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Abstract ; Using water extraction method, an Astragalus polysaccharide (abbreviated APS) was exiracted and purified
from Astragalus membranaceus,and its carboxymethylated product was prepared. Using the carboxymethylated degree of
substitution (DS) as an indicator,the carboxymethyl conditions of APS were optimized by orthogonal experiment. Using
the moisture content (d. b. ) of tobacco shred as an indicator,the physical moisture retention properties of APS, APS-C,
propylene glycol (PG) and glycerol were measured. The effect of these compounds on sensory comfort of cigarette was
investigated. The results showed that:1) the optimal carboxymethylation condition was 60 °C of reaction temperature ,4 h
of reaction time,350 mL dosage of 20% NaOH solution and 65 g of chloroacetic acid,and the DS under these conditions
was higher than 1.5;2) the physical moisture retention property of APS-C and APS was significantly superior to PG and
glycerol, but the physical moisture retention property of APS was inferior to APS-C,but superior to PG and glycerol;3)
APS-C can make mainstream cigarette smoke mellow and full,reduce irritation and miscellaneous odor,and have a role
to enhance on cigarette sensory comfort.
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TH I (Astragali Radix) , N2 5E , NGB (Le-
guminosae ) # & & ( Astragalus L. ) Ji 3K 55 5 (Astrag-
alus membranaceus Bge. ) B{ 52 1 ¥t & ( Astragalus
membranaceus Bge. var. mongholicus Hsiao ) Y T~ 1
MR, R R ST AR T e 2
Yy F 36 A HLEL g I 0 S APS
R AT HE AR (e 512 2 T B AL ) 184 2240 %) O/ i e
PENR DLARIE . Sl i 2 AR T b s K 2
W5 (APS-C) V5 kg £ 38 70 78 25 40 v i) I T RIOCR , A SC
MR AL AL AR A BT B 2 WO A HOR WY AR
Y, FHEASE AL AL T B 2R R e T2
FAF P E T 2R AR W AL 2
THAY ORAETERE , & 78 0y B0 E 20 S HATT AR W) A 4
H ) I B8 B LRI R 2%

1 MRS

1.1 #R 5

NRESE T AR YT R (TR 48 Hh B 25 W5 e 443
22 it Fh T R PO Tl A PR ST ml R AL

ToK CBE R T BE EEAALE RN EE (AR, R
miElE A=A R A R 5 #h 7R (AR, 40 65 B
ETARAT) s FACH AR (AR, b E a2y
EAARRA ) s E05 AW E SR H N
(AR, E 25 4L B AL 2210 A7 BR A ] ) 5 Sepharose CL-
6B BEE ( EHF R FAEYREARA ) B4R
(o1 8-14 k, F2y R R AR AF]) o
1.2 FEMF5EE

BS200SWEI %I 51, 7 K- (J& & :0. 0001 g, b5
TR R PABRAF]) s FCO5A 1843 A sl &%
( LWH P PR ) s R215 BUfEs 28 K AL V-
700 E %5 % (FHi+ BUCHI /&) ; DLSB-20/60 °C i
TV HG PR AL ( i R AR & A IR A H]) ; KDM
RL I F A (L R AR H AR A BR A 7] ) 5 Ther-
mo Nicolet Avatar370 £1 #p G 1% 4 ( £ [E Nicolet 2y
A]) ; Cijector 754 1 S HL (7 [ Burghart 23 #] ) ;
EZ550Q % %L (3£ FTS Systems /A #] ) ; TGL-
16C AV B0 AL (B 2 = B2 AU AR T ) 5 Bruker
Avance AMX-400 % 4% ff 2L 4% 1324 ( 3% [E Bruker 2%
G

2 WA

2.1 HESEHRENR
IR AE 60 C T EAE T, B WO it

50 Hiffi, FRECS50 g # AR, T A 1000 mL 7815
K90 CEEE2 h, EEHEAE2 K, B ERREH
(3000 rpm, 10 min) , A I RO 0E R 40 2
JFEARFRY 25% , i Sevag 38RFN (Vs Vi =41 1)
JEE H (BRIR F K WS Sevag IXFAFR L Ry 41 1
T, 5552 3 A 22 YR &8 W 4 (] O B 8 3 (L e
b W BIHWR, SRIE KB RT 48 h,2 F51AFL 95%
CEILVE , ULTE IS, #5.0> (3000 rpm, 10 min ) Y4
UUUE , FL25 THR S 43 0 A 1 <1 P9 1 N 2 Tkt 0k o
R VR TR IG AR 2 BRI 20
2.2 HESHEHaEL

