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WME: A TREHEZWREERENARE, WP EasEE G (TP) AILAA, BE
5 & Bt 3 K (200 pg/mL) 8y TP SL0k, R34 A B pH (3.0, 7.0 1 10.0) & T, #
AP (70 C, 30 min) AP FLEALAE . AATIER. HTEFSE. HOMUAME EAERINH
B, HRET, RAE P TPIIRGHERD, WHESAHYT, BEAE®EHEE. pH
308, fiRktERN TPIAEREHE, »HABM, LREFAL LM, Tk pHT.0
100 KT, 70 C HhA BT 2k HEABEM, 4C R RBILEARLE. ZHNE
MEREHNE, HEEHRERREE e, pH70 8, 23 RAEE, LANHTHRAE
M A E d 18.65%+1.06% 17 & £ 35.69%+2.06%. pH 7.0 B, FL R & G 8B k& fr
41 ) 1k 94.22%+0.60% Fr 35.69%+2.06%, ATBS B d 2 F kbt 7 A 59.17%+0.66%. #F
KR, £ EMEERE TSR LR & TP ILR f 3vt 3 & o A8 2 A 4 4 A
RZ, Ry RFHFAMEE, HRETHRN TPIILRN T KR ARET 55,
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% 4F £ 43 B 75 M (tilapia protein isolate, TPI) Hi il
BRE M . L E A /NSRRI 3 A 4l
B, EFEMER, ZIEAN, fE SRR TR
P 22, ELAEFL b R i IR B AR E T
HIk, &k TPIZLWR M IR ok gkt 58, &
ORI RGE L R, R R R e MR
YR 2B AE DT

SRR LB, pH FIIR B AR fE 2
S ) LV ) R P AR A B 1) A B R SR T
— SO PR R (pH 2.5~4.0), L] 5 55 Bk
(pH 7.0~7.4), LI I B LA il 25 i i v 75 L i
PN T (BRAR . KEICEE), HaEAwmm
T} PRk FiE 3 AR e R AR T A U b B A
TRE B & R, pH AR AL AR AL B2 5 i 7L
BB LE, MR A ks
BEREW, PR, FE AR, Wi
ARG /INFILIAE T )2 B4 2H 1l 2 5 2 R M LR A R 1k
T TS 00 B SO b ) S R AR BT FLIRCAE B By
BRI RS ] A BRI T AR 5 2 1 TR A 2 R
I TRAL 3 5 XA 60, Ye 8Tl R A1 B 3
AL & P, 25 90 °C # 20 min FFL I 20 25
B A FL IR G A 22 A A B ) 2L R Vi 5 i O R e e
Ko UL, T 7L A PEAL 24 R e PE RS
fbBXEE,

ALK AR pH (3.0, 7.0, 10.0) &1 TF,
PALFR (70 °C, 30 min) X} T E 8 R 1Y TP ALK
Rt mRsMEfe g m, BEIFERE . £
FIHR L% R G, E— SR W RE
B S N

1 MRS I

L1 SEIoiAs)

Je % & Ak {1 (Oreochromis niloticus) W 1 Y VT
RIRHTSg ;BRI F 516 5 B4 e ARl
B A PR E] 5 0 # R (46 =90%, HPLC 2%).
B % (B (15 000 U/mg), 14 MHEE (AR & & =
60%). JEIEWT#E (30 000 U/g). 1,1- 23 5k
Ik (DPPH, 98.0%). 2,2-I5 & -A (3- £, Fk 7% - 158 i
k-6t R ) — 4k Eh (ABTS, 98%), L ifEEMA:=4)
BHEARAR,; BB, bl sk bR 5
WHRAE; JERHE, SIGMA RFIAH ; HAbiR
FNBI A = A 4t

