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Abstract: In order to reduce the pectin content (mass fraction) in re-

P f A 3% ok ok 2 R ot

constituted tobacco, the degradation conditions of tobacco stem end

mixture from defiber and extraction during paper-making reconstitu-
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tion process by pectinase from Aspergillus niger were optimized by
single factor and orthogonal experiment methods. The pyrolysis
products were investigated by on-line pyrolysis gas chromatography /
mass spectrometry (PY—GC/MS) prior to and after enzymolysis.
The monosaccharide composition of pectin prior to and after enzymol-
ysis was analyzed by silanizing GC/MS. And sensory evaluation was
investigated by adding the degraded tobacco sample into cigarette.
The results showed that: the optimal reaction conditions of pectin
degradation were: the enzyme activity 3 700 U/mL, the ratio of liq-
uid to solid 1 : 1 Gm : V), temperature 50 C, time 1.5 h. Under
this conditions, the pectin degradation rate was 32. 47 %. After enzy-
molysis, the contents of glucose and galacturonic acid in the mono-
saccharide composition of pectin were decreased. The composition
and content of pyrolysis of tobacco samples also changed obviously.
Compared with the control, the phenol content was reduced from
(3.0040.16) % to (2.46+0.11) % , and the flavor contents of alde-
hyde ketones and alcohols was decreased while heterocyclic and ester
aroma substances were increased. Sensory evaluation showed that af-
ter the enzymatic samples were added to the cigarettes, the smoke of
the cigarettes became softer with better permeability, and the irrita-
tion was reduced, but the amount of aroma was slightly become less
and strength was insufficient.

Keywords: Aspergillus niger; pectinase; pectin; degradation rate;

reconstituted tobacco of paper-making process; pyrolysis; GC/MS
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FH 45 4 o 70 45 M A Wk 8 2 ™ 2 TR R PP TR S5 0 I 3
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235 MR A 08 T BB L S BRI T R s Y R
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K O 3R 15 A B Ak 2 18 43 A6 0 0 X L IR P IR 45 SRR L
JBE B AR T 18, 15 96 o < e i 2 A0 R R B T
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Table 1 Four factors and three levels of orthogonal test
KT A BT/ B EHE L C Wit D g
(U-+mL ) (m V) B /°C [6] /h
1 29 000 1:1 45 1.5
2 10 000 1:3 50 2.0
3 3 700 105 55 2.5

L2.2 REEEMME 2% 3Cmki10], B 10 R K E
W 0.4 mL T4 . 3 m A 0. 04 mol/L Na, HPO,—
0.02 mol/LFf R ZE vtk 1. 0 mL(pH 5. 0), i A i&E 4 # B
BB 0. 1 mL,45 °C 2 30 minCk B8 2 L) 2 Wb 26 1 1) B9
R AR F A DNS # 3. 0 mL 28 1k S B, #7K % 5 min,
BELERE 15 mL, A4 6B T #E 540 nm K TR %
JE AR B0 0 R R v R Al FUBE B IR Y . BTG ) PR
SCH 1 mL BEETE pH 5. 0,45 C ST L 554> 80 B IS 4
FEAE T g 2 FUBE R IR (B O E A 1AL (Y SR e 1 T
PLU/mL 7R . B I 40 (D35

_ (Cip — Cym )X NXVy X1000
Vg X T

U , (@Y

s o

U— R WG 77, U/mL;

N— [t i T A5 45

Vi — R SRR, mL;

Vi — B AR . mL;

T—— [ i Fisf [] » min;;

Ciage — JIIT T 420 3 17 8 A5 v S T K AR A= o 14 2 2L i
Fi2 i, mg/ml;

Copge— X5 BRRE op 2R REK 8 A2 B A9 2 500 B R Y 4t

mg/mL,
12,3 REBEGEOME  SRAMR AR, LR
R OITE.
. AXVXK X100 .
C= "1t X 100% (2
Ko,

C— RIS, %

A——HI YR AT U il 2 SR A5 A SR FR BRUR R VR 1 2R I I
T (PR E)  pg/mL;

