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Preparation and properties of starch-based
microspheres by dropping method
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Abstract: Starch-based microspheres were prepared via dropping method after high temperature
gelatinization of three kinds of natural starch, corn starch, cassava starch and waxy corn starch, respectively,
and characterized by SEM, DSC and XRD. The effects of starch type, starch mass fraction and needle
aperture on the average particle size of starch-based microspheres were analyzed. The enzymolysis
performance and release behavior of a-amylase in high temperature aqueous solution of corn starch-based
microspheres were studied, while the performance of methylene blue (MB) loaded onto corn starch-based
microspheres was evaluated. The results showed that the three kinds of starch-based microspheres, prepared
at gelatinization temperature 80 °C, starch mass fraction 10.0% and with a 27 G needle of inner diameter
0.21 mm, exhibited homogeneous and different degrees of inside hollow structure, with particle size
between 1.0 and 1.5 mm and yield was >90%. Meanwhile, the gelatinization heat release peak of
starch-based microspheres basically disappeared, the crystal shape changed (from the typical A-type crystal
structure to the weak V-type crystal structure) and the crystallinity decreased significantly. The average
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particle size of all three kinds of starch-based microspheres increased with the increase of starch mass
fraction and needle aperture, with the average particle size of corn starch-based microspheres the largest
under the same preparation conditions. After 24 h enzymatic hydrolysis by a-amylase (enzymatic hydrolysis
rate 42.78%), the corn starch-based microspheres were basically transformed into water soluble matter,
which had a higher enzymatic hydrolysis rate than corn starch (enzymatic hydrolysis rate 41.91%). When
corn starch-based microspheres were loaded with MB, excessive MB addition caused the encapsulation rate
to decrease and the release rate to increase, which was not conducive to the loading. Compared with other
corn starch-based carriers (corn starch and porous corn starch), the drug loading capacity (2.01%+0.03%)
and encapsulation rate (60.33%=x0.90%) of MB loaded on corn starch-based microspheres were the largest.
The release rate of MB was the lowest in aqueous solution with temperature >70 °C, and the release rate of
MB was 73.17% % 0.61% in aqueous solution with 90 °C.

Key words: starch; starch-based microspheres; dropping method; particle size; crystallinity; release; starch
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Fig. 1 Schematic diagram of preparation process of starch-
based microspheres by dropping method
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ekl (22 G Ak, 4ME 070 mm, W
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1.2.2 maAmaok gt g

FEIREDEHR w (%) PITERT K BORTE e bR
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W4y, MEEHL RN 10 kV, WERESIESIEH IR,
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1.3.4 XRD 4%

FRIBGE &4 i B TR P RIS A Cu K,
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1.4.2 DNS & 7 B4 fg &

1E ALMEIDA %5758 (1 a- 38 b3 /K g 25 1 3
filt L R4 738 5

PRI 0.500 g oK UMy Sk , e i o & 53400k
1% P TE 3 FE TR ZK 43 B0 s 10 HE 221 50 J5 1A 100 mL
=B, A 0.125 g a-TER T AR 1000 U/g ),
BT 30 CHERAKE PR 24 ho R 1 h BUR
1 mL W2 EFEZEE, £ 100 CRy#iKH K
fiti 10 min, 2J5LL 4000 r/min B9 254F 250> 10 min,
B 0.5 mL FyiiE THEZEE D, HHE 1419
D7 ¥EA BRI 5 WO o AR BT IR i WO B
T HH R IO g R 3 VP A RO Y SR IR (p,
g/L), WP (2) HHHEFE R WEETEE (% ):

Tl 5 2R/ %=pNVfim x 100 (2)

K p B EIHRGE MR, ¢/L; N AR
AT VN RNAR R PR, mL; f ik
SRR VE RS AR R B, 0.95 m AT EOK
TERFEGAER Y i, mg.

fitif# 24 h J5, WKW EBEE-45 CRGE T
24 h, SRJFH#H4T SEM i
15 EMERMIKEIERERE
1.5.1 MBirfE W& &L

MB 8 HPEfLAFE R . Ykt A g
AZgtol, LRS- AT WA 66 BE T3 MB R it 47
W B, 1958 MB W5 K KA 660 nm,

