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W OE:. BM iRk FLE 2 B H (whey protein isolate, WPI)Xilill £% A FL 5 W i AR (conjugated linoleic
acid, CLA)FLIMIYIAREYE . Préafbe s Mg bAR e tenysem . 733k DL CLA Skl 43R Al A
(glucose, Glu)F1°l: 7L Wi (galactose, Gal)xF WPL A P SEAbRictE, AR IRTL 14 CLA KA IMFLIR, TFREARREL
BTWE . pH MR T CLA FLIRCFIRARAR L . BiafbRe ) XV sGd B PR B b ) & mAsfh. &R [
XtREZL WPI-CLA Lk, ZMis bt il 4 9 WPI-Glu-CLA Fl WPI-Gal-CLA FLi % 3 b5 FWEE . pH Al
IR R SE R, HoPBpRAR A A8, Har A5, WPI-CLA, WPI-Glu-CLA Fl WPI-Gal-CLA FLigxt 1,1-
ORI 2- =AY IR MR(1,1-diphenyl-2-picrylhydrazyl, DPPH) H [ 3k 2] 100%75 bR A B9 B W B2 4900 10, 4.
4 mg/mL, X} 2,2-BR%E-—.(3-2 H-AFWEME -6-ith R ) — £ L [2,2°-azinobis-(3-ethylbenzthiazoline-6-sulphonate),
ABTS]PHE F B B FLRE] 100%35 BRI 10 BT =W E /370 8. 6. 6 mg/mL, 7EN I #H, WPI-Glu-CLA F1
WPI-Gal-CLA L) i A SR PG A A= o i B T X I WPI-CLA Ll & ShiHk Lk
PEEME, H3R T CLA FLM MWt e te, & TP bae )y, BR0NZE 16 Bt Wi A

KT LR, WERkL; R AR, LG RUETE

Preparation of conjugated linoleic acid oil-in-water emulsion by glycosylated
whey protein isolate and its stability analysis
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ABSTRACT: Objective To study the effects of glycosylated whey protein isolate (WPI) on the physical stability,
antioxidant capacity and lipid oxidation stability of conjugated linoleic acid (CLA) emulsion. Methods With CLA as
raw material, glucose (Glu) and galactose (Gal) were used to modify WPI, and CLA oil-in-water emulsion was prepared
by ultrasonication. The average particle size change, antioxidant capacity and lipid oxidation product content of CLA

emulsion under different salt ion concentration, pH and temperature were studied. Results Compared with the control
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group WPI-CLA, the WPI-Glu-CLA and WPI-Gal-CLA emulsions prepared by glycosylation modification were

affected by salt ion concentration, pH and heating temperature. The average particle size changes were small and

evenly distributed. The mass concentrations of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging of
WPI-CLA, WPI-Glu-CLA and WPI-Gal-CLA emulsions were 10, 4 and 4 mg/mL, respectively. The mass concentrations

of 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS) radical scavenging were 8, 6 and 6 mg/mL, respectively.

During storage, the content of hydroperoxides and secondary lipid oxidation products in WPI-Glu-CLA and

WPI-Gal-CLA emulsions were lower than those in the control group WPI-CLA emulsion. Conclusion After

glycosylation modification, the physical stability of CLA emulsion is enhanced, the antioxidant capacity is improved,

and the formation of lipid oxidation products is effectively slowed down.
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DAFLR . SOReHE | iAo g o (A S5 T =X ] LA g X
B AE G VLA R, ok aim FLR I B A R A
BAEST . AME . 5 TAIRBCGEIL S, PR R i 2k A8 i
B2 FEM . AR, K LRI 2 AR R E 1
R, KoMt 25E, RS EmH. NiE
R RN, RIS N, 250
% H(whey protein isolate, WPI)& & AR 1YL Fh & I
MR LR, HoA R FLARPERED), (B ndud e,
WPL 5 32 Il FE 5 ) & A2 AR PE A D R R RORRE A . SR
W, MEEEGEER 2 IREE ) 58 e 8 kA 28
rAE R N MBS, AR B D BERRIE ANV AR . AR
VR AR E M ARG B — e R R, AR
A AE WPI- ISR A (1 S h i s AR I o, 0 2548
T FARLL R AL PR AL b Ak R )

L4531V i B2 (conjugated linoleic acid, CLA)JE: IV iz
B, B T YRR A [ o B R0 2 ] i) 2
P, BFE W], CLA AMULEdTE L . WA HLARRR I &
TR R S R E AR, XM . U 2
BT, Hi T CLA LU IR R IE X AF 1, Ok
A, T AEMER I RR, BEARHE SR E .

