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RS FRER A5 MR IR 2 B A PR A D PR B A5 A 9 7 R
AEEEL,

SR A M AR R R T R A E AT
RIRFE L 22—, Al LA S U 3 AR 9 ik 2D 2
B TR T, BT A A T
SRR 9™ i B R T 58, AU R IR AN
ISR SR I ONITREREAR] AVt V€5 S EPN
SERIVE R BRI 1 G A 2 A0 A T 5 A R A
o BT, ASBE IR A LT 2548 U] 25 3 2R
e I 1] Y 22 Ry B B AR R A R
i O XU RE T IT Jie B4 R AT ST, LU R T R %
JUAR SR AL T RE I 7= b 196 2 22 A4 10 2 A
PEFE RS E

1 MR5IE

1.1 # R F R SR

FEAR AR S B, T
HH T A R 53 4F 28 w4 5 i S R i B | Bl 2 e
(50 nm .2 nm) , ¥ 5% 4028 PR S AN R AT BR A /) 5 4
A HUEE(50 kDa) , Rk BH B AR AT BR A 7]

FEEG 1, 2- Nl N =R (B EE )
A PR R E (4l B = 99.5%), WLBE (4l
99.0%) . % 2 B (41 fF = 99.0%) , 3 [H Sigma-
Aldrich A7) 51,4-T Z R (3590 B Ay & ( Bi)
PR Tl K AT IR 7] 5 LT B L 26 (33 9 (0
B, TEE Merck 23 w5 BT H AR BE BE SR bE (463
¥1299.0%) D - L AL HEREE (2 98%) |42 2F = H
(ZhJE 96% ) DL-FLIR (£hJE 85% ~90% ) DL
g —BKA Y (L >98%) , AL B ik R AR B AR
A, EERTRL T AR AR R A BR S | SR AN
WO (4 >99%) , LRI Acros Organics 24
Al APETR =4 K S (R 99% ) , AL st it
IARAR; BB OB (KRG =95%) , ¥ £
Hi e FEZHM R R AW

FEAL 4% EGA/PY - 3030D 4 ZLf# AL, H A
FRONTIER LAB 2 7 ; 7890A - 5975C 1< AH (4,1 -
R (GC-MS) X 7890A %! GC 1Y, 35 [ Agilent
3] C30 B R IR SR AR K 434, Hi 1 Mettler Toledo
3] CP224 S R4 RF (JEEE 0.000 1 g) , [

Sartorius /A ] 3 RIS B B4, VLR IUK AR
A A BR 28 & ; ALPHAL-2LD plus AU THL, 15 F
CHRIST ZRF#HLA BRZ 7] ; HRH - 386K 713 41 fin 7
TESAL, ALt 2R AR A FRA 7] TGL18 M A iy ik
RIRE DAL, KD TR B A PR A ]

1.2 EWHE

1.2.1 FEFREGETHIE  HORBERIT AR,
BLOBRIE S, 20 05T IR AR I T, 76 H IR T 98 ik
HAFRIDORATTT o A ORAF 7 i TR E 1] ) 9 ik
ATt ImA 0.5 FE B T R R A RIAR
AR

1.2.2 ERRBEWTZRESE RHCEAERE
B IR IR B PEALE ) Y (YC/T 145.4—1998) H
177 AP SRR 48 T e B TR KR 25
SRk FRFU B0 10% 1) & 1 35 0K 3 SR v 4 1T
i 8 Ay IOt 538 15% WL, B0 B R UTTE ), R
AL 50 nm FJ eI 50 kDa #2A WL 2 nm P
BB B B 1 B S AR R T — R 5 B
P BERT G, R A B AT B A, et 67 2
HEZ YA &R BN 10% 1 CEE I WAE N
BNTRARELIBENT , 15 535 52 W H 55 3 BB i e o
AR, SPGB T LS EAR R A
(& LB B W S HOR BT i Lo () W2 1, Whodk
Ry B T AS BRI R 43 B 335 3 VAR

