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Tab.3 Factor levels for orthogonal experiment design
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Tab.4 Appearance scoring criteria of cigarette breakable capsules
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Fig.1 Comprehensive scores of cigarette breakable capsules at different levels of various factors
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Tab.7 Verification results of production

ZH Fic 7 4473 Ji B AR AR
RTRE mpinfE SRR RRERI WSEERN SME O RUEAME KR OREWE ..
/C /r-min’ el /% LB /% 1% /N /mm /mm TR
BILYlin 70 150 0.5 0.7 88.7 >8.0 13 0.20 89.2
IR 80 180 0.5 0.9 96.4 >10.0 1.0 0.15 95.6
BAAE +10 +30 0 +0.2 +7.7 +2 0.3 -0.05 +6.4

e BRI A SRR 1.

7R, A G S R R BRBEAL, 4b
MM R R &, PUEJMELEDUE A R JE
(5N~20N) 2 25%, KRB —8, %4RE
JRESE R 6.4 7y FEARINARTA MR g: L5
EREGBIRD . REDGEFR G

Y T b A To] B R (%) A B A L AR M IX 1) N S A
(15~35°C) FAE, B HBATINAT I 341 RE
MHBERAESE 5 N H TR IR R, 26 6 AR
MR 2P R BIRILE, W R EESE b Aal
(S YRR BRI AE 12 4 H B B Ak
WG, VIEFERR IR . TR TR R A B A R
KU RUFpfaeE e, R T DO B A JFORH 1 Bk
BEAF, R B L 1 2 MR BRI 1] L B Tl 3 1 e 2

3 it

(1D R PR R4 s i b gl BA
5 TR == R 35 100 b A5 50 o A0 P B A AR B ot ol A A .
SO, FEZMUT N R R > Y =R 0 b >
KR A I > R

(2) HEYREEMIBRREIR T 28 EN: B
TELFE 80°C. #Ht ki FF 180 r-mins 15 V8 I EL 451
0.5%- N =FE£AIELH] 0.9%o0.

(3) 4R IR IR B AR T =R
INECA, Aok R R AN B A MR B 1) BRI T W B A
Bk, Hwfr s KAE 6 AL LS

SE

(11 370, BT, FEBE . EAMRERGET AR (0], & E
AR 2019, 25(4): 124-134.
HONG Guangfeng, QIU Jiqing, LI Guozheng, et al. Recent
advances in capsule filter cigarette overseas[J]. Acta Tabacaria
Sinica, 2019, 25(4): 124-134.

(2] e, BURZR . RERES INEOR A e g s AN 2 i [ A RS BR
5 [A] T EATAE S 2016 SR FH RSO —— MRS
TrEE I [C). 2016: 6.
AN Yugiang, GU Shudong. The history of flavoring agents in filter
and capsule filter and their application in China tobacco industry
and prospect forecast [G/OL]. Compendium of excellent papers of
China Tobacco Society in 2016-Themes of Tobacco Economics and
Management, 2016: 6.

B]1  2HERE . BRI R U T R [0, BB R SRR
2009, 29(01): 28-49+51.
MIAO Jinkang. Gelatin and its application in the field of science
and technology [J].The Science and Technology of Gelatin, 2009,
29(01): 28-49+51.

(4]  ESE, KNE AR, & IR [1). T
i TR | 2008(2): 259-262.
WANG Xiujuan, ZHANG Kunsheng, REN Yunxia, et al. Study
on the gelling properties of sodium alginate [J]. Science and
Technology of Food Industry, 2008(2): 259-262.



