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Free and Bound Aroma Compounds in Raspberry Juice
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(Key Laboratory of Environment Correlative Dietology, Ministry of Education, College of Food Science and Technology,

Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The composition of free and bound aroma compounds in raspberry juice was analyzed by GC-MS. The free and
bound aroma compounds in raspberry juice were separated by Amberlite XAD-2 column chromatography and the bound
aroma compounds were subjected to acid hydrolysis or enzymatic hydrolysis (#-D-glucosidase) before GC-MS analysis. A
total of 23 free aroma compounds were identified in raspberry juice, mainly including fatty alcohols, ketones and esters and
benzaldehyde was the most abundant free aroma compound. A total of 20 aroma compounds, mainly including benzenic

compounds and fatty alcohols, were identified after acid hydrolysis of bound components compared to 11 ones with
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enzymatic hydrolysis, mainly including terpenic compounds and fatty alcohols.

Key words: raspberry juice; bound aroma compounds; enzymatic hydrolysis; acidic hydrolysis
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JBERALR T

1 MWE5J%

L1 BRI

JS R SRR 2 ot b b i R SR BTG A R T
A4 B B R A B 2w b A A A b, A R SR SR A
Ja WA — 18 °C UK AR v A FH o S 56 I DA DK Hh B
WA LS, W R RRR, MV, BB LR AT,
10000r/min)20min, 57t #H . Amberlite XAD-2(20~60
H) k[ Supelcornl; S-D-HIZBETFEG. A (0
afiy  EEFlukaA s IR CEE. Soke. LA
IIRTEl; Co~ChlEMbeld(taithal)  J2[ESigmaA#].

6890N- 5975B R FAH (A ik -~ it 4 . HP-5MSE
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FREN50g XAD-2 572 [GHhAe 4 h 2 e . &
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ZEN KA (10mL/min) & B A] 4 1,
122 BRI R A AR

41530 B 253 VT DL 29 3mL/min R8I 20 b BRI
Amberlite XAD-245(50cm X lem), 3% FH300mLI1 2 5
TR P AE CARR 25 K PEROBE . R . 4R HI300mL 2,
Fif- e (L DA B A EF DT, NI L F R
A, R4 1.0mL,  JIASOULIR CL(0.946mg/mLIJG
IKEEER WA, HEGC-MSH#T .
123 MRS S E Y

W15 3] [ B A T VT DL 29 3 mL/min [ % 35 R 40 Ak B 4
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B OKUEAT DABR 22K PR IOBE . IR 5. 4R J5 FH300mL
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Tablel Free and bound aroma compounds in raspberry juice
T/ (ugll)
aEY fREml/min  REER S "es
T T a0
2-HUE T iimethyl 2-methylbutyrate 6.583 — 59.3 + 12,61 nd. nd.
6-B#fi-3-176-hepten-3-ol 7.363 795 nd. nd. 114020
LTR T Tbutyl acetate 7.905 808 80.5 £ 23.60 nd.
2-IJE-3- T 4fi-2-BE2-methyl-3-buten-2-ol 9.852 855 n.d. nd. 343+ 269
2,2-ZHE-1- T §22,2-dimethyl-1-butanol 9.909 857 nd. nd. 412 £539
2-HET JE LR 2-methybutyl acetate 10.73 877 1.5 £ 096 nd. nd.
3-{1JE-2- U 3-methyl-2-hexanol 11.139 887 nd. 39+ 128 nd.
1- B 1 -pentanethiol 11.225 889 nd. 30+ 1.65 nd.
3-FE-2-J#3-methyl-2-undecene 11.761 902 23.0 +2.68 n.d. n.d.
3,7,11- = -3+ 23,7, 1-trimethyl-3-dodecanol 11.963 906 nd. 25.5 +9.46 nd.
3-FIJE-3- U 3-methyl-3-hexanol 12236 912 11.8 291 nd. nd.
K #tbenzaldehyde 14.817 965 120.3 £ 2645 n.d. n.d.
5N i Rkisopropyl disulfide 17.34 1018 143 + 546 nd. nd.
1,2-2. i1 2-ethanedithiol 17.342 1018 nd. 13+ 063 nd.

D-F7 K D-limonene 17.764 1026 161 + 487 nd. nd.

