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Preparation of Cationic Porous Starch and It’s Adsorption of Volatile
Aldehydes in Cigarette Smoke

XIE Menghuan', NING Min*, XU Yingbo*, WANG Chenghui*, DU Xianfeng"
(1. College of Tea and Food Science and Technology , Anhui Agricultural University , Hefei 230036, China;
2. China Tobacco Anhui Industrial Co., Ltd/Anhui Key Laboratory of Tobacco Chemistry, Hefei 230088, China )

Abstract. Cationic porous starch was a new chemical modified starch which can be used as
adsorbent in cigarette to absorb crotonaldehyde in mainstream of smoke. The preparation of cationic
porous starch was carried out by alkali catalytic under dry process via the reaction of porous corn
starch with 3-chloro-2-hydroxypropyl-trimethyl ammonium chloride. Different preparation
conditions were investigated based on the degree of substitution (DS) and reaction efficiency (RE),
including the mass ratio of etherifying agent/starch and sodium hydroxide/etherifying agent,
temperature and reaction duration. The reaction conditions were optimized with 0.04 and 2.0 of the
mass ratio of etherifying agent/starch and sodium hydroxide/etherifying agent was at 85 C for 4 h.
The results showed that a 37.36 % reduction of crotonaldehyde in cigarette smoke with 10 mg
cationic porous starch and only 14.94 % reduction with 10 mg porous starch.
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Effects of mass ratio of etherifying agent to
starch on DS and RE
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Table 2 Effects of mass ratio of sodium hydroxide to

etherifying agent on DS and RE
E Wi

m(NaOH):m

(BEFL ) % SURESE
1.0 0.202 0.023 1 67.02
1.5 0.275 0.026 7 77.46
2.0 0.318 0.031 9 92.55
2.5 0.306 0.030 5 88.49
3.0 0.203 0.0240 69.63
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Table 3 Effects of reaction temperature on DS and RE
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Table 5 Factors and levels used in orthogonal array design
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3 0.05 2.5 90
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Table 6 Orthogonal array design and result
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Fig. 1 SEM image of cationic porous starch
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Fig. 2 Infrared spectrogram of porous starch and cationic
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Table 7 Content of crotonaldehyde in blank cigarette and

processed cigarette

Py 17.4 —
WINZLTE R 14.8 14.94
T80 BE 85 T UE A 10.9 37.36

HIZE 7 Wl UL AN T 2 FL3E by A4 40 52 b L R
Jide 7 BRI T 14.94% , W B RICR 32 2% Z2 FLTE By
(o rp s fLEG A, 1S 2 ALV Ry BAT BRI H SR TH
B ) ALBR R B A SRR B AT L R A
B 1 B T L 22 LT oy o L R A I R AR, 3R
AT DA AN T B 2 AL B B S
P BRI T 37.36% I SR AL T A SR L 2 — A
AL FIEEA, i —A> o BEFI—A> m BEAG AL, i T8k
LA L SRR PR LT R, H T BT R
PR, LA BN R M O A TR R AR
L1 W R S R i o S I e B
VRSP < I =l <o R S S e <z S G )
AHEL I 5 A OGS B P AT e 6 W PR A8CR

| 3 = i L

AT L IR A Y i ek Ak ) A B
BUREERE K, SO &% TR, IR 5 NaOH 4 |
ek B K 2N I [ 22 ] 2 0 0 e KR 0N 11 A2 R
e S AEAE S ) Sy kAR ) 5 VE R B i LR 0.04
NaOH 5 kA7) 5 5 2 Heoh 2.0 R iR 80 °C, X
NLET[E] 4 h,

ST A 7 s VS 00 38 265 A 3 v 2 5 X A
IR S 1 R O R B AR | e 4 R A S
T 2 L YE By 0 IR S B R R BORR AR T
14.94% WS T B 85— D€ A A0 0 S v 2 S 5 i
FE TE TR AN S FEAR T 37.36% , 1t WA BH B 1 2 £L e #
Xof B 7 T AT A ) T R AR

[ 1] Z=008, . 05 A 5 4B (M. AN 30T B R 4 R iR AL, 1991,

[2] FE5E K. B M]. KB RN 27 Rk, 2002.

[3 ] HOFFMANN D,HECHTS S. Advance in Tobacco Carcingoenesis. In Chemical Careinogenesis and Mutagenesis.Berlin: CS

Coopper and P.L.Grover, Eds.Spring-Verlagl990 :63-102.

[4] kW A IRTTG, 55, W SOROH (8 125 I 7 4 0 2 T P L S RE )], & B9 K22 4 (A AR B4 1), 2009,31(ST)

305-309.

kL] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.11 2016



WA F . TRE T S 3L 69 R B R KO 4 KM BE K R AT

ZHANG Huaihui, YANG Shihua, XU Jicang,et al. Determination of crotonaldehyde in mainstream smoke by high performance
liquid chromatography[J]. Journal of Yunnan University,2009,31(S1):305-309.(in Chinese)

[ 5] sk, A8 vk 2 il 3 5 0 (M. JEat Ak 2 Tolk il ke, 2001.

