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IR B B R ARy I BARFAE I O3 1) & B R bt it
CLA AR 7 BRG] 25, LA % 20 A B B B R (e
ARE, I R IR A BHRFALE B (1 5 A ARG 20 A6 0
TRMS%.

1 #REF=®

L1 #r#, RFIFNLES

2014 SF BT ABLALR (HETE); 48R
(W EFFE KR ERERARAR ) L “Ee
M (HERE ) AR = BB G R
HE TAEBRFTEA R .

WS ZZ22F M. 5- PR HBL MRS . FP R ORI
P (26 FE = 99%, J&K 2~ Al ); 5- F R MR (46
= 99%). HEEE (41 F = 98%). 4- PR -1,3-
(46T = 95%). 4- ¥k -2,5- — H L -3(2H)- W iR i
( 4l JF = 99%)(Sigma-Aldrich 2 &) ); y- T P Hg (4
J% 99%, Acros Organics A7) ); y- G EENES (2ifE
=93%, TCI A# ) Jo/KOEE (4, Merck 24 )
95% L IE (AR, REET RS B A R A H] )
K (M EE IR EREEARAF ); D101 KAL
W B AR (PR 24 4 PR 2 R PR A R ) — FHE
(2= 99%, WEHEFHTHRAA ) @maAirE<
(TR R R SRR A R AR ).

7890B < AH B i X ( AC FID k& W & ).
7890A-5975C SAH Y - FTUEIC A (3£ Agilent 22
@] ); ALPHA 1-2 LD plus ¥ T-#Hl ( %[ Christ % Tl
HIRAF]); ANEYIAEE R4, 0.22 pm PVDF
JE JEE (50 cm®), 5. 8 A1 10 kD f Polyethersulfone ##
JERE (50 em®)( 2 [ Millipore); CPA225D HL-T-43#7 K
*F (B 0.00001 g, 1 [H Sartorius A ] ); V-850 i€
e 78 A (Hi L Biichi A 7] ); TGL18M fa i AIK Ui B9
OHL (KRR AR AR ); CBE-SL &I 52
B B (MR E W A AV AA R AR ); HF-5B #
FEPEIR ML (AR AT KA R AR );
CIJECTOR & /1A 73 S AL (1% [ Burghart A7 ).
1.2 Fik
1.2.1  ZLRETARHE S5 I
1.2.1.1  ZLAGHIRPI I ] &%

BRI F, T 40 CHEE 2 h, BriE. B
—ERAN, RN R 1:5 N 95%( AR 4341,
T 8, T 70 CF#EE 2 h, HEREWBHXR. A3
PREGR, WEIRGE R T, FLOARB SR .
1.2.1.2 HHEE B R FLI PR I 43 59

FREL 500 g 2L MY, FH D101 KL B 4% IR

ENTAE B, IR A Z KR 10%. 30% 50%-
70%- 95% LEEVEL, ARG R T, B3 6
Fha TR B 4L5Y, s 1~6 5.
1.2.1.3  FEEEERR AL 5 WO E B e e

A ZHSEY) (0 5, F &N 50 mg/kg) K& 1~6 5
Ay (FHE N 20 mgkg), 2 ) 347 34 IR
FAVEOY, 0% B I 38 0 36 M =0 i 7 2 8 1 4H. 25 B
VARSI

FREL 0.5 g FL25 VA VR T8 5 1) 21 202 B 2 R AiE 40
Iy RES, AN 2.5 mL 0.5200 mg/mL R % 288 (N
bR ) BT, B 30 min 5 F A AL AL 08
g, AT GCMS . A HT RN

3% k. HP-5MS (60 mX0.25 mm X 0.25 pm);
#A: He, 99.999%; iid: 1.0 mL/min; HEAE R FE:
280 C; BEAEBLS: pUaERE, pURELS ¢ 1 R E:
1 uL; FHEFEF: 50 C (2 min) 4C/min 280 ‘C (20
min); EHILIEE: 250 'C; EFIE: EL HFREE:
70 eV; B TFVREIE: 230 'C; PUMFFEE: 150 C;
P 2 REEMTEE: 33~500 amu; W
FUSEIR: 7 min. FJF NIST11 A1 Wiley i %, LAUTHC
FEmT 85% #FoEt, FEShRAEY AT X
1.2.1.4 B ETERFERL T R E S e o i