1.2.3 PEE 3 RIEHE R KA TR
FoER At R CHAERS i 1,2-IN 2
ML B S = E MR (Yo T
242—2020 ) 0 7 HAR R 5 500 09 5 i R ROR - 2%
PRI B K, DLFnBRIE 75 9 5 2 o 4
SRR T BT o, DR A3 5 45 LA Y T T o
e PR R A T Y T W O S Y B AR 2 R
Oy B AR PR

A1 BB B T L LARAAE
Table 1
of multi-stage membrane separation

e TR B R, EER/ e
TZ:B. EH/bar JESi/bar - Hz  (Le(h-m®)™') Hfil/%

Process parameters and rejection rates

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




SXF,EETRESANERRE TR EF T &K -3

1.2.4 SrEABBRERN  RABREER X R
AR T B 4 B8 AR AT ) 45 2 BE R AT 46 0 BB A
FIRFR G ECR 10% 1 B WO 454 i G 8 BT
Y5 TR B 0. 4% 0. 8% 1. 2% 1. 6% H1 2%11)
VR, A J A T S AL A AR S W 23 ol T A S
FE A, T o 2 L (BB EE A I 430 0 10 pg/g
20 ne/g.30 wg/g.40 wg/g.50 wg/g ML) Wi
FERMAERLE (22+1) C AHXHRE (60+2) % 1Y ¥ 5%
FAF T EERAF 48 h DLk

RICEM o XA 0 XA BB RN )
(YC/T 497-2014) "' Xof 3 SR v 4 1 B 4% 185 41 B
TN TS I W A AR A AT B AN, 15 0.5 43
—Nar T BRI BN B A A G U b
B PEZ R PEAN A B2 2 A, e 2B VAN 45 R
RPN O B A AT 3 I AR A
1.2.5 FFEXRARESL SHAED, S EET
Be b =N A CBR A AT BE. O T 4508 & A B4 4t
% AWK W P46 2 3B 20 6 07 =X, ¥4
FER 3 AR KUK AR [B] A AS R C B, 426 2 1
LT ALK, K EA KA 16 Fho= g
30 pe/g MAZZ 19 & A S S b I AT IR
.

A2 FRREGITHERAABTAGTE
Table 2 Recombination scheme for characteristic

flavor groups of apple juice concentrate

77 b R XU R T 55T e L

i 50 nm #% & 50 kDa 7% &4 2 nm #F
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 MBEHSGEKEEE FIRESENE

X DT 36 1 T AL 7 i RIS SR v 4 9, SR SC ik
[19-20] Jridii e He 8 FokiE v & 5 Fa VLR Y
O, L 203 A E AR S I R A i D
TR ERE AL B e R A T2 b L
1.2.7 ARBEHP K RFE=IME 35
DT B 20 7 ot RS SRR A T AT IR — B
(Py-GC/MS) BALL I #r . #1 ) NIST20 3% 4, LADC T
FEW T 80% 35 72 1, SR U T FRUH — b vk 2 o 1t
BRI E 2 R BOEHI{E,

NG S5 RLAR TR 600 °C 5 27 B [E] 0.2
min ; 4% CHRE 280 °C; BEMASINE 1 ulL,

GC-MS 4% (354 DB-5 MS 4154 (30 mx
0.25 mmx0.25 pm) ; 2 < He; i & 1. 0 mL/min; 43
Tt 50 115 P F THE 40 °C,4£4F 3 min, LA 10 C/
min {3 THE ZE 240 °C, FELL 20 °C/min B3R T}
2 280 °C,PR%F 15 min; (IR T 280 °C , L
753 B 8 IR FE 230 °C 5 PUMCAFIEE 150 °C ;i
BifigiE 70 eV I R AER BT[] 4.5 min; I 0
Bl 29 ~450 amu,