2-2.3E-1-CF#2-ethyl-1-hexanol 18.067 1032 368+ 116 nd. nd.

K H ibenzyl alcohol 18.355 1038 9.5 +2.67 404 £9.07 nd.

7 ¢ fiilacetophenone 19.685 1065 414204 nd. nd.

1-31-octanol 20277 1077 nd. 11+087 nd.
3-J23E LR £ figethyl 3-hydroxyhexanoate 21.157 1095 241024 nd. nd.
7 Z.Ji#2-phenylethanol 22.165 1116 nd. 27+673 nd.

% ¥ Ficarveol 22223 1117 n.d. 27+ 1.02 n.d.

3-ZH % I 3-cthyl-benzaldehyde 24.356 1162 116.6 £ 6.56 nd. nd.

& i #benzoic acid 25.135 1178 93.3 £ 2635 28603 + 13245 nd.
2,4~ LR 2,2, 4-dimethylacetophenone 25.946 1195 61.7 + 15.62 nd. nd.
5,8-4-1-285}5,8-dihydro- 1-naphthalenol 31.382 1315 6.2+ 090 nd. nd.

4-J23E-3- LS 2 i4-hydroxy-3-methylacetophenone 31.429 1316 nd. 29+ 1.20 nd.
5-FHE-(1-F 4L 2.35)-1- LU 5-methyl-2-(1-methylethyl)- 1-hexanol 32172 1333 22+ 1.82 nd. nd.
I #ifieugenol 33278 1359 n.d. 82+ 236 n.d.

2-CH-1-1 5t E2-ethyl-1-dodecanol 33.368 1361 19+ 1.02 nd. nd.

1-F—#1-undecanol 34.668 1391 nd. nd. 144068

7 Fisovanillin 35.349 1408 n.d. 2.0 1 0.68 nd.

A B @ R Bpropenylguaethol 35.583 1413 nd. 6.7+ 246 n.d.

a-%% * fla-ionone 36.119 1427 373+ 217 nd. nd.

[\ A EE B trans-cinnamic acid 36.797 1443 nd. 621316 nd.
a- 28 B a-methyl-benzenemethanol 37.426 1459 n.d. 79 £3.43 nd.
p-4%% £ §if-ionone 38.523 1486 234 +0.09 nd. nd.
4-JR ALK CJ4-hydroxy-acetophenone 38.559 1487 n.d. 30£ 132 nd.
24- VAR T2, 4-dimethoxybenzyl alcohol 38.811 1493 nd. 179 + 6.48 nd.
W% filraspberry ketone 41.098 1552 9.1 £1.56 nd. n.d.
3,7-Z I HE-6-T-4-1-/§#3,7-dimethyl-6-nonen-1-ol 42305 1583 79 + 246 nd. nd.
1+ Fiff# 1-pentadecanol 42.662 1592 n.d. 165 +4.78 33+ 121
4B B3 £ 4-hydroxy-p-ionone 46.038 1690 nd. nd. 88.7 +9.79
i fuf FEmenthol 46.873 1716 nd. nd. 141 £ 042
2-CLHE-1-%472-hexyl-1-decanol 47.793 1746 47 %267 nd. nd.
S11% i Btisopulegol 50.89 1872 nd. 3.0 £ 087 1.0 £0.32
- - 1-J-9-Bp-menth-2-en-9-ol 51777 1921 nd. nd. 354125
SR Eisolongifolol 51914 1929 nd. nd. 153 £5.62
p-H7-8(10)-J-9-B% p-menth-8(10)-en-9-ol 52,046 1937 n.d. 7.1+ 267 73 +347

v RS HP-5 MS (i AE BIER AL s — . RS s nd. RAEGH

S RN 7439ng/L,  JLrPEERY IS fdnr,  1A236.9ug/L,

AR RI31.8%, HUCHBESS. Ml rsE .