FH 2B ¥ /K383 55 Sepharose CL-6B BE , 95
Ja7kBEZ R, 0.2 mol/L NaCl 2z g w5 il
FHEILMWH I, REHEFE(3.5 cm x50 cm) ,
TR 4 FEFERFY 0.2 mol/L NaCl 28 i V-1 /= 4%
Mo

PrRECE B HL £ 85 100 mg, | 10 mL 0.2 mol/L
NaCl 25 Wi s i , 250, LIEWGE 0.45 wm AY7K AR,
WS REZZINA 5 mL ZH88AW, FH 0.2 mol/L NaCl
5w BN, R BEE S 0. 6 mL/min, {853 A ik
AR 150 W% /4 . WA | mL AR FR- A 1 vk
Kl 22 4 (490 nm) , FHEEAh-17 UL 266 BE T 4G
MM, Y EZR Sy, B0 AR TR
PSRBT EELZHE(APS)
2.3 BREMEESHENGE

H AT 2T R B Ak 2 055 il 2 a3
2, TR 8 EE MR FH L ARG U D oA DL, A SCxT
SCHR AP 7 B HEAT IR A A TR P L
ZHE(APS-C)

FRELS g Kl Je 19 APS “F =i b, A 100
mL SNBERERE, B PE T 2 A 20% SR AL
7 350 mL, % FARALALEE 1 ho o 60 ¢ S LRT
T 400 mL PR, S04 2 18 0 I = RN W
TEINSEER G FHR 2 60 C KR 4 ho SN 45, 5]
W2, KA A 4 FEREL 95% BT
TE, F /DR OK I, 10% $5 1R 1A TOR B AR 22 pH
P BV S FUOMA 4 R IY 95% L BEDTVE,
B J P I/ B K S A R TAKGERT R VR T RS 198
AL 2 W (APS-C) . L) D,0 SRk, R
WEILRTE SO H AR = W) AT 45 R FRAE , 85 33, 1k
A% 98. 138 ~102.920 ppm ey il 24t B 5k
1,57 864 ~ 76. 964 ppm A IR |- Ho A 5 5,
177.829 ppm by Z2 M | ¥ BE Bk () SR AE 0, JFC At o7
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PUIFR B Ak ¥ 1€ Z MU ( Degree of Substi-
tution, DS) “HFEHT, [ & APS Hi 8 5 g, %Y K

ZIUK TP Ly (4) IERIR I %5 T 20% NaOH 75
W SR R T IS T R 2 N s ) 1) S ),
AL T LS8, A EKE W 1,

x1 BREARNEZRIEEZKER
Table 1  Factors and levels of orthogonal experiment for carboxymethylation
K% Factor
AP (A) ARk (B) R (€)20% NaOH Jifft (D) Rz
Level Dosage of Reaction Dosage of Reaction
chloroacetic acid (g) temperature ( C) 20% NaOH (ml) time (h)
1 40 40 200 4
2 50 50 250 5
3 60 60 300 6
4 70 70 350 7

2.4 BREMNE

K5 B FREL0. 05 g APS-C H%F 20 mL 0. 1 mol/
L bR HCl b, & i 4k a% 158 2, JH 0.1
mol/L FrfE NaOH WM & , 43 51ic T pH 2. 1 A1 pH
4.3 B FTIEAER) NaOH AR TR V, \V,  BUREE TR
(1),

0. 2034 V, -V

1 -0.0584 m (D

A DS UL s m SR T R AL Z A L o
it (g) ;C i NaOH ARifEA M VR FE (mol/L) .
2.5 OAMEST

SR KBr JF B3 Bt APS H1 APS-C 4 0. 5
~2 mg, W), A 100 ~200 mg T4 KBr ¥ K,
WA, 767 ~10 T/em® JEHF , FEAE W A 7E 4000
~400 em™ [X &) PN LT AN Al
2.6 ZEGHEIRBGE ST

