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TR PR A5 AR DXV 2 B A1) P D DY) B 3 400 9 7 B
AEETEL,

SR T AL P I T R R R
SRR — AT LSRRV R AR08 el A 2
e B A R i O SRR AT G R (B3R
AETTRIG™ dy 1 SR 58, AR R E AN 8 4, HLAE
s GRS Ik ONIE pER AR ¥ b L& & NS |
PR, BRI T HAE S A AT 7 A 2 6 2&
T AW PR R T2 IR S 2R vk 4
T 8 B T A 22 G B R PAG SR
IR LA D i 2 IR 5, LA Sl 5F K £ 7t 4k
AP SR A i ORI T il 0 A2 22 B 1) 5 A R
RS %,

1 #e-5IE

1.1 #8 XL ER

FERRE RN S B, B P
T TV AT BRTTAT 2 v AR 5 GRS T 6 5 g T e
(50 nm .2 nm) , B 5% 4428 P S A R AT FR A B 5 4
AU (50 kDa) , HRH g BHBER AR A BRA A

FEOGR 1, 2- N N =R (R ETER)
TR RERE (LY =99%) |, LKE (4ERE 99% ) |\ F
ZEWE (4 =99%) , 35 [ Sigma-Aldrich 23w 1,4-
TR CAEG) A (L) AL T A A R
A Ol P EE O (B 59, FEE Merck
N BT SO0 (Sl =99%) D-1LALKE
P (4L 98% ) 2F =W (4lE 96%) . DL-FLIR (4l
J¥ 85% ~ 90% ) . DL -3 ik — 4K &9 (46 )% >
98%) , AR HL I R IR SR AR, it BT T A Ak
BHER I AR AR SR, & SR (26 >
99%) , LA} Acros Organics 23 7 s PR —4hEh —
KRG (LEEE 99%) , b mt LA BR S |l 5 £ il 4
LI (R 8 =95%) , 8 & M e FE 0 AR
FRAH]

FEAL 4% . EGA/PY - 3030D Y L@ A, H A
FRONTIER LAB 73 ; 7890A - 5975C %< AH {44 -
JEREE ] (GC-MS) X [ 7890A %! GC 1Y, 35 [ Agilent
NF);C30 R IR AR K 434X, i -+ Mettler Toledo
3] CP224 S B3 B K OF (J& R 0.000 1 g) , fl

Sartorius 2\ ) 3 HRR By B 15 A , YLLK R
et FR S 7 ; ALPHAL-2LD plus 8% THL, 1f
CHRIST #ZTHLA PR 7 ; HRH - 386K B 45 47 i 7
TEHTHL, 0o B FIRHE A BRA R s TGLI8 M 7Y ey
R B OHL, KD SRS A PR A A,

1.2 EWAHE

1.2.1 SERREGTHIE BB R,
BLLDBRIE G, 28 SUE i DR A 35 11, 78 H IR R DR vk
AEAFWIRARARTT o DR 7 il B RRAE , ) 1) 9 vk
ARt 0.5 F5 BT TN R SR A RIS SR
Rt

1.2.2 ERRBUHBRESE R CEAEHR
CEEVE IR BE M IPAR ) (YC/T 145.4—1998) 4 fs
FI T IE VTN SE SR 40 T 7 L R TR B AR 45
Ve HARBL B0 10% 11 & B 5 100K S 5 vk 40 1
i TR O 1t 534 15% W, B850 B BT . AR
AL 50 nm Fg e 50 kDa #3204 WL 2 nm [
BB TRy B 1 3 AR — R 5 B
MY BRI G , BRE oy B AT B AN, w6 2
2 PN AGE SRR 10% 1) S WAE R
BHTRARSLFENT | 1 2 3% 2o W0 ot 5 2o R i et v ot
AR, KPS B W T LS EAR R )
(& LABAR B W S5 PRkt i (19 L (e ) DR 1, Whode
TG 57 B T A5 8RR TR AR G 4 B 338 3 R