VR B i BOR AR TR, mL 5

K—— 35 Joa £ O i e 15 4
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1.2.4 AZURYIRIE R BE AR RT S RO RE A RE SR
3 B AR SCRRL 12 TR 77 B R AT $A2L% L 1T GC/MS 78 4 A I
ZEr EE W E 3 . GC/MS % : DB-5MS it £
BYIE M (60 mX 0. 25 mm i.d X0.25 pm d. L) B
1 pLs BERE LR 280 °C 543U bh 10 & 1 8ACH A FHR R
F:50 CA£4F 2 min, DA 5 °C/min J}i & 280 C, I 4%
10 min; ET Y H B RE & 70 eV E R LRI 280 °C 5 ML F (531
AL 1 600 Vi o7 & 49 YUl 30 ~ 550 amu; B - I IR BE
230 C s UARAFIRLEE 150 “C 5 I F NIST1L A7 ofi 135 2 4 % X R
S B0 T3 B AT A A W o b St
1.2.5 R EHAAEARSH Lo, 1 g/mL i & R IK
JREEBOR I TE P 5% T 45 CORI & R BRI
UEWAE 70 CTFHEZEWR A R m A 1.5 5 R K 2 B,
FE R O RO R TR TS R BRI R

PRI 0. 003 g Rk R THERE A /MR A 2 mol/L
=R 3 mL. T 121 CRKf# 2 h; JH 0. 22 pm K H UE
HUE I 2 mL WL E T MA Il mL FEEHKET.ELE
3WMA 0.9 mL MEBE & 0. 1 mL #7 4 163K % BSTFA
TMCA (99 : 1,V : V) ;80 CE MM AR R 2 h, BUEE 47
GC/MS 43 #0e7,

GC/MS A4 . HP-5 MS BN #: (60 mX0. 25 mm i.d. X
0.25 pm d. ) BEFES 0. 1 pLs 20 3 HL 50 0 15 %E 3R f ]
7 min; FFIRFE)F:60 CA£4F 2 min, LA 5 °C/min I &
280 C, IR FF 20 min; IEFIEIR 7 min; HAl &4 1. 2. 4,
1.2.6 RIS 5 RCE BRI B T MR 22 % G
HIJE AR, IR (2242) °C AHRHB B (605 W&
S 48 h KRR HH 2 R 1590 5 24 SR A
S5 LA o 3 2 Sy R T NG R S 0 R X BR LA S e R
R 1 AR T Ak L ) A R (B G VK 43 X IR R D
Xof R 4 oA 75 18 7K A B B R

BRI B M RE TR B (22 - 2) °C LA XHE (60 +
5) % BRI AR R4S T OE A 24 b B SRR VIR SRR R O
JECRFPE 3 AN 5 T HE AT A I ECE BT PN
2 #ikG5iie
2.1 EXKBWER

MR 1 AR5 R FOK -, IE 38R 45 R R 20 0
2RI R 2.3,

MZE 1.2 AT 2 R K/AIKFE R DO, 98) > A
(9.37)>B(9. 27)>C(2. 22) , (A 4% 1> R 25 XF B fit 3 114 52 i)
B R B/ NMRIR O < RN E [R] D> i 1 A>BHK L B> il
B CoE A S R AB C.Dy , BIETE /7 3 700 U/mL B &
1 10m = V) (EFARELEE 50 C (EfFRTIA] 1.5 h, ez tl
A AT HATIUE T I CEAT 3 W0 15 AR R K B e e 54 5K
K, B (32.47£1.36) %, HF 3 WAL BN F7 R E
TR R ffe o T % 2R B R fe 23 A A0 S 35 2 U T 6 A O 3 TG
B, AE IR T BT T AR B T S R A I Y B AR

F2 RERPREREBENEZRBER
Table 2 Orthogonal test of pectin degradation by

pectinase of A. niger (n=3)

