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Zeaxanthin Encapsulated with High Internal Phase Emulsions and Its Stability
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Abstract: [Objective] This study prepared highly stable high internal phase emulsions (HIPEs) to encapsulate
zeaxanthin, thereby improving the stability and expanding the food and pharmaceutical applications of
zeaxanthin. [Method] HIPEs were prepared with the gelatin-chitosan suspension for encapsulation of zeaxanthin
extracted from goji berries. Ultra-performance convergence chromatography (UPCC) was employed to separate
zeaxanthin. Confocal laser scanning microscopy (CLSM) was employed to observe the emulsion structure. The
rheological analysis was performed to characterize the emulsion, which was combined with the hydrogen
peroxide and storage stability tests to evaluate the performance of encapsulation with HIPEs in improving the
stability of zeaxanthin. [Result] The separation of zeaxanthin by UPCC needed only 2.14 min. The optimal
preparation conditions for HIPEs were as follows: mass fractions of both gelatin and chitosan solutions were

0.50%, a gelatin-to-chitosan mass ratio of 4. 1, and pH 5. The CLSM results showed that HIPEs were
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successfully prepared with the gelatin-chitosan suspension. The rheological analysis results showed that HIPEs
loaded with zeaxanthin exhibited solid-like elastic behavior, and their storage moduli were higher than loss
moduli. The CLSM results showed that with the increase in the mass fraction of zeaxanthin, the oil droplets in
zeaxanthin-loaded HIPEs were aggregated, extruded, and deformed, which gradually reduced the stability of the
emulsion. The stability test results showed that compared with zeaxanthin directly dissolved in dodecane, the
encapsulation in HIPEs effectively reduced the degradation rate of zeaxanthin and increased the retention rate
after hydrogen peroxide treatment and storage at 4 °C by 17.98% and 90.09%, respectively. [Conclusion] Using
HIPEs prepared with the gelatin-chitosan suspension for encapsulation helps to improve the stability and extend

the shelf life of zeaxanthin, which provides a new strategy to overcome the limitations of zeaxanthin utilization.
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Fig. 2 Effects of gelatin and chitosan mass fractions and mass ratio on rheological properties of HIPEs

107



108

Journal of Food Science and Biotechnology

i, BT il 4% (9 HIPEs [ G'¥) KT G, IL i HIPEs 5
5 B A I SR AT D s B, B9 )N AR B, LR )
G" KT G', Ib I HIPEs A KRR ) FEAT . 4
FRU, M TR RN 2001421 1018,
il £ Y] HIPEs ¥ 75 K2 [ 1) 5 fie IR 45 440 , 1 B e A
& % [ HIPEs (1 %8 Ji IR 25 7 B U8 [ o gt ok, B R
A58 JEBE B L oA 1010 B, il 4 /9 HIPEs Y G'7E
4= 300 B U) S AR Y5 L N 34K T G, HIPEs & & R 3L
AR B F AT . Ul B B i R 5 SR RE & L
N 1110 B, HIPEs %8 5 IR &5 74 5 B2 40 55 . i
S g G 3 W, B R IR T EE 2 B0 HIPEs 19 B8 e 1
AEERW, B XN/ 557 R 4 & HIPEs [
FasE X 19 25 T HIPEs /& 26 £ (10 & & 45 07,
2.2.2 7~ pH *f HIPEs # & 89 % *&

TE 4 AH (K AHD pH 2 82 1 HIPEs & Jie 2 € PR
S R 2K, 32 N pH AT BAXT LAk 7 1 3 H
AFL AR 2 18] B AE EAE = AR R R A
T, 2 0E LA (0 A BEAS B B0 H R A LR
/U P L AR R 7 AR 1 L VR T M LSRR F R R D,
i AL M REAE T B =Y. e Ah  pH & U B A
JoR 7L AR R E AT 1 T B, L I R SE & B 5
Ao PR 28 A0 T g AR

pH 9 3~8 I} i 75 1) HIPEs #h W WL I 3Ca) . TR
PE 2% 1F '~ HIPEs 58 4= 43 8, 1 1 2%/ '~ HIPEs G
235y . pH N 6, HIPEs B A ¥ 51 (4, {H £E
Kl FE W2 R ESEMFHILR. pH
9 8 I8, HIPEs 7 B 7= A8 7 5 [yl 7K 43 )= o Ui B g
P 11 4% 11 1 il 4% 1) HIPEs B A2 5. 100 562 .
TR T W52 2 1 HIPEs ft oW 45 #4 L& 3(b) . pH>6
B 9 AR Y, B LN 2 30 JF s pH<6 B iR 2 A
SIS T, AR KNS — JHEB R % .

