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Identification of Free and Bound Aroma‘Compounds in.Raspberry Wine by

Gas Chromatography-olfactometry
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Abstract: Gas chromatography-mass spectrometry.was.used,toranalyze the type and content of free and bound aroma compounds in
raspberry juice after spontaneous and inoculated fermentation. Sensory analysis was also performed. In addition, Gas chromatography-
olfactometry (GC-O) was used to identify their volatiles. The results showed that volatiles in spontaneous and inoculated fermentation wines
were similar to those in control wines, where alcohol was the most prominent mellow. However, obvious differences were detected in sensory
analysis. After fermentation, 15 volatiles disappeared;but new aromatic esters were detected. GC-O analysis revealed that 10, 21, and 17 free
aroma compounds were detected.in‘control, spontaneous, and inoculated raspberry wines, respectively. Of these compounds, eight, 18 and 14
volatiles were identified as ethyl acetate and phenylethyl alcohol, respectively. There were five and eight volatiles found in bound state, while
and 3 and 4 compounds were detected respectively, including heptanoic acid and benzenecarboxylic acid.
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W REP A A T 33 FEAL A, s AR L
THEG T 2R COL IR L 2l HR IR 25 E S
B4y FAEERZE S, GC-MS M HT R I, BB R i
b T 2R ) SR o A= AR T 21 A 33 A R EIR,
A 12 F AR, REIER SR SRS SRR
e FRRE. FRE. ZP2FY, Duarte AT
16 FhAS [ R RERR A A B 70 A SO B ZE 5
UFLA FW 15 BB SR &R, 2Ja
A1 HH GC-MS. GC-FID. GC-PFPD %522 il
JETRHIE T 16 P AEFORIERE, 15, htkae
FEA T R I E S TR R R 55, R AR A R
HEARG . EESFEWRR, BOHAMBERIEE S T
25 S AR A A A 2 R I T e
FEDTIERO % FRIEEYR S E . T
FECERE R (1R A A S BV RS S A S A UL
BT T 2RO, 7 5 R 2 SR TR
BTG, SR E FTA SRR R R A S
AR, U RS SEH SR T T AN
SEARIE . ARSI TON R, TS TR A 50
IR AR S S E S L3R A GC-O W[HIH,
AREE e T RS 1 S Y -

1 MR5RE

1.1 RIeAR

S8 SRR IR 22 A R R SR SR I AL A R T T
WAL RRIR AR A P . PR R ISR
TR WERAE-18 CHRIVKMEHRT . 8RR SR SIERE S m]
TAPEE YDA 9.2 Brix, BN 1.57%, pH 2.92.

12 FEREPE S RA

Amberlite XAD-2 (20~60 H)}3:[E Supelco A ]
FEfhs f-D-RIAINEEEE . OB (B, Ce-Cyo IE
Fkere (thitkal) Sy E Sigma-Aldrich 2575 B
RIS CFRCBE. RS o brat, e 254
B 2GR PR A A

Agilent 6890N- 59758 S AH (i B A 5
FEZEORHA R AR AR B AT
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4k (50/30 um DVB/CAR/PDMS), £ [H Supeleo 7
Al

13 WERITHF &

WERERICRUR, R LA HET, BT
IP2AE 300 mL BRI, B #EAE-18 CUKIEH
Mo

14 BREEBEMERTHH 4

MUKFE R ECE BT RE A, 76 30 CHIZKI IR
SRR, FEIR 101 CWER O S Bl pey - mhon
AKHERE, N OB VT B A T I PRI S A
3| 22Brix, H 0.1M FIEEAAREATTT) pH {H I 2
45, FIMARELARERET (50 mg/L)s LA,
15 20 CHEATMIREE IR -

15 B R BEELIE 69 7 2 R IE 09 ) &

¥ 1 g it TIERE CeBL, HRED ] 100 mL
AYIRFERE T, | 7E 3T C R IEA /NS, AR
PRA) ARG TRIE 4 mL/100mL R 2 1.4 J5i%absE
IR I R LT IR, A,
TE20°C e ARG R %

160 A& B B oy

TN R 5 KR AT T R ) L 2
22Brix, HI 0.1 M HIFTEIRH¥E K pH B ZE 45, F
BN BT ARERE (50 mg/L) . ¥4 1g 3G TEELE (%
B, FED InAE] 100 mL 4% EERRE R, 76 37 C
NN, FEAWHRGRES), SREHER 4 mL/100
mL [ R BRI EE A aF B RE,  F 2b A
M, £ 20 CAf R RE.

