2 RTE 1108 10.995 £0.160 10.780 £0.133  8.445 £0.223  5.995 £0.063  40. 00 mg/L['*] Jeipg )
3 Sk 1230 78.050 £4.715 56.025+0.890 68.800 +2.728 51.920 £0.955  30.00 mg/L!"" [
@;i‘i 4 2-Z3-1-UR 1330 0.268 £0.080  0.380 0. 055 0 0 5.00 mg/L "] A bk, R )
5 1B 1392 2.933+£0.110  2.398+0.165  2.610£0.058  1.693£0.100  8.00 mg/L ' Halh]
6 ¥zm 1931 194.823£1.005 62.015+2.385 19.463 £2.175 8.253 £0.115 14,00 mg/L ' & ]
7 R 2139 0.020£0.005 0.088+0.020  0.015 +0. 020 0 1.41 mg/L") R O
8 1y 2345 0.095+0.008  0.078 £0.010  0.055 0. 003 0 <0.40 mg/L1?2! e 7 122
Nt/ (mg-L7Y) 287.909 132.172 99.911 68. 109
AL/ % 87.338 74.797 60. 063 43.537
I ZRLH 885  17.345x0.720 19.325£0.085 28.950 £0.480 30.328 +0.628  7.50 mg/Ll'* EE
2 LBSTH 999 0.113£0.018  0.028 £0.015  0.115+0.013  0.118£0.023  1.60 mg/L!"’ WA RE A
3 TR 1026 0.153£0.023  0.025£0.003  0.190 £0.018  0.025£0.003  0.02 mg/L"'* MR, B, A
4 LEBSILTR 1132 3.470 £0.090  2.790 £0.133  3.975+0.008  7.168 £0.088  0.03 mg/Lt'! Wk, FAE L)
5 UM 1244 1.193£0.090  0.943£0.085 0.805+0.040  2.155+0.098  14.00 pg/L"®)  FH¥ g W& HE HE "
Mk 6 FMZE 1446 2.208£0.153  1.420+0.033  0.880£0.075  2.760 £0.088  5.00 pg/L'" B
T KR 1651 0.715£0.095  0.893£0.078  0.810 £0.168  1.148 £0.013  0.20 mg/L"'*! B Wk B L
8 BELE 1813 0 0 0.123£0.003  0.055£0.003  0.50 mg/L ! BF e vk 2
9 Ak:mME 1849  0.053£0.008 0.085=0.013 0.1980.018  0.263 £0.055 >0.80 mg/L"*)  FtF, 1%, 7%, AIg "
10 Kb e ! iR 1803 0 0 0.515+0.228  0.755£0.198  0.50 mg/L>) L3 2
1y 1991 0 0 0 0.103£0.020  88.00 pg/L>" AN e e
N/ (gL 1) 25.250 25.509 36. 561 44.878
/% 7. 660 14.436 21.979 28. 687
1 7R 1577 0.468£0.013  0.338+0.015  0.310 £0.040  0.263 £0.005  8.10 mg/L''*) BE E)
2 BTh] 1618 0.295+0.008  0.350 +0.003 1.185 0.430 £0.003  2.30 mg/L12") WA S ALK I8 T bk 20
3 TR 1803  0.368+0.160 0.358£0.043  0.570 £0.100  0.360 £0.010  0.17 mg/L?"! TiE
4 RZm 1855 0 0 0 0.070 £0.020  1.00 mg/L> W ENE HRE
%‘EZ 5 B 1863 3.340£0.355  4.568+0.945 10.650 £0.845 14.920 £2.228  0.42 mg/L!'" T, ek
6 ¥ 2083 6.470£0.135  5.500£0.338  5.695x0.105 15.875+0.078  0.50 mg/LL'5  JER w5, e LS
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Fig.4 Loadings of aromatic compounds and wines distribution in the first two PCs
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Fig.5 Loading of aroma characteristics and distribution of sample wines on PC1 and PC2
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