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Preparation and characterization of sustained release microcapsules of grape
polyphenols with porous cornstarch, alginate sodium, and chitosan
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Abstract: Objective In order to improve the stability of grape polyphenols and strengthen slow-release effect, the study on micro-
capisulazed grape polyphenols was carried out through the complex coacervation method using porous cornstarch as core material
carrier. Methods With the embedding rate as main index, the effect of all factors on the microencapsulation of grape polyphenols was
investigated through the single factor test and orthogonal test, and its preparation technology was also optimized. Results The best
preparation technology was as follows: The experiment materials were 10 mL grape polyphenols solution of 25 mg/mL, 1.5 g porous
cornstarch, 30 mL sodium alginate solution of 0.03 g/mL, 50 mL chitosan solution of 0.01 g/mL, and 50 mL calcium chloride solution
of 0.05 g/mL, at pH value of 3.5. The microcapsules’ appearance was superior with size distribution of the main in 600—850 um, the
embedding rate was 83.2%, and they had very good releasing property in simulated gastric and simulated intestinal environment.
Conclusion The product appearance and embedding rate of grape polyphenols microcapsules which used porous cornstarch as core
material carrier and sodium alginate-chitosan as wall materials are better than those only used sodium alginate and chitosan as wall
materials. Furthermore, the inclusion complex is proved to be successfully prepared by its structural characterization which is gotten
from FTIR and scanning electron microscope (SEM).
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Table 1 Microcapsules obtained by different preparations
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Table 2 Effects of different alkaline solutions on microencapsulation
v RIVIG. € 2INA £ 2/%
NaOH A T 2R, TRBNETHR, SRR M E DT AICAREE, PR R 79.0
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TIRIE 0.03 g/mL R AIA W 30 mL. 2Lk 1
g+ 10 mL M. 0.05 g/mL S ALFS W 50 mL.
pH {H 3 &40 T, FHRARPEWKEL (0.005. 0.010,
0.015. 0.020 g/mL) 5EEEBHAML 50 mL % (0 I 5UR
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Table 3 Effect of grape polyphenols concentration on
entrapment efficiency and drug loading of microcapsules

(xxts,n=3)
1% 22 Wy T

L) #H 2 5 /(mg-g ) AL/ %
2.0 12.02+£0.44 61.23+£0.79
13.0 88.04+1.40 67.78£1.33
22.3 166.98 =0.66 75.04+£0.97
254 201.23+1.50 79.03+£1.48
30.0 233.96+1.76 78.01£1.07
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Table 4 Design and results of orthogonal test

WIS A B/mL Clg DmL  #ZiE/(mgg") HHR/% IR

1 3.0 (1) 20 (1) 0.5 (1) 5(1) 42 50.9 TG MG, BOR, 2B

2 3.0 (1) 30 (2) 1.0 (2) 10 (2) 120 84.0 ORI, BiAR/AN, R E

3 3.0 (1) 40 (3) 1.5(3) 15(3) 160 82.7 TRURE 53 A L i

4 3.5(2) 20 (1) 1.0 (2) 15 (3) 174 69.7 WO AN, 5 23Kl 34

5 3.5(2) 30 (2) 1.5(3) 5(1) 55 77.0 WORLR, Bt

6 3.5(2) 40 (3) 0.5 (1) 10 (2) 128 76.0 BRI /N, TR R, 2B

7 4.0 (3) 20 (1) 1.503) 10 (2) 117 78.0 R, BemE, HELR

8 4.0 (3) 30 (2) 0.5 (1) 15 (3) 150 72.2 TEARATEN, K&, kP, Lk

9 4.0 (3) 40 (3) 1.0 (2) 5(1) 40 61.8 BT DV, BRI, 2R

K, 322/217.6  333/198.6 320/199.1 137/189.7

K,  357/2227 325/233.2  334/2155 365/238.0

Ky 307/212.0 328/220.5 332/237.7 484/224.6

R 50/10.7  8/34.6 14/38.6  347/48.3

x5 AESH (BER)