1.7  Amberlite XAD-2 #¢ fig th T 40 38

FREX 60 g Amberlite XAD-2 ¥ AE7EZ [l as
SRR LR CEE AR AL 10 h, 2R)E
BT . IS Amberlite XAD-2
R LR BRI IESEAE, DL 800 mL 2817k eA:

(10 mL/min), AR PR i RV g4 0,

18 Mzt WERE 7 & SRR

B

S AlERIEEL 10 mL MEREE A A R T 25
mL & TR, ho 3.6g NaCl,  DME#ER S s>
FIFER, FEIMN 50 uL WA OB GAT L1, K
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79 0.946 mg/mL), H RIS L )G R4, ¥ SPME
REMS I i B SR N TS, T-RE B4R B A 40 °C
InFCPr 15 mine PSS, HEHIAF4EL, fELF4EkE
FAH ORISR 40 min, Bifl f5 R A HL 36\ GC-MS
HEFET 2 em, FHAEHAF4EL, f#HT 5 min, 31T GC-MS
38T

19 WMEAFFHASASFTRWME Amberlite

XAD-2 # g B Mt 20 PR B

PR SR B0 B8 (4 °C, 10000 g) 20 min,
B EE W UAZ) 3 mU/min (R0 5 4 AL B AT I
Amberlite XAD-2 ¥ fiEk: (50<L cm), 2% F 500 mL
(78 R/K DAL DABR L 3 R . RS /KVA I
SRIGFH 350 mL Z Bk ke (1:1) YekELALBRI S &F
SR, B 350 mL HRESEMR BHTEAE s S
AESDIR, WEREE S, (ERe 2R Bk
i ORI EE 9 35 CHZET, F 20 mLATHRER-NaHPO,
ZEM (0.06 M, pH 5.0) ¥%ifiE, 5 100 mL £k
IRbE (11D 7r —IRFEH AR 25 ] REAFAE TS S
VIR, R KA A S E S A

110 &It o i o A F KA B ek K AR

¥ R AT B KARER 3 B 50 mL TS s I
Sy 5NN 150 mg p-D-H A HEE RS (2.2 Ulmg), FH%E
VYR ZIERR L, 7E 40 “CRIREA P ARIEIKf# 48N,
Z G BN (1:1) 100 mledy = VA< BRI
ToKBRBRAN T8, N R4E 2 1.0 mL, JiA 50 pL PRE.
fill (0.946 mg/mL Jo/KE D) TERNFR, it GC-MS
Gaxii

111 &AM E Rl RE O

IEFEL0 BAf GC-O ML S EER I8 1 S50 U0 Y
B E AR R R R AT I 0T B SR R A
(raspberry). {647 (floral). [E#F (alcohol). ¥
(grassy). 75 (spicy). #ifid (citrus-like) FRWR
(sour) MAFF (woody) 8 Fi s B FrIRFHEAE it
ITWREIFEREE AT . 30 5 mL BT B
BETISERE L, SRR AL (14256 mm) [—Iiig A
FFEMH L) 2 cm, 2005 FE LR/ INZE R A T R ]
HAT5r . AEFORE BN AREEE, 1R85, 3-59,
S-SR, 7-9E, 9-1R5H.

1.12 GC-O 4#7
ERERR YL, 221 FIELE )i N ODP2 Al

MS, & ODP [N#ARE )y 180 'C, M RN
60 mL/min, [FJxH RRMCTEATINRACER . S FEEM
REAP H285d AR I R 3 44 K06 B EAT IR 5 7
Bro £ SPME ZERE A, FAERCELImA GC #EFE N
bR, RN 348 ODP2 BL & Tl 2l
FHACFA ISR FRF R 8], TR TR 44T,
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s, 10 RES, 2 0 NHEe, 3 NTPAEIRIE,
4 Fyom SRR . B[R] — R A BRI A K B3 3 VT
1700, BACHERIRE A 1) 3 YT T 2
RE I A BTN LB

1.13 GC-MS 4#7

Agilent 6890N FIS ML, SHHEES1E: £
HHERN HPS (30 m>B20.um=0.25 um), FEFTHE,
AR E 40 °C, {45 12'min, BL 3 “C/min J+% 108 C,
{74 2min, FELLS5CImin 7% 250 'C, {#4F 5 min,
HEFEEA 1.0 pl, FRE R 250 C.

