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Effect of Multi-layer Packaging of Cigarette Packet on Moisture Barrier

LOU Jia-ying, ZHANG Qian, ZHANG Wei, HUA Qing, WU Da, FEI Ting, LU Jie

(Technical Center, Shanghai Tobacco Group Co., Ltd., Shanghai 201315, China)

ABSTRACT: The work aims to study the effect of cigarette multi-layer packaging on moisture barrier in a dry environ-
ment in view of that the barrier performance of cigarette packaging plays a key role in the quality stability of cigarette
products. A self-developed testing system, dynamic moisture analysis climate box, was employed to investigate the mois-
ture diffusion process of different packaging materials under specific temperature and humidity conditions, calculate the
moisture transmission rate and quantitatively characterize the moisture barrier performance of packaging materials. The
evaluation method of moisture barrier performance of multi-layer packaging of cigarette packet could accurately quantify
and characterize the moisture barrier performance of the packaging. Under low humidity conditions, the amounts of
moisture permeating through the clearances and materials of each layer of the cigarette packaging were different. For
Bopp film, more than 60% of the moisture mainly diffused through the material. For different label paper and lining paper,
the distribution ratios of moisture diffusing through the material and the clearances were different. For the moisture bar-
rier performance of the overall packaging, the Bopp film played a decisive role in the moisture stability of cigarette, of

which the contribution was above 90%. The moisture barrier performance of hard packaging was better than that of the
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soft packaging. The moisture diffusion rate of cigarette in different packaging was predicted accurately. Under low hu-

midity condition, the moisture diffusion rate of hard-packed cigarette was significantly lower than that of soft-packed

cigarette. The moisture barrier test and evaluation method of cigarette multi-layer packaging are established. The mois-

ture barrier performance of each layer and different parts of cigarette packet is quantitatively characterized. Finally, the

key factors that affect the moisture stability of cigarette in packet are identified.

KEY WORDS: cigarette; multi-layer packaging; clearance; moisture transmission rate; moisture barrier performance
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Fig.1 Diagram of tobacco dynamic moisture analysis climate box
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Fig.2 Schematic diagram of moisture
migration from cigarette packet to the
external environment through multi-layer
packaging (water activity of cigarette>water
activity of packet)

BE NS AR R S PRBRIR AR O 7y, AR B BE

SO 1y, 2B KOy, Bt g = ; ,
SR
b= B0 Rk A B B 2 5 K 5
g

V), TSRS 2 Rk Y i T
PN FFEREERT, B W son=W s W s, W25 BRBHIE

12, n A
FoRL " = 4

W—wo DI EHE, nJ 1S Rahrgtfody
g ~ W

B4 B BH R 45 K 7' 25 BRBH 248 5 "1 Bopp M A12%
FIAT R REIR PS5 7' PRBHIBFE L 73

FH R £ 255 0 SR B VR F8 85002 = )2 0 28 R Bk
e, Wt (7).

Tgy =H +1Hh TH @)
2.2.3 HEBLRBKEHIEIE

A RPN TR AR A 2% B0 2 K = R 3 IR A BELYE 78 250U
222, WRIEa2EL 2R a2 54, B
A (7) IR R A IR RS SO e (. A5G
S TS, ES A SEIE A B AT A, 2
WA 2.7%~12.7%, FHIt, WEMaRE TR =20
AL B e 5t R R A5 4, o FR R T B A B Y
SR G 0, 2% 2 (A LV 8 50 5 e b s it 0 £, 2% A R
TBrERE .
2.3 WEARRSEMBIEBEHEREHAR
231 AEEREESEMRIEEMER

W3 T A ] B2 00 ) 2 48 B R N 2 R Y
BIEVERE, i 2.2.2 TITEA RN R JZ 00 6 0 2 AR
KZSBRAK Y HaERE (£3) , JFITRNEaEs
B 5 MRK 39 e i ) (3 ),

x2 AMAEMREGSEEFRERIEH
Tab.2 Overall moisture barrier index of 4 different
cigarette packets d/mg