Ll D,0 HIE W, & 22 E Bruker 4\ &) Bruker
Avance AMX-400 HUAZ il e 4z 135 A 43 50 %oF ¥ 16 £ b
FFR H AL B (A T 45 M FRATE
2.7 MRZFREERENR

Jp# 5% APS Fil APS-C A4 BRI M RE , SR FH 25
B HEA TR 22 S K R IR L e
LLHCEAEIEE (22 £1) °C,AHXHBE (60 £2) % 5%
P VA 48 h, SR 5% 0. 5% H K APS (APS-C [
T H AN AN R AR L2 b IR SR
LHCEAEWEE (22 £1) °C,AHXHBE (60 £2) % 5%
R V-1 48 h, SR 5 43 BIKE BE A 22 0 B TR IR R
(22 +1) CHAHXT MR EE (40 £2)% R BE(22 £1)
CHAARTNLEE (70 +£2) % W FP IR T 25 4 il M1 22

DS = Hoh A = x C

TR TE S R0 AT 8 1) TR AR A 34, 25 g H Yy 3 A i
PERE , TR FE S AT 3 RO 4E
2.8 REERTEN

4 APS-C 23 il Be BB & 50850 1% KW . 53
HIE0.5 g.1.0 g.5.0 g.10.0 g F120.0 g [ APS-C
TRUEWE 3 SR, A ) 259 50 W 1) 403 < I 4 kst 7
100 g 25 A 22 b, &), £ PRk i 100 3[R —
HiE AW, S TR (22 £1) C (60 £2)% 1Y
FE I TE WA T 48 bl Bl PR N AT B
XTLCPEE o X A S 25 11 46 0, Xk JRURE [R] A 7 AH ()
IR S5 P47 48 b

3 GRS

3.1 BFEUERSHEESREER

1 AR 26 (0 e B AU S H8 45, SR
DU PR 28 DU 7K ST 1E A8 R B0 6 48 AL s 2 A i T
T TR, BUGRETAT 3 IRBCF M, 1EAS R
IS5 ATy 253 HT 3 I L3R 2 FnEk 3,

HH 2 2 Al 22 K/NIF R A >B > C > D, 1]
A LTRSS R R SR R R,
YR R S 0 T B FN 20% NaOH. 75 W FH &, S5z o7 Bif [
Xof A BE A 52 T A X 5 /0N, F TE A2 i B 45 SR A5 31 B
HETZAHER ABC,D,, Rl . L HE N 60 g, 2
IR 60 °C, NaOH V4 7 FH & 350 mL, JZ 1 if ] 5
h, B3R 3 72250 Hr Al i, S £ kR s I ek B A
835, NaOH Y5 A 6 U 3 oA 38, O i
[EFE N TS

W TIPS A B, C,D, 7135 2 IEAZIAER
SRR B, oS HE A T B TE R , AR
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Table 2 Results and analysis of orthogonal experiment for carboxymethylation of APS
iﬁl\?ij% A B ¢ b E/ va}i;nlfl: i?lumn DﬁierE)f
’ ’ i substitution (DS/% )
1 1 1 1 1 1 0.94
2 1 2 2 2 2 1.00
3 1 3 3 3 3 1.06
4 1 4 4 4 4 1.05
5 2 1 2 3 4 1.07
6 2 2 1 4 3 1.10
7 2 3 4 1 2 1.21
8 2 4 3 2 1 1.18
9 3 1 3 4 2 1.19
10 3 2 4 3 1 1.23
11 3 3 1 2 4 1.27
12 3 4 2 1 3 1.22
13 4 1 4 2 3 0.99
14 4 2 3 1 4 1.03
15 4 3 2 4 1 1.06
16 4 4 1 3 2 0.97
K1j 1.012 1.047 1.070 1.100
K2j 1.140 1.090 1.087 1.110
K3j 1.228 1. 150 1.115 1.083
K4j 1.012 1.105 1.120 1.100
R 0.216 0.103 0.05 0.027
*3 HEKSEERREAMESREAESNE
Table 3 Variance analysis of orthogonal experiment for carboxymethylation of APS
7:1%5’5/}? i 27 J5 Fl i Jrr F{E ?J’Eﬁ'ﬁ%@
Soruce The sum Degree . Fa Statistical
of variation of variances of freedom Variance ¥ value significance
A 0.133 3 0.0443 133 F0.05(3,3) = 9.28 L
B 0.021 3 0.007 21 F0.01(3,3) = 29.5 ®
C 0.007 3 0.0023 7 *
D 0.002 3 0.0007 2
R e 0.001 3 0.0003
S¥il 0.164 15