Agilent 5975B RUJGTHE(X, JFiilk ok BT USRI
230.°C, PUPGATIRSE 150 'C, BTk ElL HTFfE
& 70 eV, Jii &Yy 45~550AMU/sec.
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IIMTIIER 17, EARA I AR A I P Y e A
Wb ZZ AR, (B SO, 5B EAFERIRZE ST,
PR . SO, TR B AR, H BRI FT e H
THEMOR R BERLR, AR AR B2 1
7 SO 7 o PRI SN LI &5 B LS5
A BEEERE bR E AR R S

® 1 NEREINETIRUETREE

Table 1 Compositions and color analysis of raspberry juice and

wines
) WERIE
MET ARG
ORKEE AR
#E(20°C/20C)  1.01 1.07 1 1
pH 2.92 3.39 4.42 4.75
TEE(%,VIV) - 8.8 10.1 9.4
T RAEN(IL) 28.9 24.6 0.26 0.28
EHEI(QIL) 4248 2826 141 1.24
% SO,/(mg/L) 10352  89.38 28.22
;4

L 2741 9963 6257 83.35
A 22.68 0.1 34.26 10.85
B 1095  0.69 14.85 1256

i ORRREG < AMR.
22 WEI AR E I RE AT

Raspberry
9

8
TR Floral | —o— Raspberry juice

6 —=— Control wine

- o - Spontaneous fermentation
—a— Inoculated fermentation

Sour

Woody Spicy

Citrus-like Alcohol

Grassy
B WETIMERBENRE 21
Fig.1 Sensory analyses of raspberry juices and wines
AR SR P RSB R 7 VERIE T T A R R
FEWHA (raspberry). 167 (floral). EE#r (alcohol).

HiFE (grassy). ¥ (spicy). HHIGE# (citrus-like).
TRk (sour) JAR#E (woody) 25 8 Fi/ ik i3,
SR 1 poR.

EHPE P, EARRIE, P R P R AL
IESECERFHAL, RILAEER (alcohoD AR, H
SRR A R R (B4 (alcohol) AHZEAK,
HIJ BB B E Calcohol) 48, Fifd BB 7E RS
(sour). WA (raspberry) b 135 ELREILL S R
gyt e AHIX =M E B (grassy) i Ad A
(citrus-like). A% (woody) KAt (floral) A
B TR FIEINAE A (spicy)  EF
SENAR, (HBMET B IR RBERIE . S H RS
b, PR T 2R BRI REA (alcohal) . FRWR
(sour) K E#F (spicy) WSS H, (HHL W 25 &
(raspberry) KeAe 7y (floral) Bi5Lt, 7EARFE (woody)
FiF (grassy)s. HHIEE (citrus-like) LZEHIAK. H
BRI, WREA G R, K R & SR ™
Hy (HA7 7 EREEREEA (alcohoD).

2.3 WA A A i B S E A

IR FIRTERE P (i B S & SRR 2 B
Y BEEEH IR T 19 MESMR, BEEN
247728 ng/L, ALHE 13 Fhusl@s, 3 P,
2 PHEERWIGURT 1 FREERAIR o MM & Bt »
ik 12131 pg/L, (5 RE R 50%. R A i
BFEEAWE KD =, (HRAEEN 24.8%, HIKN
oK I, 5 24.7%, y-EKP ZEIIER T A,
FrEik 17.34 pg/L.