1.2 LRNFSHEE
Avanti J-26sxp 7% i =5 #08 R B DML, 9
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Beckman 2\ 7 ; VAP-450 H3hHl K E AL, fEE
Gerhardf 28 7] 5 MARSII # B 1k &5 2% i 78 1%,
Thermo {X #7727 5 FV3000 #0114 4% 5 4 @ i
Bi, BAAKETXAR A F]; NanoBrook Omni HUOGHL
JEAR, SEEAT & va e SUIAR A | 5 s AR Y
BdL, TmEK ATS f#8 2 Al 5 Cintral010 5 5M
JeEEE T, MOKH GBC U8\ 7] ; ALPHAIL-
2LD plus ¥ ¥ T ##HL, 7% E Martin Christ Gefrier-
trocknungsanlagen A /] ; DF-101S fHIE/KiE 4, T
U AR BRI ] o

1.3 TPI Y32 EX

s Je B B HE M A S, 129
(BT L) BB S RIS, AT
3min, F 1 mol/L NaOH ¥+ pH {5} 11.0, #Js
PEFEHLE 15 min J5 FRES L (10 000 r/min, 20 min,
4°C), WBELJEM EREN 8 2L mitig, TR
1 mol/L HC1 #4745 pH {H>/ 5.5 J5 50> (10 000 r/min,
20 min, 4 °C), Fri3U03E HUKZEIRK 7 8OoF s
pH 4 7.0, BERH TS .. S5 EZhnE™
D& TPT AHLER & 70 96.05%+0.76%, SZ5:
bR PR N DU T ST S I Bl AR R A R

1.4 FLiRpElI&

4 TPL M AR BB ZE AR K b, e 2R VR
9 1.0% (B 5340 B EUA R, wEIPidE 2 hfil
ZSEATRMR, P TPLIE W pH E 43518 3.0,
7.0 1 10.0, WHENRTS 30 min, ¥R 0.2% (5 &4
B (R T EOK, 4 °C BRI Z 584
Vo ¥ TPLIF W5 M B R A EoK % 90 1
(B )RS, 12000 r/min /5 3 554 2 min 3875
FFL . HFLWE T 60 MPa., 4 °C & JEH i 5 ik
MR . S AREBRAEaELE ),
T 70 °C KB 30 min, B HZEE R, FHE4H
AR, FrA BRI JEAT T 4 °C S TFLIBCE B E
1.5 RifRAYNE

B4 e 1) 45 1 FL TR BR300 175 e 5 22 T HILET
IO R A 2 ) 4 1 LI R B kA . i
HEIMWT 4°C I 28 d, WMsE HFHki#% (nm),
L6 MEZRIERMNE

SHEFEFEMEVWIE, U ZH TR
(DMSO) 1E R, Bl &k E N 2~10 pg/mL K}
WRWW, T 460 nm W& WOGRE, 2 il 45 o it
2k (»=0.105 2x—0.000 7; R’= 0.999 3), H{ 400 pL
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M EFLET S mL 204, inA 3 mL # DMSO
HATIR G AR, DATC T B3R A LA X R
T 460 nm M E WOGEEAE , FRASRHEM IR 5
EMEE (ug/mL).

17 FLATIEEEINE

Z: M8 Surh 55" 7 1, S R, e
BRFIRFLNTHEE Kl T 50 mL 3SR
(N 25cem, HE 60cm), T 4°C T, M
FEFLUT 28 d MFLAT 5L, JERTSEYHEE . Il
SEFLVBEAT 3 TE W2 00 0 BE (Hy) FILVR R E (H),
FHHEEL (CL, %) IHE A

Cl= % % 100% )

1.8 FEMMRINE

DPPH A w J& /& & 58 ) 49 ) & %%
Guan %5 {9 )7 LI MG VEIE 20, B 100 pL FLAE
mTEDE S, A 3 mL DPPH ¥ (0.1 mmol/L)
RAA), W 20 min J5 2.0 (5 000 t/min, 10
min, 25°C) FFHCEIER, MEWOEREE (#1517 nm),
0K A5 HU100 pL ZLEFESL TELOE T, A 3 mL
TR 95% 1Y SR, TRA RN e I RO
B (A< 517 nm), ich 45 HC 100 pL 44 4L
95% B LB T B 04 H, iMA 3 mL DPPH ¥
W (0.1 mmol/L) VB A5 2 I Ji AH ] 2% A4 T Il 2 W S
&, 124 4p. DPPH H HEERRE (%) MiHEA:

: Ai—4;
DPPH H HEHFRF=(1- ——)x100% (2)
0

ABTS FA & F A @ AFREHGIE =
% Surh S By 7 LI BEAEME 0. ¥ 10 mL ABTS
W (7.0 mmol/L) 5 10 mL i3 i BR 40 I Wi (2.45
mmol/L) FF A BUR A, W5 12~16 h =4 ABTS
PHES 7 A G, 8 L RIR A S AR 5k
95% I LB AR RS, M WO RE (B4 734 nm)
4 0.70+0.05 J5#5 H o 285 50 pL (9 FLIRAE & T
BT, A 3 mL ABTS BHES T, RN
6min, MEWOLRE (K 734nm), ich 4. BLSOuL
R E 95% M SRR, A 3 mL ABTS FHE
FHWIR A, BN 6 min, & W6 K
734 nm), ic N 4y, ABTS FHE T B i 50 B K
(%) Bt EAR:

. . A,—A
ABTSFHE 7 A 3B R= """

x100%  (3)

0
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L9 REMFINEL

MY AR IS AL LI AR & 2% Gasa-Fal-
con Z¢ P (18 7 AR 7 RN g A B BB 11 R S A AU
Ak B E LB BE: B 15 mL FLBAES S 15
mL B ML (% 2 mg/mL NaCl+7 mg/mL HCI+3.2
mg/mL & & A &), F 1 mol/L HClz{ 1 mol/L
NaOH ¥ pHZE 2.0, FHEEAKG#E S HFEAH (37
°C., 105 r/min)Z i 2 h, AT LB B ¥ 30
mL B I ALBEE 5 0.1 mol/L NaOH ¥ pH % 7.0,
JA 3.5 mL %4 H£R 32 B (54 mg/mL) F1 1.5 mL
W (A 10 mmol/L CaCl, 1 150 mmol/L NaCl),
H 1 mol/L HCI = 0.1 mol/L NaOH ] pH £ 7.0,
T 2.5 mL JEAG B (FH 0.1 mol/L W iR £k 2% vh ik
el B 75 mg/mL), FHEE/KIERE S1BidEe (37 °C.
105 t/min) 2 i 2 h, f& 30 min A 0.1 mol/L
NaOH {4 2 pH 4 7.0,

7% B A8 B5 B (FFA) B 3K & 49 ) 2 1Y 18
fead #E v, 4AEF% 30 min, EIZH 30, 60, 90 £ 120
min I GE T AEAY NaOH /AR, i i R 7Lk A
ZUF B IENITR (FFA, %) B it a A,

VNaoH X MNaoH X M g4
2w ok

KA, Vaeon N 774 FFA BT #E #9 NaOH {4 2

(mL), my,on N NaOH %K ) B /R ¥ & (mol/mL),

Moy g N AR F2 731 i (g/mol),  w g

KA FLIB P ) R ().

X EUNEES P 8 2 FL IR 2
B M By BURSME AL IS, TEAL IR AE 4 °C &4 T
10 000 r/min Z5.0> 20 min J543 3 2. FENE WL
JEIE B FLALE ;. iR 2 I AL S R R
AT IR )2 s IRZE AR EE T . IR
FUCTEYI T . TS 2R AR Z U 148 0.22 pm
DERR g, M A )Z A R R A, ik et
WEREITEME”, HERILREWHE A H
R (%) iHHE AR

-5 R AR R = % x 100% )

L, A RFERAE I ERN S & (ng/mL), 4
FRFFL 8 F BB & B (ug/ml).