B il o B M E 100 /LAY MB VT, 43 AL L
0.05. 0.10. 0.20, 0.30. 0.40. 0.50 mL % 50 mL %
HE A G TE 660 nm AR G, 53] MB A
BIERE (yy) R (x) brfElg, 157
FEH 1,=102.288x,+0.00176 ( R>=0.9999 ),
152 FREBEKT MB BRI

B R e BE R 1 g/L 1) MB ¥, FHL 2 mL
BTRES R, 2 9I7E 30, 50, 60, 70, 90 °CF
nERE 1 h, 2H0.20 mL, EZAF] 50 mL 258
o, DS NS iR wRIES |, F 660 nm T
WSE HWOERE, AR 1.5.1 509 MB ¥ WY O -
Jo VR B bR I 2 BT S R B, SRR
M 0.00400 g/L 43 ] AE A (0.00387+0.00002) .
(0.00382+0.00001) (0.00383+0.00001)
(0.00389+0.00001) . (0.00387+0.00001) g/L, M
MB 7E 30~90 °COKE W H N 1 h J5 BT v BE O 5
FEARE (ZB1<5% ),
1.53 EkREH. 2R ZLEHFERIEHEAMIK

% # MB

1 E I F VLR A 22 FL T8 A W B 2% 12 6l

YEE M .

A HIFREL 3.0000 g T KTEN AR K ZFLTERS,
TEH IREE 1T MARIE A 100 mg MB ) 27 mL
TR, Fr 2t bE 30 min J5 3308, BEDHE ] 50 mL
ToIK ZWEBE U 3 YR, AE 30 CHX T4 Th T4 24 h
Ja 5 B A A 2 MB 1 T K0 ATk ZFLTER)

3.0000 g ERIEMTEEMILE, A 100 mg
MB, SE&VEM, RIFLL 1.2.1 5k, HRBIER R
HO810.0%., £:kM5 27 G FIIEE 80 °CHYZMF
il 2 Ve Ry R, R BB S LA 50 mL Tk £ VR
W3R, BRAMERERMmEZER ODO; f)m, Wik
FEIIRTE 30 CoUXT MR T T4 24 h, 1921612
MB %) 5 K JE By FE A o
1.5.4 FRRBEAKFTERES. BRI EAMIK,

E K B ILRHBHATH

A FRELT R MB 1) 3 FPiER 8K ( ok
. FRZALTEM FERTER ZE K ) 80 mg A
F| 2 mL EEF/KH, A 0.0053 g o-3E KAl (i &
& 1000 U/g) 60 °CTHHiHiHEH# 5 h, £ 6000 r/min
ZMF B0 10 min, WH 1 mL W5, €4 F) 50 mL
FA, DR ZM T =& R A MB 955 H
WIRAES I, T 660 nm F 2 HW OB, MR8 1.5.1
) MB VU W' B - Jo e VAR R A o 1 kO AR AR
HER AGLER T MB A SEFR R IR (/L ). 2R
K (3) M (4) IR RMEEE,

Ly/% = piNVIim=100 (3)

E/% = Ly/Lx100 (4)

Krp: L, i MB SEPREZS L, %; pi W IER FITROK

i MB HYSEPR AR EE , g/L; N NI E W ARG A

B, 505 VONIEBERTL, 2 mL; m NI AR

i, 80mg; E NEEZR, %; L MB HigEZ i,
%o

RO BIAREL G 2k MB 11 3 FRIE M L300k ( FoK
FERY . BKRZALIER A R TE R L GER ) 80 mg Sl
AR 2mL ZEFK, 25178 30, 50, 60, 70 190
°CTRM#ASEFE 1 h, /£ 6000 r/min 5514 F &0
10 min, W 1 mL L3, 455 50 mL A= i,
PIFHIE M R ERTEN . TR FLIEks L& BRI
Wy TR 2 VS IRTES IR, T 660 nm T il 5 L
SERE, MR 1.5.1 0 MB VTR WG - i R vk
PR BT B =% MB BB E (g/L ).
A, WX (5) IEBHCR.

