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Preparation and Release of Sweet Corncob Polysaccharide Nano
Emulsion Microcapsules
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ABSTRACT: The work aims to improve the macromolecular properties and stability of sweet corncob polysaccharide
(SCP) and promote the intestinal absorption of SCP. The aqueous solution of SCP was prepared into water-in-oil (W/O)
sweet corncob polysaccharide nano emulsion (SCP-NE), and the composite protein was used as the wall material to
prepare SCP-NE microcapsules. Single factor test, Box-Behnken design and response surface method were used to
optimize the preparation process of SCP-NE microcapsules. The physical and chemical properties of SCP-NE
microcapsules were studied by particle size analysis, infrared spectral analysis, and thermogravimetric analysis, and the
release of gastric and intestinal fluid was simulated in vitro. The optimal conditions for preparing SCP-NE microcapsules
were mass ratio of maltodextrin (MD) to soy protein isolate (SPI) of 2 © 3, core to wall ratio of 1 : 2, total solid content of
20%, and encapsulation rate of (87.6+1.3)%. The results of simulated gastric and intestinal fluid release in vitro showed
that the release rate of SCP-NE microcapsules was 8.83% in gastric fluid digestion for 2 h, and 62.87% in simulated

intestinal fluid for 1 h. SCP-NE microcapsules prepared with MD and SPI as wall materials have good slow-release
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performance in gastroenteric fluid release.

KEY WORDS: sweet corn cob polysaccharide; nano emulsion; microcapsule; slow release
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WM VR, AR B . 20 DA B AR i A A sk A
£ e 1135 I 5 D i 5 =01 1| PRt 7/ I B S
SRR BA TR . P . PR AR,
HFrxt H2g Ao FLR B D, 1 AR Y 58 IR R IR
B Yk FLW ( Nano Emulsion, NE) 2 7E W%
PERIA B RIS R ER T, A5 2 FhERAHE
Y VRAATE 1 A1 W25 B B 3 B B A R &R, B
KA AT 2 R e T DL R 45 1 TR HER . NE RERE A 3K
HiKE D RE Ao B BN, R EE A YRR
M RATF KT 25 W G A ) A RO K 2 W 2%
BB, (AR AR RS A9 8 D084 A KSR A 9
L 2t R SR SR R A
T B KOS 2K FLIK ( SCP-NE ) fEMSH I Mo fi) 1
SCP, HEfA RIFmMfetne, HMEMa ki, 5
LB W FRYEA B th 9K L5t 75 5 1l B IR, R
BER B AR ) 1R AE A R RS, Rk #s SCP-NE £4
HE,OMABERA A AU, LAIBE SCP RN IE
WL BR B . 2 EERIRS (MD) &Rkl , BA
B ORRAE S e FE R, AR L ZL AR A
W2, WES5HMEA R ILeEae s k45 &
iU, B MG (B-CD ) 1 —Fhg AL £ 25
BRI DU = D RE I o AR e M, R RV R RE S
B E K AW, H T T 8 1 289 Y B 2
PFsRED, MFAEER (WP), RESEEN
( SPI) FIF&#E HMRH (NaCas) HA BIFAIFLALTE
e LA S RIS E o R , AR WF5T A SCP-NE A AR,
MD 43455 B-CD. SPI. WP, NaCas 454 1E N EEHT,
DA 2 4 v ) £ SCP-NE {4 , 3 3=k mi o7 e 2= 1
LB T, 19 %] SCP-NE i fie 5% i Al & 2 1, X
SCP-NE T ZEA TR INRE I 58, i SCP B &g Hb Jv;
TS . 25 0 SRk i 58 T R AR LB 2%

1 K

1.1 #MHENER

FEAR: B RS 2R K FLR ( SCP-NE ),
SEEEE [ WK (MD ), KT B8 A (SPL).
B ¥ MIKE (B-CD). B&ERHEREN (NaCas), AWEEH
(WP), srtiral, IWARIRRUETREARAF; BE
FIlE (1200 Ulg), 4rAral, v E A il 4 BR
N JEEEREE (4 000 Ulg), 4rdrat, 54 9F
FAHRAF,

FEALAS: B REIR KA, EARRERE R
A3 MC BURS% oL 7R, L2 IR R EH

FRAT]; TG16-WS RIBLLHL, RS A4 BR A
F); BXT-200MLH #5525 11l , 72 [ 0 i B <4k
15 SU3800 BUHHi ¥ Wi, HAH L ARRAF;
Nano-ZS90 R B FEAL, 35 /R UL A FRA
Al 360 FAERIZLAMGIER, EEE R IIEFARA
Fl; STA 6000 FYPREE /AT, 7 F1 43R R BRIUGER
HIRATA
1.2 XWHIE
1.21 HMRENTE