- , ZRRRAR

Bopp  Rifx Pk il Z;ﬂy\
#1072 g4¢/107 45/103 <V ¥t o,
{Em”{amﬂﬁﬁ”

3.62 8.80 77.2 3.31 3.79 127
3.62 8.80 1.33 3.43 3.84  10.7
2.42 4.86 7.72 2.47 2.55 3.1
2.42 4.86 13.3 2.53 2.60 2.7

&

o o w >

x3 WHEEEARAESRKR. #RA WVTR
Tab.3 WVRT of the clearances and materials of various
packaging layers in cigarette packet mg/d

Bl 24 R 25 Bt ok
Bopp A& (&) 2.06 14.53
Bopp I (&) 8.94 15.84
FibRat (g4 ) 333.33 357.14
FIbRat (B&) 139.53 1067.62

RN (&) 87.46 694.44
HAEWHIR (&) 185.76 98.36

T W THRERRACEE, K EZEMNTT R BUR Y #, &b
ok AR 7K 5347 e A 35 A T A TO IR 0143 A4 ) 2
I o

SR R

BWLL/%

K3 AR G 25 B S5 bk
ST AR
Fig.3 Moisture permeability ratio of
packaging clearance and material in
different cigarette packets

HI1E 3 T, XFT Bopp M)z, HEE &2 BAL Y
Ko/ N TR A 5 X T RIRARZ , G AR
N2 B K g i A — B, IR K o E R AR
PHG XMTARRZ, 6 NR4URKD Ko
ZSBRYTH, A N A AR R K o3 2 R R S D) S i i
PR 52 A A AR rh AR S R 4R e R R &
MR, REEECE, MR N AU Rk o A
TEWINRE I, PR R B S, AUH 2 EE RS
HHL 10 1%, PORIBHRRVEEL, 8525 ATk
TN B



a4k £33

232 AREBEEZEFASHETMERE

AR G = V2 A 0 A () J2 0 o A 2 ) L
RERIVERIAS A 22 5%, SR 2 "R [Rl G Rl SO AR
OB AE K, 1A 4 Pl G2 5 . rh 4% 2 0 B R BE
MEPERERIME I, SR UL 4.

0/2%

2%3%
N

a JH&EA

b MH&B

293% 29, 5%

= BopplR  ~ RARAL W ATAL
c MA&C

K4 4 TR G 46 B h 452 0 R 1A
FELI A RE A9 7 T
Fig.4 Effect of each packaging layer of
4 kinds of cigarette packets on the overall
moisture barrier performance

% Bopp/it NEFRAL W AR
d fA&D

XFANFELEE R 45 20 AR A 25 i BEYR A RE A 1
H12 Bopp E>>NAFAC-FibRAC. HH, Bopp ETTHRE
KT 90%, FitrdL Bk iE 2] 2%, PHRTAETTRREE N 2% ~
5%, ZAWRAUETHB IR, DA 4. 3 3 v4H,
XHFAR T, AR RERE T, £%
TR & 25 1Y) Bopp BRAAEI R IF TG L%, 25BR
/N, Bopp BEAL2ERIBHIBPEREIL T & 026
2.4 AREERGERNEZKS TN
241 AEEBRGENEAZIKSTHITE

TR 2K A3 B R] AR b o] LA Page TRk 4014

—Z’ :Ze = exp(—ktd) (8)

K. g BT FREE KRS g0 NPT 35K
K oqo MPIRTIREE KR ¢ IS kA d a5

TR B« HH S K A B4 25 T o il 2R A A — )
Page /e, d=1.

Page JFE M 15Kk 4520 (9):

(Z’ =—k(qy —9q. )exp(—kt) 9)

Jr WA LA R, AT IR N

AR, 5. & 22 R K 23 BEL B R IR AT 5T 221 -
ey~ m,Jexp() (10)

e m, NGRS TSR me NPT
KA mo IR E K
MR M SOk e bR E R E L W

—L =—k(m, —m, )exp(—kt) , ¥ exp(—kt)HH Z& H)EIT .

exp(—kt) =1—kt + % (—kt)* + é (=kt)? (11)