HAHME, FRICAPS 5 ¢, T LR 60 g,
N 60 C,NaOH # H 5t 350 mL, S W f ] 5 h
ALK A N TR, IR R 4 Wk, 40 5 e
HHUREE . M8 FR R AE T 2SR Ty H APk
RIS F N :1.59 1,67 1. 63 1. 62, WU B & F

HAt A5, R W A5 A5 B Al AT
3.2 LS KRESR

B M (APS) FR AL il 2 5 (APS-C)
MILLAMEIE LR 1, P rh i 2 B A 2R AL
HMRFAEM i :3417. 88 em™ Sy O-H b 45 8
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Fig. 1 IR spectra of Astragalus polysaccharide (A) and carboxymethyl Astragalus polysaccharide(B)

Wi, 2925. 97 em™ Sy C-H ) fi 45 B 20 W i 0,
1638.01 em™ K C-O fH 45 9% s Uk iée, 1153. 11 em™
F11018. 88 em™ &b A Mg Yk 4 , 156 BH 77 76 4 FF C-0-C
IRHE RSN . PR AL B EE 205 (APS-C) (4L
S B, 3417. 71 em™ Sy O-H (14 {1 455 4i% 3 1 1
I4,2928. 03 em™ i C-H )i 45 HE 55 W2 I 1%, 1066.
85 em™ IR C-0-C A4 fi 455 i 50 W e, i3d BH
APS-C HA ZBEE W) T R Ak W e s o T 248 0
FIRFNZrF NS 052 e, B kb C = O (1 EXTFR

I B0y Wi AT W 1) 2 K5 s A 0 1) #% B, B 1604. 43
em™ ,1416.05 em™ F1 1326. 60 cm™ -COOCH, 1 C-
H B f 4R sh Wi i Bk HE /) C = O Y X FR i 47 4k 3h
WS , R R BT, 12 SN AR AN AR T 2 A AR LA
IRTAR T IR 51 A T -CH,COO-JE 1A, SE3 T APS
(R H B 1B 1
3.3 iZEEHIRBGE ST
TR F AL B R 2 A0 C NMR &%
ILIE 2,

It A

MR Y

B2 HEESHEA)MEAELERSHE(B)H"C NMR EE
Fig.2 " C NMR spectra of Astragalus polysaccharide (A) and carboxymethyl Astragalus polysaccharide (B)

MRYEIE 2 B ) R 1 BT Ak f A i %, al
RECK AT VAR - 98. 138 ~102. 920 ppm 4 i,
PG 5 Sk B, 57. 864 ~76. 964 ppm ik
Vi b A 7, FEAl A7 8 T W i 0, R i
C NMR 55 2 I4m & xR K2 HERY
RS IRmRE R T A s A A (A% O 177.
829 ppm Jy ZH LR LA B0 4R Ak 0, At TR LA e 2
[ (RS , WIS T B SRR P L 1B i
3.4 WIRRIEMEREXTLL

0. 5% FIEF B 2 B (APS) R Ak 3%
RZHE(APS-C) (N W H A2 4 7K 20 50 s i 2]
AR M 22 Fp 38 e I3 A AR i 22 AR R (22 =
1) C AR (40 £2) % MR (22 £1) °C A
MEHE (70 =2) % PIRNERITE AT 00 A 0 0 I 5 7
H S K RARAL i FL L B AR I PR R, I A T