T S 0 B de v, G PR R PR I S b 2 i o P RS
RS BRI ESEADRL, RS ERL6.2%.
%R A B A Polka berry fllTulameen berry #5445
Ffreb o o K T L AT — Fh Tk (sweet and burnt
sugar), HLFESBIME A350ppb! . HERIE, FEH R
R EEWEHED, EAAREMPEEERH, Vaughn
2G2S g R A S RIS A AT T RESE, R

201

TR E0.04 pg/m LI 3 6 BB AT FRIE T . 3-20 3%
I PR S AR S0 TR OR HH AR R SR T, L AR
TR,

WL T 1% i P 5 B R R i 2 i, 3
Krthofh, M&8ik66.9ug/L, 2-43-1-CBESER N
W, N33O RS, KRR A
WIS, B AR LA K (floral), JHLAERZ
FCA SRR A o A T, I R AR A AT
SE BT AR
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ARSI LR HSF R T, B 135.6pg/L,
RS EN18.2%, b, 24- T HILE AW G BN
Bo o BRI WIS EBE S, &M EENC, R
BT SWIR, Xi Zhumei "V Blo-48 % % i AT Ff
Gk 7 A5 32 R (canned peach. baked apple) &k, 1L
FA BT A0.09ppb, HA 5 437.3pg/L. f-K2 =
i) 2 A S5 RS H R 53 A — P L C B R R
ST, HATEE AR AR S(flower. raspberry)'*s fif
i T AR S R HH 1 S A — R SR i, H i T A
TR R, DR B SPME 1) J5 i 2 A3 2™
ARSI SR R e W B 0 P 7 v A KOS 5 v TR U B A
S K I A S 9. 1pg/L,  Borejsza-Wysocki
AE USRS BN [ it ol b 28 5 A, S 00 0 225 T (1 %
AN—FE, CanbyFIRoyalty 54 i Fibe 458 7 P B b4 255 Tl
F AKX T30ppb, 1 Willamette [ 75 & WEELRE T 170ppb.
PR 2 L1 2 R e b ) R A R, AT R N B
HEBFIRTE . a- D AW R B L WA AR AR 2
A SRR A AT Y, AR A S, B
WA IR IE R S I8 e A S5 A
H Sy AR BRI, A B AR R A
ik (flower, almond)™, {HIL & EARMC, 1 h4.1ug/L.

SR ] T A AN S0 PRt 1 5 i e e T R R )
o, RS EI10.8%, HAALF K (pear)' . ILUCH2-
FTRRFEE. 3-F83E OB IR A S A H (R —— s
FEWRP I, HA BRI S{E270ppb, XA T B
R Pl 2 e = A 2 B R T IR e A J 7 A S, e
WIRAEIR Z K R O S S T A E, s
SEAE P IR B S P

WA A Ky W25 T L F S, Aprea
SN 14 25 v o AT ARSI B 1 2Rk I 2 e, AR T AT
TR DA M 13,7 - 6- - M- 1- T Y Pl A7 2%
W, BEEN24png/L. X AT RE S A S A SR U
EAG, WY T R, {ERE IR R R R S
T AR R .
22 WEHT A EFES YR
22.1  HAEEFSYIREEELKE

Wi B-D- A WE L Bl K A5 B B S S F SR
iR, LR H20F B & /SR, OR1IIFRRY),
ORISR 3P I S 0T, S ik 3042.3pg/L, I
WOR RS B, 152978 2ug/L, R E97.9%,
ST LA A T RS S E IR

ARSI R H R R IR RIS m O
FOR R E AL A & R S R RY, AT
H194% . MeretS: VR LK R b A4 rh BB
BESWE, A&&RRE, B58960ppb, (7RSSR
R 15% . IX PP T S I A B R 7L A A (caramel

o

S

milky)", (HILF IR WARE . AR 2 A
TR R tH 2R TR REIR R Y, HILERRC, R
6.2pug/L, AR A DU A & T AR & AR =
151 1460ppb,  [FIFE A5 45 B AE Humpf 2520 (5 4
B I o 2R PR 12 P A P B B At LU S TR
AT, XY RAEIR 2 JARAE ) h A H DA G S T
TERAEAE, T HB—FE, XL g Lo gl Al
YR O S E AR R T E RS A
w, AR R A A DS B R A S, IR
P AR il o e R I DA B S B AR AR, HLE AT 5 ey 1) e
BRFE PR 2K SRR AR SE I R HY 1 ) — Bl 2K
KARY), HAWE, B T FW(honey, rose, lilac),
SEAE I T R A ) 0. L0 A R PR vt R
LA AL RAEAES S, a- FEZR FHEE. 2,4- - HI4 %
2 ARSI T RS HH () S AR IR BE R R R Y, A
A BT HmAI, WIHELEREARY . #EH=EHR
S ARSI R ) S AN R 2RO R, N SE LR
AR E—FEZ AR, BAEF L RZ PRk, W
BN 2 R . 4-003E-3- LI L A4 -3 %
T S ARSI oK HH R PRI P, X I T R
RS AF AW, A EELC R
FW gk