%% Niu W I REB S, 250K B-CD.
SPI. WP, NaCas 5 MD, 7ERE/1HE T i@ 87K
o, FEEERESTY) (1 000 /min ), TEMEBER ., 7EREK
HIZETINA SCP-NE, FfFAWTFE 40 min (300 r/min ),
S ETRIYMATRGM R (RFRAEIEY & hE) o 20%, &5
TR, FRLAMESS Tl & SCP-NE flUic#E, Mt
Z AR LA 5 mL/min ARARTEE , %L 160 °CHEXWE R,
80 °CH i XUIRLEE o
1.2.2 BREHRXWIEIT

F 5% 3¢ B 5. — 1) MD 1 g BE#4 X} SCP-NE i HEAL
RAE, ¥ MD 73505 B-CD. SPI. WP, NaCas #%
BRIy 101 JECAE AR, SUREDEY & &R
20%, SEELLR 102, El B UIEEE A 15 min, %
AN [R) Rl 2 Y BE #4 XF SCP-NE £ 5 i 520 ,MD 5 SPI
SECE S U B R AR A1 s, B s, B
IRFEEY) B 20%, DEEFCRh 102, syt
(624 15 min, 439 %%E MD 5 SPI Z iR 3 1.
200, 131, 152, 13X SCP-NE fu K50,
MD 5 SPI BECFiE L 101, BB 122, &
HETYIRE R 15 min, 20 5% 8 SR E R 9 &
10%. 15%. 20%. 25%. 30%X%} SCP-NE {3 (15
iy, UL MD 5 SPI Jfis bt 11 & BERT, EARRH
TEW R 20%, = 85 UIRT ]2 15 min, 5480 EE A
k201,101, 1:2, 1:3, 1:4% SCP-NE £

ESE LA
1.2.3  No R E SRt

R EMER F, * Box-Behnken %1t
(BBD ), WM A{H MR, PR ER . FE
Wy ar g ONBE L IR TR N ph e, e e T R 2 K
W1,

1.2.4 HEXBZHEMKILMKRERERENE
1.2.4.1 A ERE

K PR BRI E 224 S, FRHL 1 g SCP-NE fi
Jie% , 20 mL #&JE J7 0.05 mol/L BRERSE Mgk pH=7.4 )
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Tab.1 Response surface test factors and levels B 5.0~7.0 mg SCP-NE e, 1L 10 °C/min 1Y
KT HRCLL wREd (g | ED AN 30 CCIMAAFE] 600 °C, WL £EA W T 25 1 5t
. == PB=N 0, ol Al e =
Cmap * mspi) (A) TRCCI% R KA SRR AL R S AL
-1 2-1 11 15 1.2.4.5 PRIMECN &

0 1:1 1:2 20 T 5EH 100 mg B SCP-NE R 4% & TR0 E

1 1:2 1:3 25 (SGF, pH=1.7, HI#MREKEH ) * 2 ho K5,

PO P e O B SR R . VRS, $25), 4000 r/min,
20 min J5UWAE/KAH, B 1 mL KA, A0A 1 mL 7848
K, 1 mL EBBERK (0.06 g/mL), TFMA 5 mL #
Wi, mmies), WK 15 min, 7E 490 nm J#KF
G0 R ' AL, 30075 o P 2 % T 2o M ) % £ TR K
W (1),

m, —m,

N == x100% (1)

Kb g HEBE; m NS m AR
EZ I
1.2.4.2  RiARi e

H SCP-NE e 5 7 fiff T 78 48 /K v e B R it i
WeSEN 1 mg/mL W, RO R B SCP-NE
U B HEA TR AR I A o
1.2.43  £oAMEgN &

Xf SCP-NE ot & %% K J Rk i 47 21 4h O 3%
(FT-IR) 437, i FEEF/KBr BN 1, J6ik

SIPEEN 4 em, SEIE RIS 500~4 000 cm
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B2 mL W, FHSE RS s, DUREE
VA TR R R R

1.3 4=

RS ER 3R, A SR strifE 220
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AR 4