1.2.3 PEE{E N3 B R RYUE SR
PR, RICHAEANRE OB 1,2-IN
B N EEEEEE SHEAIEE) (YC/T 242—
2020) 130 5 AR R 3 0 B B, R R R - SR
P H S KR, AN BRI R 5 Y BT 43 BUPE
RGBT i, DU 43 125 4 R 1 140 o o i
SR G T 0 T 5 i Y AR T 2 R Sy
BRI PR

k1 BB B I LKA G A
Table 1

different stages of multi-stage membrane separation

Process parameters and retention rates at

B WEfE R, JEEEY e
TZB FEA/bae EH/bar He o (Le(hem?)™) HBl/%

50 nm 3.0 1.2 40 28.2 16
50 kDa 3.0 2.4 40 58.4 8
2 nm 3.5 2.8 40 60.5 18
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1.2.4 A EABBREN R X R
AR T L0 B 3R A5 B 45 4L BE a0 A7 36 0 BB TR
FARBR G300 10% 1 £ B R 45 FF il e 5 B T
Y5 & 5 K00 o 0.4% .0.8% 1. 2% ., 1. 6% £l
2. 0% TSI , P MR A 3 S LK 25 A0 ot 0 T 43 il
TEAZ B, SR 2 pL (BRI 5N 5 o
22 EA 10 pg.20 pg.30 g .40 wg.50 pg) , Kt
JEFE A AETRLEE (2221) °C FHXIIRBE (60£2) % (1) 3
B N EAAE 48 h DL |,

WRAECE M = RS BB I R )
(YC/T 497-2014) '8 X} 34 5 e 455 11 S 4% 43 5 4L B
TN TS5 I B A HR R A A T R AN, B 0.5 3
—AN Ay, BEE EAN BN A A G L b
B IHPEZ 0 PN N B3 A AR, B 28R B DA 45 51
VA N GO A HAE AT 43 A SRS
1.2.5 SFEXBGRABEH SR, S EE
Be by XA A CRRF AT e, S 1 45 A N b1 it
2 AR5 R WP A6 a3 4 6 07 5K, ¥4
ST 3 A5 €0 XU 2 A ] A9 AN R B LG, #563R 2 R
T RHATE AR, W FEARAF 16 Bl
30 we/g MHZZ I H & i A S B oIt 7 IR
I

%2 FRRGHHERAABTHESTE
Table 2 Recombination scheme for characteristic

flavor groups of apple juice concentrate

7 00 XU ZE R 0 Jo o L

i 50 nm # 53 50 kDa # % 2 nm
1 7 3 0
2 1 1 0
3 3 7 0
4 7 0 3
5 1 0 1
6 3 0 7
7 0 7 3
8 0 1 1
9 0 3 7
10 6 3 1
11 3 6 1
12 6 1 3
13 3 1 6
14 1 6 3
15 1 3 6
16 1 1 1

1.2.6 MRBEEH=FHEKEERE BIREENE

Bkt oI e 1) F A P RN SE SR VR 4 7, R FH SO
[19-20 ] Jr kil He 8 Fkia vt & 5 FioA HLIR 1)
i, F 1203 WO e AR TR R i, T
TR TS A LB BT A AR S TR B T3 L
1.2.7 REEA®=HOREEEIRE 5500
e T RS R R A T A T A - T T
(Py-GC/MS) B4 4B, FIFH NIST20 3% %, LADT L
T 80% 31 72 M, R U T FR A — bk o g 4t
TR AN E 2 RE BRI,

PAUR LA ZIFIRE 600 °C ; ZH#FTE] 0. 2 min;
HEAE R B 280 °C ARSI 1 pL,

GC-MS 4% (i8%4: DB-5 MS T4+ (30 mx
0.25 mmx0.25 pm) ;#< He; i & 1.0 mL/min; 7}
VL 50 1 1; FLFE FHIR 40 °C, 4% 3 min, B4 10 C/
min 3R THEZE 240 °C, FLL 20 C/min {EER T
JZE 280 °C,PRHF 1S min; A HIZRIREE 280 °C, HLE
7720 E1; B FURIRE 230 °C 5 PUMATIEE 150 °C 5 H
BIfBE 70 eV A I LER B [A] 4.5 min; JT 3
[l 29 ~450 amu,