1 3Ce) AT %0, HIPEs [ 85 U] % /% B % 85 1))
TR B T R B, R0 8 DA AL I %
pH Ny 3~4 B il 3 L ¥ ¥ B 1) 3 FE A8 6 AH AL, 75 BY
VI A 1x10" s I, BT DI F ¥ & T pH N 7
B A3 AL eI R E B R T IR 5 e R b
2 [8) (¥ FH HLAF F 52 pH B 52, 76+ 7% pH F HIPEs
{1 15 J2 0 OIR &5 4 5 A AR AH BT pH O 3~7
i, pH Ny 8 I il 75 1) HIPEs 87 U] % ¥ 5 ik, H F B#
& R B, W] RE 2 RN % pH R B HIPEs B AN

B304 H1 2025 F 7 A | ERE5EYEARFER

W ZOR YT e, R 5 58 SR E 18] i AH HoAE
J1A2 55, M BAR AR K, = 3 V) 3# # N HIPEs [ BY
DI B PR AK . Yan ZEI R 58 R B, o M SE R HI R
I & B /5% 5 WE 2 A 0 75 pH A 6 B i) £ ) HIPEs
B £ KF B, &4 T HIPEs ) 35 5 %5 5 & i
B IIR 45 0, FF BLTE pH Ny 7 I 45 ¥4 9 B 2K, 2 T %
k. B 3Ce) A %1, pH A 5 I HIPEs ) 85 V) 3 &
K, R W I HIPE 3101 14 5% I IR 45 0 f i
0 [ 21

B & 3Ce)~(D A A1, A [E pH T il 4% 1) HIPEs
1G5 BTV R AR AR —8, G,
HIPEs 7E 7 W b 8 3 3 o8 [ 44 . {H £ pH A 3~4
B, 75— 52 B U) N AR R GUBR B, 1 BH 7R K BY D) B AR
'~ HIPEs J& B () 9 IR 45 #4) % 588, 5 BY U) R AZ T )
R T RER MR . HAEMKBI PR AR N, G 2
KT G, Wb HIPEs R I 384T N . TE R BT 1)
JBL AR TR, B D) A R A 1K 3 BH 45 K T 2, b B B R
2 M 286 5t 1 X3 A i 50X 5 Zhao 2 BIF 5 45
R—%. HGC5GCMZE . G'E2RT G E
HIPEs % 81 H 2L M i Fe v B 3 03 7 b i
HIPEs JF 46 ¥t 2l LAk 47 8 R 1a) W I % . 4 pH N
5~8 I, BY U N AL F+ 2 5 s K P J5 HIPEs 1 G4 i
T G, it W LE G Bl N pH K, HIPES [ % i W9IR
GERITS . SRRTIIRT R R AN, GE Grag A I
73 B, HIPEs 2 € PR g . I B 3CAD AT &N, pH Ny
5~6 i} il & () HIPEs [ G5 G328 X /s B 5 B, £h
T pH J 5 i) #1] 4% /) HIPEs ) G5 A& KT pH N 6 1)
il # B HIPEs 1) G, 9F H K T H R4 G, Ui B pH
4 5 IF HIPEs [ 5 52 X AR &5 A B 198 ]
2.2.3 HIPEs % CLSM A& 1%

F CLSM i — 35 WL %% W )l - 5% 58 W 2 ViR (W
JBE AN 72 580k 1 5T & 23 H g il R 0.50% . it & L R
4:1.pH N 5) i % i) HIPEs FI 18 OW 45 #) . HIPEs (1)
T B 2% A A2 A7 5 7K FH A AH 50 HLAH . HIPEs B
Je B 41 gL 5 5 (1 O 45 R L T 4, S O 4 2
THAH B G 8 1 X3, A8 AR B B R IR KR 4 i R
IR T o 3 72 R S i A 4 7K A A L 7K - ST 2
FH B R AN e SR R E T — R A AE BAR O B 45
Bom IR E A WY, X Rl 45 # & B HIPEs
TE R T B CO/W)D FhTH . A% FH R — 3% 1T v 1 55