AT L EAE T2 B LA b i 45 19 CLA skt
>R FH 3 FR 04 T i B0 % — 4 %5 B (glucose, Glu) FH > 71w
(galactose, Gal)Xf WPI #EATHEELAb e A& )5, 87 B e
ARTFOK . CLA ARATMFLIR, FF%FZL 0 4 38Ae e 1
B A A e e VAN AR B AR AR AR E PR AT A A, AR CLA
EEMIM THREEME, /Y CLA AEHLIaeRr et
WK

1 MR5ERZE

1.1 #RI5EF
LS B8 5 LA i ST 900 R Bl ) Ak B A 20 il A
Jif% CLA F=W1 3256 5k}

WPI( 46 95%, it E B4 RA R
D-Gal(4ifE 99%). =& L. 1,1,3,3-W0ZAHEHFHE . #i
O %202 . 4B % (o-phthalaldehyde, OPA), B-FittZ
BEL 1,1 -2- SRR . 2,2-BR - (3- L B AR I
W -6~ R ) k(¥ 27 TR A AL BLE A BRA HD); Glu, &
AAbEN. DUWIERGN . W, 2B, Rk, ETE. BN
BE . GRS . AP bTal, 255 kAR A R A
Ao
12 UFE5EF

BS 224 S /M K F-CRE B 0.0001 g, 28 2 FIHRF 2 2%
A BRZ ), WH-2 R e TR A A (R P9 o A ) A
B/ H]); KRS TDL-5-A K & DML LS B2 3R T);
HH-2 #0588 (R E A B 8BRS Rl KRR
AN A BT AL (B ) T JRARER A RN ;8 P T TR A (3= [
SONICS /A rl); 722 RIRT WA EE (5 AR AU 2
A RN Hl); MULTISKAN Sky High 43 K B AR ( | i 5%
BRI R B A BRA H) .

1.3 XWFFE
1.3.1 #mARILASBEZOWHE

Z% XZA FOW Ik, RifEBM. H—e i WPI
BT 100 mL K&F/K, FREER T AR IR as R
itk 2 h, FHWHAE 4 °CF IR AT, P5idh WPL
# Glu.Gal ¥ WPT 59 i b4 1.0:0.5.1.0:1.0,1.0:2.0,,
1.0:3.0 (m:m)fINAF] WPLIFW . BEJ5, 1 5 mol/L NaOH
IR R SN pH & 8.0, #E 1+, 30 min J5, 7£
80 °CHYZKMF M 3 h &, FHIREWITEvKI -h Pl 21 L)
PRI ILIE | A B Y (hrid oy WPL-Glu, WPI-Gal),
SRIGTE 4 °C I AEAE Tl — 255255
1.3.2 4B ACAR B eyl

27 HU S5, RITEEE 4 40 mg OPA I T
1 mL HEEP, 855 25 mL A9 0.1 mol/L PUMHRRENIA K .
2.5 mL 1Y 20% | Z4e SR RREATE W AN 100 pL S-Sk L BE
RETE, IMAZEBAKHEAZE 50 mL, KAEHBEE R
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VR, A% WIEREALILE 70 1 45 1 ) L0 i K A0 1ih FLIB R e Pk A 237

HR K 2 mg/mL, B 200 pL KA 4 mL BSR4
BB .35 °CRN 2 min J&, MEHAE 340 nm BIMOLEE N
A, VARINI WPT FIOBERTR A DIVE At BE, R0 A5 1 %
HEEICH doo WEFALFREE AL RN, THR AR (1):

Tﬁﬂzrﬁ/%:% x100% (1)

AP, A BRI RAERK 340 nm AbEIWOBIE; 40 R
WPL 505 TR A e AR TR B 4% 14 T #2354 340 nm Ak I
JfE .

133 BEAREHNZ

S MR ATk, BRI, TR R
J£4 1 mg/mL Al 5 mg/mL AY#EAL, TI5E7E 294 nm F1 420 nm
B REE, KB FKMERZ AXTIE.

