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Application of Maillard reaction to improve the quality of tobacco sheets
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Abstract; According to the principles, the influences of conditions of
the maillard reaction, such as reaction time and ratios of exogenous
amino acids to sugars, on the improving effects of tobacco sheets
were evaluated. The results showed that when the initial pH being
7.0~8. 0 and thermal reaction temperature of 70 ‘C, the optimum
conditions for maillard reaction of extracts were as follows: reaction
time of 13h, and the ratios of exogenous amino acids to carbohy-
drates being Pro : Gly : Phe : Cys :
13 13 2 0.3 :

peptides : fructose as 13 :
70. GC—MS was used to analyze the main
flavor components of the reaction mixture, and the tobacco sheet
samples were sensory evaluated by professionally smoking group.
Flavor components, such as Furfural and Megastigmatrienone were
effectively increased via Maillard reaction, and unfavorable adverse
ingredients of tobacco sheets, such as 5-Methyl-2-furanmethanol and
Lauryl ether, were significantly reduced. Therefore, the maillard re-

action is an effective method to improve the quality of tobacco sheets.
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EatiwFs 2016 % 3 &
1.2 SHHZE TR T BB 1 UE . — & HE 1 F 60 °C ki e ss 6 &
1.2.1 ERERAB T E WA RBEER T IMAR KA E 1 mL. 40,22 pm FHLEE IS JET GC—MS 4347,

[FITC HE Y A0 U5 20 5 8 FOBE 25, B NaOH %0 %5 pH &
7.0~8.0,70 “C1E I 0 — & B[], HE 47 36 7 75 /2 B, ML
HERAHEERSH.

1.2.2 R0 I N KR ) T 1) GC—MS 4347

(1) SPME £ {1« [ A G ZE BR£F 4 72 250 ‘C 4k 1 h, B
2 mL & A8 NCE F IS P A 10 pL LR AR LR
(0.102 5 mg/mL), F#iE 60 C,KH 50/30 m DVB/
CAR/PMDS # i 3k Thi 28 I fff 30 min, 250 “CH#WZ 5 min,

(2) GC %M. Tg-WAX B4 # (30 m X 0. 25 mm X
0.25 pm) ;S : He, i # 1. 0 mL/min, A4 iF A . B)F
FHES R AR 40 °CL £ RF 2 min, BL 5 °C/min T
200 °C /74 10 min, F L4 12 °C/min F+ {3 230 C, {f
6 min, #FFE CTEEE 250 °C,

) MS &M i FHTGHEE ELE FRERE 70 V&
TR BE 250 °C s WRATIREE 275 °C s A £% B & 350 V49
1 i Y5 Bl 33~450 amu,

1.2.3 3 Ao XUBR ) I3 1 0

(1) R 5 it T A 4 ) o 28 00 2 Bk o ME A R BB
20 g, 1 WO A0S0 A6 A0 I K 350 mL it A SDE % & — i
1000 mL [ b i AP, i #4atE 7 7K AR 28 4807 5 B & e
40 mL 2B, A SDE %2 & 55 — i 250 mL [BRBE
65 “C AR #4596 S5 R 2 BE K TR S 15 °C R T 35
T it o R IR R Al AR R G R o A 1 AR AL SRR A S L 2R L
2 h RS AEBOR™ s A AR BUR R H R E R A 80 pL
LERFR B (0. 105 3 mg/mL) IR & ¥ 51 J5 i A & 89 6K

(2) GC %% . 8 3% F:: HP-5MS (30 m X 0. 25 mm X
0.25 pm), FHEFEF GEIHEE 60 C . #4F 2 min, L 5 °C/min
ATHEF 250 °C R4 40 min, 1 pL JEEE AL 50 0 1,

(3) MS %A Fa&di iR EL B FRERE 70 eV B F I
TR 250 °C 5 PURAFTIREE 250 °C 5 415 B & Y5 Bl 50~450 amu,
2.4 M B HECE 0T KA B0 Y S B N Y
SIRATAEAREE b — W BT AR T U 22 15 B 0
F s B U 22 0 B T R AT AR M R o R CE PR B N T
HEAT Z 548 B3 1 T

$ie I GB/T 164472004 ] #5 #F fh. #% GB 5606. 4—
2005 , ) FH 7 R 48 J30 0 A7 5 ok 8 MR B o B AT R BT IEAN T . &
5 i TR AT O DR 328 R M L 2 0 RO = R P A
KRR GE D R HT 4. B 10 ZIFRE KA
0 T W /N 6T 2 HR R IR A T2 B TP

BV 0 2 A OB TR A I VT 4 AT L i 2 v R i
P S R BT A A ) 2
2 RS0

SR B RN E XA B E MR

Sl S b R R BB A TS W IR E 70 C L R
R G pH R 7. 0~8. 0, F e A T R B H Y 2. 500 ~3. 56
TS S22 5 K 30 47 35 A S 8K U5 H SN YU A ) 4R 3
AR W BT AR R A R S TR TR (222 1) C AR
TR (60£2) V0 i 1 I E VR IR BE £ 1 F V-4 48 he £k PP IR
AN R E IR A R LR 2.