[6 ] FAE. o AR EE B8 7 V€ i o 2 5 BRI 72 [D]. K% « K% 31 LK%, 2000.

[7 ] GEORG H,DIETMAR B,ANDREAS R H. Production of cationic starch ethers using an improved dry process [J]. Starch/
Starke,1992,44(2) :69-74.

[ 8] X etss | v Y. 060 A T 125 11 4 B 28 7 8 B B AT 98 [0, vh DRI 22 4% ,2004,19(13) : 38-41.
LIU Xiaoting, DONG Haizhou. Technics research of dry preparation of cationic starch [J]. Journal of the Chinese Cereals and
Qils Association,2004,19(13):38-41.(in Chinese)

[9] HAM, 5KMIF, o, S EUCEE (0.7) FHE T 38 8 T 2% w1 2 W58 ], K BE T K 24412 ,2002,5:290-293.
JU Benzhi,ZHANG Shufen, YANG Jinzong. Preparation of cationic starch of high degree of substitution (0.7) using drying
process[J]. Journal of Dalian University of Technoligy,2002,5:290-293.(in Chinese)

[10] CARR M E. Preparation of cationic starch containing quaternary ammonium substituents by reactive twin-screw extrusion
processing[J]. J Appl PolymSic, 1994,54(12).1855-1861.

[11] DONG Jizhou, Serbanc Moldoveanu. Gas chromato-graphy-mass spectrometry of carbonyl compounds in cigarette mainstream
smoke after derivation with2 ,4 -dinitrophenylhydrazine[J]. Journal of Chromatography,2004,1027.25-35.

[12] BELLAR, B8R A AR ), A5 PRl v 200 AH €8 15 0 A5 00 2 8 < L SR (0], BIRAG B (fk 2% 4311 ) , 2010, 08.
SHI Honglin, XU Yiran,LI Yinke,et al. Rapid HPLC determination of crotonaldehyde in mainstream of cigarette smoke [J].
PTCA (PART B:CHEM. ANAL.),2010,08.(in Chinese)

[13] X g, T3 i A PH s 7 3 b 1 20 S AL M I A BF 5 [D]. LR - 1l AR A0l K2, 2004.

[14] W22 e, SAE R TR KO, 45 2 05 i A e B RE B8 58 by S RAE[T]. &AL ,2010,31(8) :6-10.
PAN Anlong, WU Xiuli, XING Dahui, et al. Semi-dry preparation and structural characterization of high-substituted cationic corn
starch[J]. Food Science,2010,31(8):6-10.(in Chinese)

[15] BRAG . BH B V2 0 22 56 700 1 1) s A Ak SO 528905 K5 D2 W AF 5 [D]. T8 « VLR K%, 2008.

[16] BRI AS BRI, £ 0w Tk, 25, 2 ik 4 i U RS 2 A ], dE 4R Ak~ i, 2004, 16(1) :24-27.
CHEN Qijie, CHEN Fushan, WANG Gaosheng, et al. Preparation of cationic starch with high substituted degree using half-dry
process[J]. Paper Chemicals,2004,16(1):24-27.(in Chinese)

[17] KHALIL M I,FARAG S. Preparation and characterization of some cationic starches[J]. Starch/Srarke, 1998,50(6):267-271.

(18] Brkil, FEm¥, FEFAMR. mORRE & 1 Sk i il % S HFL AL AKD PERERTSE [7]. & i 5 A W HOR 74k ,2010,29 (2) :
167-171.
CHEN Fushan, WANG Shanglin, WANG Songlin. Synthesis and application of high substituted cationic starch in emulsifying
AKDIJ]. Journal of Food Science and Biotecbnology,2010,29(2):167-171.(in Chinese)

[19] sk BT, BAE S 2 T ik il A AR R BB TUEM AT S (U], £ S AE 3R "% 41,2005 ,24(5) :94-97.
ZHANG Xiaoyu, TONG Qunyi. Preparations of cationic starch with low degree of substitution using semi-dry process [J].
Journal of Food Science and Biotecbnology,2005,24(5):94-97.(in Chinese)

[20] Bk T2, Wk 2R, 4% 75, Z2 L VE M B9 FH[J]. R 5 4RRE DR 2001 (1) . 45-47.
YAO Weirong, YAO Huiyuan, LIU Chuanning. The application of porous starch [J]. Cereal & Feed Industry,2001(1):45-47.
(in Chinese)

[21] e A WAL M. 5T /3 520 T R, 2005.

AR5 1t £ %10 2016 £ 35 5% 11 19 [REA