1.3.4 R4 i B R &b Uik 69 B &

S AR ek, R K AR
1569 CLA 74 58534k WPI LU IL 1:9 B LGRS TF
BOHLFLE, K5 {5 RS 4 B e SGHE A T 3L, B )%
300 W, MR REILRE TS, B E TR,
M S s, MG 5 s, BEFEBIEICY 15 min, 45145 5]
WPI-Glu-CLA . WPI-Gal-CLA LI, HE VK4S 4 cCH %
FH. eAh, @ R WPL kA CLA FLIg FIFERT iR
4, 4N WPI-CLA,

13.5 5Lz keynl

275 Y1 &Rk aL M S ik, RGN

(DB FREREN

PBEAS IR A NaCls TOIAGHT 6 il 45 1 CLA FLH,
HFLH Na PR E A0 50~250 mmol/L, =il N fiEfF
24 h, MIF CLA FLIRMEH0RIAE, LIP3 3 ST CLA
FLIR P RS R Pk R

QQ)#FaoE bk

FEFESLAE 60~100 °CFIFAATE] 30 min )5, PKOKIBE
MEZER, EZEIRTHEMT 240, WE CLA ZLRN T
Wi, PEAGE SN Tl # i K Bonx CLA FLIRYHEAR
FE PR R

(3) pH M52

1 0.5 mol/L NaOH F1 HCI ¥k 475 CLA FLI M pH
R 3~11, = N EGEAE 24 h, Wi CLA LIBT3
K%, PEAEANIR pH % CLA FLR Y PR 2 L 520
13.6 LI BACHE Ay ohml

(1) DPPH H 235 B8 71 09l 8

%2 LIU ZM0 051, IERSVEE 0. BEH 0.1 mmol/L
DPPH FRUER, BL 100 pL FE SRR, KUK 100 uL
DPPH iAW, 7B =EEME 30 min, 7€ 517 nm LW E
HWGSCREE A, ##I8A(2)HE DPPH [ H LR %!

A - Ay

DPPH A Hai@%ﬁf%%/%#l—T)XmO% )
00

A, Aoy DPPH K 5 JC/K Z B G, 4,y DPPH

TR SRR BRI WO, A, N IK CBES R SR RO
HIM G .

(2) ABTS FHE T B H1 &35 BRAE 1 0l

22 WU Wk, IERSTEEEC BT 7 mmol/L
) ABTS IR0 4.9 mmol/L i BRERHMiti s 7R W 1:1 (V)R A,
FIR TR E 12~16 h 5 1 0.2 mol/L B ERER 5% vh i i
TR A SRR, (ZIEWAE 734 nm T RO A
0.7£0.02 /247, #3%] ABTS TAEEREUHIAL) . 7 96 FL
M, B S50 uL A SRR, MK 100 pL ABTS IR,
TESEHE P EIRIEE 30 min, 7€ 734 nm A e HIWSERE B,
FATGAK AR, A2 2 N BEIOGBE By $HRASR
(3)ITH ABTS [HE T H BB R %

ABTS [HE T H Haﬁ'&i%%%/%:(l—%)xlom 3)
0

AP, By ABTS I 5 T0/K L WG By 2l ABTS ¥
TR SR SRR RO By S TCK LB S R S AR R TR 1Y)
WG
1.3.7 J§ i fALFE Mg 2

2% WANG U5k, RITEB, Kl & i
CLA FLAR S EARE SR, S Om b LA, &
JEAE 37 °C'F, A BN RE I 0~12 d CLA FLIRRE & B9 5
AR E .

(1)L At S A i I

0.3 mL (FLRE S 1.5 mL R¥ke/ R NEL3:1, V:7)
RA, SRIGTE 4000 r/min AYSAE R ELL 5 min F2EE A
A4 B 0.2 mL _F35W 5 2.8 mL HE/E TREQR:1, V:DIRS
SRIGHRUNA 15 uL 14 3.94 mol/L B sUBR B WA 15 pL 1Y
0.072 mol/L AR R . WAV 25 mL &ALl
25 mL 0.144 mol/L BB 2R IR A ) Fis 3RS
DL/ AE T REQ2:1, VP A4S A, 20 min J&, HMEEET
DEFE L AE 510 nm AbRWRSEREE . 30%1d EUfk 20
2 R YIBRUEVA I (50~500 pmol/L)2hlbrut sk, a4k
AAnHE TSR 1 33 4 fbE (peroxide value, POV),

()AL B2 R A 1 I 5

SRR B Z R T E o o 0.375 g BiARELEL
TR .15 g =4 2. 1.76 mL 12 mol/L XA . 82.9 mL
EETFKRANRA. 0.2 g AW, WA 1.8 mL £BFK
4 mL B E H 2R RIR A TR, ek 30 s. ik
B K P INHA 20 min JFEEZE R TR0 10 min, K _LRH
W 0.22 pm B/K R BLFLIE B T1L 38, F 532 nm FE
TEW W GRE o MG 1,1,3,3-P0 2 S N behn it 26315 3L
WP RRAC B EE 2 B2 K2V 77 ¥ (thiobarbituric acid reactive
substance, TBARS) ¥