MY R, SF3h ke R 107° By,
W, FEAK G BT, A4 1 Oy DL BN, Rt

W = —k(my, —m,)(1—kt) (12)

UEIHAEAK ST BT, W FIEHE] ¢ PR MECR

TG b, TR SOK I AR AR IS 2 A~ K
M WVTR H, #ie] LUEapits, HM30RE&
AL SR 3 AR I B AR ] 7

m, —m
t= 1 2

I (13)
E(WH‘Wz)

S my RS K RIS Ak, mes
s WER A K RIS £k, mas W) TS
KRS A G R, W, =29, kel

r
Aa

K W SOK Y BoE R, W, = rwz o

THE 4 PO TR0 S 26 P SR BE 0.6 [k
0.5 FFfs LMyt fa], R,

R 1.2.3 35071, MIAFEH/KTEBE 0.6 I K
RN 12.98%, KIEEE 0.5 BFIE KRN 10.03%, U
BNIHSKIREEH 0.6 FEZE 0.5 BFE /KR R 2.95%.
TETERIREE (EE R 22 °C, HXHEE R 40%) F,
2% 2 LR B BHIB AR BS54 Fh g
TEAKIEE 0.6 FIZKIRRE 0.5 IHAYg w #L ws, il (13)
T3 4 Fh g AU S AL B MR SOK A3 1 2.95%,
Bk & EE T 0.6 FFEZ 0.5 Frasitial ¢, 4550 W3 4,

®3 AMBRMASEEEMKEER 0.6 A 0.5 FrEHE
Tab.3 Time for the cigarette water activity reducing from
0.6 to 0.5 in 4 different cigarette packets

& (EESI7 i [a]/d
A T &5 5 78 Ao 4R 114
B 1 &5 52 5 R AR 115
C LS AT 77
D BER AN 78

2.4.2 FRMARBILGIE

SR 1.2 AR T 2 AT 8 A R A A
BARR AR BERETERE, TR EATA B EE £05 A
0.024 7 d/mg (44 1) F10.0253 d/mg (&M 2), H
2.4.1 TIFEAREMN 1 KIGER 0.6 FHEE 0.5 T
AR A 74 d, &30 2 2k 76 d.



- 222 - fil % T 2023 42 A
0.65 0.65
0.608.., 0.60 §......
i T T T,
i 0.55 g 0.55 S
it W, s | I .
X050 o T . 050 - T By
»=-0.0013z +0.5985 s $=-0.0012x +0.5990 LR
0.45 R*=0.9912 045 | R2=0.9904
0.40 1 1 1 L 0.40 I | L .
0 20 40 60 80 100 0 20 40 60 80 100
i il/d fifTe/d
a Bl b A2

P52 7ol 5 2 A P I A SR 23 RIS ] 22 4k

Fig.5 Change of moisture in 2 kinds of cigarettes available in the market with the time

KH 1.2.3 FTRSEE R B T 2 A
TEIREERN 22 °C, AIXREE A 40%25 14 T 7K BEBERT H]
MY SEBRARA I RE (T 5), FFREKTE BE S IR R G 5
PTG . Hih, B 1 /KIS BERERS ] AR fh e
4 y=—0.001 3x+0.598 5, &4 2 b y=—0.001 2x+0.599 0,
IAEF R RP KT 0.99, iy fasriita 2
NHZK 3G BE R 0.5 B R R[], B SAr 2 Fs J oK 3% B
0.6 TRER 0.5 i, B 18 76 d, B 2
Jy82d.

WL G R 2.4.1 50905 BT R B S
TR (B 1R 74d, B2 0 76 d) B 2E53 5
5 2.70%FN 7.89%, it FH A AR AR 1A T A o B
AR 6 A28 A S 7K A3 AR A

3 4k

FIH B 0K BB 50 SRS, JEar T
fif | =R 2 20 G A e PRI PRI Ry 2, bR IE
T BN G AR )E A A AR K4 A B BEAE
W T RS & R BB M RE M ik . R A
B, AR AT, K IIH G A2 45 2 10 28 B Skt ket
F B EAA S, YT Bopp i, /K4 FE#E At
ﬂ%ﬁﬁﬁ,ﬁﬁTXEWﬁ%ﬂxﬁﬁﬂ%ﬁﬁ