2.1
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Table 1 Cigarette sensory evaluation by flavor profile analysis
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Table 2 Sensory profiles of tobacco sheet samples from Maillard reactions of various time

B % 4159
i /h

WER BRI RS BB A% ik
8 7.8 7.1 6.9 7.0 7.6 7.6 7.4 5.3
10 7.7 7.3 7.3 7.4 7.5 7.5 7.6 5.3
12 8.0 7.5 7.2 7.2 7.9 7.5 7.5 5.5
13 8.3 7.5 7.6 7.7 8.0 8.0 7.8 6.4
14 7.8 7.7 7.6 7.1 7.7 7.9 7.4 5.8
16 7.2 7.4 7.3 7.2 7.5 7.4 6.9 5.7
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B g A AE L U BT AE $A B VIR BE Sy 70 °C R A TR T Y
2.5%~3. 5 BN 2B 5 ARG 518 T . 13 h B AR AR
AN L) O e W A D5 7R RN e 7 DT M2 VP S A
RS AR AG T K5 S ) 18 I A ) B Ak Ry XU R B A 4 2D
T 2 SN e L B B . R S IR () 4k
B, 2% WU B AR bR 1 B R BB .

Bl XA [R) 52 o B 1) 4 2 o 48 S B W E AT GC—MS 4y
T+ H A N I i) Xof S L 7088 s g 4% 2 e XA 8 70 B T e TR A
mh BT SE N . EEEF NS WE 3,

PR EFERERNEEESHS

Table 3 The volatility components of samples from Maillard reactions of various

time

FRMA TR/ (pg » mL™D
1 B8 I [H] / min [ia<x’]
8 h 10 h 12 h 13 h 14 h 16 h
3. 04 I 0.0115  0.0107  0.0098 0.0132  0.0158  0.007 3
3.09 2-H 3k T — — 0.0255 0.0261 0.0218 0.0182
3.27 R 0.0072 0.0116  0.0134  0.0085  0.0079  0.0105
5.42 2., 315 — i — 0.004 0 0.001 7 — — —
5.71 O 0.0560 0.0171 0.0098 0.0225 0.0244  0.0195
8.21 g 0.0535 0.0611 0.0786 0.0822  0.0446  0.050 2
9.42 2- 1F /3 36 W g — — 0.007 2  0.008 1 — —
9.55 6- ] Ht-2- P i 0.0091 0.0125 0.0155  0.0179  0.016 8 —
9.86 3-3¢ i — — — 0.0192 0.0123  0.0105
10. 63 3-¥4 He-2- T il — 0.0149  0.0153 — — —
11.15 1% 5-2- 75 1 0.0533 0.0605 0.0686 0.0895 0.0812  0.0711
11. 64 2., 5- F el g 0.0554  0.0528  0.0746  0.0935  0.0679  0.068 1
11.83 2,6~ H g g 0.0338 0.0552 0.0491 0.0803 0.0705  0.061 3
11.15 2- 2 H g — — — — 0.007 1 —
13.10 6-H1 JH-2- P it 0.0087 0.0116  0.0092 0.017 8 — —
13.28 2- 7, He-5- HI e nif g 0.0225 0.0198  0.0356  0.0334  0.0216  0.0254
13.53 2- 2 H-6-H1 JL iy 5 - 0.0555  0.0612 0.0622  0.0703  0.0645
13.58 T — — 0.0112  0.0108 — —
13. 68 2.3,5-= F Lk g — — 0.1211  0.1434  0.1480  0.1358
14. 88 H 0.0567 0.0906 0.0875 0.1125  0.0734  0.0358
15.18 21k 0.2445  0.3045 0.2689  0.4549  0.3221  0.178 0
15. 62 o 0.4875 0.5287 0.5542 0.5320 0.4919  0.505 1
16. 55 2- 2 Tk 3 1k TR — 0.072 2 0.099 1 0.094 5 0.089 3 —
16. 83 g 0.0451  0.0713  0.0615 0.0709  0.0662  0.0597
18. 38 S 5UR T 0.0655 0.0912 0.0773 0.1024 0.1176  0.098 6
19.52 P 0.8357 0.1081 0.1324  0.1565  0.1622  0.0953
20. 24 2- 2 Pk FE-1- 1 g % — — — — 0.0412  0.0386
20. 63 2- 19 g H 0.9797 1.1291  1.0818 1.3245 1.2035 1.2182
22. 85 5-F 321w g Y i - - — 0.1034  0.101 7 —
23.16 Fii 0.6878 1.0053  0.9782  1.1022  0.8865  0.909 1
28. 43 3-F L1, 2-3F % — i — 0.0528  0.0913  0.0877  0.0854 -
29.59 N — 0.0812 0.0765  0.0952  0.1005  0.085 8
30. 09 i 0.0782  0.1011 0.0995 0.1228  0.1168  0.087 9
30. 94 BT 0.0567 0.0825 0.0787  0.1232  0.1033  0.0862
31.23 - H-2- T I s — — 0.007 2 — — —
32.03 &I — — 0.0056  0.0189  0.0085 —
33.76 il = 2 R g 0.0955 0.1349 0.1210 0.1575 0.1382  0.1151
34.58 SRR 1 ] 0.910 4 0.822 3 1.007 6 1.125 6 1.114 5 0.976 2
36. 44 T A 0.0796  0.0873 0.1125  0.1033  0.1258  0.095 6
37.39 FriE R = TR — 0.0381 0.0523 0.0595  0.0605  0.044 9
S B 49339 5.1885 5.6005 6.6711 6.0193 5.1725
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HE R XU g 5 o L v ] A R A A T A TR IS ok R 2
AR 2 1 Rl I AN & B 5 WA 2 A0 388 . o DI R 38 hr Al R
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W SRR S R I pH i 7. 0~8. 0, S I Ik JBE B i)
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Table 4 Various types and ratios of exogenous amino acids