N R & s ol A DL S S P oy
%) 5 31 A RN AS [ s T) B %) i 1 AL SRR B 100 175,
I PO R A zeta LI 52 8 R 7LD
THAL B BERRAR R

FFA=

x 100%  (4)
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TH AR ARV 45 M) 64 WL Z% Liu 5™ 1Y
JiEEAT I E . B30 pL FLI T LA, 43
HUHE 30 L 79 Al A v %) B 9 A0 YRORUAS [R] s i) Bt
I T 08 Y, RIEHIA 10 uL 0.1% (5
HATED) W LG (P B %) R 10 uL 1.0%
(BT 580 e 3 GEIRKIE %), TER L
K15 min J5HC 10 pLIR B TEIBE A 1, &% L
SR, RSO SR A BB AE 1003 45
TARE, AR PR 1024x1024, JE % W YLk
XFEE B TR, FEEOR K 633 nm AR
WK R 618~710 nm N MEL R Lk ; JE T LT YW xF
AT YL, ZESOR I 488 nm I % K
4 580~620 nm [ MEL EL 4T (A,

110 BRI

BB Origin 9.0 ZRAVE IR, HCdiE (8] 1) .
F 25 55 K FH SPSS Statistics 24.0 #KAF AT 25
Hr (ANOVA), i i Duncan [K A9 22 i Bl R 56 0 2
PP EHEZ A 22 5 B (P<0.05),

2 4

2.1 pH FMHRALIET 1| EH TPI Z iR
oAl

1t pH 7.0 B, R HAEF) TP FLIKE T Yk:
BEK (77137 nm),  BEE W0 H] O EC, FLIK
PRI IR T2 pH {Hh 3.0 #110.0 i, FLK
FRPRLAR I8/ (P<0.05), Bl I3 ) ) SE 4, L
WORIAR I (B 1) 28 70 °C $4b#E 30 min J5,
gk B R 9 TP ZL YOk 48 B 08/ (P<0.05),
pH 3.0, 7.0 F1 10.0 B FL & KL 4% 43 %Il o 489.29.
490.33 H1 532.20 nm,,

2.2 pH FAACIEFT F1E AT R AT TPI ELig
HERSEMNEMN

pH 7.0 A1 10.0 i, K2 AL B TPT ZL H
M Z SN (193.99+1.64) pg/mL Fl (191.26+
7.00) pg/mL, HAT A MR R W HISH; W pH
3.0 B, Bl iRl AR A E I R, (Y
Pl (175.37+3.24) pg/mL, TESIZRIFTN, FLRZ 70°C
AL P 30 min f5, B R O EOR R A W E A
(P>0.05). it Wi [a] pl 3, b BRAG 2L
H, MRS RBETARL, pH 7.0 &4 T LK
W 7d, MEER SRR T (P<0.05), i pH
10.0 50T, FLBAENTG L 14 d I, MRS A
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1000 I 57841 control group
[ 170°C, 30 min
800 |
Q
-5 600 |
£ o
€3
2 E 400 t
a
200 |+
0
1 2 3 4 5 6 7 1421 28
T8 B 17/
storage time
(@)
7000 - Il ~E4 control group N
[_170°C, 30 min A
6000 A
5000
g 8
£ 2 4000
¢ s
~ .2 L
=g 3000
= 2000 |
1000
0
1 2 3 4 5 6 7 1421 28
Ve FE N (] /d
storage time
(b)
7000 r Il 51841 control group
70 °C, 30 mi
6000 | — mm

5000
4000
3000 |
2000 -
1000

it /nm
particle size

1 2 3 4 5 6 7 1421 28
YR IE)/d
storage time

(©

1 AN[E pH &4 TARLEN MR RN
TPI FLiR RS20
(a)pH 3.0, (b) pH 7.0, (c) pH 10.0; /N5 = HFARFRAH [F] ek ik 7] A
] R AL 3 2 (04 2 3 22 R (P<0.05), K5 T REAR 3 A Fh # b #E R
(7 I BRI i) [ 2 25 22 5 (P<0.05), Rl
Fig.1 Influence of heat treatment on the particle size of
lutein-loaded TPI emulsion under different pH conditions

(a) pH 3.0, (b) pH 7.0, (c) pH 10.0; different lowercase letters represent
significant differences between different heat treatments at the same stor-
age time (P<0.05), different capital letters represent significant differ-
ences between the same heat treatments with different storage times
(P<0.05), the same below.