2 ZER 5

2.1 HEXKA#HSESREENERSH

SERVRAE T Z P B AR 7 5 HrobdE 5L
FIAEXT 2 BE WL 3% 3, H1 28 3 W], B0 5 45 2L B
TR 69. 86% , 5 KRR IR B BHIE 43 85 1) S ™
KA, PR RN R EAA LN LA 1) &
BHEAE SRR B OB 25 T AN Y 52) 5565
R S GUE T A B R AR A R
3) A TE MR B S ST AR 2 T AR

X 3PS A T S 22 G Gy e R AT R
PPN ZE R R SRR AR T AR S LA P R R
IR 30 we/g MRZZ A8 N it IG5 00 LI
I ESE G BN I i = B P T
L[5 SR B R R 3 B T B 5 50 nm 8K BA 4L BE 7
Z B EGE B R 30 pe/g M2, RN
ARG AR A A R B B0 , U o e
A 1 T SR 8ORIT 1 s 5 B3 448 K5 50 kDa 1 B8 AL BEFE S
LA R s B F N 20 pg/g MR 22, VS i o



4.

AR T MR A A P AR 557 , S D008 B e P 4 A 11 s R
WA G 0 52 n B AL RS LU AR P 4K
EELAHEER 30 pg/g M 22, B8N SEAR N 45 40
AU R SN B e s A D T I R
2252 nm E IR RIS LA I Hh B0 A TR
40 g/ g MH 22 S SRR A A 0 A R, AN I
TR A A 0 Jl B B USSR O, ELIX A R R
WRORE 2% . 3P IR 1T 22 G o s L AR R VT
MR 4, 3R 4 /PR T2 2 PR
Or AT R LRI I B M A A R, 045 X 70
o AHBCT S ERRAT 50 nm AR AL SR B
By BRI A R T, 2 s, SR k3
A OSBRSS | 50 A PR R, AT E A O
T 0 R 550 kDa # 7 2R RE A% 38 A <
NS S G2 N N U G T =R A S R 4713
LR 32 nm BB AR A SN A LA R
S AT ERN RN ;2 nm B 4 RFR AR
RORAGE 559 | 1R 5% B B, R AR 4L,
TERG 70 B R BLER 2o DRI, K 50 nm A5CRE 2L
50 kDa 5 FH ZHAEFN 2 nm 75BR ZLREAE D 30 R R X
WRZLHE

SRR AT AR T ) 19 2 R B S, HEBR
TARRFAEA R (9 T8, 5 O KR R 2 T4
HOYEME G, 5 7RI 2, Y
TN Y A A A LA 0 R R, A% AL R KU
RS (B 7 P R P SRR i
TESEBRIE H FPd o 45 5 J8 ot i 4I5S O e A ek 22 1]
ST oK, EA TR (0 KUR LR A B 2 SR P A
2.2 HEXRABREANRASH

W 3 A IR ETE LAAS 6] 19 Lo (91 90 47 d 2

K3 FRRGT S AN B WBRG R
AT A5 B A AR
Table 3  Yield,refractive index, relative density
of the groups of apple juice concentrate separated

by multi-stage membrane

N7gr=y 0% i 2%

LB AT %ﬁ()}'(;%a) E43 *E(Xii?)r; fr(f/

50 nm A% B4 ZH B 1.359 1 1.026 1 6.17
50 kDa 1k B 41 HE 1.357 7 1.024 4 2.88
2 nm # AR 1.354 8 1.018 2 5.69
2 nm FEL AR 1.364 9 1.038 5 55.12

