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FEE LB B YR W] V€8 7 W A 43 2k 0 4 45 10 %0 T A B0k 77 238 R AR 19 5% i B, DA B 5 5 U W Bk 1 ik
AR . D7 EILA AT M AR B UE M (SCS) g S5k, 2R JH /K A 7K 3L vk ) 4 V2 40 k5 R T B W R K 0, %
SRVEMER T NaOH 5 Ho O Fudk b R 5 0 B2 FIR 5 I ) X6 A 48 € 49 Sk (CSMD 72 38 FORL AR 14 5% 1) 5 R JH
A ELBT VLD O XS AT A CSM BEAT RAE 4347 5 R AT MTT'T 40 4G 30 07 7 % CSML 1) 4 Jifd 75 18
AT . (RIS NaOH 5 H O & ol 1.0 ¢ 50 R E Wy 25°C (IR E WY 6h W 7= 0] 3k (70. 7
+0.9%., Bk 3 NHEEX CSM Bk 27 m AR EE (P >0.05), H NaOH 5 H, O i & b AR 7 iAo
155 IS R T 1 40 180 R A B B8R 5 SCS 22 1811 3R 01 T8 R 1) 78, CSML ¢ 8 (81 4%, kA [ 357 2 [ 3k 0 5 SCS #
CSM M LLAMGIE B A AR 7] SCS H A R B 1 AR B 508 B A0 45 X, CSML & T T8 & B 5 W) B, TC 45 dh S 77
7 s CSM XE A28 L 09 A= R Be A M R AE . D& R NaOH 5 H, O Fht b i 7 3 52 A1 I 77 1 1) 349 47 A1)
T & CSM 177 %, SCS Fil CSM Y Ak 2 20 iU B A AR 7], ABAE I 5 R0 dh AR 4 4 b B A WY i DX 5 B o 48 1Y
CSM t N4 o, A RAF R AE WA .
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Abstract :[Objective] The objectives of this study were to confirm the influence of formulation
and process parameters on yield and partilcle size of cassava starch microspheres (CSM), and
identify the basic physicochemical properties of CSM. [Methods] CSM were prepared using

soluble cassava starch (SCS) as raw material though a water-in-water emulsion method. The

effect of NaOH (mwaon | Muwwe ) s Incubation

KRS E 820131021 temperature and incubation time on yield and
& E B8 :2014-01-20 particle size of CSM were investigated by single
YEF B /7 ZFIE1982) . B AT O, BN FAEY B factor experiment. Scanning electron microscopy
SHABEIT. (SEM), Fourier transform infrared (FTIR)

* U H R E IS (5 2013GXNSFBA019256) Fil ) 7 At
RS AT LRI B (45 HE R RE 12237022 BERR I

1140001-14 FMEERLH 11107008-7) % Bh ,
o xRS indicated when muy.on * Mywe was 1. 0 ¢ 50 and

spectroscopy and X-ray diffraction (XRD) were
employed to characterize the CSM. [Results]) It

incubation temperature was 25°C, a relatively
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high yield of (70. 7£0. 9)% was achieved at 6h. However, no significant effects of those
three factors on particle size of CSM ( P >>0. 05) were detected. Besides, NaOH or incuba-
tion temperature was at a high level significantly affected the quality of CSM. Most of the

SCS granules were sphere and truncated oval, but CSM were spherical in general. FTIR

spectra of SCS and CSM were almost the same. Crystalline region still existed in SCS, but
not in CSM, which indicated that CSM were amorphous material. CSM had no inhibiting

effect on the growth of human liver cells. [Conclusion] The yield of CSM increased along with

the increase of NaOH concentration, incubation temperature and incubation time. SCS and

CSM were very similar on chemical composition, but were obvious different from each other

on morphology and crystal structure. CSM were nontoxic to human liver cells, which indica-

ted that CSM were of good biocompatibility.