, IR A B K Z3 B B 40 L HL A AN TR . 726
mm —JAEr, Bopp B BH I g 1 XFHH 52 K 43
o A e AR o A A4 e Y BEL R M e AR T 4K

o BeAt, ST T AN R & A AR SR o AR A i
P B HERG TN o R BIE ST B — 2 WM 10 & e rhok

SRR HLER, Ry 3 MR, 2 Ko AR Sl 7K 435 i i 58 B3
T RAET-BE, R 4025 4 AR 0 M BE 1 T B o
AR T B R 5 5%

S 3k

(11 M5, oM, B, 2. M0 22 & KRG Mk
A AR BORE R S A B0 B R R[],

(2]

(3]

(4]

(3]

(6]

(7]

BH%, 2009, 42(11): 33-39.
SUN Wen, LI Xue-mei, ZENG Xiao-ying,

Influence of Moisture Content in Cut Tobacco on

et al.

Smoking Quality, Particulate Volatile Components and
Moisture Content in Cigarette Smoke[J]. Tobacco
Science & Technology, 2009, 42(11): 33-39.
BARBOSA-CANOVAS G V, FONTANA A J, SCHMIDT
S J, et al. Water Activity in Foods: Fundamentals and
Applications[M]. 2nd edition. Chicago: Wiley-Blackwell,
2020: 227.

B, kM. EPS-BC FUA R I 2 i e 25 AR I 4G F 5T
0], A% S5 E ML, 2017, 35(3): 21-24.

SHI Ao, QIAN Yi. Experimental Study on EPS and
BC-Flute Corrugated Combination[J].
Food Machinery, 2017, 35(3): 21-24.
TR SR i SO 531 5 R 5 S0 I AR ) S
LR IBEFE[D]. Tos: VLF R, 2019.

WANG Hai-li. Establishment and Application of Quality
Discrimination and Shelf Life Prediction Model for

Packaging and

Longjing Green Tea[D]. Wuxi: Jiangnan University,
2019.

RMEHE, BR==, 2RIR0A, 5. AR RARN K Ak
WA 7). AR, 2014, 39(7): 158-160.
Hao Mei-mei, Chen Lan, Li Juan-juan, et al. The
Influence of Different Packaging Materials of Soybean
Storage Quality[J]. Food Science and Technology, 2014,
39(7): 158-160.

JR AR, EB, sk, SR AN R AR B REN fif /N A2
A M AR D BB R 2 ma [J]. vh B 224k, 2011,
26(10): 26-29.

ZHOU lJian-xin, WANG Lu, ZHANG Rui, et al. Effect
of Packing Materials on Microorganism Counts and
Fatty Acid Values of Stored Wheat Flour[J]. Journal of
the Chinese Cereals and Oils Association, 2011, 26(10):
26-29.

WANG Ying, ZHANG LEI. Effects of Different Barrier



a4k £33

PRAERT, %5 &2 R K I BRI AT 52

+ 223 -

[10]

[11]

[12]

[13]

[14]

Packing Materials on Storage Quality of Rice [J]. China
Packaging, 2006, 26(6): 57-61.

ER, SR AT BELI P R BB T OK At 8L i 5T Y
W], TEEE, 2006, 26(6): 57-61.

AT, e, DA, A ORREEEME A
TR JBE A% P4 X6 SRR AN B 9 s i (0] oh B
25,2019, 21(12): 1715-1719.

DENG Zhe, ZHOU Hai-yan, MA Meng-qiang, et al.
Impact of Different Packaging Materials, Methods and
Storage Conditions on Magnolia Officinalis Slices[J].
Modern Chinese Medicine, 2019, 21(12): 1715-1719.
MREEL, AR, s, S AAAPR AT K o
TR AEVBC W] & Tk R, 2014,
35(19): 331-334.

LIN Yong-gan, FU Xiao-ji, ZHOU Jin-ying, et al. Effect
of Packaging Materials on Storage Property of Different
Moisture Content Peanut[J]. Science and Technology of
Food Industry, 2014, 35(19): 331-334.