R 35 41 AL S T A R AR 4 53 (1) 2 e AT 4 SR, T K
P SRR E A R A B . SR EIR Sy, B
BICRIE(H > 7450 5 Z AL o bR e e 53
TR BT o3 AT A SRR AR VPR, RS T
NG TR F 35 (A S BRI e B R AE A0

K P A b v il 2R 72556 6 ) SIE B AR HE & (10 45
Bl A RFAE B HEAT HEA 2 By 0 R W S 3 Bk 4 5 (1)
DDMP, FIJ FH 55 FL 45 FH I 1) 22 2R B O b ofe fh 25 2F 5
BHr. BCHREIRE AN 0.3 mg/mL 2K F % 2
REVHAE AR ARG 23 S FREL— 2 B 6 FhRitE i,
FH PR b 25 BV T 1) s T 2 W % 8 AN TR S &R
FIbRE TAER M. KRS 1.2.1.3 FF M [H <A G
WA, RIEEA FID( EXEE FRIE ), TS
FE S E S 328 400 F1 35 mL/min.
122 LLRSETERRAE T RIS % T 24010
1.2.2.1 $REEUTEHEE

K MBGRBE 8 7 I Bh B EUR T I 5 AR HL
S 3 PTG MR AT SR . OIRIR AR
BRER 1.2.1.1 795, @B A BAH B IR 0L . REUE &
LR, NN 95% L BE, FEHE S SR L3 L.
7R 59 kHz, ThE 1500 W, $i % 3 1300 1/
min, HEHUE[A] 40 min, #8 S E(A] / [RIRGI ] 3 s/1 s,
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fik (e 95% LBE ), RHALLN 1:10, ZEEURE
N 45 °C, FRREEEL 20 min, JLEEEL 4 K.

3 b 7k ) 2 (R SR U VA VR T 5 I 43 9 i A AR A
HURBC 1 5% 50 mg/mL ¥ 3E4T GC 73 M. M4 3 Fo
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ERINE R
1222 W LZSH1L
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80 ‘C ). $EHUWFIE (0.5, 1.0~ 1.5, 2.0 f12.5 h) Ak}
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8%, B0 JE B EiEW, H 0.22 um fLIERR T BE, Uk
LFEL W BB IERE, EE 0.15 MPa, 4R
UEE W, BEEAGTE. B R R R SRS
JEREFLAR (AR TR 5. 8 A1 10 kD) FURHE T4 5
& (1.0%. 1.5%. 2.0%. 2.5%-. 3.0% FI1 3.5%) %}
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X T— B i FBIEEE LR, %; my—
HIEE LW TR E, g TR IEEN
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e —BIERTENR P AL &Y i B A& (LLT3E4T ), mg/g.
1224 $#EWYHEAR. RRSEE

518 GB 5009.5—2010 (£ & A 8 [ 5 0 5E )
R LRI E A R S E. R ER
V2 UL s T B A R I
1.2.3  HBMHEEEH

K 50% £ WA VPN A ol I AR 5 T 1)
JRE S HON 1% R, SRS RN A 0L R B 5
2 EE WA ER 4 pLOINEEN 0.005%). Z G I3
VRS EE 50% LB S BB N s R
a2 LG 0 o 2 B A, IR T (221 1) C
FHXHREE (6013)% 2 11 48 ho 2% YC/T 497
—2014 (BN BT VRN 775, TR
FEANIEIRIRIG I A o PR/ B 10 f7
A b 3R A5 B S0 B 32 R 4 SRR B PRI B AR A AR
[ N G 2H A, B 28 45 BT A VP& 4T 43 (13518

