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Effect of Protein Types on Structure and Stability of Fish Oil Microcapsules

LI Yang XU Jingwen YU Jingwen GUO Zengwang TENG Fei WANG Zhongjiang
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Whey protein isolate (WPI) , soy protein isolate ( SPI) and pea protein isolate ( PPI) were
used as composite wall materials with maltodextrin, respectively, and lecithin was used as an emulsifier to
encapsulate fish oil. The properties of fish oil microcapsules prepared by three proteins were determined
by laser particle size analyzer, scanning electron microscopy, Fourier transform infrared spectroscopy
(FTIR) and thermogravimetric analyzer. The particle size distribution result in descending order was
SPI, PPI and WPI, and the emulsifying properties in descending order was WPI, PPl and SPI. The
emulsion prepared by WPI showed the smallest particle size, the highest embedding rate and the best
oxidation stability. The results of scanning electron microscopy showed that the microcapsule prepared by
WPI was spherical and the surface was relatively intact. There were pits and a few holes on the surface of
the microcapsules prepared by SPI and PPI. The FTIR of microcapsules revealed that WPI contained high
content of «-helix and disordered structure, which were more conducive to encapsulate.
Thermogravimetric analysis showed that the three fish oil microcapsules had good thermal stability at
temperature below 200°C, which could meet the processing conditions of general food, while the
microcapsules prepared by SPI had the highest thermal stability. Therefore, the properties of fish oil
microcapsule prepared by whey protein isolate except for thermal stability were better than that prepared
by soybean protein isolate and pea protein isolate.

Key words: fish oil; microcapsule; microfluidzation; whey protein isolate; soybean protein isolate; pea

protein isolate
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30 ~60°C f7 i it 2 Pk % 5 min , RAL S 1L uE . U8
FI 15 mL A7 b Bk VRS 1 B8 . RIS R R & R
o E 0 BB (i my ), EFE 78 & £ ik,
105°C T4 Z it 8 (it m, ) o 2 TETH 0T 5 43 4K
HHERAX N

m, —m,

W, = x 100% (3)
m

Tl 28 S 3 A R E 2 MRSk (21 ] 9 5 1
PRECT g SRR BEA R (R my ), SE/3 ¥ i T 10 mL
60°C K, B A = E R (20C) , A 1.25 mL
7K ,65C K 5 min ¥ HUF A 10 mL JoK Z B, ik
i 1 min, fEA0ATEK £ Bk FI A7 0 B 25 25 mlL, 4R35
1 min,4 800 r/min & .[> 15 min, ¥ FEREKE R
o fE E B 1 IR B (TR my ) R, e % 28 e 2R U
105°C TR B R EE , & T TSR MR ERE
Pri (Bt mg) o S B2 B0 A 0

ms —m,
W, = x 100% (4)
my
BB AR
Wz _Wl
Y=—2 1 x100% (5)
2
1.3.5 foligsty

K A [7) BE A 1) B 5 oy ARG 70 A R THT S 1 48 4
GE, B FRNES, A HAMB 7R ME
(SEM) 7€ 5 kV H F T WL EE 00 2 1 B WL 2544
1.3.6 ZI4M6i%

e S KBr & TR AL IS FRIZ 5 mg #F
55200 mg KBr W55 ¥4 5), 88 5 5 R, D0 A B A
el SMGTE . FIREVE Bl 4 000 ~ 500 em ™', 4 HEF
4em ™ HEE B 32 K, K Peakfit 4. 12 5 {4 %t
T EERE 171 1600 ~ 1700 em ™" {5 4435 1Bl P4 FEAIE
HEAT 53T o
1.3.7 “AAfufesE i

V5 £ 30 5 2 A AR R A A €3 AR, 7E 60°C
() %5 PA 25 4% N R AT i AR ALK, B 5 d I A
i A2 AR 1A

ZHSCHR [ 22 ] 1y 7 i AT 5 AR A (E 1 0 A
FREURESL 2 ~3 ¢ (A5 % 0. 001 g) & T 250 mL fill &
R, A 30 mL =& H Be—vk S BRIE A W (R L
2:3) RS S 2 E. M 1 mL {1
KI %W, ZE 3F 0 28, I B2 B R #8% 0. 5 min, ji & 75 %

Ab 3 ming HCH S I 100 mL K, & 21 J5 52 B
0. 01 mol/L Na, S, O, b 1 ¥ 1 i & 2 IR B i,
1 mL 0. 01 g/mL JE A3 45 75 57 , 4 253 5 I DR £ +F

BRI O R L . 34T 3 WP T ST, JF DA
SDS il fEZ H St . WA I E AKX
P=1000(V,-V,)N/W (6)