H SRR IR R IR BRI TR 3RS Y 27 PRy
BESWI. BRKBNEE IR 19 F&SY
Ji, RIS 123106 pg/L, 5 10 FHESRPE, 4
FREEEPIE, 3 FRERSEAIAN 2 FhsIam . Hefp
REERB KD 18 ESMFR, BEE)
18767ug/L, G4 9 FilisEWni, 4 Fhiifassiii, 3
PP, 1 MEESRYIBIA 1 FHEEERYIG . BEUR
R IR H 8 R ARSI, A RN 16 647ug/L, A
15 4 MBS, 2 PRSP BAN 2 MRS -

® 2 WERBINETHRRESESYR

Table 2 Free aroma compounds in the raspberry juices and wines

ot 4%%7&# g & E/(ug/l) ‘
B RT  4%RI H &t AL B B RE B BT R B
LB T Bs 4578 628 nd. 1653626 388841487 18654564
1- 585 4991 737 n.d. 1150143897 4046443120 n.d.
LB R B 5.426 747 n.d. n.d. n.d. 45734176
TR
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HEER
F BT R B
L R
E S
o- Tk M
R X-2-THlk
THR LA
o-7KFF M
D-#rtih
BRI K
KB
-5 o
- A AR
B
Y-t Sk
K BR LB
T B =B
FBR
FELTE
Y-
A
FERURBY
BE T LA
E AR
BB
RBE LB
Kethe
-5 F LA
ZEASR T 2
Py e
B-5-F K-3-F Kk L R -3 T
m-7-4,8- =W
155-= FA-6-TF LKW
SN
V-5 F 2
po- =T RR T Bz
R
E+R
P HEBR TS
3-F A-1- R M -3-B%
+-Li%
+ B LA

or

s

6.399
10.604
12.309
14.003
14.827
16.441
17.562

17.74
18.724
18.529
18.775
19.021
19.084
19.273
24.852
25.407
25.905
26.105
32.525
32.548

32.8
33.109

33.83
34.368

34.86

35126

36.24

36.66
36.765
36.845
36.851
37.475
37.526
37.584
37.669
38.282
40.296
42.768
42.888
45.417
52.981

775
874
913
948
966
999
1022
1026
1046
1042
1047
1048
1053
1057
1172
1184
1194
1198
1342
1342
1348
1355
1372
1385
1396
1405
1430
1440
1443
1444
1445
1460
1461
1463
1465
1480
1531
1595
1598
1672
1994

n.d.

n.d.
1.8140.25
286.02453.42
9.97#4.17
n.d.
89.92421.35
263.34469.73
45.65417.26
n.d.
54.41+14.38
5.0642.58
n.d.
31.4945.67
n.d.

n.d.

n.d.
nd.

n.d.

n.d:

n.d.
614.84488
n.d.

n.d.

n.d.

n.d.
611.36476
n.d.
141.56461.58
132.12452.81
136.82458.37
8.5344.08
7.2143.95
17.3444
8.865.63
11.3146.32
n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
425457
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
649497
n.d.
n.d.
n.d.
n.d.
n.d.
n.d:
200476
1581+147
n.d.
n.d:
nd.
n.d.
n.d.
256
382482
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

15292
983483
n.d.
n.d.
n.d.
991042309
n.d.
9794289
n.d.
777947232
n.d.
n.d.
274
n.d.
1101145461
13394731
n.d.
2303845298
n.d.
n.d.
305
108
n.d.
n.d.
654541679
342478
5354389
208+111
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
313400
31576
n.d.
n.d.

n.d.
5984158
5854101

n.d.

n.d.

n.d.

n.d.
2624121

n:d.

836943289
nd.

n.d.

n.d.

n.d.

799.79457.6
384.98435.4
n.d.
508493
59.52+12.6
53.12#415
n.d.

n.d.
102.82428.3
n.d.
299469
30H2

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

150.03+28.6
3246
n.d.
92.10#2.3
4444

E: REAEHRI, HP-5MS &t Ee9RG 184 nd., A&l

BE W I 2 9 SR R AN b R B A g R oh 5 Y=
R IESYIR, BBk 72349 F19064 ug/L, fig & &

H ) 58.8%F1 48.3%. HIRKEFEIFT ¥R
B, A EEN 18.7%, HIUCHT R KES
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(12.4%). KHRCEE (8.9%) 25, HfhREEF+
GEREITER ORE, FRIA 8369ug/L, A
B 44.6%, HUCNCRRIKER (244%). L2 L
(9.9%) %5, MFARETILA 10 MAHEZH S, 505
NCTROBE LR IEE DA RO, K
BROlR. T R_OME. FRROBE. RO, Kt
1 LR ClR. BN h ks 8 &S, H
HRROTS. LR KOEE. FR ARG R
CPRSE N F AR R B R R s, 1T
FEE SRR R H, PRI SRR 1R AP AR
kst o JTHERKSERR T ABARE S A e DL R
AN, BRI TR SRR, X))
AR SR T AR,