Vol. 44 No. 7
/pH3 pH4 pHS pH6 pH7 pHS
(a) pHATHIPES/M UL 50
1106 ¢
Ee-o. —<«—pH3
pasbe,, ——pH 4
1x105 -AA‘:\._ Coy —e—pHS
'2, 1“1: . "% o
- R Ty SERe S —s—pH 6
» Vgg Ailn, Ce,
< Wy, MRS N —+—pH7
= 1x10* | “"‘:“'Zl e HS
\E Ev Vvv.VV "“i" o, —v—p
i v g oo,
& 1100 L h Higggre
= st
R Yy A'A.::‘l
VVV
1x10? L .
E v,
o Vy.
L 'V‘vvvv
1x10! | . sl TR
1x10! 1x10° 1x10! 1x10%
YY)/

(c) pHXTHIPEsBY §1) %86 15 1) 54

F T%: sHELREEERERRERESHAR

e LB O LR 10 pam.
(b) pHATHIPES SO0 25 K4 1) 5 1)

1x10°
1x10° E

1x10' |

'/Pa

<
[0
=

1x10°

G
G

— e pHA3I G —-—pH?‘JGE‘TEK]G'
110" F —s—pH3I G —n—ijil6H‘JLE/‘]G"

—o PHAMI G —a pHATH NG
1x10°2 [ —o—pHJ4RT HIG" —o pHATI HIG”

— o pHASH NG — pHASITIG!
. —o—pHNSIFIG" —— pHASH IG”
11073 L . !
1x10°2 110! 1x10° 1x10!
BN /%

(d) pHATHIPES & (1150

B 3 7~ F] pH %t HIPEs #9 5h 3L \ 5 AL 25 4 LA B0 T 44 M 89 %ok

Fig. 3 Effects of different pH on the appearance, microstructure, and rheological properties of HIPEs

il %% f) HIPEs 5% 1 5 50, 5 Gy i 44 o Jie 250
R AIE 5T 3 W, A A H 7 5 0 (Ot & 70 $0<0.50%) , it
il 2% 1) HIPEs (1 % 2 0 4R 45+ % 95, 5 B0 i it
U TR AR . DRI, K B i 5 e SR R G & A
FH AT AR 38 47 B B — 3% 18 0 7 77 ) %% HIPESs 1)
B B4, AT 73 21 58 K3 € (1) HIPEs.
2.3 DB EKERA HIPEs B4 RAFIE
2.3.1 5 E KK 69 HIPEs 89 i WL 4§ 42

A, 3 K 3 5 2 M HIPEs (¥ 300 45 #4 F 3 3

(@) Wit

(b) %Ot

PE . H CLSM WL %% 47 2 A 7] Joit & 43 %5 T oK 3 Joit 1)
HIPEs [ B0RE T 245 o eh BT 5 m A, 678 ot & 20 B0h
0.08% [ = >K 3 Jii ) HIPEs, J i HE51 X % L2 2
A B, W ST R N . 2 R OK B R 1 BR B
N 0.10%-0.12% i, HIPEs f9 7K AH X 38 38 K, 38 4 ith
T W 5 R A A8 SPL TR R O B T BRI, O S
19 RN RMBGE W . 2 FOK T &= 7 20 0.16%
NN ! T 7y e s B A o L AN I N
SUH AR R, XM REN SR TR

50 pm

© 2

4 HIPEs#) CLSM & 1%
Fig. 4 CLSM images of HIPEs

109



110

Journal of Food Science and Biotechnology

FEPSIE S N W= 57l L e S N WD S )
L AE HIPEs (¥ i1 55 A &8 &1, 3 23 A5 £ ith i % 1

TR 0 5 KR 0.08%
0.08" 3 :

