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SR B AR B A B DUR R I
HATEMIN A 525, & B 100 kDa #5541 26 43 i in
BRI, XIAARE R 50 nm P 2 x5
AR AT 3 85, & B 50 nm 355 3 VA 43 X
BHINE RO, FFFE R 50 nm P
[ 100 kD A LA 10 kD A HLI G H- -8 7647
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SRR 2 BeJ 2R 2 IR 2 B oy i 35 34 0,
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KI5 (MR 22 8T 1000 mL BebRef F5 08 1 2 20(g/
mL) R EE A 800 mL AFL3 4R 80% () 5 7
ST, B B4 T %5 8 5, TR 7 38 4
HUBRREAN (T HE 750 W) Hfr A 60 min, HE ik
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Flow chart of muti-stage membrane-separated experiments of low-grade tobacco leaf extract
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Fig. 2 Total ion current chromatograms of volative

compounts in 7 membrane-separated components
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Table 1  Volatile components and contents of membrane-separated component we/g
Tk AepEA S MO M1 M2 M3 M4 M5 M6
N R — — — — — 1.13 —
LR 36.43  28.73 8. 44 15. 89 7.88 5.88 9.77
3-BREA R — — — — 4.10 — —
Rk iﬁﬁb — — — 17.71 — 5.92 —
+ =% 30. 40 — — — — — —
FERETR 77.30  67.49  27.82  45.11 24.38 19.95  34.19
AR — — — — 1.00 — —
2R iR 29.25 19. 99 5.06 3.50 — — —
Bt 173.38  116.21  41.32  82.21 37.36 32.88  43.96
5] 13.36 11.58 2.50 4.07 2.35 — 2.69
i TR 101.27  85.95 — — 18.28 6.95 16. 89
- 3-2- T 5.57 — — — — — —
- (R)-(-)-2-TH — — 16.79  28.83 — — —
E Al — — — 6. 66 — — —
L-73 T I 4.09 8.90 2.15 13.74 0.67 0.21 1.75
2,4- " RO H — — — 21.89 — 8.81 16. 07
4- B He-5-C -2 — — — — 1.81 3.37 —
Bt 124.29  106.43  21.44  75.19  23.11 19.34  37.40
T — — — 5.06 — — —
£ H i — — — — — 4.50 —
G R 50.02  40.07 — 34.85 7.36 — 10. 09
TR T 25 4- I -1,3- 6. 66 9.39 1.51 — 1. 84 1. 11 1.68
99—k -4,7-FH 5 -3 74.12 47.37 — 29.78 — 12. 61 18.29
SRR L] 104.52  64.45 19.83  46.47 19.06  14.59  23.45
Mt 235.32  161.28  21.34  116.16  28.26  32.81  53.51
2,5-HE TR — — — — — 15. 86 —
B LA T — — — — — — 2.21
2, 4= BT HEOR — — — — 4.54 — —
Ay 4.01 3.30 — 0.57 — — —
AR — 4.28 1.88 — — 1.23 —
S ARE R AR 131.80  71.58  31.75  58.95  22.35  24.08  41.52
2,6-RUT B R 47.08 — — — — — 9.10
3,5- AT B R 53.46 — — 40.39 11. 65 — —
2,5- BT Sk — 11.98 — 8.21 — 5. 66 —
4- I H -2 6 F S LR 1 — — — — 5.92 4. 60 6. 38
4,6- BT FEE) R 1 — — — — — — 9.08
it 236.35 91.14 33.63  108.12  44.46 51.43 68.29
SR T g 37.69  34.53 6.58 9.97 6.89 2.83 6. 88
BRI P i — — 3.79 6.03 — 2.14 —
[LEES T 12 Y i 25.22  18.51 5.60 110 6.22 4.03 6.88
CRESE R —TR — — — — 9.90 — —
Mt 62.91 53.04 15.97  27.10  23.01 9. 00 13.76
B 1.25 0.93 0.22 0.42 0.13 0.20 0.94
i 2,5- IRk — — — — — — 0.58
SRR 2’63_‘5%:‘_;3%:%%%‘ 4580 3811 12,45 2268 1153 842  14.13

