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Structures and Its Releasing Property
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Abstract: As a carrier material, starch has a wider application in the delivery of bioactive compounds. Targeting the effects
of starch chain structure on the characteristics of Pickering emulsion, this study used normal corn starch (Corn) and waxy
corn starch (Waxy) as raw materials, and octenyl succinic acid (OSA) modification was applied to obtain OSA modified
starch. These modified starches were then subjected to acid degradation (AD) or acid-heat composite degradation (AH) to
obtain four starch-based materials with different molecular structures, which were then used to prepare Pickering emulsions
respectively. The structure of the prepared starch materials were characterized using fourier transform infrared
spectroscopy, X-ray diffraction, and size exclusion chromatography, and particle size, {-potential, and releasing property
corresponding Pickering emulsions were also investigated. The results showed that after acid hydrolysis, the OSA corn
starch subjected to acid degradation (OSA-AD-Corn) remained some ordered structure, while its chain length distribution
was more was uniformly distributed with a proportion of short chains being 90.7%+0.02%. Related with the chain structure,
the OSA-AD-Corn Pickering emulsion had smaller particle sizes and a higher {-potential. The following in vivo digestion
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results showed that this Pickering emulsion had 42.86%+0.54% free fatty acid releasing in small intestine. And in terms of

the release of functional components, the OSA-AD-Corn Pickering emulsion provided stable delivery of curcumin, which
the releasing rate in simulated gastric fluid and small intestinal fluid being 52.48%+0.42% and 27.98%+0.22%,
respectively. Compared with other starch-based materials, the OSA-AD-Corn starch sample could deliver more bioactive

ingredients to the small intestinal. These results would provide information for producing appropriate carrier materials for

the efficient utilization of functional compounds.

Key words: octenyl succinic anhydride-esterified starch; starch-based Pickering emulsion; controlled-releasing of bioactive

ingredient
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Fig.1 XRD pattern of modified starches
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Table 1 Relative crystallinity (RC) and short-range ordered
degree of modified starches
i AHXT 45 R (%) Ryoas/1022
OSA-AD-Corn 37.24+0.83¢ 0.3869+0.0001°
OSA-AH-Corn 30.65+0.65° 0.2637+0.0001°
OSA-Native-Corn 40.52+0.45° 0.2788+0.0007°
OSA-AD-Waxy 38.19£0.39° 0.2122+0.0015¢
OSA-AH-Waxy 31.88+0.23¢ 0.2590+0.0001¢

40.13+£0.27*

0.2733+0.0075°

OSA-Native -Waxy
T AR INE FREFRR 3 22 57 (P<0.05), 3R2[H] .
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Fig.2 Infrared spectra of modified starches
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Fig.3 SEC weight chain length distributions (CLDs) of
modified starches

DN 3 FnEe 2 nl g, etk s, e R A e
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Table 2  Fitting parameters for CLDs of starches
R 6<DP<12(%) 12<DP<24(%) 24<DP<36(%) 36<DP<100(%) 100<DP<1000(%) 1000<DP<10000(%)
OSA-Native-Corn 17.8+0.0107¢ 31.0£0.0035¢ 10.3+0.0008* 12.2+0.0016° 14.6+0.0095° 12.9+0.0050°
OSA-AD-Corn 25.9+0.0027° 37.1£0.0091° 13.2+0.0036° 14.5+0.0061¢ 1.9+0.0017¢ 1.6£0.0110"
OSA-AH-Corn 16.8£0.0048¢ 26.1£0.0039° 16.6£0.0030° 30.8+0.0061° 5.4+0.0008° 2.9£0.0095
OSA-Native -Waxy 22.9+0.0035°¢ 41.1£0.0059° 15.1£0.0031° 18.0£0.0046° 0.7£0.0042° 1.1£0.0112%
OSA-AD-Waxy 29.0+£0.0017° 42.1£0.0045° 12.9+0.0008° 11.0£0.0065" 0.6+0.0015° 0.0:£0.0000°
OSA-AH-Waxy 17.5£0.0063¢ 27.9+0.0022¢ 16.8+0.0002° 29.7+0.0006° 4.1+0.0004° 2.1£0.0110%

(AP)) S WY SCEETERY (DP<30) ZH K, {5 ki—~
46 A2, A AN (AP, AR EK 10 S A% T kS

(DP 39~99), AT SR~ ai 245 5 v 2P, AR
T, Bt OSA JEM 7E 30<DP<100 f4 X [a] PY A%
b 5] 40 25 1 i (P<0.05) , 3X 55 1R /K A 3 | A 1 1 T

i A i N ot S BEVE Y BE T A A G, Hir, OSA-AH-
Corn 7E 32 4 3 Ky X 388 5 LA 90.3%+0.02%, OSA-
AD-Corn 7 355 UE R X3 5 EE 2l 90.7%+0.02%, T
OSA-AD-Corn ¥ KA1 B Sy 357, X 552 5 FEf
ALFA SC, PRAMER S M = B & REM A3 4 10 =2