L P—i A A(E , mmol/kg
v, 25 FITHAE Na, S, O bRl AR, mL
V,——FE ST FE Na, S, O, bRl AR, mL
N——Na, S, O, bR i 75 R, mol /L
W—HE i T i, g
1.3.8 #AFaEt
FH Pyris 1 TGA BIPATE 3 47 A 53 B A [ BE #4 1l
B R AR EEE R, AAAR
(30 mL/min) FREAE G (5 mg) A 30°C Jin#k 2 500C
(10°C /min) ,
1.4 HEXKESHSH
K H Origin 9.0 % {4 #F 47 il &, R H %K 4
SPSS 22. 0 Xt 3 Y47 5% 5 1Y B AT 8 35 P 4 A
(P <0.05 F/R2E5 0E) AT

2 HRE5OMW

2.1 IABRE

S YR AR T S e LV R RO 1 RN T
T KN FLIRCHE S AR KR, PDLC R & 9 43 Bk
16 0 ) FAE WG 43 B 0, PDT /AN | 3% T 3 H 1
o R R R E Y L BLAR A 4R v LA B ) A
DA B W 45 75 w0 T T AR /N ) FLTR R R 38 5) LR E
AFL Y o LB E NG R R R 2 R B
) R, WPL il & () FLIOF- ¥ k042 1 PDL g 2 /)
T SPLAI PPLFLM (P <0.05) . M 1 A LLE i fir
A FLIBORLAR 53 A7 1 4% BE A B 5 B U B3RP AR
By wos i R FLAesE 1 OB i ALk . [, 7L
TP BT e RUSH BN B LA AR R R B
WPL 1 PPT ) 7L 4k fil s e 4y, i SPL i) 7L Ak 8 77 4%
%o MRYERAE A 2 7T LAE H, SPLAT PPLELBY
S HPR AR 5 v R SR T A A e B R o,
R KT 5 wm, SCHK [ 25 ] 45 0 AH ) 19 45 5L, SPI
FLIK e R Ty B AR e LR A E i 2
BEMIR . SCHk[26 ] 45 1, WPL E SP il £ 19 FLoR i
SRR TN R R R MR E T,
PP il £ 1) L0 B SPI il 2% 10 2L YBT0T 5E/0N
{15 SPT B A e 2= i FLAL R 7
2.2 FfLEMEMIAKBER

FEE N8 R A 1 R U M B B0 A 3
MR A R 7Lt AR R AR . ZLAR TS M




531

Fb A TR ER GO OB 25 g ) A D BURE TE AE RE BT 5T 353

B 1 HE Rl £ v LT 8R4 L PDI AN
KL A% 43 A5 A5 1)

Fig.1 Effects of protein types on mean particle size,

PDI and particle size distribution of fish oil emulsions
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Tab.1 Comparison of characteristics of fish oil

microcapsules prepared with different proteins %

BERF KRR B BhBE (ORLES

SPL (2.79 £0.33)"  (31.81 £0.42)" (91.23 £0.12)"
WPI (1.68 £0.14)°  (36.05+0.17)" (95.34 +0.28)"
PPI (3.55+0.26)" (28.89+0.34)° (87.71 £0.19)°

T8« i) — S AS [ 7 5 2 7 B fid 1ol A 35 22 5 (P <0.05)
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Fig.3  Outer morphologies of fish oil microcapsules prepared with different proteins
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Tab.2 Fitting results of amide I band curve and identification of secondary structures

SP1 WPI

PPI1

y 1 = . ! e N . e RN
U4 37 -/ em ~ AHXS B /% U {37 E/ om AEXT =/ % W & /om ~ AHXT =/ %
1617.37 1617.53 1617. 44 ]
(33.40 £0.05)*° (27.75 £0.12) ¢ (30.16 £0.07)" B-Ir&
1630.13 1 630. 57 1630. 16
1 641.94 (20.68 £0.04)°¢ 1 644. 16 (24.48 £0.07)" 1.644.41 (25.74 £0.06) " T th
1654.29 (19.79 £0.08)°¢ 1 656. 83 (21.99 £0.11)*® 1657.87 (20.86 +0.10)" - 12 iE
1 680. 01 1 668.97 1 670. 08
(26.13 £0.09)* (25.78 £0.05)" (23.23 £0.05)° B-#E £
1 667. 44 1682.61 1683.52

A ARG R EEER (P <0.05),
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Fig. 6  Oxidative stability of fish oil microcapsules
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Fig.7 Rmogravimetric curves of fish oil microcapsules
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