211 BEREZRERHH
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Fig.1 Single factor experimental results
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) E T MD RN BEM B MD 5 B-CD Z 4.
XEMEAMEINRE T MD B9tEfE, EmashR,
I MD 5 SPI & & B R4 fe i AL B 850% , 3T e J&
i F SPT A B b oL AL ERE™ ) Fr UG 4Lk B MD
5 SPI & 1ENEEH . mE 1b Al%, 4 MD 5 SPI
RN 101 B, BERER D ENES
(P<0.05), RS ILEIT MD 5 SPI HU47 1l & 5
PERE, B SCP L fEREM Z . & 1c nl%n, 7EAH
FEREE LA T, W ERCR RS2 25, i 20
Eboh 102 i, SER T G B A RE A 2 H A4
g 13 e, AEEREA, mE d AT, SVARREDTE
YE R maE R EERNE, YRIREEY S
N 20%00F, AEPRIAEIREE, TREEEKREE

Y m 20% M5 255, MR B R S IR ] LIS
SCP-NE Ul 8 fe (41l £ 45 /: m (MD) ©m (SPI) =
11, NEEHE A 1 20 RMKRETIEY &5k 20%.,
2.1.2 WM& RS

FR A o R R S 2 S TR 2 i 1 1T PR R K
%, RN RS 2, TESPrE R 3,
P20 1 B R R - Design-Expert #4714,
A5 Z o H )5 #2 . Y=87.44+1.714+0.50B—0.53C+
0.034B+0.204C-0.78BC—4.254°~1.52B*~2.49C*, Tl
() it SCP-NE i % il 4 554k : MD 5 SPI i [t
J1, REERRh 12 BRETEY A& RN 20%,
BEAF AL R BRI A 87.70%

®2 MEEXERITEER

Tab.2 Response surface test design and results

W= BH Cmyp - mgpr) (A) EELE (B) EIEH & (C) /% 2/ %
1 1(1:2) 0(1:2) 1(25) 81.1
2 —-1(2: 1) 0 1 78.3
3 0(1:1) 1(1:3) -1(15) 84.9
4 1 0 -1 82.7
5 0 0 0(20) 87.1
6 1 “1(1:1) 0 83.5
7 0 0 0 87.9
8 -1 -1 0 79.1
9 -1 1 0 79.8
10 0 -1 1 83.5
11 0 0 86.9
12 -1 0 -1 80.7
13 1 0 84.3
14 0 0 0 87.4
15 0 -1 -1 82.1
16 0 0 0 87.9
17 0 1 83.2
x3 FEDW
Tab.3 Analysis of variance
Fe VR REAE Skl A 05 F{H P1d M
e 152.61 9 16.96 24.89 0.000 2 ok
el 87.44
A 1.71 23.46 1 23.46 34.43 0.000 6 ok
B 0.50 2.00 1 2.00 2.94 0.130 4
C -0.54 231 1 2.31 3.39 0.108 1
AB 0.025 0.002 5 1 0.002 5 0.003 7 0.953 4
AC 0.20 0.16 1 0.16 0.23 0.642 8
BC -0.78 2.40 1 2.40 3.53 0.102 5
A? —-4.25 75.87 1 75.87 111.36 <0.000 1 ok
B? -1.52 9.73 1 9.73 14.28 0.006 9 ok
c? -2.49 26.21 1 26.21 38.47 0.000 4 ok
52 4.77 7 0.68
KA 3.94 3 1.31 6.31 0.053 6 NTES
afiiR 2z 0.83 4 0.21

Js¥ii] 157.38 16
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28 HAEFIXT SCP-NE 1 i 9% A 355 22 () 5% i AR E1) 7Nk
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Fig.2 Response surface and contour plots of interaction between two factors on
SCP-NE microcapsules entrapment efficiency
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BB TR ) e i SCP-NE {8l 45 46 7F . MD
5 SPLfiar bl 10 1.4, NBE R 10 2.2, BUKRREIE
VIR 19.35%, HEATELERIIS(E R 87.70%. K
I & MHETE S MD 5 SPI fis by 20 3, HEELL
Fo1i2, BARFEEYISERN 20%, MR AT
KE S R B Rl (87.6£1.3) %, SHM{E L
i E 2R (P>0.05), BLHISCERZE R 5HAEIA R AT,
M o7 RIS R LA — 5 nT AT, e S B8 1E I B SE 5
S B IO BE R A T 1 R AT o
2.2 WMERDZENKIABKEN RS
221 KRS

T RSO RL BEANAS L MD 1 SPT AE JgBE 41 1Y
SCP-NE T e hife RSy 434, anl&l 3 s, Bk b
TR BER AR R IEAS AR, HON PRI S Fi o AN [R])EEAF Xt
i KN A A — 2 i) L MD/SPI ly BE£1
I, YRRl (15.1940.97 ) pm, RiAR4rAi
H1~20 pm, E¥PRAERN, HR ARSI,