2 ZHR5WHE

2.1 OFEHEFFIALR S RITHE
2.1.1  ZLAURH AR R FLI i 7 B A0 (K R 1
RECES

AR S KBRSy, R R SLIR
WRELEMT 22 B 535, TR S A 7 5 R
S EFRBEIR R AR T YIRS BRI 8,
(102 A R P e R S (195 e L (AR 2 K /i)
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Tab.1 Sensory evaluation results of different eluted fractions of crude jujube extract PN
e TR FR K
= EEE O OWRRE Sk BIAEE  EE RE vE A BUE RS USRS WS S
Zh 8.00 7.50 8.00 5.00 8.00 1.50 1.50 0.50 0.50 0.50 0.50 1.50 2.00 3.00
0 8.20 7.77 8.13 5.07 8.02 1.43 1.70 043 0.50 0.50 063 1.73 233 320
1 8.10 7.63 8.07 5.00 8.00 1.27 1.67 043 0.50 0.47 050 1.70 250 3.30
2 8.27 7.87 8.27 4.93 8.03 1.53 1.70 0.43 0.50 0.50 050 1.77 250 3.37
3 8.33 7.93 8.20 5.07 8.00 1.30 1.73 050 0.50 0.47 057 1.83 253 343
4 8.27 7.86 8.27 4.93 8.00 1.40 1.67 0.50 0.50 0.50 057 1.80 243 320
5 8.10 7.87 8.13 5.00 8.00 1.33 1.70 0.50 0.57 0.50 063 1.70 230 3.07
6 8.07 7.717 8.13 4.93 7.97 1.37 1.63 0.50 0.57 0.50 070 153 230 293

e @ 0~6 T WAL AU, 818K )% 10%. 30%-. 50%. 70%. 95% ZBEHa/ii i 70 Hoke 45 4 .
QFA NG UEHEEIE A BA . AEE. 9&. WE. U&7 MEH 0.00.
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o B, FIERy . WG 4- 2 -2,5-
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S, RUUPmiekiE ', DDMP E&FS ", s-
PRI FEFEY A 2,4- —F L 2.5- —HHE J3(2H)- PR IR
-3- WATCAREa, HORA R BIA S AR I kE .

i

TIC: AEFILLS+ N EEHE L. D\data. ms
et07
2.8e+07
2. 6+07

07

M oA O B W
? o

2. det
2.2e+07
2+07

07

07

1. 8e+
1. 6e+07
1. de+
1. 2et

[ S

07
let+07
8000000

6000000

4000000
2000000
T T T T T T T
10. 00 20. 00 30. 00 40. 00 50. 00 60. 00 70. 00
B[] /min

| AFEHEFHELSH GOMS BB FiRE

Fig.1 Total ion chromatogram of roasted sweet aroma
characteristic fraction of jujube by GC/MS

R 2 AFEHEBFHEASNEEZTRES

Tab.2 Major aroma components in roasted sweet aroma characteristic fraction of jujube

FFs PR BRI} 8] /min a4 FR WAL X 107 ULACEE /%
1 9.20 C.l#% / Caproaldehyde 7.1 86
2 10.29 J§E / Furfural 57.8 96
3 11.19 FE / Furfuryl alcohol 21.5 98
4 12.08 4- IR Jf -1,3- i / 4-Cyclopentene-1,3-dione 6.3 85
5 13.23 y- T K / 1,4-Butyrolactone 2.3 87
6 13.29 - ELE it I B / p-Crotonolactone 5.1 89
7 14.96 5- HELHERES / 5-Methylfurfural 9.6 91
9 17.50 IR G EERR / 2-Hydroxy-3-methyl-2-cyclopenten-1-one 1.2 93
10 18,98 4- F2Jk 2.5 iiiyi(gg)mﬂﬂiﬂ; :-Hydroxy-2,5- 165 47
11 20.88 % ¥} / Maltol 0.7 96

2,3- A -3,5- R -6- WU -A(H)- M -4- i /
12 22.35 2,3-Dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one 159.0 93
(DDMP)
v -
13 23.80 3 ,5-Dihydroxj-_iaffli?Iﬁ-}l)-pyran-&one 137 93
14 25.70 5- ¥2 F LR / 5S-Hydroxymethylfurfural 422.0 86
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IR 14 FPE R, AR PR R
R, RS ANEERMEENEY, BE
SRR INT e BE I SUER Ar . RIUt,  AHEFE 45
GBI E VRN PSS R, I 9 MR
( BRTES . RREE. 4- BRI -1,3- . - DR B ER.
5- FRERRmE . WIRIR A BEAR . 4- FR A -2,5- T HI AR
S3(2H)- WRIEER . FEIEEY AN 5- B E RS ) 34T T 4H
BV, SRR 4- R -1,3- ZHd. 5- HIERE
B FRERA G RN . 4- Fodk -2,5- —HIE 32H)- Bk
W 27 2R I A 5- R IR R S5 6 A IR B2 (1 HR
YIRS B FH 3% . DDMP BRI SE S5k 5