T S TEVR I REREEM BT Yot L T2k 29

[5] VKRR, BB, wRR, & . BRI K HAE KR TS Food Research and Developent, 2017, 38(12): 5-8.
PRI 5 tPIE | 1449747A[P]. 2003-10-22. (121 Focs, &M, SRS R RR NI A 1 S5 [A]
FAN Youling, WANG Liming, PENG Hongjun, et al. Compound ROFFC [J]. fr i S, 2008, 24(1): 29-31.
natural plant gum and its application in soft capsule preparation; WANG Yuanlan, LI Zhonghai, ZHANG Lehua. Study on the
China, 1449747A[P]. 2003-10-22. rheology and the influence factor of low-concentration sodium
[6]  XUSTWE, LR, 5Kk, BERH , e . o S VR BOR R T alginate solution[J]. Food and Machinery, 2008, 24(1): 29-31.
REELZ [J]. &hAE, 2014, 35(18): 17-21. (13]  HAMgeEs , RTT, XDk, 5 . SRS AR 1 B 5 B J 48 1
LIU Wenni, SHEN Keping, ZHANG Zhong, BI Yang, YAN Lu. BVEREFS [J]. B ek DIEAHE | 2016, 37(8): 303-306.
Optimization of Microencapsulation of Cumin Essential Oil by ZHENG Meixia, ZHU Yujing, LIU Bo, et al. Study on the rheology of
Response Surface Methodology[J]. Food Science, 2014, 35(18):17-21. xanthan and synergistic interaction with konjac gum and other gum([J].
[71 PRt sk lEE , 2545, & L IBFFET AR R R B AR VA AR Science and Technology of Food Industry, 2016, 37(8): 303-306.
LB R 1], 4Ol TSR, 2013, 29(2): 280-286. [14]  FIipn . R 4Er & 5 TR RERT 7T [D]. 75 5 K%, 2010.
XU Bo, ZHANG Wenxiu, LI Chun, et al. Production of agar with YIN Lizhong. Preparation and Properties of Carrageenan Fibers[D].
low-temperature solubility and high gel strength from Gracilaria Qing Dao University, 2010.
by screw extrusion[J]. Transactions of the Chinese Society of [151  BRER, TEE . B OGRS K2 R =7 ). B2 T
Agricultural Engineering, 2013, 29(2): 280-286. £ ,2009, 30(1): 4-7.
[8] AN, 2R, TEITAE . BG A5 v A T R A o 4% S5 3R AE (0] CHEN Zhizhou, WANG Jianqging. Studies on Filming and Effects
i DAERHY |, 2017, 38(21):84-87+301. of Polyvinyl Alcohol [J]. Packaging Engineering, 2009, 30(1): 4-7.
YANG Shuaishuai, LI Haichao , HUANG Lijuan. Preparation and [16]  REfREE, BEECHE , Wows | s, S8R kA e
characterization of modified gelatin films by plasticizer [J]. Science 2P RESZ A T AT (7). A% TR L 2010(7): 29-31.
and Technology of Food Industry, 2017, 38(21): 84-87+301. LU Baoxin , LU Qingming , CAO Longkui. Research on Influences
[9] Labropoulos K C, Niesz D E, Danforth S C, et al. Dynamic of the Auxiliary Strengthening Agents and the Plasticizer on
rheology of agar gels: theory and experiments. part II: gelatin Mechanical Property of the Cellulose Membrane [J]. Packaging
behavior of agar sols and fitting of a theoretical rheological Engineering, 2010(7): 29-31.
model[J].Carbohydrate Polymers, 2002, 20: 407-415. [17]  $NARSE, KB, S | B0 & e T I [J]. JE R}
[10]  FERZR, URJEE , PR, 55 . SCIBORIER PR 5 It 0 e It oK JE b 48 $,2007, 49 (4): 9-12.
AARAZ ML (RIE [T, £ 5 5 K2 Tk, 2016, 42(3). SUN Dongliang, MI Qiang, HU Jianjun. Study on Consistency
CHENG Dong, HONG Yan, PANG Yansheng, et al. Effects of of Cigarette Manufacturing Quality[J]. Tobacco Science &
cross-linking and hydroxyl propylation on pasting and rheological Technology, 2007, 49 (4): 9-12.
properties of waxy maize starch[J]. Food and Fermentation [18] ik, VIINEE , AThels | a8 4 2% fo b i 38 5 I 1 A
Industries, 2016, 42(3). AR B AR [J]. A= ST, 2012(10): 21-22, 25.
[11] el BESE, BRGE , &5 . SCIRER A e 0w A0 v o it 9t (0] ZHANG Qing, XU Jiachao, FU Xiaoting, GAO Xin. Effect of
TSI K , 2017, 38(12): 5-8. Calcification Conditions on the Tensile Strength and Ca2 +
LU Yanmin, QIU Lizhong, XIA Fengqing, et al. The Study on Content of Calcium Alginate Film[J]. Agricultural Products
Gelatinization Properties of Cross-linked and Acetylated Starch[J]. Procession, 2012(10): 21-22, 25.

Formula design of wall material of cigarette breakable capsules based on plant glue and
optimization of manufacturing process

YU Hao', WANG Yanmei', SUN Dongliang”, WANG Zhiyong', YUAN Ting', WANG Qigqi', LIU Zhe’, LI Yuhui’
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Abstract: Animal glue-based cigarette breakable capsule is less accepted on the international market due to the material used in
preparation process and short storable period. Therefore, animal glue is replaced by plant glue for capsule wall in this study. The single-
factor test and orthogonal test balance optimization are conducted to evaluate the effects of four factors including sol temperature, stirring
speed, carrageenan addition ratio and glycerol addition ratio. The results showed that(@sol temperature, stirring speed, carrageenan addition
ratio and glycerol addition ratio all had significant effects on the quality of plant glue wall material. The order of influence was: stirring
speed> glycerol addition ratio> carrageenan addition ratio > sol temperature. @The optimal process parameters of the plant glue-based
cigarette breakable capsule sol should be controlled at sol temperature of 80°C, stirring speed of 180 remin-1, carrageenan addition ratio
of 0.5%, and glycerol addition ratio of 0.9%,. @By increasing the sol temperature, stirring speed and addition ratio, the molding quality of
the cigarette breakable capsule with plant glue wall can be better than that of the cigarette breakable capsule with animal glue wall, and the
storage period can be significantly prolonged.

Keywords: cigarette; breakable capsule; wall material; manufacturing process; animal glue; plant glue; design
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