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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: 1) four groups were obtained by three
stages membrane separation, among which the sensory effects of 50nm retention solution, 50kDa
retention solution and 2nm retention solution showed distinct characteristics. 2) 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. 3) 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;
recombination; sensory-oriented

0 55

M o) ot SRR XU P B A T RS HE TR AU M A k), R ol 2 R AR B BHI R 5 A AT
ZIOAGIR I TS ER . AR, RARERIS R A, H 53 B F o3 AR AR SURFAIE B 23
ECELAL, S THRBAERER HiR, HEEWRk—SAREW. mH, RAEEHZH
PR A7, — @R LR T P A B . BRI, RARERIERE 404 i TR 1 LA
TERIBRAR AL, BF B R SR A XU (0 B, 4R S R R AR EE kL™ il I D e SR A L AN 2
PERL,

Bk, BHBE AR R ITED, PN G T 2 R i ik R R R
el R UOVRIf L 2 s VORI e . AER SR T A, W AT R LU S R B 70 R,
SENL T A R AR H BRI R RIS AT AR U UV R SRR )
R O RUBRZELIEE , 0 R 2% A R XU 3 UL Y PR 7 JER 81 R S 43 MR 1 o LA B 3L

SR AE A A P IR T2 e I EIRR B R —, AT RARAIR R, AR
A, SRR S BT, RIS HEY & RO E SRR A IS RS, KU
FHEAR Y, HAES I =R AEE D R SOl KEA RAEH, BREI T HAES



Bk

PR FERC 7T IR A AT F030 R sl T 2 4R U 4 S Bk iy T, B E SR
Sy B, IRAG AR O RZELRE, I T e A (0 UK ZEL B (8] ) SE AL S AR 7, U
TF R 2 JCAL I SE R IR AR RGN 7= 3 2 2RISR & TR 3% .

1 #RES 7k

1.1 sk RIAn LSS

FEMEL: RIEDINE 1S B, BT DA R ST A w4 T RE R
PREEME (50 nm. 2nm) , FERUEHB P ENIERA R AR HAVEE (S0kDa) , FFRHiGRH
B ARG R A A

FERN: 1L2-N . W= GO EiBg , Mg, B (A =99.5%) , Il
Wi (AR 99.00%)  FZEWE (A =99.0%) , [ Sigma-Aldrich AF]; 1,4-7 - (&%
9, Mm% (Rl W TIRBEGARAR: 4B FEE. 8, BvEEg, EE Merck
NFE]; BTRAARERE. SRR (AiE19=>99.0%)  D-ILZLPERE (40 98%)  FAE=E (4ifF
96%) . DL-FLEE (4L 85%~90%)  DL-SERIR _WI/KEY) (4iEE>98%) , FEMCHIELFR
IRGREGR,  RIRTR T AR R B IR A F s LFREN. & SRR (4ifE39>99%) , LLAm
Acros Organics A 7l; FFEIR —MNEh /K& (4R 99%) , JLREPIEHARAT; &ME L
B (AR H=95%) B 2 mi e FEAHMEAAIRAR .

EGA/PY-3030D HIZ4f#{X, H7A FRONTIER LAB A#l; 7890A-5975C RV AH (01— i
CHHA . 7890A BYSAH A4, S Agilent A 7] ; C30 BL-RIRFHARIK X, Hi + Mettler Toledo
ANE]; CP224S BUAHT R (& 0.000 1g) , #4[E Sartorius A F]; FIRLE D B 5%, VL5
YUK ERH I A PR A F: ALPHA 1-2 LD plus B9%T-#1, #[E CHRIST % T-HLA PR A ;
HRH-386K G MIMAE TS, AL ERMBHECAER A7 TGL18M B mpd iR & 0dl, &K
RN E AR A .
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KH YC/T 145.4-1998 GRS LB IR E IVEAL ) J7 0P 3 IR a1 7E g
(RIEIRRE,  AiHs 45 St FAARFR M B 10% 1) C A 3 SR A0V R R N I B 3 B0 15%
BB EVTIEY . RIRAE 50 nm PR, 50 kDa BXA M. 2 nm P& B, RRFUESY
BSIIE I AR N N — RS B B R o R B AT BRI, mORHE A E 2 IR
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Table 1 Process parameters of multi-stage membrane separation