40

10 |

1 10 100
HiAR/um

'3 SCP-NE fUB 4 kA2 70 A3
Fig.3 Particle size distribution of
SCP-NE microcapsules

2.2.2 LI5diES R

{8 HL AR B 2T ARG TE (FTIR ) AT LAE B (800 3 1)
5 Y 2 S S AFFEA EAE . UL MD 1 SPI
Vi A BERA i £ 1 SCP-NE SR HE R 5 Y 21 AN 33 4
4 JIis, SCP7E 3 383 cm ' Ab Wi iid 2 T O—H
BRSO, W SCP R FAE 3L, i 2932 cm™
51630 em™ bW ISR B T C—H SRS ANZE &K
WA, 1402 em™' (ARG H T C—O &Ik sh
SIEM, 1 038 cm ' A ML G T 28 1
C—O—O BRI ARG SIS Y, XS A5 HENE B A 1
G5, AT A A IR AT o T S A ok
WS IR S Uk 55, X AT e Ui 2 rh 2 b,
T ELAH 24— 8B40 Bl A2 B 7E MD-SPI B b 35 57 v ] 200
2.2.3 HEHH

I 2 SIS EL A R A A AR A, AR L B

M\MD

SPI

W}&g

4000 3500 3000 2500 2000 1500 1000 500
PFE/em™!

4 SCP-NE UK RERILLANE1E 70 7
Fig.4 Infrared spectroscopic analysis of
SCP-NE microcapsules

K. BRI Il B B AL AR B )
B, WK 5 s, MD 5 SPI ZRLIE ALK SCP-NE
T BEIN G R, AR B MU B ok 3 A
B 51 D BER 80~120 °C, UK HER 5%745 A7 1) 5
UK, XATREE I TR RE R 8 2 M By
250~350 °C, fHUBCHETELLIRIE T 500 2 AN B 1)
BB, A FRAR -2, B k7R3 i i TR T BE A
PRGH A3 i I UM A3 i BT £ 2URI T B, R8T R0kE

ORI ER 5 5 3 B B 400~600 °C, A
FE S R B W T2, HB el st R
500 A A 2 A 0 2 R S o e LA 2R AR ) AR 48R
KRR MAREZRIGSEE S =%
GER7RAL, M AE R MD 58 [ TVE Sy BERE T DR
1= SCP AR E M .

BT H/ %

100 1 MD+SPI
90 | 0 =
g
< 80 2
# 70 ¥ )
R 211 =
I 60 F e
B 1-05%
50 | i
¥ =

40 b 298

30 |
-1.0

0 160 260 3(I)O 460 560 660
MREE/C
Kl 5 SCP-NE i3 1Y #E 43Hr

Fig.5 Thermogravimetric analysis of
SCP-NE microcapsules
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MD 5 SPI & &1ENEER il 45 1Y SCP-NE /i 4
SCP HyREHLMIZE . 76/ 2 h A9 B WIHIE, R 2K
Ry 8.83%, XFREHLAT N Shao 22Tl 4 i)
RZ W BE AN S AL, A A F AL
W, SCP FERLFUA T B Wl 38 T, X T RE SRRl %
pH MR, AP RIRIEA IR, Fb)F
JisEhn, SECRE WL RSP, R R AR R
Bl h BREN 62.87%, 2 h 5L TSR,
MD/SPI HA B4 R AT AL B, 185 T SCP
T RO FE S8, AU Y R R A K
XA g2 B T SCP-NE 7E 8K [ B S BEM A T
TERRE B WA S B B e /b, e v 2R 58 v
H T BE M BB P A R R, AN EE S SCP 72/
SEL L TN DA &

SGF(pH=2.0) SIF(pH=7.4)

Al /h

Kl 6 SCP-NE Ui SCP RSB £&
Fig.6 In vitro release curve of SCP from
SCP-NE microcapsules
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25T 4% 1) SCP-NE fUle 28 4 35 % h( 87.6+1.3 %,
L O BT . AR LT AN AT . R ST
X 4 B[R] BERE 145 19 SCP-NE R B 4T R4, 8
SEHAME T . 554 SCP-NE W5 3 31 7R S S5 40)
7 BT E, SCP-NE U BEAERT 2 h (9 B W
LR BEBCR N 8.83%, TERHUATH 1 h BIREHCE N
62.87%.
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