Key words: water-in-water emulsion, cassava starch, microsphere, biocompatibility

[ 52 B SCXVE B 1 S — i o B2 1) 2 ) I 9% U
FEA | Tl FRR 2 55 AR 22 408k — 1532 31 5 JE A
UE LAk L DAE B oA J5ORE ] 45 A P RE IR AR )
e RS G /B % U R (U1 e S R N - 8
L DLVE R O JEORE I 50 1 £ T B Bk — R AR
BRI IOT . TEMIERTC R TCP R R A A
PEGF AT AR PR T R T A A L 7 2 IR b e
HEEZ RN, T4k, B NI 2 5 X 5E B i Bk 76
[ 2 S I o AL FH A R 2E 5000 |k it ) R 2
YRR ERAT TR T A, fERE LT
SEARBA R RS B A E SRR 70% L
FORBEEREE W . LR TER S R
B WOR AN AURE A A AR B TR I T B L IR RE R R
P e AT E R 1 B (B . AT A B 5T i R 1 A K
(water-in-oil) FLU 125 4 24 A WF 58 A A= 72 o i) 4 U2 #
TR F2 O ik SR, T T R 3L AR R RN
KA LR A AT BE R 3 8 SR 1) i FH 22 4k
FJEXTIRBERE LA, WL B ER LR T —M T
K ALK (water-in-water) FLI& 0957 B BR 6 £ 1k,
PiR TNV T - €SN R A 3 B vt
i A WLIA ) 0 45 B0 (R A P 22 A M g L e — ol 7
Mms T sk, Bl KK RE S R
Ty T V€ Ry Sk 0 il e BN X — T
AT T R T A KK U DL e —
WNERED Y, [ARTFERPIN SYE H ATy 1k, B AR
AR T X KA K L A T O AT T — s Y
5T AR A KA 7 LR 2H R A T 45 4% 1R X i 45 5%

E AN 5%, T4, 7E B ETK K EL
VRIS T £ U B SR 4 BIF 5 v 2 L S A B K
VE M N JERE R UL DA SV O IR S . (HRLAR
R S 82 18] /B YA BT 5% R FH K A K Lk 45 K
TEB TR (CSMD , BFFETE By W NaOH 5 H, O

[t o T I R 7 8] A5 4 A A 2 1 X
Tl B ™ A FRLAS B 5 WL, I X Bk 8 SR WE B Ak
LR it A 235 4 0 240 2 4 S R AT R AR 23 HT

1 #MRlERE

1.1 ##

KA R MR S E A (SCS. B 2. Mw
340kDa) H1 )7 P A4 B B BH A A0 4 A1 A BR 2 w3t
R 2 " (PEG, b2 4l , Mwa> 10kDa) 1 H il 3k i
PEBE b T A BRA B s = W85 MR 4 (TSTP. 43 #r 4l
W BTk 595 (R A2 A BR A W) 5 To K Sl 3 BT
At W [ R R TR e Ak Tk &R AR Al
W F 25 42 AT 1t Ak 25 X ) A PR | 5 3L AR
T4l W A 5% [ Sigma 23 75 AP0 b ) 78 22
BFR 2 2 2 B R B R B F L

A0 B S B FE L (RW20) , f8 E TKA 2
Al FE R KB (HH-4) , TR & 4T R AR T
WOGAT SR EE AL (BT-2001) , FH AR B A &) s H 4
5% (S-3400N), H A Hitachi 2 #); X H £ A7 51X
(Ultima 1V), H A Rigaku 2 #); 4L 4F % i 1X
(iS10) , £ E Thermo Scientific 2% 7 ; il I 28 46 M)
1% (Spectramax plus384) ., 3& [E Molecular Devices
YNEI
1.2 A&

1.2.1 CSM # % %

K43 K ALK ZL Rk il 5 CSML Bk 2P
BT .

(OFAL PBEFIRE T (400r/min) ¥ 20mL 54
NaOH il TSTP % SCS ## (SCS : TSTP : H,0O
=10: 3 : 50, W/ WO ZE#H A& A 60mL # PEG
W (37. 5%, W/ W) 1Y = BLBE ARt JF 4k 15 3
10min PAUE BUKAL K ZLI . FLAG T b £ 7 o oy
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400rpm , FLALIRE N 30°C ;

(2) W B BER AT A ¥ 2R S8 K I8 B
(HED h# &R A ;

HUEE  HABBAZLE D, BOFHEE
FIKBE T2 7= RO R 3 R T B K & Bk
B3I

() T VR G MR TE 60°C T B2 T %
12h, TH 5 B OK B BRI TR g b & 0 .