R A B C D W fire %/ %
1 1 1 1 1 29.2343.05
2 1 2 2 2 19.15+2. 34
3 1 3 3 3 11.63+1.83
4 2 1 2 3 26.4842.35
5 2 2 3 1 31.8541.25
6 2 3 1 2 14.1443.33
7 3 1 3 2 29.4141.45
8 3 2 1 3 27.1540.85
9 3 3 2 1 31.5542.45
""" k20,00 28.37 23.51 30.88
ks 24.16 26.05 25.72 20. 90
ks 29. 37 19.11 24. 30 21.75
R 9.37 9.27 2.22 9.98
x3 HEHH
Table 3 Analysis of variance
AR ETM EREEp: ¥or F{d 25
A 414.50 2 207. 25 39.18 * %
B 408. 07 2 204.03 38.57 * %
C 22.93 2 11. 46 2.17
556.07 2 278.03 52.56 * %
"""" e 95.26 18 520
S Al 1 496. 83 26
T Fooreas =6.01; % » . FRFDE,

2.2 WREREERNANE=Y

PR 1 24 £ 7=y %o b5 SR (D036 4) 3 B, 6 7= 4 i oy
FEAL AN AR & B T B R AR T B B AR AL AR B RE TR
[l b AL B kAT 425 W3R 5. mR 5 WAL, 5 R A
T K AL A X R AL A L o 7 B A A A% 1R T B AR S YRR
LT R W T & (3. 00 £ 0. 16) % K F (2. 46 =
0.1 % M PR R EARE LT 4% P
SRR A VE R S L By W A IR AR 2 S PR R 5 R
— R A A BB 0 AR 2 55 8 0 B0 T L S R AR T RE T B
gy R B YRR AT BRI R R R L. £
b BT RS X MR B R RO R R R 2 4 AT, IR
B 20 TG 3-F IR N k-1, 2- IR T L H B
AR B T 1 SR i 1) Y 35 S 10075 IR R 85 ik g (2. 33420..08) %6
FEAR 2 (0. 71 0. 100 %, 4% 30 2 75 Bk 9 BB BE 3 i, i
(5.1420.15) % # Ji Z8 (5. 8040. 09) %, F v 5-F Fenk m
T MRS I B A1 R AR A SE WA A . TR
Z ) IR O ) Y TR R TR LA 0. 15 %6, BRI R
WA ARG LA, BRI 1. 34% . R
Fe R R F R X0 SR AN B2 0 . 28 AL 315 R R
(RO, WA = H 02620 000% FALZFE (0. 19 =
0.0 %, A RES FBUR SN LG B AL .,
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Table 4 Comparison of pyrolysis products of pectin degradation of tobacco stem (n=2)