BRSPS T R SRS G, LR
FEBER, SR ERHER S . AU
PRFIAN [ T2 5 A ) b SR B 2R5T, 49901
NCTR TR TR OB KPR OB T R M.
FROHE RO AR OB & TNEROEE, X
LV & IR T KBRS  GEX BE
LrEE AT, KEZ M IERE T BA AR
(mature) FIZK S, (fruity), TFIB28K R (fruity)
FFEALR (floral) M2,

Duarte 25IF9E T AN [FIRE BRI 25 SR 75 < %
W, ARAT T A IR 2 SRS T A 2 S
B RESE, LRI 10 M O IERERYI, S0 AT
fROBE. THRAKS. CRRZEE. THER 4N LR
Be. FRROEE. 3-REE TR OB B ABE. T %
T BB RIR — O RS, I BR RS AR
JRAME o555 22 AN B8 22 Wi, 5 ASCRIINEI ) £
FEBsRMmAR L, R 4 B [RIZH s i nr aE ER Al
IR EESAD RIEERA PR INPE S5 R A K

FR OB EAREIAE . B PAERES, &2H2
TR IR HE RN 5 ug/l™, Asrhfe
E SR Al S R 5 5623038 pg/L,  BH R T
18, " H S e R EER A i 45 Fd
14.6 £, “HHMRI L, FHo R RRHIEE S EA HER
TR FIR CBRA AERRYESRAE N R KRS, 1R
Ja R AR A B, R s LA HT RIS
Juk (fresh, apple-like), J&3ERHRHER<IEHEY
i, ARSI E BMEIE R WARIE, 25
1E AR KBRS R . KRR QA A AK
RAES, NIE BRI T AN R T S0 A
e CIRCERREARKERE R, X5 A
KRNI RES (fruity, green apple) ™, HF
SBHEN 14pg/LP, 25Nl il EE AR

350

YIS, MR MRS S, AE R R SR AL
WP, PRI TT A S o 2 I REZE AU
RPN T R AERTE B AR R R R
SRS B 1339 AT 384.9 ng/L, HAE D4R
T o AR S 5 60 pg/L AV 2R 2R R
RS AT P AR 2R RS, S Tz s e
BRSPS AD) SR A il ok, T
MR IEE RSy, SRR, BRIIFRE A E
oI ) B AT U HAT B R

F SRR BT SR 4 R e 4300 1-
TREE, KOEE AP 3 13- MR
9 48585 pg/L, iR 39.5%, Hr 1S E
e, 7 32.9%. ERNA R 7o B AR S 1-
IREE, AAEHM R R e R G = F
Bk, FAg s sy, H BT AU H 10000
ng/Lo XFIBTA PR TAEE 5B, 2V
ZACHIFHE A S,/ AERI, R BHE K
PR RRIZART =5, AN AR M S AR
B G RM . AATI R LB B SRS T
IR e B R, SRR AR K
W FFRST HR  AhFR SR, (ERTEHA R BT AN
B R, HEERIK, RA 274ug/L, XY
JSRAE A A R SR S b e R S, (R A L o 2
HoRAEH o

BT AW o- K% AN - A =
Cis B IR RTE B AR R EE R A e, -
BRI LM -8B A AR R, R
RHER S WIBT, —&-p-4 % M e At A A
PeAs B, AR AT R R p-45 B S WA o455 %
VR R I R A A FIFE B (4

