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Table 1  Drying kinetic model
(RS Ry AR 280
Page MR=exp(—kt") k,n
Newton MR=exp( —kt) k
Wang and Singh MR =ai*+bi+1 a,b
Henderson and Pabis MR =aexp( —kt) a,k
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X (MR, . = /MR, )
=1
N
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Fig. 1

Changes in the moisture content of peppermint granular spices under different drying methods
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Table 2 Statistical results of five drying kinetic models with different drying methods
5 U 24 R’ X(x107) RMSEX10™
Page 0.995 8~0.999 7 0.033 5~0.507 0 0.023 4~0.405 0
Newton 0.9870~0.993 3 0.718 0~1.410 0 0.574 0~1.524 0

[ S S

Parabolic

Wang and Singh

Henderson and Pabis

0.990 7~0.997 7
0.989 6~0.994 3
0.992 7~0.997 8

0.143 0~1.020 0
0.694 0~1.340 0
0.1450~0.911 0

0.158 0~0.818 0
0.486 0~1.206 0
0.145 0~0.638 0

PR EARGE 45 R L3 3, 3R 3 Al A fE T
T2 Page FRRIDLA BE 4 R0, T A v A S AL T
o JFORE B Ak Tt R v B K R AR AR, T
T8 3 T 9 gy R R A AN [ A A
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IR L I C 0 2 W O N i e 60 = S 9 B
LF-NMR, {5 T, 3&ENE 2 Fros, B E 2 AT HEAE
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WG | EL T, Sob IO PR AR T 068 T BRLARS 15 , iX 2 TR R 7
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TR ERE R S 21 4 = B-2RMA | 3 AL 4 &

R SE KRR I R &K, Rk
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Page B A 43t 25 R
Table 3 Peppermint granular spices statistical results

of the Page model under different drying methods
T A RP XA(x107*) RMSE(x107%)

KA BT Ty, Ty R Ty 3 AN, T, fRREE 50C 0.9967 3.630 3.990
AR REE E R S A 2SR T Y R M T 60°C 0.9977  2.560 2.300
70°C  0.9958 5.070 4.050
sk Ay R [28] .T CFa sk Ak H
B KAy B R 2 T, ARFREE oK, =R 80T 0.9967 4 680 5 810
SN T ARFEE K s R MO EZS THE 0.1 MPa 0.9990  1.210 0.849
) A 27 17 B o) e
I 2 AT L Y & K SR it e T, Ty P TH 1300 W 0.9997  0.335 0.234
14 — 10% 14 ¢ —10% 14 - ——10%
A - 20% A . 20% A - 20%
121 i - 30% 12r 1 - 30% 12 ¢ I - 30%
— | 1 + 50% — | +50% ~ i | 1 ~ 50%
s 10 70% g 10 70% 510 1 70%
x 8t sl o X x 8| -~ %t x 8l . < X
g I g g }
E O E Of = of 7
o 4l 4l o o4l Y
diz 5| diz 5| i .| !
ol AN e N s 0l S I
001 01 1 10 100 1000 001 0.1 10 100 1000 001 01 1 10 100 1000
T: 2 Tz
a) 50 CHUA T b) 60 C LA T c) 70 CHUAH T
141 } —10% 147 ) -~ 10% 147 ) -~ 10%
A - 20% A - 20% | it - 20%
127 1 - 30% 127 - 30% 12 1 - 30%
2 10t Al - 50% =10+ - 50% = 10F il ~ 50%
X 8r -~ X} B8 < 8 <o L 8t -~ X
E 61 E 6 v_% 6+
= = =
4T Rl B4
2t 2t = ot
0! - 0 e 0 e s
001 01 1 10 100 1000 0.01 0.1 10 100 1000 001 0.1 1 10 100 1000
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Fig.2 T, spectra at different temperatures and drying methods
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K E B AGERS