5—F% H LA 251.94  171.71  71.45 129.84  69.11 49. 89 86. 77
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RI(%)
2k &2 FR MO M1 M2 M3 M4 M5 M6
2,4- A2, 5- T - - - - - B 4.00 B
3(2H) -1k Hpg —3 - .
5,6- "4 —6-TN K- 2H- NI -2 — — — 8. 64 3.78 4.18 6.29
T 2- k-2 3 A N - 6 il — — 1.59 — — — 2.37
ML NE -3 -2 (3H) - Ik I — — — — — — 2.76
3,3,4,6-PUHIH-2 3-2H- 35. 49 o o o o o o
2SI M -2 -
2N k-4 - SNl R — 3 i — — 0.59 — 1.43 0.71 —
MBIt 334.50 210.75 86.30  161.58  85.98  67.40  113.84
LIS 1.51 1.14 0.28 1.22 0.12 1. 00 —
2-FALNEnE — 10. 50 — — 0. 41 — —
ML I L % 25.98 18. 68 7.04 12. 45 7.52 4.30 8.93
2 BL i gk — — 0.84 — 0.65 — —
THIR P — — — — — 1.47 —
S 8170.82 6642.94 2053.72 3593.93 1418.33 1376.10 2 295.80
2 W 50. 42 30. 42 18.75 — — — —
2,3- Ik nE 39.62  22.43 7.90 13.31 6.15 5.64 12.78
2,4- T H LR FF ik 237.55 215.75  62.85  154.37 127.02  95.70  142.43
2,5- " F BLnk g — 0. 66 0. 83 0. 61 — — —
2 -7 - - 1 H- 1| 23.46 13.53 1.56 8. 04 — 6.96 8.78
P, 4,5—:%%;6—%%@% — — — 0.37 0.65 — —
Tk 2- LTk o B g g — — — — — 0.20 —
2-FRFEmp R — — — 0.67 — — —
5—F -2 SR BL— 1 H-1g| 29.98 19. 13 5.11 1.10 4.32 0.99 13.70
A-JRFENE RE I mE g — 2.39 2.16 0.50 4.28 — 1. 40
2-5¢ T HLIR G — — — — — 0.36 —
1 - H 3 -3 -JR I | e 20. 30 85. 84 27.45 15.56 7. 81 24.10 —
5—Ff 3k -2~ FL 5| Wi 118.33  104.77  34.16 84.55 19. 06 29.10 —
1-T 3 -2~ B nk g o — — — — 2.16 1.92 —
37‘_(:3%%_%:) TI%E‘IDZ% — 10.24 — — 233 0.93  4.76
2- 2 L — — — — 0.52 — —
3= (1= -2 s 1 ) Nk e — — 4.16 6.98 — — —
BT 8717.97 7178.42 2226.81 3893.66 1601.33 1548.77 2 488.58
e HAE 443.77  376.85 120.54 204.49 104.50 79.26  137.00

Wy 2,5- BT Bl 4-C M H -2, 6- ISR
Wy SRRk T L2, 5 — — F SR Ik g S ) 5 A R
FE A R Y D PR AT R A AR v X S A
B4 B e i IR T A ARG M (22 0 B T 4 I T
R 207 Rl AT B 4L A, MS PR B B
Z(6 Fh) , I8N R 2 BER | R Ik B L 2- £ Tt
GHEMENE 25 T HURE A 2,5- 4 T 3R —
1 ; MO M3 M4 Fl1 M6 FIREA 5348 3 Fi

71 AR R B RT 40 8 KIS RIS (8 ) |
RS (8 i) (WEMRZE (6 F) W2 (11 Ff) BRE (4
i) CEEARIRE (10 Fh) AR (23 Fil) S d

AL R o X L i 3 W 4 40 0 0 R Tk I i
R IR R B U 1 325 2o VR A 53 R P A
G35 A GREAI ;X LU RE VR A A3  HE R M RLA
i, R M6 1R R SR R T M2 M4, KRS
F A0 AR 2K (2 602.42 pglg) . BEK
(37.40 pe/g) B2 (68.29 pe/g) E1E M6 H 8 &
8, T, ATHEI 10 kDa 8 8 BT 24 3R 28 B2k B
JEE R IIHER MR BA BT & AR
2.2 EWHSH

