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Table 1 Information of four different cigarettes

Sample Cigarette length/mm Circumference/mm Filter rod length/mm Packaging type Component mlg wi%
A 89 20.0 30 Side-open packaging Cut tobacco 8.2157 3343
Filter rod 2.9942 12.18

Packaging 13.3693 54.39

B 84 24.5 25 Full-open packaging Cut tobacco 12.4120 42.59
Filter rod 3.0435 10.44

Packaging 13.6898 46.97

C 84 24.5 25 Hard packaging Cut tobacco 11.8710 57.34
Filter rod 3.0332 14.65

Packaging 5.7992 28.01

D 84 24.5 22 Soft packaging Cut tobacco 12.2591 69.85

Filter rod 2.5780 14.69

Packaging 2.7122 15.45
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Table 2 Isothermal absorption curves of four different samples
Sample Component GAB fitting equation R?
10.390 3a,,
A Cut tob X= “ 0.999
ut-tobaceo (1-0.681 4a,)(1—0.415 5a,)
87.025 4a
Filter rod X= v 0.995
Herro (1-0.690 2ay)(1 + 17.874 8ax)
56.509 9a,,
Packagi - “ .
ackagmg X = 1207768 9au)(1+ 11907 6ay) 0997
12.110 54
B Cut tob X = v 0.996
uttobaceo (1-0.832 4ay)(1 +0.079 3ay)
43
Filter rod X = 8.0218x 10"a, 0.992
(1-0.961 6ay)(1+3.182 3% 107ay)
37.702 0a
Packagi X = v 994
ackaging (1=0.738 Tau)(1 + 7.461 2a,) 0-99
14.101 6a,,
¢ Cut tob X= “ 0.999
uttobaceo (1-0.912 4ay)(1 +0.683 6ay)
Filter rod X= 98.401 bay, 0.984
(1-0.912 Taw)(1 + 33 417 5ay)
22.925 8a,,
Packagi X= “ 0.993
ackagmg (1—-0.811 3ay,)(1 +4.480 Oay)
13.913 8a
D Cut tob X= v 0.997
utlobaceo (1-0.908 5ay)(1 +0.720 6)
16.466 0a
Filt X = v 0.9
ilter rod (1=6.432 7ay)(1+5.213 Tay) o8
Packaging 7.992 6a, 0.983

X =
(1-0.252 6a,)(1-0.181 Oa,,)
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GARB fitting curves of four different kinds of cigarettes
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Table 3 Water activity and equilibrium moisture content of four

5 ORFHNREEITREIS 4 FIRE S22 S K ARG B 45 R

Table 5 Results of four cut tobaccos after different humidity

different packaging papers under different humidity migration
RH30% RH40% RH50% Measured Predicted
Sample RSD/%
ay, X% ay, X/% ay X% RH Sample value value
A 0.3065 4.78 0.4224 5.94 0.5098 7.34 Ay X% ay, X% Ay, X
B 03020 441 04030 555 05100 646 0% A 05127 989 04927 969 390 202
C 0.3055 434 04218 526 05096  6.15 B 0.5322 1099 05180 1059  2.66 3.64
D 0.3502 3.99 0.4928 3.13 0.5160 5.37 C 0.5701 11.89  0.5600 11.68 1.77  0.65
D 0.5817 11.89 05749 11.84 1.17 042
40% A
F 4 W 22 CL UL 60% AHET, 4 Rkt A2 Rk K ' 09320 HLT8 05380 HL3T 2543
i B RSP 25 7K % B 05680 12.17 05520 11.85 282 2.63
Table 4 Water activity and equilibrium moisture content of four C 05830 1281 05770 1232 1.03 3.82
different kinds of cut tobaccos and filter rods under 22 °C,
RH 60% D 0.5979  12.99 0.5940 12.57 0.65 3.34
(]
Sample Component ay, X% 50% A 0.5797 12,66 05632 1240 285 2.05
A Cut tobacco 0.5834 12.75 B 0.5826 12.46 0.5615 12.22 3.62 1.93
Filter rod 0.5882 6.03 C 0.5888 1246 0.5785 1238 1.75 0.64
B Cut tobacco 0.5865 12.75 D 0.5893 1212 0.5818 12.10 1.27 0.16
Filter rod 0.5869 5.65
F 6 4 FRE MBI AKE BERS KR
C Cut tobacco 0.5869 12.75
Table 6 Initial water activity and moisture content of four
Filter rod 0.5778 6.03
samples
D Cut tobacco 0.5897 12.21 Sample Component ay, X%
Filter rod 0.5740 363 A Cut tobacco 0.6012 13.29
i S Filter rod 0.5972 5.87
TE R AL K TN - K P-4 5 1 AR SRR T AR
A G e AR, HISE TEAR S B, S IR AE 30 d, P 7E Packaging 05519 754
WH22 & KR KGR, RIE GAB BB I (2), i B Cut tobacco 0.5897 12.99
DA 22 55 7K 5% 7J<{rjﬁ i, m%ﬁﬂi’% 5 R, *ﬁxﬂﬁ% Filter rod 0.5873 572
N S > Al 2 B3
by : % 7
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Table 7 Predicted results of four actual samples after migration

Measured value Predicted value RSD
Sample
Ay X% Ay X% Ay X
A 0.5754 12.93 0.5882 13.14 2.18  1.60
B 0.5592 12.13 0.5716 12.18 2.17 041
C 0.5789 12.39 0.5824 12.63 0.60 1.90
D 0.5842 12.19 0.5873 12.31 0.53 097
13.0
A
12.5
12.0
q
11.5¢
X
=
11.0
105+ " RH30%
o— RH 40%
10.0 A RHS50%
9.5 ! . )
A B C D

P2 3 Al [l R o R R 3 . I A A ) A 22 5K R
Fig. 2 Moistrure content of cut tobacco packaged with three
different relative humidity
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Fig. 3 Moisture migration rate of cut tobacco packaged with
three different relative humidity, and the mass fraction of
cut tobacco
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A Method for Predicting the Water Activity and Moisture Content of
Cut Tobacco after Packaging Based on the GAB Model

XUE Shifan', LING Rongxin?, ZHANG Wei', HUA Qing', XIE Wenyan', WU Da', CHEN Yong', LOU Jiaying'
(1. Technology Center, Shanghai Tobacco Group. Ltd, Shanghai 201315, China; 2. Technology Center, Shanghai
Peony Flavors and Fragrances Co. Ltd, Shanghai 201210, China)

Abstract: This research aims to develop a new method for predicting the water activity and moisture content of
cigarettes after packaging. First, the isothermal absorption curves of different materials are plotted, and the GAB model
is used for fitting to establish the corresponding isothermal equations. Then, based on the principle of constant total
moisture content and consistent water activity among various components after equilibrium, this method can
successfully predict the water activity and moisture content of cigarettes after packaging. The results show that within
the range of water activity from 0.2 to 0.8, the GAB model can effectively simulate the isothermal absorption curves of
cut tobacco, filter sections, and boxes of four different types of cigarette packs, with the R* values all greater than 0.980,
and the relative deviation of the predicted water activity and moisture content of the cut tobacco after packaging is less
than 4%. Therefore, this method has high accuracy in predicting the water activity and moisture content of cut tobacco
after packaging, providing guidance for the moisture design of cigarette and packaging materials. At the same time, it
provides a theoretical basis and methodological support for reducing the migration from cut tobacco moisture to
packaging materials and for stabilizing and maintaining the moisture of cigarettes.

Key words: cigarette; water activity; moisture content; isothermal absorption curve; raw material; prediction

model

(e #E: EHem)
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