50 um

KT 20 5N 0.10%

BE304 82025 F 7B | RREEVEARER

W) T oK B o B Bk B I, X HIPEs £é € Pk 1Y
BB 77 5 55

T KT 2 0R0.12%
012

TR 2 KR 0.16%

50 um 50 um

B 5 @RARAE K E KK HIPEs 69 CLSM B
Fig. 5 CLSM images of HIPEs encapsulated with different mass fractions of zeaxanthin

itk — A 43 B B K B 5T AE HIPEs 1 1) 43 A 1
B, AN [ R B 4 80K K R Y HIPESs fE
8 000 r/min 2k 14 T &5, Lk HIPEs A7 (1 i1 AH H 21
TE 2 R W BT HE Ve A AR R K R B R B
HIPEs 1 & >K 3¢ 1 1) o7 & 73 %50, W9 3 1 B A mT H
Ko BT EOKREE R A AT oL B 6 S fdk oK
BRI HIPEs 250 J5 , A7 Hh A w6 oK 380 1 R
47 #05 HIPEs " £ K 35 A5 & 40 201 LU A .
TEAR B T, WA R ORI & R
fiK s @ g E T, A R K B R & A R
o Tt BB R R OK BEOPE R A B0, PR R
BRARE. FEEFE RS EKERSME

0.8 -

0.6 - ¢ d
pou|
o b
Hoal
X 0.4
IH
X

02

a
0 j
0.08 0.10 0.12 0.16

B/ Svsiliv)i vie 2
Bo6 flig@sardibty 2ERXMAGRE 5 K5 LA
AYERRMERED MM
Fig. 6 Ratio of the mass fraction of zeaxanthin in the oil phase
separated from the emulsion after centrifugation to the

total mass fraction of zeaxanthin in the emulsion system

TE 7K — I8 F T, /= T8 S O J5 5 LR P 3 45 4 Ok A= /b
B IR, {f HIPEs oK fig 56 & 6 8 KoK B i .
232 5 E KL 69 HIPEs 897 & M A

B AN [F] J5t & 43 20 K K 35 5T 1) HIPEs (1) G'A
Gl F 3026 () A8 Ak il 26 WL ] 7. Bl A A 0 Y
I, GEGHRE /N o M f Mg it 110" rad/s B, G
2T, H R OK BB A #E N 0.16% (LA i &
I3 k) B HIPEs HA BRI G B THIE B2, 35 W ik
I} HIPEs (¥ 4 i R 45 04 38 FE 8 5500 . ik 4h , %%
41 HIPEs [) G'¥J % T G, 3 W] HIPEs 3 il H 3 1
178, AT fg 22 IR O oK 3 J5 1 7 2k & X HIPEs [
FoprEE AR EYW, HEe M, mAKET,
HIPEs & fig 76 4> 0 1 5 oK B8 53, & 45 V1 3 o0 i, 5
HMHIPEs MA@ N . RSB SH MR
— 8. Z& BRI, ROK B 2 BRI HIPEs 1 5t R
o P A AR SRR FE B b R BN A 3 — DRI
T AUER R K A HIPEs W8 I 7E & S K & g T
17 PR,
24 LB EXRFERAHIPEsSHREM S
241 T AR BRI R | ERE A HIPEs 42 €

P 89 % o8

T K AR B — B K A T
R FT AL 00T 47 3 K 38 5T (1) HIPEs A8 5€ P 1 5%
e, FH 53 & 43 R 2% 11 3 S A SV T o) ) A BRI
FfAE T b A T K B 5 I AR A R K D A
B 0N 0.08% 11 K 35 5 1) HIPEs CRL
WO R OK BT, AL BRET [A] 9 8 h, 245 S LI 8(a) .