FTIE S AT B M p- 0T - 8(10)- I3 -9- W & 1% b
Tl b 2 RS H ) R A S S ST R, XY R
BN VU K R T BB & AT 2 —, R AR
ik, HAERE R R B A S I R A e

BEAh, ARSI AR A SRR I R T, 43 3
FOE-2- Ol 1-JRBREEE. 3,7,11-=F3E-3-+ " helE. 1-
WEA -1 IR, B EEAS51.3ng/L.
222  HAEEESWIRRIL KR

BT S AR YRR R 1R, St
K LIRS AR/ RS, B N198.5ug/L. AHE5
PRl D 0T, ST 7 B 28 0 0 B 1R C B e IR 26
W

ASEI R R AR R EY, pHIE 1.0, L
EIK ARG, BREIK AR A 2 (B & 28 & S I 2 AN
TEBR D, RS EK R T AR BI A S EH IR
oA 3R AN A, o 0 - LR S A A I R p-
A -8(10)-H5-9-1

P V2 7K A A 380 110 A7 SIS A0 T 2K R e LG ARG A T
L, ISR G R, AR N 28.5ug/L, R
114.4%, & REMDOKBMNEE, JEE WY RTE
PRI K i A H

4-F2 - B8 B 2 W T /KA I R S TR A ——Fh C g
B Im s, L e s, 1A88. Tpg/L, R
HM44.7% . C 3B 5w I8 I 8 iU K R P R B 2 ) —

(T
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FBE B AT, ARIMEM LKA G IERR , R
PA3-FRHE-B- 5 B 2L A A P b DU A S AP e

LA SH G i e 2 ) AR TR AR S R A L, ik
81.3ug/L, SR EM41%, 735 06-Piks-3-1, 2-H
Fe-3-TI-2-WE . 2,2-FE-1-TRE. -+ B+
fi, I HAT - R E AR 2 2 TP A

PV RN 10 /K A B (R B S B S TE 5 R R
PR AR R ZE 5, HUAS 3[Rl 4L 2y, o0 A
L FE S AT W S p- T A -8 (10)-465-9-TE o IX P Fh 7
WOKIR I AR ANA, v BES FLKAENLES s B 41
HKo BHEKMBEGERERMEER T, e
KRG T AR ARG IR VERIS-D-FE 5, [RINPRE I%B-D-
R B RLAFL . (R I o g RV /K M T, 4 P LA
7, HEATERRNE, SRmE R4l iR ™.
2.3 WREE S ARSI LR

A58 % F Amberlite XAD-24% IS0 [y 158 43 25 (4 5
ORI B SRS S m AW AT T s,
PR AR AL HEAT T R A RN AR R LS, DR 4
R, KRG I Ao 5 AR S E R Y L
B2, KA YL AR B S A AT AT ROK
fiff e TP LA 5 EL A AR A I

SR ASLIU21] (F0307 B8 25 RN B 25 88 S I 1) L AR ol
H, NAEMRTARR, SRR RERIR R A e
BEFEDT, WTEN . 1R T oAb S A A
AT TA PO AR PR R SRS &R
SITAFAEAR K ZE S, BAPR 25 FAR R LR AR 2 JLAth 23 11
WP IR, PRl SvendsenfB ™

3 4 #

AR5 R Amberlite XAD-20 iU B2 1 43 129 1) 77
TR AR A (R 2 A AR 5 A T U BURAT T
X AT 21 B 5 A AL 0 HEAT T AR RN A OR B
SR 23 Ff iy B A W0, WA AR VR K A 645 21020
AP G ST . WINEIRE, BRENTRTEK
A5 2 KB 15 25 B U A 5 S AL A ke b A AR
RS, FR =R ICRA1 7 Bt b i 2 2 A i
BAEADIEAFAER K ER, HESEF Y
FANG BB E R, HARMRREB AR € R L L4 5
PRV (BT U T

2% 30k
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