R D-FA b A I P bt A7 S5 o E 28
R R I, (HARIERBNE R . BT
PRMBEIRE AT AL, B R BRI AR R I y-I7 )
FERSIGPFPNR, BB TP ARSI D-FP5 0 o
B A AR TSI R0, Bk e I, X2
JRANGE FHEERRAH =4, R B s R AT R i iR
Rk A, B R R SR B SR
KR ITAE R IR R R 25 5 ¥ A o 2 A
B KA RN, TR R Bl A8 i At A)
TN & B EE R R A . F34h, WEIRTE
IKHIERRIEAR N, AROREK R SR M, Fithes
IRPRMIK HRETB 25 6

b FRPT AL, Bl R EERR HaA A
TEARAE B AR R BRI ORI, IX R o7t f2 A4 2
THRAER ST, P RER T A . SRR
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O RE R BA EEAE, XA B
PEAEIIHIAE R NG =R R B &
2 STUEE 7ot

SRR, BT REE, HH 15 MES
VISR T, B4E oDkl Ra-2-CIRE . f-7K)T
AVTIRERFE AT, AR, p-R%Y 20, o-
K 2 e D-FPEIGALE A AR B B R BRI
Kt o oM T US40 B L A R R B s
N LB SR -D-ARERAE AN FF 2 GBI e T LIS IR a-4%
DR pRY W, R WG ORI SO
R AR LA R S,

HIEAT L, WA RN E RS R, AR

VIR, SRCE A R 2.

PRSI S A B A A LR AT FOK ik, X
IR = B o LR PR R R e R T SR AR
bb, R RIS T2 AR, TR
T PRITER AR . PRI AL R AU i 2
AR ARSI, 325 HARSCHRARIE A% A R
CABRRAL SN T2 — B

24 METFREBFHBREATADR

AR Amberlite XAD-2 A4 IR rHge ik 2 i
WERERI B S SH W, A2 p-D- %S
FRERKERER, W 3 .

* 3 MERBINETHRRETSESIR

Table 3 Bound aroma compounds in the raspberry juices and wines

s ®’garE  REHHK o A((1119) \
RT RI £t B ARK B At K B
BB 7.088 747 n.d. 4028 nd
3-F 4-2-TER 11.139 887 39+1.28 nd. nd.
1- KBS 11.225 889 3.0 £1.65 nd. nd.
3711-=F -3+ 8 11.963 906 25.5+9.46 nd. nd.
12- L FiBs 17.342 1018 1.3+0.63 nd. nd.
KB 18.937 1051 4044907 167.3#226  74.2480.2
1-¥ 8 20.277 1077 114087 nd. nd.
KB 22.165 1116 22.7 +6.73 nd. nd.
B 22223 1117 2.7 +1.02 nd. nd.
Ed 26434 1205  2860.3#132.45 109.74569  163.0462.9
- T EE 27.979 1239 n.d. nd. 5.040.2
4-#23-3-F K T 31.429 1316 2.9+1.20 n.d. n.d.
T A B 33.501 1364 8.2 +2.36 nd. 5.640.7
3-Mi R 6T AR 33.65 1368 n.d. nd. 0.240.3
AHZE 35.349 1408 2.0 +£0.68 nd. n.d.
LSV AE Saniow Ny 35.583 1413 6.7 £2.46 nd. n.d.
B I ARER 36.797 1443 6.2 +3.16 n.d. n.d.
o HORF B 37.426 1459 7.9 +3.43 nd. nd.
452K TR 38.559 1487 30+1.32 nd. nd.
24— F SR B 38.811 1493 17.9 +6.48 nd. n.d.
1+ A8 42.662 1592 16.5 +4.78 nd. nd.
A HATEE 50.89 1872 3.0 +0.87 nd. nd.
P-4 47-8(10)-H-9-8F 52.046 1937 714267 nd. n.d.

E: RE4EHRI, HP-5EMS &ifr Ee9RE 454 nd., Kiedh.

PRI RIS 2] 20 FHEEEESEFESWIA,
AFE 11 PR YD, 6 MRS Je 3 M,
SIS 3042 pg/lL, HHAORRYIE B, 1k 2978
ug/L, HEFER 97.9%, %A EEREES
FEWTF . BRI 3 P &

SR, Ik 281 pg/L, LS 2 MR RYA 1 Fl
NIRRT . FeRh BRGNS LAG Y b Al A A
S, EEEIL 248 pg/L, TR 5 RIS
KA.