SELEB JERATE Si/bar  RJE K Ji/bar  RANR/Mz  JEEE/ (L-(hm?)y!) A LLBEI/%

50 nm 3.0 1.2 40 28.2 16
50 kDa 3.0 24 40 584 8
2 nm 35 2.8 40 60.5 18

1.2.3 PEERRIHE

BN 3 AR AR JOE I X 4 AN B AR DLRSERIRYET, KM YC/T 242-2020
CHHER CRE. 1,2-0 ZRF. W=RE S SEI0E  AOM ) 5 AR il b AH SLVA 77 0 5
B, HRRBAARIENE RS B &K E . DANBRE TG B 5UE E - B E R T 5 2 &
AR 53 B %% B 10 T i it i 5 3 SRR i v 1) T I o 2 LU o B3 2 R oy B 5 R R 1S
#,
1.24 SrEHABRRE IR

X 3 RIRAR T J oy B AR 0 & 2R R P B FE IR FE AT B R B AR VR . ) 10% S Bk
FFE N BB B T R EIRE 0.4% 0.8% 1.2%. 1.6%F1 2%MI¥EW, F B shind it
WU SR R IS LG, R 2 uL (BREINEN 104 204 304 40, 50 pg/g
M2y, HRERABETERE (2241 C. FHXNREE 60% 2% MR B4 T 25 R 47 48 h LA
.

WA YC/T 497-2014 (M Hh U8 0 WU IR B PPAN 73D 0830 IR T4 B AR IN A0
5FJE BORE A B AT BB PN, B 0.5 2h N — Mt b B TR BN B B B B A R
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1.2.5 et XBRAREHEA
BIRRAE R, S ERIC LT RIE TR TR AT AREN RIS %, AR
FAWIPRA AN A iRl 577 R, ST 3 AN (o RUBRALBEIRI KR FIRC B, 45638 2 07 St AT
B RIS 16 = 4% 30 ng/g A2 ) H i 1 212 LG IR AT BB VR
F 2 ERURAR RO R AR EA TR

Table 2 Recombination scheme for characteristic flavor groups of apple juice concentrate

R KR LR T4 5 L

EGE R - -
50 nm #; ¥ 50 kDa #i ¥ 2 nm #H
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 RIEEHREVKEEE. REENE
B i) E2H 7 ol AP SRR A, SR SR 2207 i E Fer 8 MKIE RS K 5 A
PUBRF & &, H 1.2.3 F5 75500 58 S it rhvam &, R BEmE . IRAFE 2 RE B T I 2 o
tt.
1.2.7 DU EA = 5 RIREE = b
G EAT Meade T 2EL 7 it RS R A I RSB 23 . R NIST20 #% /%, LAV
ML T 80%#E e e, RAVERIFIA— W e i, BAFEMIE 2 KICEE.
ZURLAT: ZURIRTE 600°C; ZRITA] 0.2 min; EREITEE 280°C; FEMAINE 1 pL.
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GC-MS %f4: faitk: DB-5SMS B4HEFE(30 m X 0.25 mm X 0.25 um); #< He: & 1.0
mL/min; 7tk 50:1; FEFFHR 40 C,LR%F 3 min, BL 10 ‘C/min FIEHZEFHEZE 240 C,
LL20 C/min I FRTHEZE 280 C, {#FF 15 min; GC-MS 4k E 280 C, ML 73\ EL;
BRI EE 230 °C DURRATIREE 150 °C; HLESRER: 70 eV WAL [A] 4.5 min; iU EHH
JuH 29~450 amu.

2 ZFHR5HE
2.1 FHEXNKEAHNTBESXRETN

DA MR B AR T AR 9 3 1m) - i S R At 2 U 43 28 T2 IR E AR B sl BOR
WA, W TR 50 nm PERE. 50 kDa BXNAHUE. 2 nm PR 3 HIE 55 T 7 K&
MM TZSH, 3R T 3 MR 2 nm B 4 NHEFE, SABR =% L ymeia s, 4
SR 3. B B S AR RN 69.89%, 5K ZHORIRA RIS B8 (K140 7 R A 2
PEREMRIRE R FZEA UL 1D AR SRR QR 22 T AEY): 2) seid
e, BQELHEIAERE, XERITEB %, 3) AR TS R4 & iE
MR .

£3 FRIRGETT BN B R AR AT B

Table 3 Refractive index, relative density and yields of the groups of apple juice concentrate separated by multi-stage membrane

B PAER (OB HIXE S (d39)H1R4 7 5/%
50 nm #% B 4B 1.3591 1.0261 6.17
50 kDa #% B4 4% 1.3577 1.0244 2.88
2 nm # B LB 1.3548 1.0182 5.69
2nm & ik 1.3649 1.0385 55.12