FEER KR A, N2 alr e AR gAY, R eT

DL, 32 JECGE RS AN 5] A P50 2ot b BEZ ), AR TRy

TESE K A3AE . A P25 F NS, ShasH EAETE 25 5, 30K

520 Pickering FLUR ML o

2.2 OSA 5E# Pickering FLiRAVIE R

2.2.1 TERUREEXT Pickering FLBCKIASFI (~HAL I 5E
mg H1 3¢ 3 A%, OSA-AD-Corn Pickering FL ¥ Al
OSA-AD-Waxy Pickering ZLIERAZ/NT OSA-AH-
Corn fll OSA-AH-Waxy 9 ; 11l OSA-AD-Corn Pic-
kering FLIE 1 OSA-AD-Waxy Pickering FLUE Y (-HH,
P4 XE IS T OSA-AH-Corn F1 OSA-AH-Waxy 1.
OSA MM TENY P AFFE R = I SE R SE AT, Xy AHH
A RN, 33X FRAFTE A TR A Y 7K A T 2ol

TIHN, XNTCZZET Y BRI 5 L TR A TR 7K
THI 78 55 55840 G, Bl DA R S A B8 i, B 22 11 3 9

o e BFE I K P . Feng 2520281 22 8 >4 J0ky /6 LK
S kR e, LIRS S — AR RRE
25 AT B B ORI T B B 24, LT
HPRIARIE I . DATER MDA B2 25 1, e EvERs T iy
PR R R A e A R A W, S DE Y R AR S
M\ SEC Z5 5 n] 1, Ll R fre b B i ACHE VE My LE 2812
T SRR ICPETERS, & B 2T, /Ny
FEEEA AT a RS SRR, SR e ik 2R 1 43 B
TE Pickering FLU S L, H/NGTFHEIE 1l TE A5 9t
% ST AN AN (T S R WAE IV A
2.2.2 Pickering FLIRAEMRSMEFITHE fh it Bt v i B¢
1728 W 3 AT, B VER ZER Al B2 N 0.1% 14
hn#] 2%, OSA-AD-Waxy . OSA-AD-Corn, OSA-AH-
Waxy # OSA-AH-Corn #l %5 Y Pickering FL#& 192k,
VAW I o 355 H T 2 T DA R ) 76 25 25
%, Btz ST L Gy IR T 26 i AR A S, v g e
U7 S R N, BN T B B AR

Sz R Wi n BRH1, B4 e 2S00 TE Ab Fnm i 3=
B/ NG AT, NI, ARFFEXHERY Pickering FLUK
(BERYUR T 2% ) TEASALL /NI SR TS Ahash B vb BT R
FYJ FFA 3EA7E . MK 4 AT 50, JeisZ iR OSA
VEWY, FFA RS eE S 157 22 30 HH Sl U Re il b I A4
TR #ER, 1E 1L 120 min J5, OSA-AD-Corn
MPickering FLIE FFA BECRIAE] 42.86%+0.39%
1M OSA-AH-Waxy Fl1 OSA-AH-Corn Pickering FL#

3 NEIFEHFHEE Pickering FLIRAY CHLNAL  BIARFNA I

Table 3 (-Potential, mean diameter, and oil-liquid encapsulation efficiency of different starch-based Pickering emulsion

R IR E 0V ) HePickering PLik B (nm) CHfE(mY) e e

0.1% 782.46+73.48" ~26.70+0.78" 22.80+2.12°

OSA-AD-Corn 1% 448.85+13.47 —-27.40+1.15° 87.07+1.14°

2% 385.25+7.28° ~26.93+0.19 97.300.04*

0.1% 544.65+11.54° ~37.12+0.43° 66.67+4.42°

OSA-AH-Corn 1% 683.33+18.82° —25.34+0.63° 91.27+0.42°

2% 681.74+26.77° —25.67+0.31° 91.27+0.42°

0.1% 563.63+23.68" -25.26+0.21° 36.05+6.15°

OSA-AD-Waxy 1% 331.13+6.75° -25.92+0.71° 88.20+0.41°
2% 413.53+18.13 -30.91+0.65° 92.50+4.64"

0.1% 595.52+2.29° —15.24+0.29" 38.65+4.35"

OSA-AH -Waxy 1% 403.90+6.05¢ —27.58+0.85" 85.40+0.79*
2% 531.73+21.49° —27.78+0.12° 91.90£1.79°

TE: R ke AR T, AR 7R Bl RI777E 138 22 57 (P<0.05)
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Fig.4 Releasing behavior of free fatty acid from starch-based
Pickering emulsion in the simulated intestinal fluid stage
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Fig.5 Releasing behavior of curcumin from starch-based
Pickering emulsion in simulated gastric fluid and
simulated intestinal fluid stage
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