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Effect of Enzyme Treatment on Low Temperature Pyrolysis Characteristics
and Aroma Component Release of Tobacco Leaves
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University of Light Industry, Zhengzhou 450001, China)

Abstract: To investigate the effects of enzyme treatment on the thermal weight loss and aroma component release of tobacco raw
materials under low-temperature heating. This study used a continuous flow analyzer, a thermogravimetric analyzer, a self-developed
rapid tube heating furnace, and a GC/MS analyzer, combined with sensory quality evaluation, to investigate the effects of different
enzyme treatments on the conventional chemical composition, pyrolysis characteristics, thermal release of aroma components, and
sensory quality of tobacco raw materials. The following conclusions can be drawn: (D The total sugar content in tobacco leaves
increased the highest after treatment with pectin esterase and plant hydrolase. (2) The maximum weight loss rate and weight loss rate
of samples treated with pectin esterase and plant hydrolase during the volatile matter removal stage were significantly improved,
which increased the release amount and rate of aroma substances. 3) The total amount of aroma substances in the samples treated
with pectin esterase and plant hydrolase showed a significant increase compared to the blank control. @) The results of principal
component analysis and sensory quality evaluation indicate that pectin esterase and plant hydrolase can improve the comprehensive
aroma and sensory quality of raw materials. This indicates that pectin esterase and plant hydrolase can improve the aroma quality of
tobacco leaves under heating conditions. The research results provide a method reference and reference for improving the quality of
heated cigarette raw materials.
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Fig. 1 Schematic diagram of coupled flue gas capture device
for program heating platform
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Table 1 Effect of different enzyme treatments on the chemical composition content of

tobacco leaf raw materials %
Rl T Y S A VENY P Y% PRViELY/L
Sample number Reducing sugar Total sugar Total nitrogen Starch Pectin Cellulose Total alkaloid
CK 10.57b 11.37¢ 1.78ab 4.15a 8.37ab 11.03a 1.80c
T1 11.03b 12.32bc 1.04d 3.82a 7.91b 10.12ab 2.06b
T2 11.57ab 14.04ab 1.76ab 3.97a 5.37c 10.27ab 1.92bc
T3 10.54b 13.02abc 1.84ab 2.40b 8.44a 10.81a 1.76¢
T4 10.20b 11.64c 1.71bc 2.65b 7.98b 9.64ab 2.32a
T5 13.15a 14.94a 1.91a 3.90a 6.46¢ 6.82d 2.04b
T6 10.99b 12.90abc 1.54¢ 2.75b 6.11c 8.83bc 2.30a
T7 10.82b 11.95bc 1.85ab 3.83a 7.98b 7.46cd 1.74¢

VE: BVBCE I b AR/ ING 7 3 AL BB 2 5 5 5 (p<0.05) -

Note: The numbers in the same column followed by different lowercase letters indicate significant differences between treatments (p<0.05).
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Fig.2 DTG curves of tobacco raw materials treated with
different enzymes
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Table 2 Pyrolysis characteristics parameters of tobacco raw materials treated with different enzymes

/N EIL
Hrex PSR K TI T

T3 T4 TS T6 T7
Stage
T X [)/°C 30~107 30~109 30~111 30~114 30~111 30~114 30~114 30~115
. ——ae 76a 74b 71d T3¢ 75ab 74b 75ab 75ab
[zt o
DTG /(% -min ") 1.00a 1.03a 0.97b 0.98b 0.90d 0.93¢ 0.88¢ 0.90cd
PR % 4.25d 4.71a 4.47b 4.75a 4.05¢ 4.03¢ 4.33c 3.90f
R EEX [a]/C 107~209 109~210 111~211 114~210 111~209 114~212 114~203 115~201
- tmax! C 175bc 171e 174cd 173d 176b 181a 176b 177b
B 1T o
DTG /(% min™") 1.57¢ 1.75¢ 1.83b 1.73¢ 1.66d 1.92a 1.57¢ 1.55¢
RHE/ Y% 9.73g 10.62¢ 11.81b 10.39d 9.97¢ 12.52a 8.71h 9.83f
R X [E)/C 209~282 210~283 211~283 210~285 209~285 212~282 203~282 201~285
BB tmax! C 266¢d 263d 269ab 266cd 266¢d 271a 268bed 270abc
DTG /(% min™") 2.58cd 2.71a 2.55¢cd 2.61bc 2.60bc 2.63b 2.52d 2.73a
RHH Y% 15.63f 17.76a 15.47g 16.31c 16.59b 15.3h 16.17d 15.71e
X )/°C 282~400 283~400 283~400 285~400 285~400 282~400 282~400 285~400
" tnaxd C 317a 317a 318a 317a 317a 316a 316a 317a
BrEelv S
DTG/ (%-min ") 321c 3.33a 3.25bc 3.23¢ 3.26bc 3.24bc 3.11d 3.30b
RHH Y 2435a 23.81b 23.74¢ 23.35¢ 23.63d 23.18f 24.32a 24.33a

