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Enzymatic degradation of cell wall substances to improve
quality of low-grade tobacco

SUN Wei-feng' ,ZHOU Zhi-lei' , YIN Chun-yan',CHEN Mao-shen',
WANG Hua®,LI Yue',ZHONG Fang'

(1 School of Food Science and Technology , Jiangnan University sWuxi,Jiangsu 214122, China;
2 Research and Development Centre ,China Tobacco Anhui Industrial Corporation , He fei,Anhui 230088,China)

Abstract: [Objective] Enzymatic degradation of tobacco cell wall substances with viscozyme, protease,
pectinase,and amylase was investigated to improve the sensory and usability quality of low-grade tobacco.
[Method] In this experiment,Bozhou X3L lower tobacco leaves were treated with viscozyme, protease, pec-
tinase,and amylase,and the best enzyme was chosen based on sensory evaluation and degradation rate. The
technology parameters for degradation with viscozyme and protease were optimized using the orthogonal
experiment design combined with practical production processes. Meanwhile, the effects of enzyme treat-
ment on tobacco surface property and the content of neutral volatiles were also investigated with scanning
electron microscope (SEM) ,thermo-gravimetric analysis (TG) and GC-MS, [Result] Viscozyme and prote-
ase had the best degradation effects on tobacco cell wall substances. The optimal processing conditions
were: Viscozyme dosage 490 U/g, protease dosage 208 U/g, and reaction time 4 h. Tobacco leaf surface
wrinkle decreased and the content of neutral volatiles rose after enzymolysis. The combustion properties

were not significantly changed during enzymatic processes. [Conclusion] Viscozyme and protease could be
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used in tobacco industry for improving quality of low-grade tobacco.

Key words: enzymatic degradation;tobacco;cell wall substances;quality
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PR 240 °CHET & 7R R B 230 °C 5 #2 )7 THR Jt
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FHZ 230 CL AR FE 15 min; /3 bk 10 ¢ 1 dERE & 1
pLs AR IR 250 C 5 LB RE 70 eV LBy =l
ELAEFIAEIR 4 min; U855 00 O TAE 0 B3 4% 5 MS
BIME 8.0, HI N AR EE & & - g HOAH X AL IE 7 oy
1, [RLSC3R Sh 100 %6 LLAG 1 90 5 5 P9 A 40 0 1 06 T
Mz witfre s 5 aXXumT,
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S M Ry A I 5 e (g 5 Ad ARG I 40 o 1
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1.5.5 #E 54 FRE 20 mg XF M8 K il fit )5 A RE
M AR B T Netzsch STA449 C TG/DSC [A] 4 #43
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Table 1 Sensory evaluation of smoking quality of low-grade tobacco after treatment by different enzymes
= y=y= =

s UL R R i ax  omw S pgen  BERE

Aroma Aroma Offensive . . o After . ... Utilization
Treatment . . Concentration ~ Strength Irritation Combustibility Total

quality quantity taste taste value

Xf # Control 5.0 4.8 7.0 4.5 3.5 6.3 4.0 3.3 4.5 42.9
JEH B Ban 5.0 1.5 7.0 5.3 2.8 6.8 4.3 3.3 4.0 43.0
L2 [ Neutrase 6.3 6.0 5.8 5.3 1.3 5.3 3.8 3.3 4.8 14,9
ZWE A8 Viscozyme 5.8 6.5 7.0 5.0 5.0 7.0 4.0 5.3 5.5 51.1
J B EE Pectinex 6.5 6.3 7.0 5.0 4.5 5.8 4.5 4.8 5.3 49.7

2.2 A[E) Ak 3R X 55 4% 4 A 48 B BE B PE AR ST R

MIEL 1 AT LA H 3 b Al T T 40 i BE W) T I figt
FREE M /N, & AU Xt By 313, 6 g/kg BEE
303.9 g/kg. E A RE XA AR T BUSE P E
T 6 2 SR v T A TS AT D Y A R AR A R T £
T A B IR o D A T ) A O A P LR — ST L