o ﬁé%’ﬁa‘l‘ﬂ/ i e AR U T B E 43 L/ 6
min Qb PR Ab B 5
1 4. 46 AR 94 63.5040. 102 63.3540.12%
2 5.42 5] 72 1.2740. 03" —
3 5. 44 B 72 — 1.4840. 06*
4 5.54 2,3-T 52 2.8340.11¢ 2.654+0,13¢
5 6.38 R H iR 38 1.1240. 05° —
6 6.52 1-48 H-2- TN il 80 7.794+0.02° 7.33+0. 10"
7 7.03 2,3-1% il 59 0.66+0. 112 0.71+0.12°
8 8.01 N-F 3 it g 96 0.474+0.03® 0.45%40.00°
9 8.13 1.2- 7 F B, 3- 30 % — 0 46 0.204+0. 04
10 8.43 T g 81 1.0340.03® 1.0740.09°
11 8. 82 o 94 1.2240.07° 1.3740. 06"
12 9.21 P T 7% F 52 1. 4040, 05° 1.6240. 06"
13 9.47 I 64 0.39740.04» 0.3740.08"
14 9.65 N-(2-8 3 2 3 ne s ¢ 64 0.474+0.00° 0.50+0.02"
15 9. 89 7~ B L 30 = R AU 53 0.2440.05% 0.26=40. 02"
16 10. 60 W T 50 0.194+0. 032 0.23+0.02°
17 10. 73 e 91 1. 9940. 028 2.1840.01°
18 10. 91 A SR T 60 0.27+40.072 —
19 10. 92 3-Z b -1 H-Nik g% 64 — 0.3140.13%
20 11.07 S -2-C M 83 0.32+0. 028 0.3340.07*
21 11. 74 1- 2, 1 48, 3 -2- DI il 72 1.2240. 08" 1.2540.09*
22 11.92 5-H1 -2 (3 H ) -1 1 i 64 0. 2540, 00 0.294+0.01"
23 12.10 i) — HH 95 0.36+0. 10 0.36+0.07¢
24 12.49 A-FR IR A1, 3- R 87 0.4140. 042 0.4340. 05¢
25 12.91 BN 96 — 0.4240, 03¢
26 13. 31 P BRI 9 st 93 2.3340, 08¢ 0.714+0. 10"
27 13.59 i X -2- 2 4 53 — 0.74740. 06"
28 14.13 2- Y3 - 2- 30 )R M- 1-F 87 0.89+0. 02° 1.18+0. 08P
29 14. 41 2-3 L H-1-F 58 0.1140. 00 0.11+0. 042
30 14.79 1-H 3-2-30 Y 334 O o 90 0.094+0.03¢ 0.1440.05°
31 15. 39 1-Z Wt 4 FE-2- T B 45 0.1240. 06" 0.1440.02°
32 15.48 5-FF B 10K Mg i 95 0.33+0. 03¢ 0.40=40. 02"
33 15. 61 3 J-2- B 13 M- 1Tl 95 0.64+0. 012 0.6540. 03"
34 15. 92 2 12 H g 86 0.07+0. 012 —
35 15. 99 3-H 3£-2-(5 H) -1k g il 68 0.10£0. 04¢ —
36 16. 33 2-$2 -4 1 3 g 50 0.10+0. 012 —
37 16. 55 X 94 0. 600, 042 0. 6040, 03¢
38 16. 67 3-HH B mpk g 85 0.164+0.01¢ —
39 16. 68 2,3~ F - 2-3R 1% A R 80 0.27+0. 00 0.1540.01°
40 17. 84 2,5- W1 H-2,4-8 T 87 0.1140. 05 0. 0940, 00®
41 17. 90 2-H 630 FP 61, 79 % 94 0.0940.01¢ —
42 18.08 3-HI LB R -1, 2- il 93 — 1.4140.01¢
43 18.18 A e il — 9 99 0.36+0.01% 0.3740. 03¢
44 18. 42 2, 3~ W J-2- B0 G 44 il 93 0.45%+0.00° 0.42+0.06°
45 18.72 4= 3-2 CHD - 1 il 62 — 0.13+0.00°
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AR < S A I e R A A A I A B R TR 5