RI% = p1/p, %100 (5)
X R WEHCE, %; po HERZ RIS, JEH
ek MB W SCPR BB, g/L; po I E B
R, WERRIGER R MB W SEBR IR E, o/L.
1.5.5 RV AT 8 5F 2 RS AR B R ey #m
i 1.5.3 5140 MB K JE R Bk , FREL



© 2294 -

M 4m 4 T FINE CHEMICALS

41 4%

ek 80.0 mg MAZ| 2 mL E&FKH, 7£ 60 °CT
SRBInHERE 0.5, 1,00 1.5, 2.0 F1 2.5 h, FEARIE
1.5.4 i A R R OCR
1.5.6 R FE MB FhnE st 2 R H A MR E0
# v

43 BIFREL 60.0. 80.0, 100.0., 120.0 £l 140.0 mg
B MB JIn A E] 52 WAk 5 19 EoRTE R, ARAE 1.5.3
B ST A AR TA] MBS IR A8 5K JE A S fBk .
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Fig. 2 Micrograph of corn starch-based microspheres

2.1.1 EBHRESHKGFH A
3 R EM B A B TE A TR YR A 1Y
A NS O

1.6
1.5}

g 14+

§13-

3 12) e FRERENOR
y e RHEREBR
1r B
10— ' ' : '

5.0 7.5 10.0 12.5 15.0
B TR 5%

P03 B O A 0 KO0H Sy Rl R P S5 A ) 5 )
Fig. 3 Effect of starch mass fraction on particle size of
starch-based microspheres
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Table 1 Effect of pinhead pore size on particle size of
starch-based microspheres

. . ASTRVEF 3k il 46 9 SBR P 2407 4% /mm
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27G 24 G 22G
FARTER 1.4724£0.004  1.662+0.004  1.933+0.006
AREJER 1.290+£0.004  1.316+0.004  1.489+0.008
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W =7 R AR
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FETERS AR B REM FEER, X5 2.1 TER—EG
[RIERE,  ph A [ D o i & O SRR 1 S S5 b A% 34 25 B
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AT A SE B EK o

HERTEN . REJEMARMZ, ERER
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KT A A T DAL v 2 I i e LAJE G E T, SR
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K4 53k 22 G I I ORE 5 K TE R IOk ) S Al ]
Fig. 4 Micrograph of corn starch microspheres formed by
22 G needle
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90.00%=+0.09% ( ERKIEH ). 90.80%+0.10% ( AZE
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V.
500 um

500 um

K5 EARER (a), REWER (b), MEEKEHR (c)
) SEM Fl; T RIEMELMER (d). RFEIEH LY
BR (e ) TR TE R HE AR (£) B HT R 50 1 ( g~i)
SEM &

SEM images of corn starch (a), cassava starch (b), waxy
corn starch (c); SEM images of corn starch-based
microspheres (d), cassava starch-based microspheres (e),

waxy corn starch-based microspheres (f) and their
corresponding section SEM images (g~1)

Fig. 5

M S o LA H FORTER & 2 B R R
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3 iRy 2 A i A 1 2 T A 5T AR SRR
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L TER SE IR BRI AE A AR R B Y P Zs S

X AT G PR A S A VT 7 12 U T A R AL
MEB K FARERE, SRR —HL.
2.2.2 DSC 5 #

Bl 6 REERIL M (TR BRI E 10%., 513k
27 G. R 80 °C) FiEaLil AiLHI &1 3 ek
FEHFERIY DSC #hZk.,

§ a
Pl e
&
3
=
50 5|5 6IO 6I5 7|0 7'5 8I0 8I5 90
= TREE/°C
= [b
T ARETEMEIR
~——— e ]
I
3
2
®
ARETEH
50 55 60 65 70 75 80 8 90
TREE/°C
&
? C
i
B | BMEARTEM MR
ES
®
bR ST

50 5I5 6I0 6I5 7I0 7I5 8I0 8I5 90
REE/C
Blo6  FKIER (a), REFH (b). FERIEH (¢)
T Al w4 (i GE A HE UK 19 DSC £
Fig. 6 DSC curves of corn starch (a), cassava starch (b),

waxy corn starch (c¢) and their corresponding
starch-based microspheres
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Fig. 7 XRD patterns of corn starch (a), cassava starch (b),

waxy corn starch (c¢) and their corresponding
starch-based microspheres
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Fig. 8 Effect of enzymatic time on enzymatic hydrolysis
rate of corn starch and corn starch-based microspheres
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Fig. 9 SEM images of enzymolysis products from corn
starch (a) and corn starch-based microspheres (b)
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Table 2 Loading of MB by corn starch, corn porous starch
and corn starch-based microspheres
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