PRI B8 1Y 10% % 7K 886 BE 55 1l ity 45 0 2% 7K
R AR A RHEAR R T N TR 25K
FHR 10% ,FFREH T, 35 EEAT 704, 43 B[R] T
J5 2T HEAT ORI K 2 A AR W 4, W3R
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USRI ) 22 A% | ELS G 7K AR R s T B 328 ¥ ik
AN CEEE G IR A KR X U T R B K
2.3 HEEBAERP 3 FEFERS TN

It GC—MS 43 H AT A5, b i JURE 75 6} v 8y
it | L~ e gy PRI SR A ) 3 o AR 0 7 1
Sl A R B R 67.701% 7. 418% F
13.032% , iHIFIMRIEX X 3 F FEE R AR Lo AT
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Table 4 Water distribution status and equilibrium
moisture content of peppermint granular spices
under different drying methods
U O A5 B 1)/ ms AH XS W TH AR %
T21 T22 T23 AZI A22 A23
50 CHEFE T4 0.450 10.596 80.264 96.21 3.44 0.35
60 CHEA T4 0.415 10.596 80.264 95.66 3.98 0.36
70 CHFETHE 0.353 9.771 68.261 95.17 4.35 0.48
80 CHLA T4 0.326 8.310 58.052 93.76 5.49 0.75
WO EZS T4 0.450 10.596 74.020 94.86 4.49 0.65
T TEE 0.353 9.771 74.020 95.75 3.82 0.43

R VEN

R* 2}0.999 8, Mt y Feom it vk B | & s FRAF A
SRR IE T AR, 2R S AR TR TR I U 3
FRRRIE B 43 0 12k B 5 KSR AR L (L2 5)

HI 5 AT BEAS T8 07 R 3 FRRIE LA 1Y
JoT et VA R BT B 1 7K R T B TR AT, 2 80 °C AR T
R Ao JBORL 7 L B K R T 2 10% B, 9 Ay
St | L= T 951 gy ) 174 SO R ANy T R T 1Y)
56.80% .51. 17% .50. 35% ; W 45 L B i i, 3 ke
T J8 43 1) Joe 2O BR B TR AT, 2n 80 °C BHLAF T4
50 CHEAETIET 3 FlARAE B A3 A J5 o e FEE 43 3] ek
/T 81.08 wg/g.614. 27 png/g.156.26 pg/g. 50 C
PERE TR, TR AT HARRE B R R B 222
MG IKFREARE 70% LT B, FRAF B/ E K 3R %
B DR SR AR ) B JSURL N R T I |
TIEJ 43 FH7K 53 01 S0 B RS 1) 3 2 LU 3548 5 T 4 e
T B2 PR HEAE T4 S B s T IR TR T AR AIE
TG E TR 0T R AR WA S 13 B 0L P 3 i
TR, NIRRT 3 T %, 7K 43 PRk )
HMERS S IURIRRIE B A HE A o R 028 T
BT o o 2 BT R BRI R AE LA B S 60 °C
70 °CHEFETHRECHHT T 50 °CHER T4, (25
F 80 CHLAE T4, 50 CHLAE T 15 e T4 o
o JURL A RL T A BE (0 R AIE B A S AR i 22, HLI%
KRS R 2 B B | 2 R B S B AR e e
O TR ) T A8 B ] R I SR R TR
EE AT

AR T T T 3 FReE S Bt 5456 7K
FHXT TR A, SHEATAHOCHE ST 85 LR 6, 3R
6 FIHL REIE A3 15 it 5 25 7K A G i T AR SR A
FIEAG, RS GRS s RRAE Lo B it 2
RS, DR L Pl Ao 488 8 45 K B a1 0 e — 20 0
/Dy ar FIURL AR RHAE T it B TP RRAE B A3 A 2
o R LS B GO S R R T AR T S O
TRARLS A TRk b TR T2
2.4 HEEBRERERRE

