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Release condition and sustained-release behavior simulation of grass

carp ( Ctenopharyngodon idella) fish oil microcapsule core material
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Abstract: With grass carp fish oil as core material, soybean pro-

2

ER

ELWA:HEARBSHFERS (45 NSFC 31700709) ; H
R AR B BRI 55 B L W% 4 OB (45
JUSRP11903) s F K & i Bl 2 5 TR — i 2 B gt 5 il
H (42 . JTUFSTR20180201) ; [/ 5% K 52 1k /K a0 7=\l 4
ARAE R H (45 : CARS-45-26)

YEB B A XUBEI . &, VLR K 2E B F 9T 61 T

BIEIEE 30K (1958—) , VL KF#H2. 1 1.

E-mail: xiaws@jiangnan.edu.cn

Y55 B #5:2019-09-09

tein isolate and chitosan as composite wall material, fish oil mi-
crocapsules were prepared by ultrasonic assisted homogenization
and spray drying. In order to determine the release performance
of core materials under different storage temperature, relative
humidity and light intensity, the release kinetics of microcapsules
under different storage conditions were investigated. The results
indicated that release kinetic equations were significant and credi-
ble, with R? greater than 0.97. Moreover., the release mechanism
parameters were fouls less than 1 under theconditions of 4~50 C
and 34 % relative humidity, which belonged to the diffusion-limit-
ed kinetics andfirst grade release. When the relative humidity was
54% ~ 92%, the light intensity was 0 ~ 10 000 Ix, and the
release mechanism parameters were all greater than 1, which be-
longed to the first-order release kinetics. This indicated that the
fish oil microcapsules could be better preserved at low tempera-
ture, drying and avoiding light. The particle size decreased from
15.82 pm to 2.98 pm after 270 min, and the release rate reached
80.6% , indicating that the microcapsule had sustained release be-
havior in the simulated digestive tract.

Keywords: fish oil; microcapsule; release kinetic; release in vitro
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Figure 1 Core material retention and Avrami’s regres-
sion analysis of fish oil microcapsules at differ-

ent storage temperatures

®1 FRAMEBEETHSHEMINESHE
BREEREH

Release mechanism parameters and release rate

Table 1

constants at different storage temperatures

WG /°C REHLEE S B e T 5 B R R?

4 0.974 3.04X10°° 0.994
25 0.988 14.44 X103 0.985
35 0.968 13.72X10° 0.976
50 0.847 23.79X10°3 0.996
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Figure 2 Core material retention and Avrami’s regres-
sion analysis of fish oil microcapsules at differ-

ent storage humidity
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Table 2 Release mechanism parameters and release rate

constants at different storage humidity

MR/ % BB S 0 BGHE R £ R
32 0.944 2.33X10°3 0.979
54 1.544 17.43X10 3 0.997
76 1.060 19.29X 103 0.991
92 1.008 36.65>X10 % 0.996
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Figure 3
sion analysis of fish oil microcapsules at differ-

ent light intensities
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Table 3 Release mechanism parameters and release rate
constants at different light intensities
JCHREREE /Ix B S E n BEHOGE 5 A k R
0 1.240 4.47X10 3 0.992
4 000 1.357 10.64 X103 0.983
6 000 1.022 12.83 X103 0.986
10 000 1.010 16.06 X103 0.993
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Figure 4 Release rate of core materials of fish oil

microcapsules in SOS, SGF and SIF
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Figure 5 Average diameter of fish oil microcapsules

in SOS, SGF and SIF environments

3 i

TET AT 5 00 3 Ay b oF 38 4o 52 5 BE 4 o 4 ) 423
ol e 20 7™ it T A T 2 RIS RE L A X 3 B8 N ' 5 B2 R
A B R M BE AT E L IR T Avrami” s 283U AT 40
B Hd RPZ>0.97, BEA LA A8 B2 RUAF . i 20 A R L
il 2 BB O < K W TS [ DR R R R
A IR A~50 C AR 34 00 . n<<1. UL W]
I T HBR 6 3 F7 2 A0 — GBI B 1 24 Z 15 3 A X

NEmE - EaGMERECHTREIZGRERTERAR

B 54%~92% , JEIRER B 0~10 000 Ix B}, n>1, LB )&
F— GRS 1% . 3 A AL b TE b R RO O
FIWFSE 2 B, 4 270 min J5 . SO B8 B3R 3k 80.6 %6 , K 1A
TR B AE AN AL 3B Hh A G2 AT Oy o T AR A R (4 R
BRI W 15,82 pm 28 B8 4078 1K 3B B 5% W &
2.98 pm, 38 W IR0 RS 2 57 i AR A 0T A A 1 3 1 315 A
WL RE o A S0 A0 56 v ke BE B Y T R M R B
15+ JE AR BT — SR T R A 4 B GR B SE AT I B B RUR .