Table 5 Analysis of variance (embedding rate)

HERE  WmZEFHFM AmE  FME BEH
B 204.229 2 10.695

C 250.196 2 13.102

D 414.496 2 21.706  P<<0.05
A (RE) 19.096 2

Fo0s5(2,2) = 19.00
I BRI . FIRLAR 0 AT AR bR U 2 R i 1R AT
i 5y, MTERMRE KNS 73 An, d5RRAE 1180~
1 000 um /5 1.3%; 1000~850 um /7 11.5%; 850~
710 pm 7 42.5%; 710~600 pm 5 34.5%; 600~500
um /7 9.4%, 500~425 um 5 0.8%, FF& o Ai.
2.7 FTIR £k

FTIR V52185 LR O B AT S 7E IR X IR
PRFIEZE 5, RRAEASI BT . 45T i
Wy, . BER TR R AR SR R, dnigi K AR
JOfEAE R, JLBERE S IkTY,  AH N BRI Rl
SEFE AR/, FHINCRRIELS . BEM > o=k T
IR . 2 BGE R H% 2 W BEM (Z4L3E
Ky WEEERR AR ST IR . 2 FLUEN S g R A AN 5
W R RESE . THURFERE S, FH KBr I fv, 4
WA 400~4 000 cm ', BEAT IR RIS HTR).

HIP 1 AT, SR 2 E 3 450 em | ARAF
7t O-H M 4adRah g, AR 44Ra) T2 4E b/
625~1650 cm ' X318, ZALIEK) 5 IR A 575 K

BTG B B e A B ESR A,  JE FTIR RAiE W i e
52 B 2 A8 /)N , 49 4 3 SR PR AN £ 3 600~ 3 000 em !
J& O-H HI&idEzhiE, 1 610 cm™' &-COO-ARIHR
4EdRENIE, 1421 cm™ ' JE-COO-X FRAP 44 5 5
FEEBHLE 3 415 cm ' 2 O-H MM 4idRaNE, 1 570
em R EIERFE OIS s 2 ALIERAE 3 000~3 500
em ' HYBLK I % 19 O-H K 44k 8, £ 930~

27

AN SN AN
AN ‘(‘!, /_./-B—\C -# I{”ﬁfl fo .'I
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! ." /6 | \ { \ »/“\Y,
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MEILEM (D). WIRE (B) MBFLIEHM5HERBM. =<
BIER BT (F) B FTIR

Fig. 1 FTIR spectrum of core material (grape polyphenols,
A), wall materials [chitosan (B), alginate sodium (C), and
porous cornstarch (D)], microcapsules (E), and wall shell

formed by porous starch with sodium alginate and chitosan

(F)
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1 150 cm ' HBLAERIFR C-O-C HigidRshIE. C-0
HF IR B R S0 50y e 26, 3K e 38 ] 58 SR 1) -NH,
FRESE RN 1Y -COO L & M A FH R A T B, )
B T 2 ALUERY . TUIRTERE AL ) FTIR K52
PREEK, 17 22 Ty R AE MR AL e 5 58 1) S8 k55, EL ol
JRHE) FTIR I3 5 BE 72 R ARLL, X R4 2
By b N T e HE P s, UERE T R A
2.8 SEM FERIMES
SEM F#fi—Floe ki ik, T IEE5H
BERT . ISR . M4 T-HE NEER 4> 1
e, Ak RrESRRG IR T R T
By 7 A A £

a-Z LI B IREIR A SRR IR T b-IS AT 28 5T R RS - 2 R IR SR A

O 7 A B EHIIRELE . B ERE
T, KUk, Wil SEM HEVIE HE I
J% TR R 2 SLEERY L i SRR A AT ST SR I I
RIBESS. BUREERE MG R, JH SEM ML
FiE. B SEM MR (18 2) WILLEH, Haised) g
KT 58 5 TN S 214 2 W I T B TR S 2 WL
FRUEAIZE 0K Al WAt 2 LG b e I A
SEIRME I I BE ZE AN LR, HENDE AR SR i
HABZ AL, M0 4 2 By o B s i e
IO, BRI A AEAR A, HfEI RS w2
Z WAL, R 2 Wi