(70 °C) B A5G A PR B2 52 52 PR 00 BT R A
AE I E] 2 50 °C 4 753 U0 22 B IR 7™ L Ok 5 ] ]
P o DRI U B i A % 1R T i 52 B AR A 58 L B
oy o3 i R R A AR Xk 22 0 A T B/ 2 R T
Ab PR A B 240 RE ) O R 244, 9 g/kgs
240 i B 0y JO I A R e R S M I R AR e L B
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Fig. 1 Contents of cell wall substances of low-grade
tobacco after degradation by different enzymes
Different lowercase letters in the same treatment

means significant difference

2.3 REREHHEEEYRHEHRIZHAR
2.3.1 B pH.BRERERKSGETHHT &
0 72 5 JA AR i p HOA 55 R 1 (pH A5, 5) . i 1 46 T

WEAHY) 255 G i pH JE I 4.5 24 ik
B IS pH 2 5. 5~T7. 5. 85 5 bR T2 44 A
WAV pH, M 7SR KB, KA 25K
Yy I 1 6 5 IR BE S — R & B K A S S
B K5 F 5K 5y F W bl & .8 R T 1L
FNE R IEAT o AEL A AR B Tk R, R 22 1) - 1 K S
R E AR 1200 ZE A AR AR R i R R,
(PIVRARR o L 7 Ml o I EE N =07 NN - i< I U
30265 75 UL AR I € 25 IR S R ) A 28 45 R 1
R W i TR DR I AR BOF 5 W R A AR 2R K 0
WO 30% ., £ WA A IR RN IR O 50 °C A
A v R L Y SRS TR Dl 40 °C A2 Ay E H
FA B )AL T HR 3 S 40 °C L H IR ZE A 90k T
LSRR E R A MR 45 CCAEA .
2.3.2 AABMMEKXELER IEKELSRWM
T2 P, AR 2 LA, ZHE A/ T
R T 240 R ) I R St 1 5 ) e K o HL YR Ay T B D
T P R A 6T 4 L RE g 0T B i AR S )
N, HigETZEZNZHEE AR 490 U/g, A
itk JH & 208 U/ g, B F 1] 4 b i, 72 10 25 75 40 i
BEW) T iR B E A 257, 4 g/kg.

®?2 EAHBREAFETAMBNESKEER

Table 2 Orthogonal experimental results of tobacco cell wall substances after co-enzymatic degradation

5 wnti o P WALERIID/ B! ALY S B/ g - k)
Treatment Time (A) Viscozyme dosage (B) Neutrase dosage (C) Content of cell wall substances
1 2(D) 196(1) 52(1) 293.4+2.2
2 2(1) 490(2) 104(2) 276.743.5
3 2(1) 784(3) 208(3) 263.24+2.7
4 4(2) 196(1) 104(2) 278.14+2.7
5 4(2) 490(2) 208(3) 257.4+3.1
6 4(2) 784(3) 52(1D) 259.3+2.8
7 8(3) 196 (1) 208(3) 273.54+2.6
8 8(3) 490(2) 52(1) 274.14+2.1
9 8(3) 784(3) 104(2) 266.344.0
% 2% Range 1.28 1.87 1.09
K & F K Facotrs order B>A>C

T 55 B B o R 3 OKF

Note: The numbers in parentheses are factor levels.
2.4 BEREIMEFEREMRELEMAZIT

Tt 80 W 0 AR 22 3 1T 2% T BUM 2 T 45 kA=
— 2 TR B S Ak, 3X AT RE 23 52 e A Y A 31 e
B M0 T A T A 0P R R AL R A
T L8 40 A Tl A B R FS A Y R T A 45 R A K
2 fin . MW 2 a] LI o R 2 AT o] ik 31 1Y Xof A 4
SR a0 R A, B2 2058 M, S R B L T 48
Ik il Ab RS A AR T AR R AR B Y AR TR A

Ik /DL 2 ES TG A BLGR  M  3R THT AG RE A5E h H
TR IR £ AR Y o PRI W 1 AR I T Y 22
T K A A 16 A5 PE T S LR T 0 R T A T A
F% e gk A2 4% T R T O R X 0 - 240 i 64 1 2R 45 44
T AR R BB IAS » DAL AH o 3 - F) AR 58 P i O DG 3
5 T4 Tl W i AR ke T L B B A AR T YO g
i 5 figp 21 2 R 0 T 25 L 850 5 22 Wi R T A5 R
HH—ZL.
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Fig. 2 Surface structures of low-grade tobacco
before and after degradation (X 600)