LARAT 16 FE L™ & B B E TN (45 RILE 1,
0 5 R RS TT ) T e 1 3 Al R IR A AR B
EHM .2 5 11 5125, MBTSHEN,
2 SEL T S B AR T T A IR A R R
HABHETE T 1.6 48.0.5 43.0.5 43, R &< F
B A0 R TR A B 11 45 2 5 R g
AEIMAIIRF W A B, Ho iR T
12.043.0.5 43.0.5 73, I BE 12 4% fin & ok At
F AARTET 1.0 40512 S EA M A% I BT
GIRAE (2T 2.0 43) EIEE R (%482 TF 1.0
1) BT 0.5 7)) EE (T 0.6 77) (4
F B R, A B4R T 32.0 43 .1.0 48 1.0 43+ .0.5
53.0.6 43 .0.5 47, I REAR G M fE 55 22, T T
0.6 43, 3 FH A i MR AR R 1R HTRCR

R4 FRRGT SRy BABREIFNLER
Table 4  Sensory evaluation results of apple juice
concentrate groups separated

by membrane separation 4y

BEIMY 2 ¥R SOm# S0kDa# 2 mm 3 2 nm &
fEbE B WR4ETE RAURE B4l R4l Jam

#5710 1.3 7.4 7.4 7.3 6.8
FEME 6.5 7.0 6.8 6.8 7.0 6.5

M/ TR/
W 65 7.0 6.9 7.0 7.0 6.4
M5 6.4 6.4 6.5 6.5 6.4 6.4
MEEE 6.0 6.0 6.0 6.0 6.0 6.0

Mk 5.5 5.5 5.5 5.5 5.5 5.5
YAy
g 65 61 6.6 6.5 6.2 6.5

9 [
W%$/6565 6.5 6.5 65 6.0

s 6.0 6.0 6.5 6.0 5.9 6.0
M 60 6.0 6.0 6.0 6.0 6.0
BEHTHE 6.0 6.0 6.0 6.0 6.0 6.0
AEH# 60 6.0 6.0 6.0 6.0 6.0
Ak 2.0 2.5 2.8 2.5 2.5 2.0

Rk 1.0 1.0 1.0 1.0 1.0 1.0
EE 6.5 6.5 6.6 6.5 6.5 6.5
R L5 LS 1.5 1.5 1.5 1.5
EE L0 25 2.1 2.0 3.0 1.5
*FEOLO0 10 1.0 1.0 1.0 1.0
N L0 1.0 1.0 1.0 1.0 1.0
HEE 1.0 1.0 1.0 1.0 1.0 1.0

MR 2.5 2.5 2.5 2.5 2.5 2.5
ik 2.0 2.5 3.0 2.7 2.7 2.0

T AR AR UK R B AR A JE R R
ST A A R 0 48,
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Fig. 1

Results of sensory evaluation of recombined

products with characteristic flavor groups
B4 T, et 1 D A Rk A R R WAL ST T B A
& TRV AN T A ORI AE A R SR R, PR, T
A [ A5 0, DU 2 () 179 B 2 BB A% B4 BB AR AIE
25 S 0 T AL, T R A () A R, X
Fofv i €0 XUDR ZH A 1) 1) 5 15 B L BOR A A A
FARF ARG At T4 Bt 2% 720 B KRR
AU A5 0 14 [] N 5 DR BIR 32 el i /0 % 9K 7 B Y
AT R R FITCRLZH 73, 33 % sk Ak A SR AE , 35
AU B, 7R KR AR B9 8 YE B Ay

2.3 BEAFmBPKBYERE BIBRSEST

SERVRAE T S 3 AR AL i 1 K R R
BHLRR A E A R LK 5, RS Al 7ESE R
WA T ARSI L Y 4 RS PR TR AL s ik
96. 54% ,4 A HLER 1) T 5 8 i Lo 3.05%, — 3%
Z AR 99. 59% o ] WL e e T b 4 R 73 1
Oy IR VERE A HLIR  d 20 7 il vh K U AR
o7 B HE B G A3, (R BH LS SR ok 4 /> T
AP i 53R Y, BTN Tk
PEWEFUA MLIR 7 375 1 DB AR, B AT e 33 1 W i 7
T T ECR R (B W IR AR 43 4 B 4R
TR AU HIT A7 , 33K -, J2 8 P 2040 L FH T 465 400 ) 0
SAERE P EE LR EE R BN i R
2.4 BEAFMARBITYSH