T TR AR A NG FREROR A B 22 53 B2 (p<0.01)

Note: The numbers in the same line followed by different lowercase letters indicate significant differences between treatments (p<0.01).
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Table 3 Comparison of aroma content of tobacco raw materials processed with different enzymes ug/g
e Vi
) AR CK Tl T2 T3 T4 T5 T6 T7
Category Aroma components
5- Bk g g 127.71 157.51 116.60 70.31 120.44 124.74 107.49 53.05
K R 84.55 100.66 97.59 40.67 75.58 67.84 69.11 17.70
AL 265.13 76.07 44473 165.01 387.18 301.76 323.98 53.05
VN2 477.39 334.24 658.92 275.99 583.24 49434 500.58 123.8
DDMP 235.14 243.91 290.41 171.11 219.48 328.57 218.30 200.67
2-Mik % e i 50.23 40.33 65.94 62.91 46.54 52.76 4934 46.34
[F 5 =W R 157.10 149.7 249.92 105.01 115.84 188.09 111.76 105.68
AR T HEF N 175.28 377.81 623.77 360.46 203.80 455.53 32434 328.54
_— 9- ¥4 %k-4,7-H T —4-3-1 68.18 78.79 81.50 73.72 59.81 93.50 88.18 41.54
L 21.43 12.72 26.91 24.44 18.45 23.54 20.34 18.34
PR AR 305 T ) 21.88 57.24 28.07 12.54 10.03 20.04 20.81 75.45
LB LK 2T 56.12 62.84 66.63 52.38 48.24 54.87 53.52 43.56
i 90.27 100.50 120.03 140.90 90.31 149.39 102.66 133.29
VN2 927.39 1180.91 1612.59 1059.82 865.84 1430.71 1086.11 1030.46
T 132.26 157.69 146.72 83.60 137.69 142.58 128.49 96.71
EaE i 84.85 86.14 99.19 83.24 75.39 79.48 83.27 76.34
[E2S T A e 132.94 202.63 193.67 135.24 168.24 159.34 127.09 117.49
I 109.81 149.13 128.36 129.65 138.54 167.50 134.38 66.38
/Mt 459.86 595.59 567.94 431.73 519.86 548.9 473.23 356.92
(+)-Fr i I 45.26 19.87 96.35 49.63 82.85 40.47 82.22 38.74
T 68.34 20.95 94.99 28.45 — — 51.86 3.36
e BE [ - 800.72 550.23 578.78 588.76 435.07 642.84 561.41 706.68
ATt — I 138.51 128.91 153.19 79.26 98.15 117.28 139.74 —
/it 1086.33 745.77 92331 746.1 763.11 897.46 896.08 748.78
y- T a7 28.36 23.54 29.50 15.99 24.99 29.04 27.03 20.64
Tk AR T i 100.92 117.62 125.96 117.85 117.76 139.07 113.06 78.96
VN2 129.28 141.16 155.46 133.84 142.75 168.11 140.09 99.6
EN 405.52 392.87 459.62 408.21 393.21 449.86 422.62 492.93
[LiES ARG 111.54 84.81 136.59 103.76 92.39 128.94 117.84 87.56
N 517.06 477.68 596.21 511.97 485.6 578.8 540.46 580.49
2,4- - HIBENEE 44.16 43.87 18.60 13.88 46.14 16.57 15.69 12.36
2-Z B S 50.03 58.35 39.14 22.94 26.12 23.75 63.37 16.66
3,5- kg 11.49 11.65 10.48 6.90 9.70 12.00 9.79 3.21
HSIS S 3-HIEnLnE 42.64 12.16 44.40 19.87 39.31 38.54 39.95 12.60
3-FH [ 152.59 176.38 139.03 130.24 31.32 40.71 146.28 60.24
L[S 130.97 158.12 179.86 184.94 144.71 184.49 160.55 147.70
N2 431.88 460.53 431.51 378.77 297.3 316.06 435.63 252.77
PSS 5529.59 5209.49 6330.44 4845.76 4556.53 6150.38 5724.55 4296.83
7000 ¢
1800
6500 | [ Jcx
1600 | 7 Tl
~ 6000 | T2
T 1400
% ~ B 13
S 3500 | 50 1200 T4
o0
5 El =8
£ 5000 t < 1000
3 5 =16
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40 I# 600
4000 | <0
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LSS B S LEES
3 FEELEHMEAMHEARAERERES S8
Fig.3 Total amount of aroma components released from 4 AREHNERMESEX L

tobacco materials treated with different enzymes Fig. 4 Comparison of different aroma substance contents
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Table 4 Eigenvalues and contribution rates of principal 0.493X; +0.102X, + 0.308X, (D

components
Esr FHIEAE DR KTTRR
Principal Characteristic Contribution ~ Accumulated contribution
component value rate/% rate/%
1 3.324 47.492 47.692
2 1.588 22.692 70.185
3 1.121 16.012 86.196
4 0.683 9.753 95.949
5 0.164 2.350 98.299
6 0.109 1.561 99.860
7 0.010 0.140 100.000