Vol. 44 No. 7
500 - B
—s— A5 HCH0.08%
—e— A5 £CH0.10%
—— RS HCN0.12% .
400 - —v— it 5153 HOA0. {1.6;% 1/.'\.\/
-H.
‘.I-I) = -
& _g-u-u-u-N "
300 |- o0 0
.,o-o-‘" v
-e-0-0-2" /
N 4
- vvvvr:: ;r WAA\‘
200 py-v-v-v-v* Aok -
100 R |
IXIO‘ 1x10° 1x10! 1x10?
AT/ (rad/s)

(a) FKEE 5T &L o G 2

 BAELREEERERRERESRHAR

% —e— iR/ $050.08%
—o— JRUE S HCH0.10%
ol — — W E0N0.12%
—— JRE S HCN0.16%

G"/Pa
S
(=]

20 V) o

1113l 1 " PR 1113l
1x10° 1x10! 1x10?
FA A /(rad/s)

(b) KT o 5 £ 7 HO0 G R

0 A
I1x10"!

B 7 % B AR HIPEs 49 T M Ak
Fig. 7 Rheological properties of HIPEs loaded with zeaxanthin

bE & AL B ] K, oK R R R T &
O HBT2h I T BB K4 h 5 T FEEEE
g, W 2hA EXRERSSEMEE THRKR
B #E i, S BOES > R B R A B AR . S T
M PR T 0 K B a0 A e A B AR (45
2 h PG K B85 10 £R B R 4 RRAE R IR 1R [E
R, A AL 8 hJE, U E K R W
HIPEs H & oK 3 it i) {& B % 0% 2 79.19%, H 85
fife T AR B R K R TR B R B R 67.12%.
HIPEs £ ¥ A8 K 5% o3 (1 Or B R 4R & 1 17.98%,
Ui ] HIPEs (1) 45 14 Wl LAAE — € & FE L P AS £ oK 38
5 3 A SR AR OB, AT B 5 R K 5 T 1 AR
M. BB ARIE™, TR U 5% 1 A Ak
SV T AL B HIPEs &3 3 i) 7 0 40 3, IR B R

11 12 S5 E S SV
T LR R

100‘\

TR /%

5
S
T

3
BRI R B2/ %
[N}

(=}

-
(=]
T

‘m\‘—,ﬁf\g

60 1 1 1 |
0 2 4 6 8

i []/h

(@) A EA OGS 57 28 T oK B 5 T HIPEs e & M I 5 )

1 10.57%. BRI B R — e R0 R VA & 1
HIPEs £ 3 oK 35 57 , A 2025 5 K B8 o 1) A 12k
242 fi# E A F R 69 HIPEs 89 2 45 & 1

e P& 8 (b) ] A, Bl e g I 1] 42 K, 7E 0~21
4 °C NI E6 4 Hh K B 0T IR B R IR A s o TR
21 dIf, 4 °CAH1 25 °C F ik 56 4 v oK 3 Jot 1) Ok B
KON 60.83% 1 49.46% , 4f MR 4L b K K 3 5 1)
{84 5 5N 32.00% F131.73%. 4 °CHI125°CF,
HIPEs G KK\ MR AE F g m T
90.09% 1 55.88% . J5i Kl ] fig 72 K 1 7 i 2% 3 B
K T A AN R A A AR B R I
A fig A& U B K 3% i 1 HIPEs & ) 8] &b F 25 °C
AFTR R IR 45 K 8 43 TU MR L R TR —
KB BT FEARIR 25 18~ HIPEs (1 %8 5 I AR &5

—=— 4°CFIIRIRA —v— 4 °C XA

—o— 25 °C NI —— 25 °C'F x4
1007

oo
(=}

20 L

i [ /d
(b) Fuk T K 5 I HIPEs (11 sk i

B8 i #& £ K% R 49 HIPEs #9428 5% %
Fig. 8 Stability of HIPEs loaded with zeaxanthin

111



112

Journal of Food Science and Biotechnology

4 fie 4 R i A e P, KR 4 K B9 B LE IR
25 R L, g8/ 5 Ah i ER BT B2 Ak, 15 B HIPEs 16
HAE AT RE 2 BHAS AR 3E N, 55 Knockaert 2517
IR 72 &5 S 20l (Rt , HIPEs (it £ 38 A] DL ZE K T
KB A SR A), 3 L 4 °C AR IR 2 B E A R
TR A 4 T K 35 J5 i) HIPEs .
3 i