JH R SR AR 28 3 R B A e 56 4 i # HL 7 fil
KUK FEANE T . Py-GC/MS HEAR 278 ™ 4 45 1 1 31
B PIMFAREIARE & Al 2 75 i Ry T 45 2 16 /NGy
FW T, IF ¥ 2 7 W) AR A GC-MS #4753
Hrt2 AT A RO B S MR R be PR B 38 T %
A RIS I 2 45 M0 5 A 52

SESRR AT I 3 A E 2 7= A 1 600 °C 24 A
PR RO SARE LR 6, FHF% 6 nT N, LA 39
TS =1 . AL G A H R T | 22 PR 2 LA G T
FAE WG LB, AR E W3kt 20 A E
URLENUR TN N AT TR S N A i TR N9
Fi AR SO ER AL A P 3ETT 7 B ILAMNAE RS (B
X IR HRESS . BRI AR R BN £
B A RS, R R A R E Y
JifE 22, A0 45 F e A N ) TR T |5 -
BRI |56 FH MRS 2 - S A | 2 - F2 3k -2 - 3R

RS ERME A3 AMER T S o R I AR A A AUBL A F N 4

Table 5 Determination of water-soluble sugars and organic acids in apple juice concentrate and

three preferred recombined products

v T/ %
ﬁﬂﬁg% N = N sk Fi] B 2y 7| 2 2y N, Jobhs grs £4 A~ B
b T b A D-1nAMlRE SRR AR R R REE
SER RS 55. 80 21.74 13. 86 5.14 3. 00 0.03 0.01 0.01 99. 59
mH2 5 51.30 20. 55 11.71 4.39 2.86 0.03 0. 04 0.02 90. 90
HmH 115 52.91 20. 60 11.70 4.61 2.95 0.04 0.03 0.02 92. 86
w125 51. 64 19.72 12.52 4.50 2.82 0.04 0.03 0.02 91.30

R TR U TR 2 22 2 R SR



%6 FRRWITAI /MR ELET R 600 C LM~ BRI AL 44

three preferred recombined products at 600 °C

Table 6 Pyrolysis products and aroma characteristics of apple juice concentrate and

|2

W T AR — b i/ % ®

= y . A R 2= g g @

Y5 i 3],/ min AW FR FAFHE T TR nE oo
1 5.12 TN R R H B / - 6.35 4.29  3.65
2 5.95 MM it g%@%if;f% 8. 60 11.08 11.88 11.62
3 6.54 P E%%ﬁﬁ%‘%ﬁ@% > 3.26 1.31 1.30  1.51
4 6.71 a—Y4 TN B ﬁﬁ%%%@iﬂ"%ﬁ%g . 0.54 0.47 0.62 0.51
5 7.03 A- R E-1,3- / 2.25 1.65 .71 1.57
6 7.55 PP LA 0 T / 0. 90 0.54 0.53  0.49
7 7.67 2(5H) — IR HIHNER 3.63 2.72 3.42  2.55
8 7.72 v-T MR @%ﬁ{%ﬂ;féﬁﬂaﬁ%ﬁ%ﬁ%ﬁ;g@ 0.78 0.90 1.16 1.08
9 7.92 2- BRI R F KRB T 0.14 0.33 - -
10 7.99 1,2-3R 5 R / - 5.08  4.88  3.91
11 8.05 2-FRFE-2-H - 1-TH Wb R H R 3.35 - - -
12 8.23 5— -2 (5H) — 1k Hpg / 0.45 0.40  0.48 0.37
13 8. 31 A< R I / 0.45 0.26 - -
14 8.58 5—F Sk — 2k Y A EE 0.21 0.23 0.30 0.28
15 8.73 S5-I SLp s A, S AR 5.96 7.14  6.63 8.74
16 8.82 3— 1 -2 M - 1 - A RH N5 FK 0.99 2.07 1.81 2.13
17 8.99 3— L2 (5H) — 5k Hpg / 1.01 1.17 1.37  1.06
18 9.11 ZE %ﬁ%ﬁgﬁgﬁggg - 1.29 1.27  0.80
19 9.52 1,2-3E i ﬁiﬁ%ﬁ%@%ﬁ%@h 0.24 0.98 0.43  0.51
20 9.61 2- 5T R / 1.09 - - -
21 10. 10 PP L BR L3 45 T ) F PR H SR 1.96 3. 69 3.48  3.00
2 10. 16 5— -2 — 7, ik LRy F%%@“gfﬁ%%%?%% 1.12 0.27 0.20  0.31
23 10.21 — -2 - BRI R / 0.43 0.34 0.16 0.20
24 10. 45 B 1 R ﬁﬁ%‘;ﬁ@ﬁﬁﬁﬁggﬁ > 0.42 0. 65 0.48  0.49
25 10.53 2- R E%Q%}%ﬁgﬁf ° - 0.68 0.75 0.76
26 10.69 25{5&?%}2?@%&% i fitdr SRR S 0.47 0.40  0.39 0.43
27 10. 99 2,5- " HIEuk g / 0.46 2.76 2.53  3.52
28 11. 19 DRUE-SZ LR o / 0.51 - - -