TS SHFZ R EA B EHLEN, 45
FSTTHL, B 1 FRSRITTECRN 47.692%, Sk
Ze. B BRERE ARG, 52 ER I TTERR
H22.692%, S EIEADE; 53 ERSA BT
BN 16.012%, Sk B IEA

SRR B3 BT B A B EURHRE ) 25
BB, SRR S T 3 A T BRREE
[e] et ST R AR IO R A 2R S R 2 (1D)-(3)

Y, = —0.076X, +0.441X, — 0.244X; + 0.099X,—
0.031X5 +0.770X, — 0.369X, (2)

Y; =0.141X, - 0.256X, — 0.344X; + 0.785X,—
0.255X5 +0.095X, + 0.324X, (3)

A Y LAY RS 1 A
552 FRUMESSE 3 FE.

W 4RI 5 TS RHIE I B FRRIE AR, R
FAVA—ATEH2 4525 T 7% L 1 7 25 Bk R A AN
T ) 28 A B FIE 4> ¥=0.55Y,+0.26Y,+0.19Y5,
WRIGLEA T AT L A5, 45530
%6,

H122 6 W1, ZRGIPMAS 50 T2 B A Ik
WA e, 9 1.80, FSAFHEF N T2>T5>
CK>T6>T1>T4>T3>T7.

R5 ERSBEREFNEEE

Table 5 Principal component eigenvectors and load values

S1ERSY 2R Y S3EMY
K7 The first principle component The second principle component The third principle component
Factor FHIE I AT AL ) A L i B fH
Eigenvector Load value Eigenvector Load value Eigenvector Load value
X 0.460 0.840 —-0.076 —0.096 0.141 0.149
X, 0.390 0.712 0.441 0.556 —0.256 -0.271
X; 0.464 0.846 —0.244 —0.308 —0.344 —0.365
Xy 0.269 0.490 0.099 0.125 0.785 0.832
X; 0.493 0.898 —0.031 —0.039 —0.255 —-0.270
X 0.102 0.185 0.770 0.971 0.095 0.101
X; 0.308 0.562 —0.369 —0.465 0.324 0.343

T XX pURIESS . Wi, WEs. AR, M. M2, ZSREmmRYI & it

Note: X;-X; represent the content of aldehydes, ketones, alcohols, olefins, esters, phenols and heterocyclic substances, respectively.

xo6 ERMNEREN

Table 6 Principal component analysis comprehensive score

Kb P Treatment Y, Y, Ys Y ¥ Rank
CK 0.05 —0.68 2.25 0.28 3
T1 0.42 -1.7 -1.03 -0.41 5
T2 2.67 1.28 0.01 1.80 1
T3 -1.3 -0.41 -0.41 -0.90 7
T4 -0.41 -1.19 —-0.75 —0.68 6
TS 1.59 1.3 -0.7 1.08 2
T6 0.35 -0.25 0.74 0.27 4
T7 -3.37 1.65 —-0.09 —1.44 8

2.5 AEEYEELIEI AN FERNRE SR

A () il Ak LA R Jer R} ) SRR o B DE AN A5 43
7 FR. HER T AL, AW AL B T AN [
B AR TR S, R TR R A A B R
T2. T6 5 T5, BT CK 73wl 29.4.
26.5 f128.4, HA, T2, TS X FIZBE (R, AR
SR (3TN, BAREET 17.0 5 17.9;

T6 X TN (Ehk 541t ) T ., &
AT 17.3,

3% i

A WAL B AT LR R R P HAT 1
SMRRAYIR I, AR R R ) o sl e IR
HR, IR —1hom, AR ARy Bt
VIR T2 5 . AABPSEE R, A
PR B OB AL A o S R 22 S B, R
JEC PR S AR K A BRI S SR 5 SR 2
RTINS rh TR Al AR ) K A
AV R Y oAt A BE T2 222 73, REfie fdopak
Yt — L, RS AR THA B TR A,
PETHA TR 12,
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Table 7 Sensory quality evaluation of tobacco raw materials treated with different enzymes

Ik i Sk e ZNUS BortE )s¥ix
A B Treatment Aroma Smoke Strength Irritation After taste Stability Total score
CK 153 17.8 4.1 44 6.2 4.5 523
T1 16.7 22.4 7.4 4.7 7.7 7.7 66.6
T2 22.8 23.2 7.7 7.6 12.5 7.9 81.7
T3 17.1 19.5 5.3 5.1 8.3 6.6 61.9
T4 17.6 21.6 7.2 5.6 7.3 7.2 66.5
T5 23.8 21.0 5.4 8.3 11.7 8.6 78.8
T6 20.1 26.8 8.8 7.7 9.2 8.1 80.7
T7 20.2 25.3 8.2 5.4 9.7 6.7 75.5

SRR AR S R T 50k 4 SRR B, FL
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