a-the wall formed by porous cornstarch, sodium alginate, and chitosan b-microcapsule formed by adding grape polyphenols

c-grape polyphenols microcapsule group

2 RMEHMEE S BEER SEM
Fig. 2 SEM images before and after adding core material grape polyphenols

2.9 RIMERZL
2.9.1  BLPLE WIS PR HERIFREL 1.00 g F
WM dE, BT 100 mL HIEMEIRIM D, )G
T 40 mL F AL (75 0.09 mol/L NaCl [£] 0.01
mol/L HCI VW, pH 18 2.0). %A BN e
Jeas (37 C. 60 t/min) 1, 4> BILESRE I 1] 55
HOFE 1 mL, A0S, T REURECR, FEAh

AL,

HREALL Y 0 1) BRI = AL 1 90 R M P T/
I FR) R P 3 S A X R 2 )
2.9.2 BB PRI BRI B AR
rp A PR I TR R R, A B FEOKE, BT 100
mL FIEHEI, N 40 mL B4 (5 76.5
mmol/L NaCl f£J 29 mmol/L iR 2% ¥, pH {8 7.4),
37 °C. 60 r/min, 7E455& B THEEE 1 mL, A3 5 )
(M, THEEBRCR, Fa s agpig.

HEAUL I 1) B TR I = MU 9 R P Iy i/
COMN BRI 5k X 28024 Ja) - 0L 15 VP R B
293 RIMERAE R K 6 nIIL, 7EEE
WAL 2.5 h, 2 AURNSGIEALH 4 i e
Wy W) T R RS TR 4 A (20.65+0.50) % Al

x6 BAESHMHRECEUNBRTERERL (xtsn=3)
Table 6
polyphenols microcapsules in mimic gastric environment
(x*ts,n=3)

W/ 2 AR BRI %

Time course of sustained release of grape

BRI BERETSR /%

0.5 9.3310.96 10.19£0.65
1.5 16.09£1.01 14.50£1.00
2.5 20.67£0.50 16.81£0.75

(16.81£0.75) %, UiHI{E pH 2 44T, ke
FETH g B R AN 55 50 SRPE IR 2 G T2 B R R FE R
B, WEYIR RGNS . (HAERRVE I 157 B B ) ik
Ko, TR AR08 HR S RN, i 350
AL A5 1 (pH 7.4) AR RE ) ARG,
=k 7 ML 8.

FER S RS TP AL 1.5 h, ZERIU T A 5
FPARER 1.5 h, 2 ZURIEG I A AR B o 1y 2 I R R
R RN (38.764+0.52) %1 (36.64+0.97) %,
4.5 h BHCRsHIE (63.45+1.38) %A1 (73.83+
L1D) %; /el B A AL B] 2.5 h, (R
R 2.5 0, 2 ZH RIS ZH IR 2 v g 2 I
B BCR 2> 5y (48.01£1.06) %A1 (51.49+
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Fz7 BRAE 15 h BEZIHRREERUBRPEMIE
M (xEs,n=3)
Table 7

polyphenols microcapsules in mimic intestinal environment

Time course of sustained release of grape

after gastric juice processing for 1.5 h (x £s,n=3)

WA/ 2 AR BERE IR % U R SR IR /%

0.0 16.0941.01 14.5041.00
0.5 27.58+1.13 25.41£1.40
1.5 38.761£0.52 36.6410.97
2.5 46.4711.07 48.32+1.27
3.5 52.78+£1.02 58.12+1.64
4.5 63.45+1.38 73.83t1.11