TFiR T e (P<0.05) (151 2).

23 pH RAALIRX S EE TP AL AL
RHRIF

U8R Y TP LT 8 B Sy 16 73
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200
2 160
W E
ﬁ%lm
I o
$T.5 80
=T 40
0
1 2 3 4 5 6 7 14 21 28
T e 7 /d
storage time
(a)
Il 5FE4L control group [] 70 °C, 30 min
200 - /:A AA AQABA ABAABAB%ABBC BLABC§
2 160
B
ﬁ%lm
I o
LIS g0
=T 40
0 L
1 2 3 4 5 6 7 14 21 28
T e ) /d
storage time
(b)
I 541 control group ] 70 °C, 30 min
200 - Q\QAa'%BABABABAABABaABABABBE BB 5B
2 160
W E
ﬁ%lm
I o
$I.E 80
=T 40
0 L

1 2 3 4 5 6 7 1421 28
e e ) /d
storage time
(c)
B2 7FE pH FHTHRLENHMHERN
TPIEEFHEAERSENTI
Fig.2 Effect of heat treatment on the lutein content in
lutein-loaded TPI emulsion under

different pH conditions

AanE 3 fE 4, ST, pH 7.0 B, R
AbBRAY 7 R B TP LS 3 Kt R 4h HH BUIR
HOKENT IS, T 28 d, FLHTHEE0A 56.67%
1.36%. pH 10.0 if, ZLWEW5E 7 d N, FLHrHE%k
PREEARAS, AL A W R, W1 JEE TG
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60
—vw— X4 control group

50 + —4&— 70°C, 30 min

/%

20

FLbT i
creaming index
(98]
S

7

10 +

0t &ﬁyﬁ—&ﬁyéhﬂﬂkﬁzﬁ

1 2 3 4 5 6 7 1421 28
ek s 7] /d
storage time

(@)

—a— XTHEZ control group
50 F —¥— 70°C, 30 min

FUHTTREU %
creaming index

1 2 3 4 5 6 7 14 21 28
eSS R]/d
storage time

(b)

60 - —a— W4 control group

50 b —¥— 70 °C, 30 min

40
30

10 ;i
0+
1 2 3 4 5 6 7 14 21 28
I ) /d
storage time
(c)
3 A[E pH & THRLEI AR RN
TPI FLi&FL AT BN S0

Fig. 3 Effect of heat treatment on the creaming index of

FUATTREU%
creaming index

lutein-loaded TPI emulsion under different pH conditions

PLAMAHMT B . pH 3.0 B}, f gkt K A9 TPI
FLIG B2 LR A EATH, WREE 7 R, IR
HAT LABH W g2 B b i R UivE . HoR G Kb PR
3 R LB AR DI, S A
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XTHRZL control group

pH3.0

pH7.0  pHI10.0

pH3.0pH7.0pH10.0

EADN
day 1

pH3.0pH7.0pH10.0

BTR
day 7

pH3.0pH7.0pH10.0

LAESS
day 14

pH3.0pH7.0pH10.0

EMIDN
day 21

pH3.0pH7.0pH10.0

%28 K
day 28

70 °C, 30 min

pH3.0 pH7.0 pHI10.0

pH3.0pH7.0pH10.0

(b)

pH3.0pH7.0pH10.0

pH3.0pH7.0pH10.0

(d)

pH3.0pH7.0pH10.0

W

pH3.?pH7.0pH10.o

)

4 HEHMERZRR TP I ESKME
(a) REALIAIALIRR LIS 7 FHLTIRIBIHIELL: (0)~(D) A HRARZ RAFRNAA I I 7. 14, 21, 28 REHIIHSL.

Fig. 4 Visual image of lutein-loaded TPI emulsion

(a) pictures taken at the bottom of the bottle on day 7 of the emulsion without and with heat treatment. (b)-(f) pictures taken on days 7, 14, 21 and 28 of

the emulsion without and with heat treatment, respectively.
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pH 7.0 F110.0 Z&fF N AIZLIINGH 28 d SR BLME.