1.2.2 EHERARFEZESLHETHEZRY
Yk
1.2.2.1 NaOH 5 H.O F&lb

B GE BE R R NaOH 5 H, O S 2 b X
CSM = 28 KoRi A2 (10 52 e, [ 78 I & IR 20°C L i
HHFEY 3h, EHCAME T .4 NaOH 5 H. O it
BB N 0.8 :50,1.0: 50 Ff1 1.2 : 50 k47
K5,
1.2.2.2 WBEIRE

9 B 5T IR T IR E R CSM. 77 R R v ik R B
M, [#E NaOH 5 H.O Biat b 1.0 ¢ 50, i & B
B4 3h, TEMCARME TS U8 & IR 53 518 15°C
20°C .25°C Ml 30°C #4715 ,
1.2.2.3 &AW

o W 5T IR B R R CSM 72 3R R i ik i B
M, & NaOH 5 H.O Fift b 1.0 ¢ 50, iR & i
JESH 25°C, FEMARMETS B IR B R 400 2h,
3h.4h.5h Fl 6h FEATIREE
1.2.3 FHRHT

M
M, +M,’

M H, Y RRFEHR (%) . M ER T CSM 1
i (g), M FEaRIA SCS it (g), M =R
A TSTP Wi (),
1.2.4 KRERDBIKGEIE
1.2.4.1 RifR45rHT

K FBOGAT 565 RE BE AL 43 BT CSML I RL 42 43 i
PEAE TR R AR AR i A R K 2 B I
P85S0l , B 215 0k 20 & 2R, K ek TE
TR /0 22 R T ) A Bt 1 3 O e gk B 22
SREYE B A 2min S5, DU fER A9 R AR IR R 43
fiith £k .
1.2.4.2 RSB

SR i L BE (SEMD 43 BT CSML 19 26 WL JE 4
BAE AR L FOBUIE R T8 S R B AR R
A b JETE B PR R R R S AT WA A B,

Y =

FE S TS T B g I AR
PER BRI H Rl 20k V.,
1.2.4.3 A2 5 Hr

KL AL (FTIR) 430 81 CSM i1 4k 24 41
B ERAVE TR QR K TR S A RE AL TS FE Smart iTR
BREFF B RE 5 B DU N2 SO &L fE 4000 ~
525cm I EE BBl Y HEAT A
1.2.4.4 @RS 3BT

K X ST S (XRD) 20 1 CSM 1Y i 14 4%
B CBRAE DT R ANTR 8 TS AR S SRR SRR 4 111
PR O35 2 e B AR5 R e 2R T Y 2 AR 4 R
IEHRT . BRSSO AT SHACRE S B L AR 5~ 35°
COJFEFNFEITEE, A TAERM R EIE 36
kV, &% 20mA, A HEE 5 °/min,
1.2.4.5 Z0M0EE M5 HT

FH MTT 84351 CSM Ry 20 i 25 M, B4 7 1
W RS [ e B2 ) CSML 2 77 T80 A N BT 4 i 240
f ks R b B 3R 48h JF A 50l 9 MTT %W,
FE 37°C MR 4h J5 L BRASU IOT F B 2 R
fift o JFED Tt K B 28 G 0 ASCFE 490nm P 4 Ak I a2 W% O
H. BN REES 6K,

2 HRE5SMH

2.1 CSM Bl &R
2.1.1 NaOH 5 H,O A&l *F CSM = & & 4 42
O

ME 1A A1 BE NaOH 5 H.O B
P3Ok 09 77 B W i K. % NaOH 5 H, O
Fis bbb 1.2+ 50 B flER 09 7= Ik E (70, 2 +
0.4)%, IR LM, NaOH HIFE A H e ot
TE AV A 3 0 2 HK B I A B AR R A A T, B
& SCS 5 PEG W WIR A J5 . P R s W 189 ) J52 AH
HiER It SCS & & A0 (43 8D 1 PEG & 4
AH CGEZEAD H KK FL . NaOH 5 H, O it
R, JE M E A NaOH & 2 w7, R ae