1.4 EIEALE

BAFIIAT 3 AT, FEIEEbR e 22 2R 5L
IsE g SR Excel 2019 F1 SPSS 26.0 #7532, %



R

238 1

MR R I A 4R

FH15E

FH Origin 2021 #4F2 1A

2 HREHR

2.1 BEEUREERBTREENE

WE IR SR Fh 28 TR A0 S L R AR 2 5 8 O 2 7]
RAGEATI AL, 8% PR R Sl Ak o e el ), 4%
5% WP 550 119 B AT X LA S B ey A5 iR 32 ) s i A ] 1
Fiis o B 1@)nl 0, 7 WPL S48 EL o0 1.0:0.5~1.0:3.0
(m:m)FEFEN, BEFE Glu WSO AR, BE LAk SR A
RIS FTHE TR, £ WPL 5 Glu BN
1.0:2.0 (m:m)isf, Pk EE RS KN 32.46%; HHIE 1(b)A] %I,
WPI 5 Gal Z[A] RS 2510 5 Glu 254, #£ WPL 5
Gal MK 1.0:0.5~1.0:2.0 (m:m)TG [N, JHAERREREE
FEE I RRNA 12.40%8 N ZE 28.77%, AkSLHE A
BTG EARRE TN Me BRI AT BRI AY LB, R AR ER AR
WD BE R B N, B T Sl A BN A A T
et (i TR LA RN AR T T O S I e ek
SN H BB RGN, IR EERG R, REAR T 4 )l
FE AT REME, [RIET, © 208 B R TR R (2 (R 7
BRI K e A AR T B TR . SRR HIE,
TEJE A A SEIG P e B WPT S8R9 ELBA 1.0:2.0 (mem)it 5
R H

WSRO BT 25 7 A — S | 2K/ NS TR, 1
294 nm LA FRENRIC, ThTE S B AR, AR AR A
R4 YIS ENE, 7F 420 nm ZhA WU, DRI, 3 2k
YIE 294 nm 1 420 nm IR ECH TS 14 15 R4 75 A
B2 L ATR, BEE RO IR, 7€ 294 nm I 420 nm
(R (AR S B B TR ka3, R BH 4 2R (1 S HE I E )
TR BN, ARSI IR R L, SR8 A8 SO i & A
FEOTAEEZWNA FY TR AR RN SR
YN, LA, R SE PR WPL SR H

() 40 - R 108

—n—A4420 nmfH
—e—A294 nmft A A

30 0.6
# 20 b
=
% 04 ¢
10
0.2
0
1.0:0.5 1.0:1.0 1.0:2.0 1.0:3.0
WPLE Gluf L £l (m:m)

109 1.0:2.0 (mm)it e N3 H o
2.2 CLA $LigIBfREM o
BT RS R M Bk

HFLE T & E il S a —EWENE T,
ML B FE—E R E &5 R\ A i & A 28, B
BEPRSE B FH X CLA FLIl A e s BAg —E B L
2 5 WPI-CLA ZLi&. WALl #5 % WPI-Glu-CLA #I
WPI-Gal-CLA FLIAETEZ AR NaCl ik BEMs2m, 7¢
NaCl #EE & 50~250 mmol/L B[R, 3 L AKXk
FITE 250 mmol/L B K, JRL BRI W] REJE: i 45 7K R h Eh B 7
WEERIER, 77 A BOR IR R, REAR T URLI Y R
1, PR A R, AT SRR A AR R0,
Ak, WPI-CLA FLI MRS RE M52 B PR BE i sg ok,
SR AR AR AL AR R A i 221.00 nm 3N E 386.53 nm, T
WPI-Glu-CLA 1 WPI-Gal-CLA FLI% 55 -V B i 5 i 2
AN, KRBT HA BT AT 2 M . X AT RE R R A
AN R A, B 0T U S e S e S S 2 A
IT A 2 v B i e R R R s R R O P, L R 0 —
HRE, FILR AL /N,
222 BEMNBEMRGZ R