XS SRR G SR 2 POy B AT R B AR T S IR B A B PR, SR EIR: 3F
RRATHAES LA P BUE B & 30 pg/g M2z, VRINE AR G A< Sk R A
HIRCTS, VNN B e P S MR AR A SR R ] AT AR B A RS PR R B 50 nm AU AAEE S L
B P RCE B A RN 30 png/g W22, AN SEARI EMEH & . SRERFILES, 00 5T i
A RS RGO 5 B R K5 50 kDa 8B AL AE 2 LG IR BOE B A FH BN 20 ng/g I
22, PRI 10 pg/g M 22 I 2 M0 SR A A B AR 59, 4 T 58 B v R 246 AT P 10 s 0 e S SR 522 1 5
2 nm HEHBWARAES WER T BOE E M ERN 30 pg/g ez, HNEERNESHEES. £5
PEN B I INE T SRS DR R E R ZE . 2 nm B I AR 2 LB BOE E I BN

S
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40 pg/g W22, AR EARN BT, AR S S DR . S R,
H 2 nm B AR E S . BrEdhIE B E NP EEE Wk 4. AT, SERURAETT 2
2R ESAGHRE R R S ARG, REX R, 50 nm & HRAAR D BT
SERIRAEIT TR « BT SHORISAT BRI, A, RIS s, WS 5
SIHE D RVEL, REBR B, e . ok DURARE” 5 50 kDa R A
REMSIE AN IR . - PEANZR SRR /R, WE Aoy “HEVRARE” ;2 nm kB A R A S
WA, AUIRESE I, RDEADN CRFAERET ¢ 2 nm B BBABORAL, FA58. H
AR R, RRIEM AL, fERH B PN R . DI, RS RIRAETT 20 B8 50 nm R
A 50 kDa 5 ALAEAN 2 nm 28 B AUREAF DS RRS 0 XUR 4L AT

T4 SERRAET 2 R AR E T 4R

Table 4 Sensory evaluation results of apple juice concentrate groups separated by membrane separation

IR S0nm Ak SOkDa#i 2nm#BEE 2omiEid

BEHEE  BlEm ‘ ‘ ‘ ‘
W RUBE WM 4R ik

i 7.0 7.3 7.4 7.4 7.3 6.8
FE 6.5 7.0 6.8 6.8 7.0 6.5
AR AN 6.5 7.0 6.9 7.0 7.0 6.4
7 6.4 6.4 6.5 6.5 6.4 6.4
JHAIR B 6.0 6.0 6.0 6.0 6.0 6.0
2k 5.5 5.5 5.5 5.5 5.5 5.5
Fs R &
6.5 6.1 6.6 6.5 6.2 6.5
Hrke
i+
6.5 6.5 6.5 6.5 6.5 6.0
PRIk
sk 6.0 6.0 6.5 6.0 5.9 6.0
L7pIb 6.0 6.0 6.0 6.0 6.0 6.0
M P8 6.0 6.0 6.0 6.0 6.0 6.0
S s 6.0 6.0 6.0 6.0 6.0 6.0
R 2.0 2.5 2.8 2.5 2.5 2.0
gk 1.0 1.0 1.0 1.0 1.0 1.0
P8 IR 6.5 6.5 6.6 6.5 6.5 6.5
BE 1.5 1.5 1.5 1.5 1.5 1.5
LIk 1.0 2.5 2.1 2.0 3.0 1.5
T 1.0 1.0 1.0 1.0 1.0 1.0
K& 1.0 1.0 1.0 1.0 1.0 1.0
HULA 1.0 1.0 1.0 1.0 1.0 1.0

=
5
e

2.5 2.5 2.5 2.5 2.5 25
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Fig. 1 Results of sensory evaluation of recombined products with characteristic flavor groups of apple juice concentrate

23 EHAMPKBEMNE. BUENESR

SRIRGEVE o 3 i LR K T R A LR A B 4 SRR S TR, BRE
e A 8 A KV MEWECE SE SRS b T35 8 5 LRSI 96.54%, 5 R WUBR I T-2E44 5
Ly 3.05%, Wi 2 FlEik 99.59%, AT W3 SRIRGR T h 4k 3540 e 4 Ak P VRN A HLIR o
27 i R VAR o BT R (4, (VB SRR D, B S R SR
WA o F TN oK v P A HURR 5 B e D, DRI T A /E e P 1 B v T
AR, BRI R IE 2 A YR AFTE A 45 TR RUSR BT, -t F A B L
R FE T 5005 AR A i 0 LU B3 A 5 0 5 5 e R R

x5 FERPAKEERERE VRIS 2 4%

Table 5 Determination of water-soluble sugars and organic acids in spice samples

. TE /%
JETIE A \ o ‘ e ot . s A
BV FEERE REHE W ALpERE  ERER AR LR MEBR O BEE
SERLRYETT 55.80 21.74 13.86 5.14 3.00 0.03 0.01 0.01 99.59
EHH2 S 51.30 20.55 11.71 439 2.86 0.03 0.04 0.02 90.90
HH 115 52.91 20.60 11.70 4.61 2.95 0.04 0.03 0.02 92.86
HH 125 51.64 19.72 12.52 4.50 2.82 0.04 0.03 0.02 91.30