PR AR o R A 28 R AT B R PR s A 1D,
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XA BRI T T A e, KSR
IR, R B2 P B P B ) DU £ 25 )
RAEAE, XM RAEAR 2 HARRE ) b kst DABE
BRI, T EH—F, XL e
FHUNRA B & AT SR 18 4 4
SRR FE A SRS H R B P B R R R
Y, SR 94%., FRPIR R R AT RS
SEW, HEERE, 153960 ng/L, 5B
BAFRREN 15%2, PR N H AR IR A A
IR, AR AR AR RN TP AR R B 2-
PRI RERN 3-47i P 5E-6- FP 4L 28y R AE R A I

Rl T ABARLE AR BEASN , (BAE
PRI R PRI, HH A B MR R,

SREERAHLE, PR R T 2R s
SEAWIFHE S B LIRD, R 2R HAE
ARigd R, BESEH WAL A1 p-D-H %
BB B SRRV SR T R A 1 K RETC . [RII
KRG EE WHEM RN AT E L
HATHR,

25 &R P E RGN L R

* 4 NERBETRESE SRR

Table 4 Free aroma active compounds in the raspberry wine

L . SRR
P S SN o=y Arkdhik -
#RI BERRE  ARREE BATLE
1 <800 MS, RIL, Odor LB T Bg EIR, ot 2 3 2
2 <800 MS, RIL, Odor 1-RBE Bed, B 2 4 0
3 <800 MS, RIL, Odor LB RS Bk, B 0 0 3
4 <800 MS, RIL, Odor ¥ 8 5 K Be B, Hk 0 2 0
5 <800 KHn BOR S R 2 3 3
6 874  MS, RIL, Odor LB RBE HF R 2 3 3
7 960  MS, RIL, Odor E S e 0 0 2
8 999  MS, RIL, Odor IF T8 L A3 0 3 0
9 1026 MS, RIL, Odor D-474% 45 FPARIR 0 2 1
10 1042  MS, RIL, Odor KUEE B3 7 2 2 2
1 1053  MS, RIL, Odor RPEz Ak, EaA 0 3 0
12 1172 MS, RIL, Odor K H B Ll BRAEA 0 2 2
13 1184  MS, RIL, Odor T 8= B HRIEA, B4 0 3 2
14 1194  MS, RIL, Odor FE J§ 5. Rk 2 0 0
15 1198  MS, RIL;" Odor FER CBS HHH B A 2 2 1
16 1249 A4n BRAkA 0 2 2
17 1342 .MS, RIL, Odor FrH ok 0 0 1
18 1348 MS, RIL, Odor FER S H& 0 1 0
19 1385 MS, Odor RER varhleR, hfERA 3 0 0
20 1396 © MS, RIL, Odor RER LB MR A 2 3 2
21 1405 MS, Odor *et b FIE-T 0 3 1
22 1430  MS, RIL, Odor o-%F LR LT LA, A 0 2 0
23 1440  MS, RIL, Odor ZEApRT LR LT LA, A 0 2 0
24 1488  MS, RIL, Odor S8 T LR WHEK, BT 2EE, & 0 2 0
25 1595  MS, RIL, Odor FARBR TBg oA 0 3 1
26 1585 KHa ok 0 3 2
27 1994 MS, Odor + B LB BRERA 0 0 2

vE: MS: @i RIL: @it 5RG 454009 AR S 7, Odor: it A kit i 57,

GC-O M MBI TAFE S 2, S5 G
K RE B SR HEAT S A E D . AR SCR A
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E SRR FEAIE R R SR 2 AT H T 10 s 21 F
17 MR, e T HAE) 8 M. 18
FAn 14 &Y. H, F 6 MEEHiS 3
PR SR A T, A AE LR ORE LR IREE
KOWE FROTE. 2R LBEAN 1 Fh 2R 2 &
PR (NO.4A) . B i & S i = 12 1E
208, EIRRFERI T 1R &R S
Y, CERIKES. LIRFEIKEER RI<800 (NO.4) [k
AL E YR R BRI A SR s B -
XL TR A S, R RS AR S
G ON DT
FAbh, B A SIS T 3L 2