FEAD oI Tk AR e, R R B A 3R 0 AN AT /D g
JUHRE, i AR EEXT CLA Lt Ry m, o]
RHEAEMN PN AERLESSE, B 3 5 WPI-CLA,
WPI-Glu-CLA Fl WPI-Gal-CLA FLIg7EA [V & T SF-440k:
BIAR4k, 7€ 60~100 °CYLlEI N, Bl I & 3 i,
WPI-CLA LK V- ¥ki42 fy 283.21 nm 41 2% 426.70 nm, £
PR K F(P<0.05); WPI-Glu-CLA FLk (4 F-34k:
2 60 °CHTAY 231.76 nm 35K F] 80 °CHT [ 307.50 nm, 1M
YRSEHE N NI, KA A BT, (A2E SRR B
(P>0.05); WPI-Gal-CLA L& b 5 5 B Ao 34 i, Bids th
223.34 nm 3B E 283.74 nm, 7E 60~100 °CTE il k{23 A

2.2.1

() 35 mmiEsE 1 0.6
—n—A4420 nmfH A
30 | —e—A4294 nmfE 0.5
B
25+
0.4
X
£ 20+
= 0.3 ihf(
ﬁ% 15} g
s
0.2
10}
sL 0.1
0 1.0:05 1.0:1.0 1.0:2.0 1.0:3.0
WPL5 Galft) Lt 5l (m:m)

T AFRRE FHEE/ NG TR HRITEP<0.054 #2225, T,
FEl1 WPISGlufLbfil(a). WPISGalfty Ui (b)Ref Fes B I AR R BE AU )
Fig.1 Effects of the ratio of WPI to glucose (a) and the ratio of WPI to galactose (b) on the degree of grafting and browning
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VR, A% WIEREALILE 70 1 45 1 ) L0 i K A0 1ih FLIB R e Pk A 239

REEARAE, 255N P>0.05), FLIRARIARAE—ERE E
PP AL H TG i, SRR AT RE SRR A I PGREE B, vk A
T2 TE B 8 L A RS2 80, & R A AN AR B AR
SEGLR R EPEREARPY . T WPI-Gal-CLA FLk 1 V- 4%
A% Bt L S AR AL A 3 m, (HARE AR B2, AT RESE TR
A2 D3R T B B A (R RE, BEAS T 40 F 2 18] & AR 34
RAEE, $2m T FLIBOH R B T S22, FLIREA R4 A
FaE PR,

] WPI-CLA a
400 [ @@ WPI-Glu-CLA a
Bl WPI-Gal-CLA a
b aby, bbb
300+ b c
d d
g c
£ c
XH
N 200 L
i‘z‘
100 |
0 (M|
50 100 150 200 250
NaCl¥J¥/(mmol/L)

P2 NaCIHk X CLAFLIR AR & MR
Fig.2 Effects of NaCl concentration on the stabilities of CLA emulsion

[ WPI-CLA a
[ WPI-Glu-CLA
400 - gl WPI-Gal-CLA b
C
a a
a
C
300} ¢ a
g b a
= a b a a
Gl
& 200}
100}
0 L
60 70 80 90 100
g °C

B3 R BT CLA L AR P 52

Fig.3 Effects of heating temperature on the stabilities of CLA emulsion
223 pH ATk

FLI ™ db A 7 1 R vt B R A SR R R AR 4L,
AR pH X WPI-CLA ,\WPI-Glu-CLA #1 WPI-Gal-CLA
AR E R, W 4 FiR ., 16 pH R 7~11 TN,
3fh CLA 2L T Ykife 25 B0, HeBdaE, 1Y pH
H1 7 FEAKE] S BF, WPI-CLA P35k 42 226.10 nm 340
F 142417 nm, ¥R T 745, KB4 TH B APIHE S,
BB 5 B9 WPI-Glu-CLA H1 WPI-Gal-CLA FLUK 1

SEHPRIAR ST AN 1214.39 nm. 863.29 nm, #] 1124 pH
JLER 3~11 I, F3R 3 FELAE pH 2 5 IERE A TE
M 25 F(P<0.05) . IX A WPI S SRR T 5, 1E1
AL TR SE, BRFLIRIR R i s LR E, Wi
[l 5y 2 B TTE, ORI, RBUH AR E TR,

[i] WPI-CLA #LJ&#H kv, WPI-Glu-CLA #l WPI-Gal-CLA 3L
16 pH HEIR SR B, W PR B, XA
A AT RE A B 1 5T SR S TC A5 W B L R R TR 1 R
AR TS, R Z AR A R R ) 0 R T R
e,

1400 | - ] WPL-CLA
[Em WPI-Glu-CLA
1200 F Il WPI-Gal-CLA
1000 |
E 800 |
* 600+
400+ ¢
00 b D
200}
0
3 5 7 9 11