FIF SPSS 27 FjAEXS 7 R sr iy 71 MR Kk
PERLS i AT T oA SR R 2, & 2
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ALHL T 4 A E G BRI TTmkRIA 84. 637% , 1]
X4 AN FRAT AL T FERMFIEMES, W
Ut , L3 4 A4 320l AU ARSI B i A fh R
AR DTRG0 158 2 5 3
554 AT,

A3 T TR 20T RE 8 S B 25 48 A 4 3
Sy BTER R RN H 2R AR S A ER
AEEEE NG B HT R M 25 Rl R AE R
o 1 HAARE (| #frE | >0.8) , ®HE
ROy 1 T T X 25 FRAE KM B A S A
B, By 2 FE R T TR
T AR N R AE T Rl R PR A AR
SEREMR 3 FERB T AHE T R .2,
S5-THF T EERR )y 2,4- T2 5 I -
3(2 H) -MKkME-3 - [l %5 7 Flos & vk o 19 78 15
B FERST 4 FERT LA IE R 4,6- 8
THREMZE By 2,5 " R OR S 5 FP g Kk AR

SrIESE R

2.3 BESWH

HRAE T o T AR Y 4 A4 3 804 i STk R n]
TR 71 PP K 1 A3 R AIE 1) B, 465 45 48 (7T
TR 7 A B A 1 4 A ERT A1 5
Y, Y, Y, Y, X 4 A E R EE G AR A AT AR
M AEE LA N FIES Y= 0.515Y, + 0.189Y, +
0.159Y,+ 0. 137Y, , 254 UL 3% 3, FIH SPSS 27 %} 7
PO B AL 25 T TP A i AT R I br, 45 51
UL 3, FE 3 AT ZERR ECHE B0k 10 B Rl 7 A
NIy B Lo o3 o 2 28 o MO M1 —28 AR 5
AESF B 53— BB 0.1 pm BRI 50 5
VIR )4 R P B3 ARLARL s PERR [R IR 25 4 5 I Al ik —
W T LSy 3 28, MO M D — 28 M3 g —
F, M2 M4 M5 M6 H—2, FIRZIREN] 0.1 pm

K2 ERSAFARAB T RE
Table 2 The eigenvalues and cumulative contribution

rate of principal components

EWGr FEAE{EL TR/ % FITTECR %
1 30.923 43.554 43.554
2 11.340 15.971 59.525
3 9.569 13.477 73. 002
4 8.261 11.635 84. 637

755 WA 3 5 DR 4 R AR L B AL, 3 A
BB 0 B AR I B O AR, 300 kDa s 318 fiEE
B 35 HoA 6 N2 o A R PRI BR
2.4 RBEITFRERSH

N7 B A R E PR AS r W3 4, ik 4 W]
I, 22 MO A i A HERI R A, 1 el 1 P 4
22, SRR RE g MO R Zeid g i 38, R 79

A3 ERSESES
Table 3 Comprehensive scores of principal components

s Bt B_E BE B GANT
i Wy, Wy, WorYy, WoryY, Wy
MO 1912.004 -36.150 80.844 181.153 1 014.859
M1 1529.762 -26.645 68.061 157.604 814.681
M2 468.741  0.588 16.852  49.669 250. 833
M3 839.160 32.780  27.018 89.207 454.577
M4  348.471 -11.401 6.591 38.171 183.467
M5 323.160 -0.050 23.470 33.146 174.580
M6  537.340 -9.954 16.491 35.624 282.156
0 5 10 15 20 25
M4 T T T T T
M5 —
M2
M6 —
M3
MO
M1