2.4 pH FHRALIET AE M| EH TPI Z &K
ML ELTEERE M

pH {E/3510 3.0, 7.0F1 10.0 B, RZPAb B
() TPT FLI P 8 K () DPPH [ H K38 B3 R 20 1)
$152.18%+1.90% . 32.31%+0.51% F123.88%+2.92%
MM (pH 3.0) &4 F ., M EFL W ABTS H
LV [ R A, PULbFE)S, pH 3.0, 7.0 A1 10.0
FnE 8 EFLIR A ABTS FHE 7 B LR R B %
W (P<0.05), 43 %M 48.21%%+1.06%. 59.17%+
0.66% F1 63.39%=1.64% (/& 5).

[ pH 3.0, control group
pH 3.0, 70 °C 30 min
80 pH 7.0, control group
70 | &5 pH7.0,70°C 30 min
[ pH 10.0, control group a
60 L EEE pH 10.0, 70 °C 30 min
a

50
40 +
30
20 +
10 +
0

H HEIERR %
free radical scavenging rate

ol
groups
5 7[E pH &M THRLES TPI A RHHRERHN
MR EMS R
A NG F BHRRA F pH AN [ b B8 2 ) 72 57 52 2 (P<0.05).
Fig. 5 Effect of heat treatment on

the antioxidant activity in vitro of lutein-loaded in
TPI emulsion under different pH conditions

Different lowercase letters represent significant differences between dif-

ferent pH and heat treatment groups (P<0.05).
2.5 HEHMEZER TPI A& HFEEHRBERE
MEMFIARNTL

Ui B IR R B 2R & 6 iR, R
A B 4 7L 2 R A BT AL 30 min J5, HoEES
NERTRR BB IO % . pH 3.0 > pH 10.0 > pH 7.0, %
THALIEATH] 120 min, 35 28 ZLIB0E B N 105 R B ik
. pH 10.0>pH 7.0 > pH 3.0, £ 70 °CHALFE 30
min Ji7, TPL ZLIRINE 25 A8 R 1 e il i bb R 2 #ukk
PR 8 2 LR AR T R R . e
PRZE A PAAb PR ) £ 28 2R 09 TP 2L 93 25 A
5 T R T i 1o 8 95.41%0.60% ., 71 28 15 K 1Y)
TPI FLB AR R AN 1 fiR,, REHAb B
M KR AW AI . pH 10.0>pH 7.0 > pH 3.0,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Ze it AL RS M R LR A A A . pH
10.0 > pH 7.0 > pH 3.0, H.#4 70 °C #4L FE 30 min
J&, pH 3.0 Fl 7.0 Byt = FLI A WA IR R
LRI IR B LA A 2 T (P<0.05),

2.6 RIMEAINEREREPABHERS TPIE
R R AR

R AN AR R R, FLIR AR AR ARk
mE 7 R, B BELE RN, &
TH AL FLVRCRL AR BH 2 38 K5 kN (P<0.05). B M
LB B, RGMALBRFRYE (pH 3.0) ik it 8 &
() TPI FLR 4% H P (pH 7.0) FTAE M (pH 10.0)
R AL R K. BEE M I L E17 3] 60 min
DL b, LR T g v ey AN o (11 8), Hidp pH
7.0 F1 3.0 11 2 28 LV A A I T Ak el R v B 3
¥ (P<0.05) , HARfLE K, pH 7.0 Al 10.0 i,
SIS, K FLAE B I AL B B R AR L
KA BRI R, A T A 1T 2 120
min i, FLIRACRAE FTHLA 5 60 min A/,