A. Control; B. Viscozyme; C. Neutrase; D. Viscozyme &. Neutrase

2.5 BLEMEELZEHFHUEBERSSEN
A1)

T e X0 55 B R ot v ) R P O B3 S
M 25 R ILEE 3. AR 3 WT LAFE MY, 28 i Ak PR 4
H A PP R o AT — E R A R R
S TC il ALk I #4908 Pt v £ S8 47 7 S 5 ) 2 I HR
T BREBEAT 1 LI 4R v L 3 nT BE R ph T A R R
A5 Chifa AR ML SR ME T L MW 2 WE 5 5 e A 2R T
Wik it 200 B 0 5 A4 P TR AR B AR IR T DA ik — 2B
KA FERAER N A A R R S SR I
JO7 7y A1 A 2 5 T T ALk B ) A 22 065 A R T
S . S TG Ak PR B e T A P R e P R R B A
i T P T 200 R T A A 2 A 2
W GRS AR T Ak D7 A e B S IR AR
K Tl Ak RS 0 A 22 T o5 8 R L R B Y 2 A T
R R 873 5 AR B IR 1 28 188 R R R R L DTS 1
B 2R

*3 HBRUEREZEHPHEFERSISENTH
Table 3 Contents of neutral volatiles in low-grade tobacco before and after degradation ng/g
" . oWES A —
s g R RORE o m ko RUENE g L 0W
Benzy Phenyle Megastig
Treatment Benzaldehyde 6-Methyl-5- f-Dama- Geranylacetone B-Ionone A
lalcohol thylalcohol matrienone
hepten-2-one scone
X} 8 Control 0.22 0.78 0.63 0.07 0.27 0.98 — 19. 44
LB Al Viscozyme 0. 25 1.09 0. 88 0.17 0.53 1.43 0.02 27.99
i H i Neutrase 0. 26 1.10 0.73 0. 20 0.42 1. 20 0.01 25.47
EHE% 0.27 1. 26 0. 85 0.19 0.47 1.05 0.01 27.74
Viscozyme &. Neutrase
2-H -0 = N .
38 o otwsm e WE g mey se REREPE g
2-Fural Furfural : Farnesy
Treatment Solanone 2-Methyltetrahy- 2-Acetyl furan  Linalool Total
dehyde cohol lacetone
drofuran-3-One
X} 1 Control 1.29 0.22 5.08 1. 66 0.48 — 13.92 45,17
LB A B Viscozyme 2.25 0.37 9.37 2.29 0.55 0.03 17.15 65. 30
A Neutrase 2.20 0.43 8.53 2.37 0.54 0.02 15. 28 59. 40
L
SLRCH 2.46 0. 40 10. 76 2.65 0.55 0.03 13.69 63.51

Viscozyme &. Neutrase

2.6 Ak IR XTI & 4% HE 0 0A 452 14 TR O 2 M

HR R B T T B L I TR T 2R 0 AR
Pt PR A REAR B . K b B K Ak B B 5T A A
i BE 9y J5 1) A5 Ak T BE 23 5 e A AR 58 1
I AR I BT T TG-DSC 16 FH 38 56 8 A 42 4 1 I
FIRAZE 900 °C I AH SRR BRAE B0 . 53 BT i Ak 3R
XoF AR P A i B A R

Bl 3 Rz M X3L Bk & TG M. — B
SR AE DTG ih £ KR 22 31 i & 4 DSC iy
2, M 3 TG 1 DTG Mk nl LLAE H . N
T 900 °C, 2 M X3L Bk &40 5
BE A 1 Y BER R ~150 °C . 2 Rk 5 2k K 4y

Mt 58 2 BBl 150~230 °C, i 5 3k /Ny
W) I G e R 2 L TR S 5 O e B BE S 5R 3 B B
230 ~400 °C, it By Bt A b 2 H B K, BT R R
33.05 %0, EZE R R S v Ko T4 AN AR 1 R
272 R AF R AR B B s 26 4 BBl 400~600 °C Ik
fad 555 5 B BEh 600 °C LA I 78 LY B ik 42 ) I
E—2B At T, B A4 Sk X B 5 5 A A PR
HH 3 T TG e DSC fh 28 . %) He 23 B al LA
KRB, AR AR ) R BT I b A L AR S
o1, I H AR i 5 ax 7= W) ot Al T W W 25 L HLAE
200~600 C, 5 X} HEAH Hb , $12K T 3R W AT 9 2% . /)Y
A TAC it Ak BT 240 R ) I D oA foe Wk TR0 2% TR B
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