B8 2 Maillard S0 ) B L= 2 —, 38 SOk P i,
DDMP f& % {87 35 0 1) LA #E I I, e R B A
W H S Bk, PUX 7 FhER R NRFIE
B AT AT % T 2T
2.1.3 7 FBENERAIE RO B AR 2

X 8 AN EE R B B ok AR VAT GC A #,
PLSREAE 23 5 P A 9 B LU AR R AR b (x), DA%
FEAE 43 5 P b W T R LU AR A AR AR (v), 19 20AH
N TAEMZE (3% 3). HHER 3 ATH, SSHFAE RS (1 [5]
ARV, &6 T EEM .

R 3 AREHEFHEM S A TIE &

Tab.3 Standard curves of roasted sweet aroma characteristic components of jujube

FF5 fREEESE] /min A i i 22 R EPEVE ] /(mg/mL)
1 15.0 4- R -1,3- 0 y=1.6037x+0.6817 0.9970 0.0658~0.7901
2 17.9 5- R SLAE y=12.4443x +0.1356 0.9979 0.0521~0.6250
3 20.5 GE SZNy ] y=1.7935x + 0.0412 0.9945 0.0150~0.1802
4 21.9 4- $HE 2,5- ZHIEE 3(2H)- WRIERR y=2.8131x+0.4922 0.9969 0.1140~1.3680
5 238 E a0 y=2.3437x+0.108 0.9974 0.0075~0.1800
6 25.5 DDMP® y=2.3437x +0.108 0.9974 0.0075~0.1800
7 28.8 5- 2 TP A y=2.1672x + 6.6056 0.9994 1.9970~23.9645

TE: © DDMP R 55 FEEE M AR ) 22 27 B OB v b 2 A7 e

22 IRBHEEREEHIHEIZMK
2.2.1 3 MERBUTAR LR

HT 3 T 5V 1l 6 A 2L AR U P 066 B A R AR Bl
TR (RESE) FEELR (R4 WTH, WiEFAE
W A5 2] (0 £ A SR o R Bl AR AR B R B T
T3 = SERGE AN AR -IE, 15 W9 3 ok B A Ry

g & RS E, Win AP IR 5L
&, N 1%, HAZIrikmA = oA B s . 3 fiosik
P A3 LR SR U K 6 B A VR 45 2R (3R 5) R
B, IR SEVELS B LS MUY 4% )5 B A 1 3%
R, M0 HAE R R T A ROR B o P
I PIRARE .
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F4 3 MOFREY S 7 MEHERHER S HNESER
Tab.4 Results of seven roasted sweet aroma characteristic components of three jujube extracts
FHIER S & & /(mg/g)
&Y
I FAEHLE B 75 SR % INHE AR
4- R -1,3- 1.80 1.34 1.86
5- FR g 1.01 1.12 0.98
PR B A 147 e i 0.23 0.15 0.47
4- 33k 2.5- T HEL 3(2H)- TR R 3.36 2.08 2.89
Eal 0.21 0.18 0.42
DDMP 9.48 6.45 9.02
5- % F R R 53.67 48.74 44.60
MR 69.75 60.07 60.23
JRIUR 1% 32% 36%
x5 3IMATRBYHEEBREERITMNER
Tab.5 Sensory evaluation results of three jujube extracts o
TSR FEEY
AR i
A FEEE ORAKRE ik BEESE BE NS HUS BF U BT BUEE E EiE
Z 7.86  7.57 7.50 5.14 7.86 171 079 050 043 007 0.64 136 157 2.14
In#GESEE 829 8.07 7.71 5.14 8.00 1.64 107 036 036 007 093 1.71 192 321
BERGE 814 7.79 7.57 5.07 8.00 157 1.14 036 043 007 08 1.71 186 3.07
WG AZERE:  8.07  7.86 7.71 5.14 8.00 1.64 107 050 043 0.00 093 164 186 3.00
e OFAREES DM E . AR, afald&. U7 S ESN 0.00: “FAE. KE” SHEN 0.50.