2.7 EBURINERERED AEM ERN TP,
RIS R

A 3o PO I R R AR U — 5 ULER A
F Ay TP FL IR AR S 1b o A2 b SO e S0 5 A8 1k
Y )5 7E BB FRRaf, AL e
JETE WA N ek, TEBIHI B, Siib g
J& T B E A TP 2L W T i RS BN (P<
0.05), 5 i % 7 M7 1 Ak 60 min B B B 5 3 K
R B R IE R, Wi NE sy
() 5 10 B T AR R] A R A TR T N A
AOFRIS, AR B TP LR 1Y R ST B/
(K h-4, 10, 16). i D5 W3 76 W 1H 16 60 min B Bt
N S48 K (I RR-5, 11, 17). JH1 A 2 4 (0 e (5, 1)
A A AR HE TR T R (I3, 6, 9,
12, 15, 18),

3 i

3.1 pH FIACIE ST A E It =AY TPI 2Lk
FHIF2 N

LI R AR RN R R R e L AR YR
Stockes B, WUk N, TUREHE R g, LW
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Fig. 6 Effect of heat treatment on the release of free fatty acids (FFA) from

lutein-loaded TPI emulsion under different pH conditions

(a) and (b) represent emulsion without and with heat treatment, respectively, the same below.
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Fig. 7 Changes in particle size of TPI emulsion loaded with lutein during in vitro simulated gastrointestinal digestion

Different capital letters indicate significant differences between different pH values at the same digestion stage (P<0.05); different lowercase letters

indicate significant differences between different digestive stages at the same pH (P<0.05), the same below.
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Effect of pH value and heat treatment on storage stability and in vitro digestion of
lutein-loaded tilapia (Oreochromis niloticus) protein isolate emulsion

CHEN Ailin', LIN Qiongni', ZHANG Ruolan', HONG Pengzhi ', ZHOU Chunxia "*'

(1. Guangdong Provincial Key Laboratory of Aquatic Product Processing and Safety,
Guangdong Provincial Engineering Technology Research Center of Marine Food,
College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;
2. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang 524088, China)

Abstract: Lutein is a highly effective antioxidant, but its application is limited because its stability is easily
affected by the environment. Tilapia protein isolate (TPI) is a high-quality animal protein with balanced amino acid
ratio and high digestibility. However, due to the limitation of low solubility in water, its emulsifying activity and
emulsifying stability are poor, and the application of TPI as emulsifier is limited. The pH value is the most obvi-
ous external factor that affects the functional properties of protein, and heat treatment is an essential operation in
food processing. In order to improve the stability and bioavailability of lutein, tilapia protein isolate (TPI) was used
as emulsifier, and TPI emulsions containing 200 pg/mL lutein were prepared by high pressure homogenization to
explore the effects of heat treatment (70 °C, 30 min) on emulsion particle size, creaming index, lutein content, in
vitro antioxidant activity and in vitro digestion at three pH values (3.0, 7.0 and 10.0). The results showed that after
heat treatment, the particle size of TPI emulsion with lutein decreased, the emulsion droplets were evenly distrib-
uted, and the storage stability was enhanced. At pH 3.0, the stability of TPI emulsion loaded lutein was poor with
lutein degradation, and the color of emulsion changed obviously. However, at pH 7.0 and 10.0, heat treatment of
70 °C significantly improved the stability of the emulsion without causing the degradation of lutein, and there was
no delamination when stored at 4 °C for 28 days. After simulated gastrointestinal digestion in vitro, the release rate
of free fatty acids was accelerated. After heat treatment, the bioavailability of lutein increased from 18.65%=+1.06%
to 35.69%+2.06% at pH 7.0. At pH 7.0, the free fatty acid release was 94.22%+0.60%, the bioavailability was
35.69%+2.06%, and the ATBS free radical scavenging ability was 59.17%+0.66%. The results showed that com-
bined heat treatment under neutral and alkaline conditions can enhance the stability and bioavailability of lutein
loaded TPI emulsion and protect the antioxidant activity of lutein, which provides a basis for the development and

application of lutein-loaded TPI emulsion.
Key words: Oreochromis niloticus; protein isolate; emulsion; lutein; pH; heat treatment; stability; in vitro digestion
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