and sugars during Maillard reaction

i g0 41 5 &
POE N B E POy
M2 FRNEBR C OKBE=1:1
AEFE 3 HEMR : ABE=1:1
Rh¥R 4 AR C OKBE=1:1.3
GhFR 5 CERRERR - AKKE=1:1.25
ARNAR AR - AR - EMER - ek 2R
A 6
Bi=13:13:13:2:0.3:70
phg 7 RNAER AR WER  ERER ek @ A
Bi=13:13:13:2:0.3:70
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Table 5 Sensory profiles of tobacco sheet samples from Maillard reactions of various types and ratios of
exogenous amino acids and sugars
- Al BT bR AR 43
MAER  BRME AR AEME EHUER R Rk Fisk
AbHE 1 7.5 7.5 7.5 7.5 7.5 7.4 7.5 7.2
Qb3 2 7.6 7.8 7.5 7.7 7.4 7.9 8.0 7.8
AbH 3 8.0 7.9 8.0 8.2 8.1 8.3 7.9 8.1
AbH 4 7.7 7.9 7.9 8.1 7.8 7.8 7.6 7.7
Ab# 5 7.9 7.9 8.1 8.1 7.9 8.0 7.7 7.7
AbH 6 8.6 8.5 8.9 8.5 8.4 8.5 8.5 8.3
AbH 7 8.3 8.2 8.3 8.0 8.0 7.9 8.5 8.2
AbH 8 8.4 8.3 8.6 8.3 8.2 8.4 8.4 8.1
i e 5 AT BN AS [R] A1 U A 1R 5 0 2R bE B il 3 4 SRR H A 0 #h 3Kk 58 P IR AR A6 A A R R DY
TR TP AT 3 (B A R TS A e A B 6, RS [R) A AR R Hodp,2-Z F-5-H Rk . 2,6- — H LML e 2-2 3-6-H 3%

o SR S 0T 0 3 L O R AR (s L EL T
T RN G5 e MR BI /  BOPE B/ » AR R T s R
I A% B /DN S A AL PR R ORI R R A PR 6

b X AN T A TR 5 28 SN T A5 ) 5% L4 B 7 W
AT T GC—MS 3 #r ., 3l i Fo 8K [ & R Bl 28 SE 4
T8 BCRL ™ Wy A SR Z (8] B 22 5 4 JEOE PRI A5 R O A
R A0 S5 SR DR AR S A 3SR A D5 e R R R 2K 1 d o
e b 4 4% o AT LA 58 S hr 78 50 B Y S AR IR Y

i 6 AT TE A () A 52 i 78 s A &R TR S R R RY
AU B AR 22 BT R TR R O Y R 2 i
J& TR VR T S AR 2K 1 o 2 B R A ) R E ) AR A
AbFE 6 AL PR 7 AL FR 8 X 4 A R i M T A
ARBRAL S LUARBE 6 SR e o W . BR s FALRAUSh AT
T 2 ST Wy T ST O 1 W R S I A 7
S EAT R R A R ol el A T T L R 2 ) B X
TR 08 T A bR B B SR B AR B0 WL R 3 ) A
2- L HE-5-FRR M W L 2, 6- T F Rl R | 2- 2 B-6-F R ML R
2-LIEMEGE (2,3, 5- = IR LR 4, & TR L AT VAR 1Y £ 0
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Table 6 The volatility components of samples from Maillard reactions of various types and ratios of

exogenous amino acids and sugars

é/—\lﬁiﬁ'ﬁﬁ/(pg +mL~1)

[ax?]