FHBA B — e 5% B 8 U ) 4% 1) HIPEs ok £0, 3
MA AL R oK. N T R
HIPEs , %} B J& Al 5% 56 #1003 & 9Kk 2 L = bL DA
pHHEfT T fhifb. i RE R, HEES BN
0.50% [ B Ji % W AN 52 8 W8 Vi W, L B IR A% 3R
PERRE L N 401, pH A S, D # % 7 O/W F
AR Z& . I H HIPEs 3 3 H % 0 e e 99 IR 45
¥ o 3 — 5 F H HIPEs 0 # & K 3 i , H 1 3 &
CLL & 20 Bt ) Wik 0.16% . E K i 11 %% &
f B HIPEs, M R ™ &=, Lk &R AR T .
T K B R A # & AR 1 HIPEs , 3 R ~F 88 , B
# R RE. A AT EBRBMAE+ 2k
i, 4R K K B 5T (0 HIPEs 3 30t 56 4F (0 & oK
JoR e R P TR T A S B S 1R B AR
BT 17.98%, 7E 4 °CI g 26 1 T AR B R 2T 7
90.09% . 1% 5t N & K B i LE A R 2 4038
) R $ gt T AR B .

S CHk
[1]ISABELLE M, LEE B L, LIM M T, et al. Antioxidant
activity and profiles of common vegetables in Singapore
[J]. Food Chemistry,2010,120(4):993-1003.
TS S R R L I N3 o e i R S E
EACTHTELT]. & i SR 4R, 2020,39(8):81-88.
MENG F L, ZHANG Y, XU S B, et al.

—
9]
[

Manufacture

process and antioxidant activity of free lutein from

Cucurbita moschata Duch.[J]. Journal of Food Science
and Biotechnology,2020,39(8):81-88. (in Chinese)

[3] MURILLO A G, HU S Q, FERNANDEZ M L.
Zeaxanthin: metabolism, properties, and antioxidant
protection of eyes, heart, liver,and skin[J]. Antioxidants,
2019,8(9):390.

[4] WILSON L M, THARMARAJAH S,JIAY X, et al. The
effect of lutein/zeaxanthin intake on human macular

pigment optical density: a systematic review and

meta-analysis[J]. Advances in Nutrition, 2021, 12(6) :

B304 H1 2025 F 7 A | ERE5EYEARFER

2244-2254.
[5] DE CAMPO C, ASSIS R Q, DA SILVA M M, et al.
Incorporation of zeaxanthin nanoparticles in yogurt:

influence on physicochemical properties, carotenoid
stability and sensory analysis[J]. Food Chemistry,2019,
301:125230.

[6] ZHOU F Z, HUANG X N, WU Z L, et al. Fabrication of
zein/pectin - hybrid particle-stabilized Pickering high

internal phase emulsions with robust and ordered interface

architecture [J] . Journal of Agricultural and Food
Chemistry,2018,66(42):11113-11123.

[7] DU J, DAI H J, WANG H X, et al. Preparation of high
thermal stability gelatin emulsion and its application in 3D
printing[ J]. Food Hydrocolloids,2021,113:106536.

[8] LI W, NIAN Y Q, HUANG Y C, et al. High loading

contents, distribution and stability of f-carotene
encapsulated in high internal phase emulsions[J]. Food
Hydrocolloids,2019,96:300-309.

[9] LIU W,GAO H X, MCCLEMENTS D J,et al. Stability,
rheology, and f -carotene bioaccessibility of high internal
phase emulsion gels[J]. Food Hydrocolloids, 2019, 88:
210-217.

[10] HO N H, INBARAJ B S, CHEN B H. Utilization of
microemulsions from Rhinacanthus nasutus (L.) Kurz to
improve carotenoid bioavailability[ J]. Scientific Reports,
2016,6:25426.

[11] YAN C, WU X L, WANG Y, et al. Utilization of
polysaccharide-based high internal phase emulsion for
nutraceutical encapsulation: enhancement of carotenoid
loading capacity and stability[J]. Journal of Functional
Foods,2021,84:104601.

[12] WANG Y Q, FAN B, TONG L T, et al. High internal
phase emulsions stabilized solely by soy protein isolate
[J]. Journal of Food Engineering,2022,318:110905.