2 R 55HS

2.1 HERXKA#HSIBESRETENERSH

SERVRAE T Z YAy B AR = THE 5K
TR 25 B DL % 3. #h 3¢ 3 TN, 40 18 45 4L
FEHEN 69. 86% , 5 K 22 BUK SR A BB 43 85 1Y B ™
FAY, PR R EZE LT IL 1) &
RHERE AR OBR 2 TR ;2) L8t
i S GOE R A X R AR 3)
FAAERR R T BE MR FiR & B T AR B

XoF S ST A 1 B FL 22 GRR G B 2H RE A R TR
I TEE Y, 45 R R CERERF I S s
R TR P A Ry 30 /g MR 22 U o B AR
A IR SOR A B B85, U 0 0 i 45
FRARA AR ZE A0 52 1 Jak R PR 7 15 B T R 550 nm
R ABEAE S OB 308 B N 30 pe/g 4
22 U IN AR A R A R A s, WS
AR AT 11 SR R 1 f 5k B 14 K5 50 kDa AP
RS LB BEE B FH R 20 pe/g MR22,
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S e R A SR A A AR 58, U e e
A Tl GRG0 5 2 nm 0P TR AE S L
B P BGE B R 30 pe/g KHZZ WS N I
AR A R R, S0 B e s A
EPE TR 52 nm BDRATHES LB HGE |
MR 40 we/g MR 22, I8 - S AR T 6 0 7 R
W, AN T I S A AR R IS RO H
IR R A R 2, SRR AR T 2 BB
BRI E TP 4 R AR 4, a4 T PRk
AT 22 Ny B ARAT I AL )R AR 45 A
@, X AR, HETSERE AT, 50 nm B R
AR T A R BR A I 35 3R T, 2 RO
R R SR A BRI , 5 A b A
G, AL E A S B TR A 50 kDa R 41
RERERS I A BE 2 Bk A SR (5
AL R HERALEE 52 nm B AL BE SR F R A
AU, ISR, e 0 < R AR 52 nm
i AR RSO AN, A RS R R, 2
RIVEFIZE 5y  FEAG i 0 B R 25 o IRTE R 50 nm
R ZHAE 50 kDa B ALHEFN 2 nm A AL HEE
SEREFOXR AR

SEAR AT AR E T R 1 2 BRI B R HEBR
TARFFAE AR (89 U0, 5 O XK AL B 2 T4
ROrEAE R, 5 TSRS R 2K
T AR A AL P A4 R R A% 2 R R RS
RGN N (R R e A oY 8 BN 0 R S/ N B AT
TESE BRI T AP 75 5 4 J8 ot it 2 IS D7 e A et 22 (6]
ARSI R, EAT e XU LR A 2 S C A T
2.2 FHEXRABREANASH

8 3 AN KR LR LUAS [R] ) L 2R AT E 2

k3 FRRGIT SR BB R
A Ko F5 B A AR
Table 3 Yield,refractive index and relative density
of the groups of apple juice concentrate separated

by multi-stage membrane separation

awen | EE WORE

50 nm % BA 4HBE 1.359 1 1.026 1 6.17
50 kDa #0884 #E 1.357 7 1.024 4 2.88
2 nm B 2 1.354 8 1.018 2 5.69
2 nm BT #E 1.364 9 1.038 5 55.12

AT 16 FhEAL™ B E RN (S5 R ILE 1,
0 5 MSESRURGR T ) Ok 1 3 o 2 A AR FH AR et
PEHAMEH 2 5 11 S/ 125, HRTSHEM,
2 SHEA I R T T SRR I RTRR,
HABHRTET 1.6 43.0.5 43 .0.5 43, R &AL F
w22 B TR A B s 11 S 2 RS B
AR w1 A B R, Ho 5 Bt
12.045.,0.5 43.,0.5 53, I 68 35 1 0w ek w0
T ARTET 1.0 40512 SEA M AR I B 42T
BHR A B R AL e AR R R,
IPARTET 2.0 43 1.0 43 1.0 43 .0.5 43 .0.6 4>,
0.5 41, IF RE AR 4 b 55 2% <, i 8 bR+ T 0.6
GFo 3 AXE AL R AR 0B E AR RO B
PETE RAN TR RN SO TR A (R

R4 FRREGIT SEBE S BAFREINER
Table 4 Sensory evaluation results of apple juice
concentrate groups separated
by multi-stage membrane separation ix