€4 pHXTCLAFLIRRE VLR IR
Fig4 Effects of pH on the stabilities of CLA emulsion

2.3 CLA S LeE o th
2.3.1 DPPH & WA #Frkik

WM PRI M O X 2R, BT 45 0 e (1)
E TR I AH FAYE R, (USRS —Fh o ik R B b L RE
FIEAEEYI, DR I E CLA LR DPPH [ i RL B
AE 1A ABTS PHESF B 25305 bR e 1 I W AR T
ANTE RO &R, M AE CLA 5 WPI-CLA .
WPI-Glu-CLA I WPI-Gal-CLA $L#%} DPPH B 3%k
REJIANIEL 5 FF7R o FERT R B2 R 2~10 mg/mL 5 {4, CLA
Bt T v BE A, Hoxd DPPH B i Bk B2 26.65%
HIMZE 77.18%, # CLA T, WPI-CLA ,WPI-Glu-CLA FI
WPI-Gal-CLA FL¥&X} DPPH H L3 FREE 1 B &35 m
(P<0.05), FIHERGPTEMIEE, Horp, WPI-CLA ZLIiK
TR 2 mg/mL B, DPPH H Hh 35530 56.83%,
EAE CLA B9 2 4%, 78 10 mg/mL BHEBRFE R R, X AT
RESZDE Sy WPL T & AT — E t (AR SRS A R 2 R, 1D
il T P A RN A A5 R0, NI 4R T P AR TS
WPI-Glu-CLA Fl WPI-Gal-CLA FLy1E i 5k 4 4 mg/mL
BF, %I DPPH H HEEIHBRAESI S 100%, BERET
CLA FLB BT EALRE 1, X RE S L IR N A —E X R,



240 b A T A A 815 %
SR 2 7 e A P R A W T, AL AR L H St coa BB Whk 8;1 A
% as%‘%u SR R AL IR I LA T, T T X 1001 P ofl UTH YIR
2 BN b
DPPH H M EEMTERAE S, HEA B m R A ™ P .
Wy AT R T R R K Bk B RE PV, X s & 80r |
WPI-Glu-CLA LI HA B m i Ak i A ﬁ £
60
CICLA B WPI-Glu-CLA ﬁf gebe
|:| WPI-CLA mE WPI-Gal-CLA
100 + a a a a baa aaa EEZ‘O_
2 =
b 2
o <
S 80t a 20+
‘Iﬁ'l‘ rEi
& b
# 6F ¢ £ ™ 0
) b _%_ 2 4 6 8 10
E d R %/ (mg/mL)
£ 6 CLA'SCLATLRABTSHIES T F HOASHAE S ok
A £ Fig.6 Comparison of ABTS positive ion free radical scavenging abilities
20 F between CLA and CLA emulsions
A AL B, 72 0 d IR B &E 4 £ (19 WPI-CLA |
L — 4 6 3 10 WPI-Glu-CLA il WPI-Gal-CLA FL#i ) POV {E43 %14 0.06 .
JE R/ (mg/mlL) 0.04, 0.05 mmol/L, 7E 2~12 d i, B FEHT 1] ks, 3

5 CLASCLAZLWKDPPH H i B FRAETT LA
Fig.5 Comparison of DPPH free radical scavenging abilities between
CLA and CLA emulsion

232 ABTSME-TawmAFkik

PRGN BT e B 414, hAE CLA 5 WPI-CLA .
WPI-Glu-CLA 1l WPI-Gal-CLA #L#& %} ABTS FHE T H
FLIHEBRAE I AN 6 FIT7R o BT R EEAE 2~10 mg/mL B, #£5
CLA 5 3 Fh CLA FLIEX ABTS FHES T [ i L m3s B <44
5 R R BIEASE, RN 4 mg/mL B, CLA
XtF ABTS FHES T A B FEIEERE R 66.30%, WPI-CLA .,
WPI-Glu-CLA #1 WPI-Gal-CLA L& 73 5 h 85.98% .
96.18%., 88.68%, [A] CLA AL, X ABTS FHEF A th3LiE
B2 0 B I (P<0.05) . ARSI INEE S STk i, CLA £
10 mg/mL B} ABTS BHE T A b5 R R AE I Ky
97.96%, WPI-CLA FL%7E 8 mg/mL %} ABTS FHE T H /i
FEIEFH] 100%35 Bk, MR E R WPL-Glu-CLA #
WPI-Gal-CLA FL7E 6 mg/mL ik KWGHRE, XK,
CLA #IIEAREE, b lbs ﬁﬁ%&%ﬂ Eééﬂé%@;i
Al 519 CLA ZLIR BT RTE Mt — 2515, X5 DPPH
H B bR RE T AR AL AR
24 CLA ZLEBEREWBEESH
24.1 LR AL A R E