[13] INBARAJ B S, LU H,HUNG C F,et al. Determination
of carotenoids and their esters

barbarum Linnaeus by HPLC-DAD-APCI-MS []]

in fruits of Lycium

Journal of Pharmaceutical and Biomedical Analysis, 2008,
47(4/5):812-818.

[14] AL, 3530, RS0, 56 — FhIA I T R b
F WO i E M SL ()], AR R R, 2022, 38
(11):80-89.

KONG Q, HUANG W J, WU S W, et al. Establishment
of HPLC method for simultaneous determination of ten

carotenoids[J]. Biotechnology Bulletin, 2022, 38 (11) :
80-89.(in Chinese)



Vol. 44 No.7

[15] DICKINSON E. Emulsion gels: the structuring of soft
solids with protein-stabilized oil droplets [J] . Food
Hydrocolloids,2012,28(1):224-241.

[16] TAN H, SUN G Q, LIN W, et al. Gelatin particle-
stabilized high internal phase emulsions as nutraceutical
containers [J] . ACS Applied Materials & Interfaces,
2014,6(16):13977-13984.

[17] HAYATI I N, CHE-MAN Y B, TAN C P, et al. Stability
and rheology of concentrated O/W emulsions based on
soybean oil/palm kernel olein blends[J]. Food Research
International,2007,40(8):1051-1061.

[18] FENG X, DAI H J, MA L, et al. Food-grade gelatin
nanoparticles: preparation, characterization, and preliminary
application for stabilizing Pickering emulsions [J] .
Foods,2019,8(10):479.

[19] YAN C, MCCLEMENTS D J, ZHU Y Q, et al.
Fabrication of OSA starch/chitosan polysaccharide-based
high internal phase emulsion via altering interfacial

behaviors [J] of Agricultural

Chemistry,2019,67(39):10937-10946.

[20]LI M F,HE Z Y, LI G Y, et al.

Journal and Food

The formation and
characterization of antioxidant Pickering emulsions: effect
of the interactions between gliadin and chitosan [J] .
Food Hydrocolloids,2019,90:482-489.

[21] DJOULLAH A, HUSSON F, SAUREL R. Gelation

behaviors of denaturated pea albumin and globulin

fractions during transglutaminase treatment [J] . Food
Hydrocolloids,2018,77:636-645.

[22] ZHAO S L,CUIF Z,MA C C,et al. High internal phase

emulsions stabilized by native and heat-treated lactoferrin-

t

F T%: sRELREEERERREREMAR

¥

carboxymethyl chitosan complexes: comparison of
molecular and granular emulsifiers[J]. Food Chemistry,
2022,370:130507.

(23] 4R, TR, W&, %, REMET 2 RBE-WRES
JBE I A A OR EEPE e s L], & 5 AR R R R,
2018,37(10):1048-1053.

XU H L, WANG Y Z, XIE J, et al. Effect of chitosan
oligosaccharide on preservation of beef of gelatin-chitosan
composite films [J] . Journal of Food Science and

Biotechnology,2018,37(10):1048-1053. (in Chinese)
[24] JIEY L,CHEN F S,ZHU T W,et al. High internal phase

emulsions stabilized solely by carboxymethyl chitosan

[J]. Food Hydrocolloids,2022,127:107554.

[25] W0, s Ak =2 K IE PR, &5 . v P4 A LWV il 4% 28 DO 0k e
J% 22 FLK Bz B N2 LT A6 Dk fe,2022,41(7) : 3832-
3839.

CHANG W,SHI Q L,ZHAO Z Y ,et al. Preparation and

application of polyacrylamide porous hydrogel by high

internal phase emulsion polymerization [J] . Chemical

Industry and Engineering Progress, 2022, 41 (7) : 3832-

3839.(in Chinese)

[26] DIMITROVA T D, LEAL-CALDERON F. Bulk
elasticity of concentrated protein-stabilized emulsions[J].
Langmuir,2001,17(11):3235-3244.

[27] KNOCKAERT G,PULISSERY S K,LEMMENS L,et al.
Carrot f -carotene degradation and isomerization kinetics
during thermal processing in the presence of oil [J] .
Journal of Agricultural and Food Chemistry, 2012, 60
(41):10312-10319.

(TR 48 - 2 305D

113