PR B KR A 3 DL 3 FIE] 4,

&Y APS-C H il L APS FITT Y 4 B A i)
PEREZE R ULIE 3. Fh BRI, iR i B b, S i APS-
C  APS TN SR H- I 14 HH 22 55 8 in 28 18 7K 25 1
Y2 EE , KA HI R A0 5 LA AR A 22 5K
R KFN/INA APS-C > APS > Hil > T B > 7%1%
K, Hod APS-C (W AR V8 14 B fe 47, LUk & APS, i e
JEH AN B, APS-C AR IR M REAE T H i A
T AN FEWTE] K 72 h i, ZORREAS T K5
I APS-C 575 [ 22 5 0 255 I APS-C 5 H il
Wl 3%, i) APS-C (IR MERE e if . X 2/ T
APS-C F1 APS &7 K it J2 5k D) K 25 [a] 4R 45+ ]
AR o3 BB, $E R T 22 Y O 1 g
APS-C 53250 5 A7 (AR W B AT LR L T 5 1Y)
LA, P0A AR KRR, BRI APS 232
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Fig.3  The moisture content variation in the course of the

desorption equilibrium

P 4 A FENGIR AR R, AR R 22 K
RIE TG Hrp 0 ~32 h, Ty RE SR 22 5K
| FFE R ;32 ~ 72 h, FANEE SR 2L | R
WG, TE Ty M 22 Wi ik A2 b, W APS-C |
APS TN AT H 0 A 00 22 55 K SRR T I 25 1
IR 22 5 K 365 5 A6 FERTR] g5 R 72h B, 28 3UFE
AT K55, U APS-C | APS | P s A1 H Il AR &
W22 E KR 22N B3 o UL DU Fp LRI 77 4 JE B
TWIRCR , HU3E 5 K322 R X2 i T R L i

WGP TS A R FE AR R sORIE A 5 15 K B
BV PR R T EI ALY &

19
s
“ == 18 4
g =
LEE .
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Fig.4 The moisture content variation in the course of the

absorption equilibrium

3.5 BEEARITEM

PEMEZE (3 4) B, APS-C X 45 M0 BB Y 32
BN FH A AR A AR A5 B L 2R, ol PR A
REAR R PE A2 R, Y APS-C 8/, Hox 345
JEAE AN A S 5 XY o ) 1 %o ), U] 252 2
TR I LR FE MR AR RRALG s XS B0 1 %oli), B
Jiichf. P, 7E 100 g M2z rhism 0.1 g APS-C i
SR A, Bl B R 1%0,

&4 APS-C HIMEFIFRER
Table  Flavored smoking results of APS-C

APS-C 3t
Adding amount

of APS-C (%o)

e

Smoking results

0.05 A G AR 2, T AT & PEIE A $2 71 Smoke slightly softening , taste comfort slightly ascending
0.10 TR AR I 2N, 1 JGET i s A R T, 24 SIS A Smoke slightly mellow and full , taste comfort slightly ascending , miscella-

neous gas slightly lower

TR AR AR 22N, T GET I8 P AT 4 T, SR R e BRI Smoke obviously mellow and full, taste comfort slightly

0.50 ascending, miscellaneous gas and irritation slightly lower
1.00 A ARSI 2R AN, O EET & PR T, 22 S A e B 2 0 /D Smoke obviously mellow and full, taste comfort ascending,
’ miscellaneous gas and irritation significantly decreased
2 00 JAC AR BE SR, RIS PR T, 2 R A, L SR A B, Yk BE W AT [ AR Smoke obviously mellow and
’ full , taste comfort ascending, miscellaneous gas significantly decreased,but irritation slightly increased
PR JIWE 2 T E GRS 7 T 4 PE T
=R

DLHEEEN JEURL, SRR T —Fhe ) 2 0% i 2ot et
WA T —Fp R W Ak Z AT A 4 5 3 s i m APS |
APS-C VA B WAL S8 PR3 750 (P9 A3 ), 6
W22 E KR PEATI A o FIT 45 SR R B - A AR 45
T(40% ) BT APS-C ()48 22 (- 15 RE 1 B 8 F
AT ZBEAEAR G (R B APS () 22 07 18 fg

(70% ) , %5 APS-C , APS | PN Rl H i A A i 1A
227K 3 BN Z2E S IOF AN ., (ELIO 2 0 22 5 K R K
FANNZE K RE iR 22 5 APS-C A9 R 38 4 ik ELA W
RAH AEBTETE RS H il N 2N, A
E—2B R TE, FI A, B APS-C R A AT 4 A< [
SR T LT 2% SRR L S 42T 1
EEFEE, I, APS-C A B ARV E PRI AR .
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