@Eﬂjﬁl\ ZH ER S0nm# S0kDa# 2 nm# 2 nmiE
febn BN VR4 B4R WARE WA o4

HF#5 1.0 1.3 7.4 7.4 7.3 6.8
FEME 6.5 1.0 6.8 6.8 7.0 6.5

HHIR ZE A/
B 6.5 7.0 6.9 7.0 7.0 6.4

&5 6.4 6.4 6.5 6.5 6.4 6.4
MEHE 60 6.0 6.0 6.0 6.0 6.0
3k 5.5 5.5 5.5 5.5 5.5 5.5

B s 61 a6 65 62 65

51 B
Dﬁ?g/ 65 65 65 6.5 65 6.0

s 6.0 6.0 6.5 6.0 5.9 6.0
A 6.0 6.0 6.0 6.0 6.0 6.0
EHTE 6.0 6.0 6.0 6.0 6.0 6.0
BRI 6.0 6.0 6.0 6.0 6.0 6.0

M 2.0 2.5 2.8 2.5 2.5 2.0

PRI 1.0 1.0 1.0 1.0 1.0 1.0
HEREE 6.5 6.5 6.6 6.5 6.5 6.5
HE LS L5 L5 1.5 1.5 1.5
R 1.0 2.5 2.1 2.0 3.0 .5

¥EHF L0 L0 1.0 1.0 1.0 1.0
A% L0 1.0 1.0 1.0 1.0 1.0
HYF L0 L0 1.0 1.0 1.0 1.0
HpEE 2.5 2.5 2.5 2.5 2.5 2.5
WM& 20 2.5 3.0 2.7 2.7 2.0

FE A NRE i B R R BRI R AN < AR 2 R
ST A SRR 0 20,
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Fig. 1
characteristic flavor group-recombined products
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TRy XX AL A SURAE , I R, R
FARA R B RAT B2
2.3 EAFmHBKREE AIBRSESH
SPERVRAETT B 3 A E 2 7 i A K P AR A

Results of sensory evaluation of

AHUR SR E 25 R 0L 5, e s nlJ, 7E0 1
WRARTE AR 1 4 FhOK I MR RE G T 3L 8 ol
96. 54% ,4 P HLER 0 T3 8 5t 3.05%, — 4
Z IR 99.59% R VLSS 4 1 v 48 I 3 B
SRR MR AU MURR . 3417 i R oK TR
S| W o < R 1575 S (BN R T B A 87+ A ]
AP & 53R T A S, BTN K
PEME A LR 5 55 13 U8 R, e A 7633 1 b i 75
T TR (R W P IR AT oy I
KA KU A4, 33t I 48 B 20 1 T 46 5 A
AR F S RHEE R I h A R
2.4 BEHAFRANBIEYST

SHFH AR A B 28 3 R Be A 18 50 4 & 15 0 7™
KRR, Py-GC/MS 5 A J2 15 #4815 1 (1) 21
BE P IINAARF A & il 2 3005 4 o0 mT 45 K 19 /Ny
T, 4 20 7= ) E % A GC-MS {4741
B AT DA RO P B S B AR A B I 85 36 T %
iy S aAIESE e GV EPOp EaWis- At

SERHARTT e 3 A E L= A 600 °C 2=
Y  HASRHE L 6, B3R 6 I Lk i 39 Fh
245778 . WG WA TE |, 223 IR G 2
AW b A, 2225 3t 20 4 ek
MR VK MRTER] | AT P ) | B PR R P 25 2 A8 5 A5 I i
A 240 A 9 S it 7 B ILAME A iR 25 B
X B RRRAESS, AYNE AT RO
B EPE R S, R R B A E Y
s 22, A 4T H R B NG T ) R HEE 5 - PR AR
BRI S—¥2 FH SR 23R A R 2 -2 3 -2 -3 1K
S5 —1-T 5—H -2 - mpg Y 2 2,3- & -3,5-
PRI -6-H -4 (H) — Mg — 4 — 5 1 38 15 T, 3 264
JRZK A T oM = X — g5 R EE T SRR