VE: FESLRYYRAHAURE. BIRAPERE . 2R, ZENE DR,
2.4 EHETEBIREBETYI DTG

THFI R IR A B WAE A e 56 4 AT = b R R 420 o BRI UTUB R B 2 AE ™
A B PRI PA 58 NI IS DUAE S 2 SRR BN AT R KN 1, PRGN HBSENS
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SERIRAR AN 3 AN Ik FAH P SRR ) KA TR 6, ek th 39 FhELME ) .
MACEEERI KT, R R AR A AW 5 LU e, ZRIR R AL 20 B, A0 3 W
MR PIBE. PR PRORBREF SR IR R AR AR R R A I 7 By tRANEE
FE2S. WS, MYMRRANER . RMYNaE IR 2 NEE . E. BE. IES, K
AR HAEMENYRES, A WHENSGIEN . B, MR, S-FIRREE . 55 R
M 2-IR SR 2-F2 - 2-FA M- - o 5-FF JE-2-R M FH I | 2,3- - 5-3,5- - F8 2k-6-H -4 (H)-
MEmg-4-i . S ER, XU 2 HOR H R RRE2T . X — g5 REIE T SRR e
N T RE. TR, IR 2 RS R ESE Y. WNEREE, 2,3-24-3,5- R H-6-
HA -4 (F)-ML IR -4 1) 25 o B, 78 4 DM RE R U= 1) o5 LE 3 20% 0L by FkoR
5-¥% FRLARMERORRRE , — 35 1y 9 SR A R 2R P SEAH P b S-FR R L 2,51k —
BRSNS AR TR AR, AT RS RR (XK BN I 23 2 B R LK RN & B
JF A& EHEA L.
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Table 6 Aroma components released from three apple recombination products by pyrolysis at 600 °C and their aroma performance

i PREAESA WEMARIE— & 2/ % ®
- . " &2 FR FHRFED
¥ /min FREGE 2% 1% 125
1 5.12 TR R 2 R 1 / / 6.35 429 3.65
_— . A& BEE, B 5
2 5.95 TR 8.60 11.08 11.88 11.62
HALES
; 654 - KRR SERER . AR, i 326 L3l 130 sl
. 2 E(J%f‘/__:‘\‘ . . . .
A RAEE, M. FEE
4 6.71 o-4 V3 N g o 0.54 0.47 0.62 0.51
M ISR JHE R
5 7.03 4-IR R F-1,3- / 2.25 1.65 1.71 1.57
6 7.55 FE R TR 13475 1 / 0.90 0.54 0.53 0.49
7 7.67 2(5H)- K e il BVH S 3.63 2.72 3.42 2.55
P AR, ERENES,
8 7.72 y- T WP 0.78 0.90 1.16 1.08
WA E RS
9 7.92 2-FR )5 i FTF KRR 0.14 0.33 / /
10 7.99 1,2-38 % — 1 / / 5.08 4.88 3.91
11 8.05 2-F2HE 2 IR R IF-1-T WBE. ERENES 3.35 / / /
12 8.23 5-FA3E-2(5 H)- W / 0.45 0.40 0.48 0.37




Bk

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

8.31

8.58

8.73

8.82

8.99

9.11

9.52

9.61

10.10

10.16

10.21

10.45

10.53

10.69

10.99

A R I

5- F -2 -1k g FH
5- FR e e
3-FBE-2- 0 A A 1-F
3-FF 5= 2 (SH)-Wk e

5-FRJE-2- £ T R 1k iR

2,3- 7 F 23R TR

=

2 EL

2-FE K Wy

2,5-Z H -4- 32 5L -3(2H)- K e )/

2,5- - A EpE Ik R

/

. RN

i, FRRE. BURERE R
. RE HE

/

By SRl AR R, BRI
WA T

IR AR T REA . R
ARZIi R

/
R PUERES

SREVIEER MR TR T
BEER AEFEER

/

AR ORERL ARAE. TR, HRR
W F) 7 <

KEMNEEERTE HA
&S

i RN

/

0.45

0.21

5.96

0.99

1.01

0.24

1.09
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AT T LASE SRR AT AT TN R, DR EERCR A S, 8 2 R Bk T
IRERIES 7 B R R IUBUF (1 3 P SUR 5 XK . 50 nm RALFH41HE . 50 kDa fI5
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