*8 BRAE 25 h BEZIMUREEELERPERERE
M (xEs,n=3)
Table 8

polyphenols microcapsules in mimic intestinal environment

Time course of sustained release of grape

after gastric juice processing for 2.5 h (x £s,n=3)

N/ 2 HIRTER R/ % W IE R B TBOR 1%

0.0 20.67£0.50 16.81£0.75
0.5 32.761+0.98 28.25+1.52
1.5 40.09+1.45 4231+1.23
2.5 48.01+1.06 5149t 1.64
3.5 56.72+1.05 61.12+1.12
4.5 68.6611.26 77.871+1.38

1.64) %, 4.5 h BRI IE (68.661+1.26) %Al
(77.8711.38) %. bt B & 1 oK 2 FLIE R -
T EETR AN -5 SR B B AT R m P, mT DURRAE A
b 235 H i SRR T BARIRI&AT T,
TERLU R D 2 R BRI R Ay, AT
R PR O 2 AU T I0ELL, TE 50 UE 21 2%
BRI
3 g

T IR B AT S U AFDN 27 i (M) Rl 43
TNIPE, DRI B A Ao R B N B AR A
FMEE, W 0.01 g/mL I ERREN KIS, 20 C
I35 95 03~0.5 Pass, 1 HABHGEY] HA 1R
SREIPE TR, R AN TR O, IR AL
PRI o IR TR IR I, VR
FEBGR, NI BE 80K s (H I S R4k T vk B ik
IR, RN ORI AE AR, 25655 iE IR PRI IR
B TR FE A 0.03 g/mL.

& My 52057 HA BRI B AL, 5

TR R R AT Bt I 0 4% T B AT ISR S B, 2B )
JEJE, BURMKRE i, IR My 5260,
RTINS, SR e e o ),
M TR UK, TE R ZE RS, MUK
SR, H 0.01 g/mL I HE O, F%RE
BASTE 0.01 g/mL [R5 B, FARTR 040k 8%
(1R TS R VA VLV AR I 1

UL T R B R R B R, T i
PEPRA A o JRUA ] RE A B AU T
WL _ETE, Wh T SR IR 45 A 1) Ca®
P TR W il = AP IO NI NER G
(BB R P R 2 B AR AL B R N 2 25 1D, AR 1
WK BE R T4, (ORI H439 3] 0.05 g/mL
i, TR T PR BIRR e, 4REI N ik
B, smCR AN B Ha e R g, SR, A
W36 S A BT E R B 2 0.05 g/mLs

P S50 45 TR T DU H I 4 22 1) 0T e oA T 4
KA RBEIN, AR, HOEAS R
AP B A 7R 2 Iy TR IR FE 2 25.0 mg/mL.

IEASSEI A R b, W TR R 2 2 T e 2
35 2 FLUE A RO BBl AR 0 s W B g 3k N R
BB FLIR R, iR A TR S 3 5
B ST S R A VAU e, R R sz
TR SRR G pH ERZ RN

DAL IR 8850 hR, i 22 it — bR 52
M f A e R R R R R v, A 2 I AR O 3%
PERI R, FOKRZALIEH . I R i A
pH E X TR B 0 L 3 AT — 38 5

ZE PR, ARSI R FOK 2 ALk R AR
AR 2 Wy, e 4 28 2 B I e T
AN TR 0.03 g/mL W EEFRAN AT 30 mL,
0.01 g/mL FeSEHHA 50 mL, 0.05 g/mL & AbF5%
% S0mL, pH{H 3.5, FXZFLickHmHE15g, 25
mg/mL % 2 Wy 10 mL i, 6% 22 ) 71 i
ik 83.2%, “FHIEZiEN 148 mg/g. H T AKZAL
TR R B A 4 22 T 1 P AR SR V2, G T sl
T S T B - 70 ZREWH 0, T 26 22 B AR T IR S i A
SRS A, 8% T RIS, e T,
Iag T RS
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