A5 FEREEITRIAMELREL T SRR A IR A E LR

Table 5 Content determination results of water-soluble sugars and organic acids in apple juice concentrate

and three preferred recombined products

v THE it/ %
ﬁﬂl—lz% K RSN e Pt Dl [T ™ ol e N I RTIRTYN 24 A~ EL
Hob b T D-ILALPERE  SERR BN 2R FrER  BAE
SER MR T 55. 80 21.74 13. 86 5.14 3. 00 0.03 0.01 0.01 99. 59
B2 S 51.30 20. 55 11.71 4.39 2.86 0.03 0.04 0.02 90. 90
w4 115 52.91 20. 60 11.70 4. 61 2.95 0. 04 0.03 0.02 92. 86
HwH 12 5 51. 64 19.72 12.52 4.50 2.82 0.04 0.03 0.02 91. 30

R RS ORAG VR BT R 22 20 2 A AR S
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k6 ERkgT A3 AMMEE TR 600 °C MG MR AR
Table 6 Pyrolysis products and aroma characteristics of apple juice concentrate and
three preferred recombined products at 600 °C
o 3R i e T AR — AL 5 4R %
Y VN - 7 Sts
i i [1]/min ERBER R OCRHE MR EIT 2% s 125
1 5.12 PR R B s / — 6.35 4,29  3.65
; A AT B A
2 5.95 HiE s e i B 8. 60 11.08 11.88 11.62
- KA R AR
3 6.54 e Rl 3.26 1.31 1.30  1.51
e Bt IR Y B IELH
4 6.71 a-Y4IH N B 2 REH T I 0. 54 0.47 0.62 0.51
5 7.03 4-F )M -1,3- R / 2.25 1.65 .71 1.57
6 7.55 FH L 2R 13045 ) / 0.90 0.54 0.53  0.49
7 7.67 2(SH) - Hpg il I E S 3.63 2.72 3.2 2.55
_ Wam ey iAE Y FERERY
8 7.72 y- T MM T A BT R R Y 0.78 0.90 116 1.08
9 7.92 23R S i AT KRB 0.14 0.33 — —
10 7.99 1,2-3 % =R / — 5.08  4.88  3.91
11 8.05 2-FFe—2- - 1-T UHE R H R 3.35 — — —
12 8.23 5— P -2 (5H) — 1k g / 0.45 0.40  0.48 0.37
13 8.31 A TR I / 0.45 0.26 — —
14 8.58 5—Ff k-2 B RN Y s 0.21 0.23 0.30 0.28
15 8.73 5 L AR, b IR 5.96 7.14  6.63 8.74
16 8.82 3-H -2 — 1 - s KA JRE 0. 99 2.07 1.81 2.13
17 8.99 3-HH—2(5H) -k i il / 1.01 1.17 1.37  1.06
e T3 P ER AR SUR _
18 9.11 EN A T LA A 1.29 1.27  0.80
— EH A AR T3
19 9.52 1,2-3c W A 0.24 0.98 0.43  0.51
20 9.61 2- BT IR / 1.09 — — —
21 10. 10 FH L TR 347 T FENE BSOS 1.96 3.69 3.48  3.00
SREUA R IR TR
22 10. 16 5—H 3 -2- 2 kI g W FoZ AEES 1.12 0.27 0.20 0.31
23 10. 21 - -2 - BRI R / 0.43 0.34 0.16 0.20
e Bt R RN T
24 10. 45 BT BB TR R 0.42 0. 65 0.48  0.49
.- KA R R
25 10. 53 2 HI FEIK W IR — 0.68 0.75 0.76
26 10.69 2’53‘5}?? R AT HERER 0.47 040 039 0.43
27 10. 99 25— HI kKR / 0.46 2.76 2.53 3.52
28 11. 19 R M 3 32 P e ) / 0.51 — — —
29 12,18 2,3~ 2503, 5- el E%E%Héﬁ)%@ Fﬁlﬁ %ﬁ%ﬂi} 222 20,60 26.12 23.97
. =g oY )T o ﬁf‘r R B /) . . . .
6—H J—4(H) -k —4 - FJski s h
30 12. 44 2 H iR TRIR )R B FH 1) SRk — — 0.66 0.39
31 12.49 (+/-)-3-FH—y-T N EIHAKRS A 0.96 — — —
S—(FRAEEH ) A km-
32 12.90 > (3H) i / 0.36 0. 81 0.87 0.83
33 13.02 JLZX )/ Catechol / 3.15 1.16 0.81 0.79
34 13.43 2, 5-Ikig — F i / 4.45 0.93 0.68 0.78