106 2 1 TR AL
F£1 NaOH 5 H,0 REL XA FHRH M
No W/ W Wk JER - B AR
: (g/g) Ayt~ %) (pm)
1 0.8t 50 ++ 61.8+1.2 32.542.9
2 1.0:50 ++ 65.64+1.7 31.3+1.0
3 1.2:50 — 70.240. 4 n.d. **

R B AR RIS s — For U AR,
* % FRAME,
BHEFEME,.Y NaOH 5 H,O R IN
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1.2 50 B KK P FLE R EH SR &
AT A T R P R R B Sk b, R L S X —
AR HE , AL A Frifk— Lo, h T
BE A5 F R Ok P 3R ™ i, R ORS FEAG DURAE , AR
1R LLE H . NaOH 5 H, O Jitf He 43 514 0. 8
£ 50 A 1.0 ¢ 50 I, 7 45 T BR 9 ~F- 400 A2 43 il Oy
(32.542.9)pm A(31.3+1. O pm. KHARECP
=>0.05), HEAREZ®AE NaOH 5§ H. O i b
FEAN 23 W] Sk 872 43 FIORE R0 AR L DR I T o A AR 1
RAR B A KRR .
2.1.2 RBARBEXN CSM F R B K 20T

MR 2 TR Rl DU Y Bl TR IR R 5 TR 1
FREBE R, HIRE IR R 30°CHE, R K 2
(69.640.6) %, 5045 R KR E R B, S8
RN BRI, RIS NaOH 5 H. O Biit b
Tk v I R AL AL, 2R F IR D 30°C I, UK AL K
FLIB 1) L H B R B4 L i AT A A5 ) B Bk A
B, B TR A I 2% A T i A5 SOk I R AR
M 2 R AT LLUFE R E R EEAE 15~ 25°C i [
L ROERE 2R A Z ] 1Y 22 5 A8 35 (P >0, 05),
Ji PR AT BB R < T BK A 7K 2L R P 1) 2L A Ui R4 e
RE B AH R L B R B A BIOM PR AR KB IR, B4R
FUAL G & T B B IR A E R B 0 el I R

U S BT R AR
R2 ERFHREXEEKE &R
No.  WARE PR PR IR
o CCY Atk %) (pm)
4 15 ++ 64.7+0.7 30.9+2.9
2 20 ++ 65.6+1.7 31.3%£1.0
5 25 ++ 68.3£0.5 30.8+1.2
6 30 - 69.6+0.6 n.d **

5 RN AR R R BLR  — R T,
x o RARKWE
2.1.3 iR H Y AR R BOR TR B R AR
el

M 3 Hal LU L FE 2 ~5h 3 [ P9 BE A R
i i (S 4 L OB T AR AT R . S OB ]y Sh
i 7= AR F (70, 340, 3) Voo SR SN i) ok
Sh Ry SR TRUE Ul W LA LT B4 8T Y B
B oy ¥ 3R BVOR B SR 3 ik W LA i AN
il 77 FRF 1] 5 4 1 Rk B R AR AE 30~ 31pm Z 1]
MZEAR/NCP =0.05), JEIA AT RE & P MUK ALK 3L
VRERT £ LA 1 A5 kB A ] L R G A
LA DK BSOR ] T 3 75 BRF i 59 AN [ 9 2 10 2 1K
MR RLAE

®3 BHEREXNRBEKEERAZMW

No. WE R R T - LA
(h) I3 % (pm)

7 2 ++ 67.0+£1.0 30.8+1.6

5 3 ++ 68.340.5 30.8+1.2

8 4 ++ 69.4740.5 30.641.0

9 B) ++ 70.3%40.3 31.040.7

10 6 ++ 70.740.9 30. 1+ 1.7

* +HRARDHRLF VAT RAE  — KRR EAEK,
2.2 AEEHMBRHORELER
2.2.1 EWFBHR

NE 1 AT LA, SCS 0k 2 1 48 e, B
2 2R [BE 5O AU A, FR R TR 55 5 UE R 1 S0 W
([l 1a) s CSM 11 3% 1f [R1RE 35 6 T (HB ARk B
#O IR PR RERIE (B 1b) , 5 SCERE o R
A 7K LB 1 A5 1 T R SER A AL DA B R
HRTDIBH B A 1, CSM R MIE S S SCS B 3
X G, FHEIR CSM 2 LL SCS y J5RH 45 2
S 3 T AR - LA - SB[ X — ek R S L KR
K5 SCSHILLE LA TARFHAN,

......