B3 BoyBiasRESHA
Fig. 3 Cluster analysis diagram of each

membrane-separated component

A4 By B ANy R IFRF N

Table 4 Sensory evaluation scores of membrane-

separated component i
FEAh O R I AR M Rk B
MO 50 27.5 5.0 8.7 155 20.2 81.9
M1 50 27.3 5.0 9.1 15.9 20.7 83.0
M2 50 2.7 5.0 87 157 20.5 81.6
M3 50 27.5 5.0 9.7 16.7 21.1 85.0
M4 50 2.3 5.0 9.3 16.3 21.5 83.4
M5 50 25.1 5.0 9.3 16.1 21.7 82.2
M6 5.0 2.3 5.0 9.5 17.1 21.7 84.6
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JRAnEE R VE R S R, R EUNE S 1B
B SR, LRSI 0.1 m GE B A KT
PR e M2 R, 45 GC-MS Z5 2R I, M2
PR B s /D U R 43 X 11 B 2 T
R/ R AL L3335 1 B B S 5k ML, DT
M2 mEEHNEF TR T B HRRE
SR s M3 14N 25 SR S5, % A ST A R T
B ISR RS R i R AT, 456 GC-MS 4 A4
SRERTHN, M3 H R 3 00 1 IR T 4 K I 4 & 1 i 4y
NS TR B A BRI AE Y i S M2 M4
M5 M6 ML Z 283t 0.1 pm fLIEAE 300 kDa
IR RS, M3 TR B JEM S R T B
w5 MO M1 M2 AH LR BRI 2% <5 e A
MO M1 M2 75 FIrilest s M5 &S i & BRI
SHEOUINF B E R AL R ER R M4 F
M6 F A LA B i iE T, R A TR AT 2 )
o B W BRI 3 B A RIOR R A, 4R T
SR A AU AR S R M AR AR,
I, M3 AR NN O et

gl

3 4Eip

AR SOOI R AR SR AT A W g AL B AR
YA SEIC) , W AR SR O R T 3 Ao s 15 5]
7 R4S (MO M1 M2 M3 M4 M5 M6), F| i GC-
MS G307 45 B 4 H0 BB PP X 4% 4 43 i AT X b A
Br G ER 1) 7 Al o b LA I 71 P R
By HE & M A i 2 B KR MO M1
M3 M6 M2 M4 M5, o R ER o348 A M o3 i J 4
I8 B W 2RAETE M6 gl E AR UL 10 kDa B JE
FBEXSH 42 2 M 8 A A 1) e SRR T 2) A T 3
(4 71 BRI T A o0 BT e R 2 bt , ]
¥ 7 ML 53R 3 25, Hoh MO M I & M o 45
AL, M2 M4 M5 M6 B 5 M i 43 45 o A AR,
M3 5 Ah 6 Fhdl o ¥ KM R AH2ZE R K, 3)7
FE 43 v M3 N s8R e | BB A A 504 T 6 A
8 A JBT, Rl e SO R IR e . R DL L RT
A B S HOR BB RS T B A IR UK -4 B )5 A 7
R ALl B SRR MR B R ™ A= B T R T B R g3
TFWI5, il 2% 5 it SO ) R AR A R T 4 THIK

Y BRI

SE k.
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Analysis of membrane-separated components from low-grade tobacco leaf
extract and its application in cigarette flavoring

ZOU Enkai' , WANG Shuoying”, CHEN Dong' , WANG Fei' ,HUANG Longwei' ,LUO Haitao'
1. Technology Center ,China Tobacco Jiangxi Industry Co.,Ltd., Nanchang 330000, China ;
2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China

Abstract; In order to study the effect of membrane separation technology on the volatile components and sensory
quality of low-grade tobacco leaf extract, 0.1 pm microfiltration membrane, 300 kDa and 10 kDa ultrafiltration
membranes were used to separate low-grade tobacco leaf extract, and gas chromatography-mass spectrometry ( GC-
MS) combined with principal component analysis and cluster analysis were used to explore the differences in volatile
components of the separated components and then the cigarette flavoring test was carried out. The results showed
that; 1) A total of 71 volatile components were detected in unseparated fraction (MO), 0.1 wm permeable solution
(M1), 0.1 pwm interceptor solution (M2), 300 kDa permeable solution (M3), 300 kDa permeable solution (M4)
10 kDa permeable solution (M5) and 10 kDa retentate (M6) ,and most of the volatile components were enriched in
M6. 2) The seven membsrane-separated components could be divided into 3 categories, the volatile components of
MO and M1 components were similar, the volatile components of M2, M4, M5 and M6 components were similar, and
M3 was significantly different from the other 6 components. 3) M3 had the best flavoring effect, combined with GC-
MS detection and analysis, the content of volatile components such as megastigmatrienone, neophytadiene and
furfural, which played an important role in cigarette sensory, was significantly higher than that of M4, M5 and M6,
enhancing the aroma quality, aroma intensity, sweetness and smoke concentration of cigarettes.

Key words :low-grade tobacco leaf ;extract ; cigarette flavoring ;membrane separation technology ;volatile component
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