ETETE, W SCE, MG, A2 Rk BEL B 1 X 2 P v i
PR GF 28R B9S2 R (], £ Tl BH, 2015, 36(15):
256-260.

LI Sheng-sheng, JIN Yi-chao, XIE Peng. Effect of
Barrier Property of Packaging Material on the Quality of
Beef during Chilling Storage[J].
Technology of Food Industry, 2015, 36(15): 256-260.
WREEas, 2247, DR, & XU fRIE ) ik R S A
BAA TN I, o E R AR, 2008, 14(S1): 21-22.
CHEN lJian-jun, LI Qi, AN Yi, et al. Study on Bilateral
Humectant and Its Application in Cigarette Production[J].
Acta Tabacaria Sinica, 2008, 14(S1): 21-22.

Brbel, £, Wigw, % B8 RARIER PDS
B BN T, JEERR, 2006, 39(9): 8-10.
RUAN Xiao-ming, WANG Qing-hai, XU Hai-tao, et al.
Humectant PDS in

Science and

Application of New Natural
Cigarette[J].
39(9): 8-10.
FEHa, FUfE, HEUK, S BRSO A WA I
LRV B B 5T [J]. &R R 2224, 2011,
38(1): 146-150

CHENG Yan, YAN Heng, CAI Bing, et al. Application
of KSAP in Moisture Retention of Tobacco[J]. Journal
of Anhui Agricultural University, 2011, 38(1): 146-150
SR BT B ORI ) NCS FE & MIEL g (0]

Tobacco Science & Technology, 2006,

[17]

[18]

[19]

[20]

[21]

TR, 1996(4): 28-29.
DALI Jian-guo. Application of New Moisturizer NCS in
Cigarette Additives[J]. Tobacco Science & Technology,
1996(4): 28-29.

BEREE, EoRE, B, A fRHIER SLT BT R K
HoAe B0 v i B FH[I]. A L R 2 4, 2011, 17(1):
38-41.

CUI Hai-bin, WANG Xue-juan, ZHAO Shi-xing, et al.
Development of Humectant SLT and Its Application in
Cigarette Production[J]. Acta Tabacaria Sinica, 2011,
17(1): 38-41.

BAES, V=3, ik, 55 FLALE K & B H
PRUEPERE[T]. MRERIL, 2013, 46(12): 36-40.
LOU Jia-ying, SHA Yun-fei, YANG Bin,

Preparation of Emulsified Maize Oil and Its Moisture

et al.

Retentivity[J]. Tobacco Science & Technology, 2013,
46(12): 36-40.

NG, P, BITE, . SRR S L
PRI [T]. MR, 2017, 50(7): 82-87.

SUN Zhi-tao, CUI Kai, HUO Xian-kuan, et al. Effects
of Cigarette Packet Material on Moisture Loss Rate of
Cigarette[J].
50(7): 82-87.
IRk, MOEAR, FBE, 4. R R ER S
[J]. 25T, 1993, 14(3): 112-118.

HAN Zhao-rang, LIN Long-jie, ZHENG Guo, et al. The

Water Vapour Transmission of Packaging Material and

Tobacco Science & Technology, 2017,

ItsCalculation[J]. Packaging Engineering, 1993, 14(3):
112-118.

BB, INARSE. QA A AT I IR) 0 22 55 K A2 fk
ST PEBE R, 2010(5): 132-134.

Bi Yan-ping, Sun Dong-liang. Analysis of Moisture
Content Change of Cut Tobacco during Storage of
Boxed Cigarettes[J]. China Science and Technology
Information, 2010(5): 132-134.

WU Da, ZONG Guo-qiang, CHEN Chao-ying, et al.
Test Method of Moisturizing Properties of Tobacco: US,
8534297B1[P]. 2012-05-24.

YC/T 31—1996, HHHE R0 F bl it e A ] 45 A0 7K 23
WE  HEREL(S].

YC/T 31—1996, Tobacco and Tobacco Products —
Preparation of Test Sample and Determination of Water
Content — Oven Method[S].

TR R