B BT LI ™ il & A AR E 2 AR s A, WA
Wil M A I R A R, IR AR BRI B T,
PR R A T 7 S IR 20 B PR R R B B
A, UL POV R IL A=A, PP FLIR AL
SN A, [T O T HER G AR 3 A CLA #LE POV

il CLA ZLIK 1Y) POV {E AL AR L BSEHE NG T R iass, Horp,
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Fig.7 Changes of POV value of CLA emulsion during storage



5521 3 VR, A% WIEREALILE 70 1 45 1 ) L0 i K A0 1ih FLIB R e Pk A 241

242 FARE LI B e T

TBARS % 2 BEAR I & A E— L A kit #2, T
i R BB TN o P 8 Ry 3 R CLA FLITE
gt # s TBARS (WZE{LE 0L, B WPL, WPL-Glu A
WPI-Gal il %5 ) CLA LIRS 0 d B9 TBARS {40
14.33, 6.15, 12.62 pmol/kg, FENZMEAYHI, 3 FhFLA M
TBARS {E34 N4 2818, [F5 6 d MHLL, 256 8 d B iB 3y
Jn(P<0.05), %5 12 d I, WPI-Glu-CLA 1l WPI-Gal-CLA LI
TBARS {H ik 5 K, 4394 26.32 pmol/kg.29.55 pmol/kg,
XFREZH WPI-CLA FLIRTEZS 10 d B} TBARS fHf KR
32.60 umol/kg, 5 12 d B Jo i 2Pk 22 57 (P>0.05), UiH 3
T 2L AR g ao A v 3 R AR N W R B A B I AL, BE
WA, IRPA TN BB ER, X
DR e K ST AL, ARUAR R T R T Y AL AR
Hefih, (LA A, DRSSO AR e M R B .
[FIX} B2 WPI-CLA ML, HMisfb R0 FasE iy CLA Ll
i) TBARS /b, X A RESE th W 25 11 00k 7E 18 S 161
i, B RUREAE FUTET 2, B T A3 )07 B R 7, AT
WD T AR IR TR Y Z R AR, HL Glu BB
AV & T Gal, X W BB TBARS KA RE

] WPI-CLA a
351 @ WPL-Glu-CLA a
B WPI-Gal-CLA a
30 + b
. b a
ob b
é 25 a a
g c
220t Y
8 ¢ b
wn
215t
<
m
S0l ¢
5 L
0
4 6 8 10 12
-3 st 1] /d

€8 CLAFLHI S P TBARSIH AL
Fig.8 Changes of TBARS value of CLA emulsion
during storage

3 W55

AWFFELE Glu, Gal 43515 WPT & A M 54k 52 g 5
Tl il g CLA FLI. Z55L3RM, 24 WPL 58509 L 3 i,
Glu Fl Gal i 554k F2 0 O HEAE FE 3HE 1.0:2.0 (mem) B35 51 5
K, 55K 32.46%. 28.77%, HAE 294 nm Fl 420 nm Y
FAEFRE: B, RN AR P ke A R R R EE AR AR
] %f HE 40 WPI-CLA #H Ho, 2 8% 3% 4k ko o 5 i & 1Y
WPI-Glu-CLA Fl WPI-Gal-CLA FL#& 32 2|48 71 J¥ . pH
FUINPGE B s, HE Sk A8 bR B/, Haqity

%], WPI-CLA, WPI-Glu-CLA #l WPI-Gal-CLA FLi& X
DPPH H 355 100%15 BRI A9 B 435110 10, 4.
4 mg/mL, X ABTS B H HESAF 100%75 FRE Y 5T
WEE N 8. 6. 6 mg/mL, FH] WP HEILIb el i 2518 7
T CLA FLMPLA LREST . N St 2, WPI-Glu-CLA
Ml WPI-Gal-CLA ZFLIH) & S A0 B R G g e Ak 4
CRPLT A 4] WPI-CLA LW, %25 ih ok,
CLA FLWFEPER R, AU T CLA M4 L. XTdcEs
CLA MF e AT LR Fih & CLA 7= fhWLi & T & F]
HAA LIRS HME.