S &k

[1] BLOM W, KOPPENOL W, HIEMSTRA H, et al. A low-
fat spread with added plant sterols and fish oil lowers serum
triglyceride and LDL-cholesterol concentrations in individuals
with modest hypercholesterolaemia and hypertriglyceridae-
mia[ J]. Atherosclerosis, 2018, 275(1); el53-el54.

[2] WEST A L, MILES E A, LILLYCROP K A, et al. Post-
prandial incorporation of EPA and DHA f{rom transgenic
Camelina sativa oil into blood lipids is equivalent to that from
fish oil in healthy humans[J]. British Journal of Nutrition,
2019, 121(11). 1-12.

[3] MANNINEN S, LANKINEN M, ERKKILA A, et al. The
effect of intakes of fish and Camelina sativa oil on atherogenic
and anti-atherogenic functions of LDL and HDL particles: A
randomized controlled trial[J]. Atherosclerosis, 2019, 281
(1): 56-61.

(4] 725 . Ze W, JF R FOR T PEm IR SE UR LT 1. M S5 i ol
2019, 26(2): 6-10.

(5] A, 205, A —. 55, WK A BIOB %2 1 1 4 5 H Al g
fE )], B S KB . 2015, 41(1): 80-84.

[6] KRALOVEC J A, ZHANG S, ZHANG W, et al. A review
of the progress in enzymatic concentration and microencapsu-
lation of omega-3 rich oil from fish and microbial sources[]].
Food Chemistry, 2012, 131(2): 639-644.

[7] GIBBS F, INTEAZ ALLI, CATHERINE N. Mulligan, Ber-
nard, Encapsulation in the food industry: A review Bernard[]].
International Journal of Food Sciences and Nutrition, 1999,
50(3): 213-224.

(8] e, WA, 3470, 45, ST/ BT Hfn e 52 5 2 A il fUR
BER & ML BT (0], ThREA R, 2017, 48(8): 107-112.

[97 VORA L, SITA V, VAVIA P. Zero order controlled release
delivery of cholecalciferol from injectable biodegradable mi-
crosphere: In-vitro characterization and in-vivo pharmacoki-
netic studies [ J ]. European Journal of Pharmaceutical
Sciences, 2017, 107(1) . 78-86.

[10] STITHIT S, CHEN W, PRICE ]. Development and charac-
terization of buoyant theophylline microspheres with near
zero order release kinetics[ J]. Journal of Microencapsula-
tion, 1998, 15(6): 725-737.

[11] WING M R. Apparent first-order kinetics in the transforma-

27



28

HA#F 55 FUNDAMENTAL RESEARCH

tion of 1,1, 1-trichloroethane in groundwater following a
transient release[ J]. Chemosphere, 1997, 34(4). 771-781.

[12] TOBISZEWSKI M, NAMIESNIK J. Abiotic degradation of
chlorinated ethanes and ethenes in water[ ]J]. Environmental
Science and Pollution Research, 2012, 19(6): 1 994-2 006.

[13] JAIN A, JAIN S K. In vitro release kinetics model fitting of
liposomes: An insight[J]. Chemistry and physics of lipids,
2016, 201(1) . 28-40.

[14] fptfaer, 2. A, . 08 Tl iR 2 1l & B AR
BRI RS 3 F LT ], o B R 2= 4. 2018, 33(7):
78-84.

[15] BEAe, XL, KEGE, 5. IR KA 10 R 9 5%
Besh S oET ] P ERAmE R, 2013, 28(2): 69-72, 76.

[16] SOLOMON B., SAHLE F. GEBRE-MARIAM T, et al.
Microencapsulation of citronella oil for mosquito-repellent
application: Formulation and in vitro permeation studies[ J].
European Journal of Pharmaceutics and Biopharmaceutics,
2012, 80(1) . 61-66.

C17] X0, A E SR, S RRORF I U8 326508 19 R s 4% 1
R BAT HWF5E T ] P EhAR . 2016, 41(9): 31-35.

(18] wfe /b XUBIRE . AR, A5, dh PR b 0 58 1 B il sl
FAEAREERTSELT ], R, 2017, 42(7): 40-44.

[19] GIORGIO L D, SALGADO P R, MAURI A N. Encapsula-
tion of fish oil in soybean protein particles by emulsification
and spray drying[]]. Food Hydrocolloids, 2019, 87 (1):
891-901.