El 1 SCS(a) il CSM(b) A SEM & R (2000 <)
2.2.2 ALFLm

w1 2 A LLE 1, SCS Fil CSM. 1Y 3% 18] 5 A
FHTR] 32 R 3 E B i JE M o F ALk, LA,
TH R P AE 34000m ! BT A S04, UE B 32 B
RN G CSM B fEfE R B3k, HA —11
&, CSM L AME EI ok WL PEG B F#AE 1 L U8 B 7K
137K LB 45 1 B R TP R S B A b D 1Y
PEG,
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2 PEG.SCS HIl CSM 4L 4Pk

2.2.3 MiREM

MK 3 W LIFE S, TSTP B 3ELE 20 4 10°H1
ASTYE N A 2 A AT 9 06, BT TSTP o S K 45
¥ SCS (I EIEAE 20 9 15.2°,17.1°,18.1°,23. 1°ff}
EAFAE 4 B A AT 906 L B SCS AR R 8 T
AREFIER L5 IX ;5 SCS A F & . CSM 1) &
TR & T I T A W) o 0 FRAE SE 0 AR AEAE R T
SCS B FEAEAT 506 , 3 2 F T 9% W b 1% S04 Ak Al s
T SCS W45 fh &5 1 A2 8K SN IE B = 4 X 2%
SEAG P T UERY oy T4 A . IR BETE A )T Y
HEF , AN, TSTP RFEIEFE CSM Hr [RIFR A
UL SR T IF T4 A PSSR R R B . X — 4
B 5 Dziechciarek 259 i 4R 8 — ., K, 7F
Malafaya 5 BOBFFE A0 H B0 T A ) 09 45 28 . At ] or
Tl & BBk & TSTP 45 M s aE g™, R
AT RS AT R B K Pk S BBk . 3 A AR AF 5T AT DAIE
S KRBT OKUE GG T DL BR Bk b gk B i3S Bk
# TSTP,

K3 TSTP.,SCS fil CSM Ky XRD [&li%
2.2.4 MTT KIE%Z R
MTT 255, WG A 5 0% 40 M B0 e e, ]
Vi) 22 Fs R K o, ' AR G 9% 4 L R
%, Gk 50 R RNk 1O (A 1T R

XA AN &R CSM. Y 20 i 3 v R A7 PR,

ML 4 T LU A Bk g VR VTR R
0.125~2. Omg/mL B, WO (H 5 %5 i 41 45 bk Tt 1
FHARECP =>0.05) , UL WIFE T % £ 00 & 24 F
HilAF () CSM X A4 i i A= K& A Ml VE R . 45
JERW CSMREAS T 20 M 25 1%, R T 84 A=)
AHAEVE B2 T FHAE 259 4801 500k i 59) 45 B2 24 430 35
i B RGP T

B4 MTT EME CSM BT 40 i 5 1

3 #ig

-~

(DR NaOH 5 H,O it 6 & 1R AR
I A4 S AR . 4 NaOH 5 H, O Bif
bk 1.0 : 50 B RN 25°C R A B[R] 6h B
R 7= AT 3K (70, 740, 9 %, SR, Bk 3 MHE
X PR AL A2 ) 5 M 241K R 2 ( P >0, 05), H. NaOH
5 H, O Bt [ R & R e 2 i ok ™ =&
Gk

(2)SEM.FTIR il XRD 43 #r 45 B F W, SCS
CSM By 7 2H BB A A [6] , fH CSM 2k %8¢ KL% 1 (5]
BRIE, HJg T Y i, 75 3R WIE S AR 4548 1
5 SCS ¥A B @/ X,

(HMTT K 55 25 R R WL il £ 19 CSML X IF
Y M G L B B I A A A
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