IR E TR IS F AR R BRI A A A0S
PV AL 7 M, Sl RS . IECER O, R
L. SEIREEER. oK% 0. S -p-LP LA p-
LT B R BRI A SR R
4 Bl RN KRR, FEEH AR

®5 WERETRE

o 15 Duarte S50 MNELje] S0 4 HLARRR w1 B ) — BUHE
26 WERBFIREASTAFENER

WIER 5 FIH T 2 MR s & AR AT
YIli, AR T 5 ROR 8 PSR, RS
T HA 3R 4 kA . Hod, 4 BESE
PEVIIT O 2 P AR RO E 1, ale R, SRH
FEAT 2 MORENIYIR (NO.2; NO.9). 4R AMEHIH
R R A SR s B4, R B e
RN A SR R = A

Ak, AR KR A A A SRR T R
1, BRERER; AR N T M I S
AR AT, 3l 2-RHEIKHIE T A 2 iR
A (NO.L; NO). Hul, EWAMIFFE ST
P E F b 1 S E SR R 2, 1A A
HERA S H RIS G Pabst 17 1 4% SCHkRIE
P2, el g ASESYREFEL IR,

SESEMIR

Table 5 Bound aroma active compounds in the raspberry wine

. L ARERE
F5 RE4ERI P SN a4 Aeptbik -
ARABE  BATABE

1 <800 A4 BEvk 0 2
2 <800 Kgm Mok 2 2
3 <800 MS, RIL, Odor JEER JE& TR ok 2 0
4 1051 MS, RIL, Odor RFE A, EEA 2 2
5 1205 MS, RIL, Odor F R Wik, Bk 3 3
6 1239 MS, RIL," Odor 2- AR T B Aok 0 1
7 1329 Ksm Aihvk 0 2
8 1364 MS, RIL;y. Odor TE A, FE 0 2
9 1532 A4 25, BE& 2 2

E: MS: iR T RIL: @it 54RG 454009 ARIE AR

3 Zhip

3.1 AHH SPME-GC-MS V17t 1 4R K EEAIE
Tl R B PR [R] "L ZUBR I (D B HH il S A B
BESWI I Amberlite XAD-2 4 AETR FHH5E it
ST RINERE L T R B A S H SR,
R RE P AR 14T T B 8T, R GC-O 4y
TR E T PR S R B S A B A SRR SUE
PP -

32 HARKEE. B RN BRI A& SRR
AL, RPLAEER Calcohol) HAZEH, {HSHET
RE TR ZEIR K. WETE K G, KR
RPN E, (HAPT Bk R k.

3.3 HIAAKEEMEET IR H 19 FIESYI, B

=

2

Odor: @it APkATE R,

Bk 123106 pg/L, A4 10 MEEEYIR, 4 FhEEEY)
Jii, 3 FREAEPISR 2 PRI . B R R
HSLAG Y 18 Bl &S, B abik 18767 pg/L, fLiE
O MR, 4 MREERYI, 3 MR, 1
BRI AN 1RSSR . SRR AL, Rtk
M), 4 15 FESWIRTEA T, B ol R
W-2-CRE . BTN ATTIREREE S, R
AR, - 2. o8P 2 K D-FGEH
SRR EEM R T SO R o FHICRT L, R SRR
ERE R, HEHMEESRR ™ E, 5&E 0
MrésR—5.

34 HRKEERFEHILRI 3 M S SE YR, B
Pk 281 pg/L, BUAE 2 PR R L R IR TR
o MR IR 5 M ESESR Y, &
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Pk 248 pg/L, TR 5 MR RY). 5
WRERITAHEL, PR E T2 h s & 555
VIRATE &AM 3Eb, R EGESF YRR
BEF2ARI B-D-H 4 BE R L B S IR IE A T R
AT KRR

35 KM GC-O MHEIFAR MR . H IR K EEAN
PR R B TR A L 3 10, 21 1 17 RS S EFSE
PV, JR% et T HAR 8 A 18 AR 14 FiiL G
Yo FENCROHES. LERFIREE KO, ¥R
FESE. M E SRR B AN R R R R B S S L
SR T 5 AR 8 M SRR, R EH T H
W 3 B 4 R A, EEONPER. KHEE. KH
. TEHmE.
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