[20] wimei . BLAPC, Awedn, 5. s 0 il 4 & 60 o ok
e N FCIE AR M R R B PR R L ). £ e S LA
2019, 35(9): 1-9.

(217 JKA% WS, 20 AEKF b BURE 22 14 thl 2 1 5T K R IR 98 L D . 8
M R Tk K2, 2013 45-51.

B 2188 | 2019 F 12 A | RS

[22] XIAO Zuo-bing, KANG Yan-xiang, HOU Wen-jing, et al. Mi-
crocapsules based on octenyl succinic anhydride (OSA)-modified
starch and maltodextrins changing the composition and release
property of rose essential oil[ J]. International Journal of Biologi-
cal Macromolecules, 2019, 137(1) . 132-138.

(23] JelT. &, AK4E, 4. SERBIZSHORT il — 7 RO Ui 28
4 R AE R AR AP R AL LT ] & S R4, 2019, 40
(16) . 242-248.

(247 mp ey, WG, SEoM S, 5. BUBL R v TR T6E JC 1ok 28 o) 4 T L
AR R BT S LT ], & i Tk B 42, 2019, 40(20):
1-12.

[25] LI Zhan-feng, DU Xiao-yu, CUI Xue-jun, et al. Ultrasonic-
assisted fabrication and release kinetics of two model redox-
responsive magnetic microcapsules for hydrophobic drug de-
livery [ J ]. Ultrasonics Sonochemistry, 2019, 57 (1);
223-232.

[26] #FT . BETS, 2R, 5. BmhAL 6 oK 2 1 i
KHFREME S BRE B o [T ], & TR, 2019, 40
(14) . 174-181.

[27] CAN KARACA A, LOW N, NICKERSON M. Encapsula-
tion of flaxseed oil using a benchtop spray dryer for legume
protein-maltodextrin microcapsule preparation[ J]. Journal
of Agricultural and Food Chemistry, 2013, 61(21): 5 148-
5 155.

(28] f/hvik, R ZA, A, 55, Uk 15 65 40 0 U 28 1) 45 44 R AE
SHIMEAREL ] A, 2019, 40(1D): 117-122.
[29] QIU Jia-huan, ZHENG Qun-xiong, FANG-Lei, et al.
Preparation and characterization of casein-carrageenan con-
jugates and self-assembled microcapsules for encapsulation
of red pigment from paprika[ J]. Carbohydrate Polymers.

2018, 196(1). 322-331.

(L% 22 70

[2] OGAWA Y, KUENSTING H, SUGIYAMA ], et al. Struc-
ture of a rice grain represented by a new three-gimensional
visualisation technique[ J]. Journal of Cereal Science, 2002,
36(1): 1-7.

[3] ZHONG Wei-feng, QIN Chao-qum, LIU Cheng-ji, et al.
The edge detection of rice image based on mathematical mor-
phology and wavelet packet [ C ]// Measurement,
Information and Control (MIC), 2012 International Confer-
ence. Harbin: IEEE, 2012, 801-804.

(4] Wdess, EoE, FEY, & AT 240 S 0 ORI
AL 1. o B B S 4], 2016, 18(5): 88-93.

[5] #8E, IS, #2745, BT 8 = M4 R =l R A5 B
A3l W AR [T Al HLAR 2 4. 2018, 49 (4). 257-
264, 248.

[6] fLiEs, AmRAE, RALF, 5. WOGH R =48 v 9L
TR RS, 2017, 33(6) . 84-88.

[7] HUGUES Hoppe, TONY De Rose, TOM Duchamp, et al.
Surface reconstruction from unorganized points clouds[ ] ].
Siggraph Comput Graph, 1992, 26(2). 71-78.

[8] X z. HTF KD-Tree iy KNN 2R PNy &5 W I 34095 i BF 5
SRALD] JFE . gk, 2018 19-38.

(9] ZE K. JH . Savitzky-Golay V- ¥ 3§ P #% (9 e /b — e il 5
JRFRLEARLT]. BUFE A . 2011, 38(1): 63-68, 82.

[10] Ao B e b 2R il i 2 HE R TML db st BR2F ot

2000 348-376.

[11] k3. J F = 48 BO6 3 19 S = B o m) a0 2 i
(D). 2. Mk, 2016: 73-78.

[12] KAZHDAN M, BOLITHO M, HOPPE H. Poisson surface
reconstruction C]// Proceedings of 4th Eurographics Sym-
posium on Geometry Processing, June 26-28, 2006, Caglia-
ri, Sardinia. Switzerland: Eurographics Association Aire-la-

Ville, 2006. 61-70.