e . FEEN Y, Wl AT T BRI A,

2.3-"F-3,5- "5 FH- ]
29 12.18 6 13-4 H) M4 i %mﬁff%ur%i% f;’ﬁﬁfﬁ% 22.22 20.60 26.12 23.97
30 12. 44 2K iR IRIR B 2R Bl R B Ak - - 0.66 0.39
31 12.49 (+/-)-3-FF-y-T g KRR 0.96 - - -

5—(FFIEH ) Rk -
32 12. 90 2(3H) il / 0.36 0. 81 0.87 0.83
33 13.02 JLZ51;/ Catechol / 3.15 1.16 0.81 0.79
34 13.43 2,5k MRy — H i / 4.45 0.93 0.68 0.78




Sk, E ETRESONERRETELQ BB RIFL -7
RO(4)

o R . g s BUE — 1k i %

4 b . AN R =

G5 (3], min AW FR B ARHIE TRk, 28 nE oo

35 13.57 5—F2 P s I Eﬁ”ﬁ%? /]k %ﬂé&%?*ﬁm\ 19. 81 10.10  7.04  10.96

36 14. 04 3-FELAROK — / 0.25 - - -

37 14. 49 1-Ei / - - 0.35 0.33

38 14. 60 Sl AL / 1.67 0.50 0.52  0.58

39 17. 47 D— a4 b / 0.85 - - -
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Sensory-oriented fine processing product development for apple juice

concentrate by membrane separation

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

Abstract; In order to develop diversified apple juice concentrate natural flavors and improve the functional focus of
the products, the apple juice concentrate was finely processed by using multi-stage membrane separation, and the
apple characteristic flavor groups with outstanding characteristics were located by sensory evaluation. The obtained
characteristic flavor groups were recombined. The pyrolytic products of recombined products with better sensory
effects were analyzed by using Py-GC/MS. The results showed that: Four groups were obtained by three stages
membrane separation, among which the sensory effects of 50 nm retention solution, 50 kDa retention solution and 2
nm retention solution showed distinct characteristics. By adjusting the proportions of the three characteristic flavor
groups, recombinant products can be obtained with an effect superior to that of apple juice concentrate before
separation. The pyrolytic products of preferred recombined products are mainly composed of heterocyclic compounds
and cyclopentanone derivative, including caramel, sweet, fruit and other aroma types. This study provides a
technical reference for the fine processing of natural tobacco flavors.

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

sensory-oriented
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