A1 Qb 2 b3 QbHR 4 Kb 5 Qb H 6 AT Qb H 8
2-F 3L 0 I 0.0065 0.0103 0.0188 — — 0.0249 0.0198 0.0203
TR — 0.010 5 — 0.0113 0.0152 0.0217 0.0234 0.0209
2- HI 3 T — — 0.0263 0.0181 0.0198 0.0352 0.0198 0.0267
3-H 2 T — — 0.012 1 — — 0.0075 0.0102 —
iR 0.0072 0.0016 0.0126 0.0105 0.008 1 — 0.004 6  0.010 2
2-1E T ki 0.010 1 - 0.006 7 — 0.0092 0.0187 0.0085 0.012 1
2,3-1% il — 0.004 5 0.006 7 — — — 0.0059  0.003 2
o 0.0600 0.016 1 — 0.0095 0.0254 0.0362 0.0155 0.0211
i 1 0.0236 0.0459 0.0586 0.0502 0.0436 0.0729 0.0496 0.053 3
2-1F 73 356 1k g — — 0.006 3 — 0.0133 0.0109 0.0125 0.008 5
6- 1 J-2- BE i 0.0082 0.0125 0.0156 0.0115 0.0169 0.0225 — 0.0316
3-3 ] — — 0.0208 0.0116 0.0132 0.026 1 — -
2475 P9 35 0k g — 0.0035 0.0109 — 0.0087 0.012 1 — 0.007 4
3-FpHE-2- T — 0.0119 — — — — 0.016 2 —
1= J-2- T4 il 0.0725 0.061 4 — 0.0753 0.0502 0.1336 0.0985 0.101 2
2.,5- F B gk — 0.0497 0.0587 0.0628 0.0697 0.1235 0.1062 0.089 8
2,6~ I L 0.0079 0.0543 0.0462 0.0323 0.0685 0.1579 0.1106 —
2-7, 3Lk vk — 0.0054 0.1096 0.0062 0.0070 0.1007 — —
6- 1 He-2- B i — 0.0216 — — — 0.0278 0.0445 0.007 9
2-7, -5 1 I nit g 0.0277 0.0168 0.0384 0.0245 0.0562 0.1156 0.044 3 0.008 2
2- 2 H-6- Y JEnig 5 — — 0.050 8 0.0045 0.0718 0.0922 — 0.025 1
T 0.0065 0.0139 0.013 2 — — 0.0518 0.0322 0.0609
2,3, 5-= H Bl e — — — 0.106 1 0.1209 0.1679 0.0355 0.054 7
A AR 0.0522 0.0917 0.0812 0.0478 0.0726 0.1023 0.086 1 0.037 9
2. 0.2483 0.3172 0.2698 0.1087 0.3244 0.4629 0.2881 0.257 9
3 — 0.006 6 0.0528 0.0036 0.0439 0.0785 — 0.034 7
I 0.2849 0.5947 0.3341 0.5016 0.4189 0.7180 0.5352 0.4985
2- Z Tk HE vk — 0.071 2 — — 0.0845 0.1294 0.1508 0.077 5
I 0.0340 0.0725 0.0366 0.0407 0.0632 0.0918 0.0082 0.0605
2 TR BT — 0.0347 0.0065 — 0.0289 0.0558 — —
2- 2, Tk - 1- 5L g — — — — 0.007 2 — 0.041 2 —
2- 1 i F 0.9005 1.1256 0.8987 1.0113 1.2051 1.5652 0.9837 1.3562
5-F $-2- 1) I F B2 — - 0.102 9 — 0.1115 0.2035 0.1034 0.1459
2., 2" -1k v I — — — 0.087 5 — 0.134 2 — 0.104 5
iR 0.0728 1.0036 0.9285 0.9193 0.6780 1.3095 0.9846 1.0828
N — 0.0285 0.0647 0.0758 0.1012 0.1083 0.1225 0.008 3
5 0.0672 0.1331 0.1215 0.0956 0.0963 0.1358 0.1274 0.078 9
) — — 0.006 5 — 0.0093 0.0392 0.0650 0.047 6
[ERER=Y | 0.9213 1.0183 1.0270 0.9641 1.1189 1.5456 1.1283 1.309 9
AR 0.0785 0.0937 0.1425 0.0987 0.1356 0.1243 0.1080 0.1122
FrigE R = T — 0.0363 0.0712 0.0346 0.0615 0.0695 — 0. 005 4




AR

2016 % 3 4

R7T BREREETRER

Table 7 Sensory profiles of tobacco sheet samples
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Table 8 The strength changes of typical volatile compounds

of treated tobacco sheet samples
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