.70 - B854 2025410 4 4540 % 45 5 1]
RO( %)
o BRHE Iy WETH AR — Ak &/ %

Y VN - 7 Sts

W5 wtiol/min feiard U EREAT 25 15 128
35 13.57 5—F5 F LA L Hg@%@,ﬁ%ﬂf@%gﬂ% . 19. 81 10.10  7.04 10.96
36 14. 04 3B RLAROR )y / 0.25 — — —
37 14. 49 1-Efi i / — — 0.35 0.33
38 14. 60 Sl AL / 1.67 0.50 0.52  0.58
39 17. 47 D—Bu] % i / 0.85 — — —

i A RHESE B 2% htp: /perflavory. com/ ¢ hitps : //www. chembk. com/cn;/ /s R A B RHE ; — R AR

WeaE TR E SNy TR SIS, B R o 2 2
T EEEAE R, WA LF,2,3-24-3,5-
TR -6-HI -4 (H) — I - 4 - RS0 i
1, TE 4 ADFE R B P T i & 4 209% LA
YRR 574 Y BAR R RO | — 35 349 Ay MYy il S e
PR, AL SR MR 2, 51k
SRR i W AR T R AR, T AR SRR XU AR
I 53 B 0 B R SR T B s 3R A IR O

3 ZEie

ABEGE LISERL e 4 T R A S X 4, DA R
YRR R i 3 22 GRSy B AR A T B RRAE
K5 BERIERE RIEAF Y 3 PR (o XUk 4L, 1D
50 nm AL FE LAY 50 kDa AR FE AL RERT 2 nm AR
P LERE s e B KUK L RE M A SR, R A5 T 2455
VERIRCR I T3 SR w4 7T 19 3 B 8 41 7= s A
Py-GC/MS 537 3 Fh a4 7 i i IR 7~ 1y, v
DAZR IR A IR A& Y i 2, E 2R 0 £
Fr WA RESFHFAALM, L ,2,3-24-3,5-
TRHE-6- I BE -4 (H) NI FRg 4~ | 5 -5 FRL A
M BRI SEA LA = ) 7 Lh B . ARBIRSE ] S R AR
TR DI R £ K Z ootk ™ T R 8B R R
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Development of membrane-separation fine-processed products
for apple juice concentrate based on sensory orientation

WU Wentao' , YANG Chungiang”, CUI Kai’,SHI Qingzhao®, DONG Zhenshan',
XU Shilei', LI Yangiang®,ZHANG Wenjuan®
. Technology Center ,China Tobacco Guangxi Industrial Co.,Ltd., Nanning 530001 , China
2. Key Laboratory of Tobacco Flavor Basic Research of CNTC , Zhengzhou Tobacco Research Institute of CNTC,
Zhengzhou 450001, China

Abstract; In order to develop diversified apple juice concentrate flavor products and improve the functional
specificity of the products, the self-developed apple juice concentrate was refined using multi-stage membrane
separation. Apple characteristic flavor groups with prominent style characteristics were identified through sensory
evaluation and subjected to recombination experiments. The aroma release of recombined products with better
sensory evaluation results during cigarette smoking was simulated and analyzed using Py-GC/MS. The results
showed that when the apple juice concentrate was separated sequentially using three-stage membranes, the 50 nm
membrane retention solution had a prominent effect on improving taste and sweetness, the 50 kDa membrane
retention solution could enhance the aroma and richness of cigarettes, and the 2 nm membrane retention solution
significantly highlighted the fruity and sweet aromas. By adjusting the combination ratios of the three characteristic
flavor groups, recombinant products with better effects than the apple juice concentrate before separation can be
obtained. The pyrolytic products of the preferred recombined products are mainly composed of heterocyclic
compounds and cyclopentanone compounds, exhibiting aroma types such as caramel-like, sweet, and fruity. This
study has developed diversified and characteristic flavor products based on apple juice concentrate, providing a
reference for the development of fine-processed products of natural tobacco flavors.

Key words: apple juice concentrate; membrane separation; characteristic flavor group; recombined products;

sensory-orientation
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