gk 4
. R B8 I a) / ) AR U TRV S L/

P o L% 7= 1y VE LR/ %% HL T
46 18.84  Fom 46 0.2240. 03 0.2240. 01"
47 19.11 2-FRFE-3, 4- P BE-2- B 1 0 1) 90 0.3440. 022 0.3040. 04
48 19.35  ARHI 98 0. 3820, 037 0.3740. 04
49 19.68  2-CHe-1-F 78 0.0540. 02
50 19.73  HZWW 60 0. 0620, 00 0.06=40. 00
51 19.91 LG O 81 0.1140. 04
52 19. 98 3- & H-2-FR IR - 1B 90 0.1740.017 0.174+0.01%
53 20.09 3,4 - H L3 -2l 45 0.1140. 10 0.1240. 110
54 20. 23 JFi] i 97 0.5740. 122
55 20.23  4-HIFZER 97 — 0.60=40. 13
56 20.47  AAIAH 93 0. 3040. 007 0. 3120, 03
57 20. 60 2, 4- "I LI 90 0.0740.01% —
58 21. 00 T 49 — 0.2740. 01"
59 21.43  FHIFR 96 0. 43740, 037 0. 4220, 02
60 21.62 S 3R 85 T 96 0.3740. 017 0. 3820, 03"
61 22.55 LI 90 0.1440. 022 0. 1420. 06°
62 22.99 2,4 WEEHEE 96 0. 14240, 06 0. 13220, 04
63 23.07  2,3-" IR 91 0.2240. 03 0.1840. 02¢
64 23.70  4-ZIHIEW 94 0.2940. 03 0.2840.01¢
65 24.85 S 58 0. 0420, 00 0.06=40. 00
66 25.51 1.4:3,6- =B 7K -a- DDk 15 75 24 % 91 0. 2440, 05 0.2640. 08"
67 26. 25 2- 2, H-5- 1 3L 2K Ty 87 0.03+0.01®
68 26. 25 4-2,3-3-F -8 Wy 93 0.04+0.01*
69 26. 81 3-H 3E-2 (3 H) -2 3 ) T ] 55 0. 0720, 00 0.1040. 02"
70 27.14 1, 1- " H -1 H-8i 91 0.0740. 00 0.0740. 017
71 27.49  2-SR P SL-3- 4 Jk g s 87 0.1140. 017 0.1140. 042
72 27.71 &1 55 T3 3 2 1y 90 0.0940.06% 0.0940. 04%
73 27.93 1-Efi il 94 0.17+0. 042 0.1140. 02"
74 28. 50 A B 93 0.0740. 037
75 28. 50 i 95 — 0. 25240, 01°
76 28.85 X 45 3 A R By 94 0.2540.02% 0.2140.03%
77 30. 18 SR 97 0.2640. 00 0.1940.01°
78 31.28 1+ U 4 95 0.0540. 017 0. 0620, 02°
79 31.67  3-HFLm|m 94 0.0440. 017
80 31.68  5-HIJLm|m 93 — 0. 0440, 03¢
81 33.45 ST &HbH 98 0.1540. 02" 0.14740. 04"
82 34.75 +H 95 0. 0420, 017 0. 0440, 00

TR U T AR T L

2.3 ERREPEAM

N D ERIER G N A Y e S i N S
GC/MS 23 #r » LA AR — AL v T S0 & i R &2 3 IR
W BRI 6.

R D2 FUBFRE MR 2 o1, 4-WE T AR 1% 3 A 1M
BRIy T2 o bW & L-FT A B L- B2 0 D-2F
FUBE D- AR R D~ 4 1 55 Al 9 B 28 B 430 DA K o
BRIP4 R I P 2L A L A A A A LR R . A

GBS B R L AR IR E 600 “C MR FRERR 950 BAS KT R E LS. Kfh,

5 A0 e U R AR AR I b A R R AR L e Tl
BETF R e AL PR B B BB S TSR BOUR K.
BEAR) L 491 S A 7 A JHG v BT A B L B R L AR 2 LB %
S S U A W S LB R R A IR T RE
S TR EEE AL R R S B A R AR R
22 T I A 5 B 26 AL e 1R AR A T S BRI N TR
AT RE A TR 2R W) R TR S E R W B D Y
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Comparison of classification and content of

Table 5

pyrolysis products

X R AL i 20
VS
/% GBS /% GBS
LE AR 1.434£0.09 9 1.7340.13 6
P37 S 5.3920.15 13 6.0920. 09 13
R T 24 19.51+0. 11 21 19.11+0. 90 20
RERA 1.1240.02 1 0.00+0.00 0
Tl Y R 2 1.47+0. 06 2 1.6240. 06 1
[EES 1.8120.18 3 0.4720.13 2
[UES 3.0040.16 10 2.46+0.11 9
*6 HmEKEBIEEENEK
Table 6 The composition of monosaccharide (n=2)
Bk BMERTMAR /% WIS EAR/ %

[EDA(SEi S 1.8320.02 2.79240.01

Rl 2l 1.73%0.01 8.8140.03

N 0. 6420, 00 8.8920.01

Sk 5.43+0.01 17.65%+0. 02

GikaLia 44,5240, 03 22.0340.02

R 5.9540.00 20.1340.01

> FLWl I TR 39.8940. 02 19. 7140. 00

2.4 HEEBHEMEERR

Hi e 7 AT LR T A T BB R RE S I T RS B
4 A SR BT AR T R A SR 3 0 0 et A B R L
PR VB T S A R A T O L R B R T 1S
Xof BEZH AU AR ZHAH BE L S Sk R A A2
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