Xof I T 5 ) SR OB A 8 1A T S RATE
ZEHANE 3 iR, B 3a) AT, TR A AT
BRI R BRI FURIE S35 R 5248 A 46 501
s, nT R I AL = . B 3b) Fie)
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Table 5 Changes of mass concentration of three diagnostic component with moisture
content under different drying method ne/g
, e TR
KRS TR TR 70% 50% 30% 20% 10%
50 CHEAE T4 206. 80 206. 19 203.35 200. 10 195. 83 186. 89
60 °CHEFE T4 206. 80 185. 67 174. 09 169. 01 161. 69 143. 40
LA 70 CHEFE T4 206. 80 176. 12 165.93 160. 55 151.73 133.24
80 CHLAE T4 206. 80 179. 17 151.13 131. 62 113.74 105. 81
T LA T 206. 80 181. 00 152.75 138. 12 140. 76 128. 57
O T 206. 80 188. 34 172. 06 158. 05 152.22 145.23
50 CHtAE T4 1777.33 1769. 61 1 702. 56 1 665.17 1649.12  1623.72
60 CHEFE T8 1777.33 1704.20 1 652.77 1 591. 64 1542.77  1487.70
I 70 CHEFE T4 1777.33 1 625.95 1524.96 1513.78 1464.81  1399.59
i 80 CHLAE T4 1777.33 1 618. 84 1 469. 89 1 341. 88 1114.50 1 009. 44
ik s TR 1777.33 1 588. 56 1 451. 40 1 360. 17 1344.32  1270.76
e T 1777.33 1739. 89 1 653.10 1 503.35 1401.14  1353.59
50 CHEAE T4 400. 65 392.32 378. 30 369. 570 366. 31 357.98
60 °CHEAH T4 400. 65 368. 96 334. 82 316. 940 302. 51 272.23
E 70 CHEFE T8 400. 65 349. 45 315.72 296. 620 276. 70 258. 62
80 C LA T4 400. 65 335.02 289. 50 267. 360 219. 60 201.72
Tl s 400. 65 360. 83 289. 50 270. 61 268. 57 254.35
O T 400. 65 380. 42 366. 96 342.37 320.23 311. 69

A6 FRATFHRFIXTIHIFIEAS LTS
LA KARKE TAR A, $ARE AT SR

Table 6  Correlation analysis of total three
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area A, under different drying methods
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Fig. 3 Peppermint granular spices morphology characterization
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Drying process of peppermint granular spices and its
application in flavoring filter rod

JIA Xuewei' ,DAI Yuxiang' ,HE Feng”,JING Yi' LI Pike' ,FENG Wenning’,XU Chunping'
1. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China ;
2. Technical Center ,Hebei China Tobacco Industry Co.,Ltd.,Shijiazhuang 050051, China

Abstract; In order to reduce the loss of diagnostic components of peppermint granule spices during the drying
process, the moisture drying kinetics of peppermint granules under different drying conditions (oven drying, micro-
wave vacuum drying and microwave drying) were studied. By investigating changes in moisture distribution and the
volatilization of characteristic components, the authors determined the optional drying conditions for the spices. The
flavoring effect of cigarette filter rod of peppermint granular spices was investigated. The results showed that the
drying time of peppermint granular spices under oven drying, microwave vacuum drying and microwave drying was
about 60~120 min, 20 min and 4 min, respectively. The optimal drying kinetic model of the three drying meth-
ods is the Page model. The results of LF-NMR analysis showed that with the progress of drying, the semi-bound
water was transformed into bound water and free water. At the same time, free water is constantly evaporating and
being removed. The concentrations of diagnostic components in peppermint granular spices decreased with the
decrease of moisture content, and the higher the drying temperature, the more obvious the diagnostic components
loss. The effect of microwave drying is better than microwave vacuum drying, and the drying time is greatly short-
ened. The residue of diagnostic components positively correlated with the peak area of the bound water. The acids
and phenolic substances in the cigarette smoke after the spice of peppermint granular spices were slightly reduced,
the ketones were slightly increased, and three kinds of diagnostic components unique to peppermint, menthol,
L-menthol and menthone were added, which could bring a cooling feeling to the cigarette, reduce the sense of irri-
tation and improve the smoking quality of cigarettes, while retaining the original style of cigarettes.

Key words : granular spice ; peppermint ; drying process ;filter rod flavoring ; microwave drying
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