222 MAERIBETESEIMmAL

LLAINFRIRZ IR 44> 22 E o0 PR 2 25 2 45 R (&

2) KW O LA XS 2RI 9% T o) 7
B H B K, 1F55%. 65%. 75%- 85% Fl1 95%
FSANCEEREES, PSRBT 7 FE R A
HE B 43 B S5 43 A 46.54. 5023, 50.03. 54.05 Al
59.85 mg/g, & HUE 53 5l N 55% 56% 55%-. 52%
1 36%. 24 LBEMRE N 95% I, 21 ALFLEL ) rp 9%

AR AR o B

{EHSRBURBAR, N 36%:;

LIEIRPE 65% I, 2140 rh e i e RS AR AR 23 1 5 2
WERE, SOBRTIA A RA, EF65% L1

NPRBOET . @RE%E SRBGR LT m, LA

Z BT A R IE A > & B 2 e R k&Y, H 7

Fi R A3 S AR HURE 60 CH . Bk, &P
B E 9 60 “C o QFEH HRHUN (8] Y IEK, 7 ol
A 1 B RSN S B E S, S EY 1.5 h
I, EEIABIRAE. KUk, FEEREUNEY 1.5 he

@FERNR R EE A 1:2 H8KE) 1:5 it R rh, $RE
HRFIE R B R R SR I kA S, X2 AR B
JRR BRI R, IR LA, By HOBE 09

ARFRAALR T I SRR RO 15 I, %
AL & RIB B RN & L — 2D 1 K

Foth Ry (3 BT RERE AN, 3 BURF AR 3 AR &
R, L, ZRE 5 8 IERLAS . I 8] s AR BERE
PR R LN 1:5,
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Fig.2 Effects of different factors on contents of roasted sweet aroma characteristic components in jujube extracts
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basis) of characteristic components in transmitted solution
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Fig.4 Effects of dry matter content in jujube extract on membrane

flux, transmittancy of characteristic components, and contents(dry
basis) of characteristic components in transmitted solution
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Tab.6 Content comparison of roasted sweet aroma characteristic components in three jujube extracts

e FHIERT 2 i /((mg/g)
(R EAREIA T AR sk LA FI A RHAE R R
4- TR -1,3- i 1.18 1.79 2.85
5- P RERE 0.92 0.59 1.46
PR RE A 12 ) T 0.27 0.31 0.56
4- J2 Rk -2.5- TR J3(2H)- WK 2.70 271 3.97
2 0.26 0.39 0.34
DDMP 4.43 11.83 12.56
5- ¥ H RE A 26.84 32.61 41.72
PES s 36.58 50.23 63.46
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Tab.7 Sensory evaluation results of three test cigarettes a5
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Determination of roasted sweet aroma component in red jujube extract and optimization of its
extraction technology
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Abstract: In order to develop tobacco flavor with prominent style of roasted sweet aroma from jujube, the characteristic fractions
and components with roasted sweet aroma of jujube extract were determined by sensory evaluation, gas chromatography (GC), gas
chromatography-mass spectrometry (GC/MS). Preparation methods and main parameters were optimized by using contents of characteristic
components as index. Results showed that: 1) The fraction of jujube extract eluted by 30% of ethonal solution was significant in roasted
sweet aroma note. The identified seven aroma components with characteristic note of roasted sweet aroma were 4-cyclopentene-1,3-dione,
S-methylfurfural, cyclotene, 4-hydroxy-2,5-dimethyl-3(2H)-furanone, maltol, 5-hydroxymethylfurfural and 2,3-dihydro-3,5-hydroxy-6-
methyl-4(H)-4-one (DDMP), respectively. 2) Heat extraction method was better for jujube, with optimal preparation process parameters
as follows: ethanol concentration 65%, sample/solvent ratio 1 : 5, extraction temperature 60°C and extraction time 1.5h. The optimized
process parameters of membrane separation were: ultrafiltration membrane with molecular weight cut off 8 kD and dry matter content
of jujube extract 3%. 3) The total content of seven characteristic aroma components in jujube flavor obtained by optimal extraction and
separation methods was significantly higher than that of commercially available jujube extract and crude extract. Jujube flavor did not
contain protein and pectin which would produce unpleasant cigarette flavor. The roasted sweet aroma note of test cigarette with addition of
jujube characteristic flavor was more prominent than other two cigarette samples.

Keywords: tobacco flavor; jujube extract; cigarette; sensory evaluation; roasted sweet aroma note; gas chromatography-mass spectrometry
(GC/MS); membrane separation; aroma component
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