SE

[1] SHI A, WANG J, GUO R, et al. Improving resveratrol bioavailability
using water-in-oil-in-water (W/O/W) emulsion: Physicochemical stability,
in vitro digestion resistivity and transport properties [J]. J Funct Food,
2021, 87: 104717.

[2] LIX, LIK, SHENY, et al. Influence of pure gum on the physicochemical
properties of whey protein isolate stabilized oil-in-water emulsions [J].
Colloid Surface A, 2016, 504: 442-448.

[3] LIVNEY YD. Milk proteins as vehicles for bioactives [J]. Curr Opin
Colloid In, 2010, 15(1-2): 73-83.

[4] KIM DY, SHIN WS. Functional improvements in bovine serum
albumin-fucoidan conjugate through the Maillard reaction [J]. Food Chem,
2016, 190: 974-981.

[5S] JIA C, CAO D, JI S, et al. Whey protein isolate conjugated with
xylo-oligosaccharides via Maillard reaction: Characterization, antioxidant
capacity, and application for lycopene microencapsulation [J]. LWT-Food
Sci Technol, 2020, 118: 108837.

[6] MEI Y, CHEN H, YANG B, et al. Research progress on conjugated
linoleic acid bio-conversion in Bifidobacterium [J]. Int J Food Microbiol,
2022, 369: 109593.

[7] SLOWIKOWSKI BK, DRZEWIECKA H, MALESZA M, et al. The
influence of conjugated linoleic acid on the expression of peroxisome
proliferator-activated receptor-gamma and selected apoptotic genes in
non-small cell lung cancer [J]. Mol Cell Biochem, 2020, 466(1-2): 65-82.

[8] HUANG YS, LIN ZD, RONG H, et al. Effects of conjugated linoleic acid
on growth, body composition, antioxidant status, lipid metabolism and
immunity parameters of juvenile Chu’s croaker, Nibea coibor [J]. Aquac
Res, 2018, 49(1): 546-556.

[9] XZA B, XLA B, LLA B, et al. Covalent conjugation of whey protein
isolate hydrolysates and galactose through Maillard reaction to improve
the functional properties and antioxidant activity [J]. Int Dairy J, 2020,
102: 104584.

[10] HU B, WANG K, HAN L, e al. Pomegranate seed oil stabilized with
ovalbumin glycated by inulin: Physicochemical stability and oxidative
stability [J]. Food Hydrocolloid, 2020, 102: 105602.

(1] AREFEHE, FAR, X025, 5. Gol- A MBI FLIg 4 B AR (L T

AT, VAR A, 2023, 48(10): 98104, 121.
LIN ZQ, BAI WD, LIU QY, et al. Optimization of microwave-ultrasound
assisted glycosylation process of whey protein isolate [J]. China Cond,
2023, 48(10): 98-104, 121.

[12] YI J, PENG G, ZHENG S, et al. Fabrication of whey protein



242

B dh 2 iR

=7 4 5515 4%

[13]

[14]

[15]

[17]

(18]

[19]

[20]

[21]

(23]

isolate-sodium alginate nanocomplex for curcumin solubilization and
stabilization in a model fat-free beverage [J]. Food Chem, 2021, 348:
129102.

WL, TSCW, BRG, 55 3 Fokaimzl g-518 b RILmRa e tEm
TABEFELD]. PR, 2023, 48(6): 39-46.

YAO HB, WU WB, CHEN T, ef al. Stability and digestive characteristics
of three f-carotene oil-in-water emulsions [J]. China Oils Fats, 2023, 48(6):
39-46.

LIU YT, HU XP, BAI Y, et al. Preparation and antioxidative stability of
the potato protease inhibitors (PPIs) from potato starch waste-water [J].
LWT-Food Sci Technol, 2020, 134: 109963.

WU SQ, LI R, JIANG ZT, et al. Evaluation of antioxidant active
ingredients of spikenard essential oil by ultra-fast gas chromatography
electronic nose and radical scavenging mechanism [J]. Ind Crop Pro, 2020,
151: 112489.

WANG J, ZHANG L, TAN C, et al. Pickering emulsions by regulating the
molecular interactions between gelatin and catechin for improving the
interfacial and antioxidant properties [J]. Food Hydrocolloid, 2022, 126:
107425.

FFF, AW, KRR, RIS AR 2R R O RE R
P[] W RS R S5 2E AR RR), 2023, 49(4): 557-565.
WANG D, LI H, ZHANG ZJ, et al. Structural and functional properties of
the glycosylated products of perilla seed meal proteins [J]. J Zhejiang
Univ (Agric Life Sci), 2023, 49(4): 557-565.

LI R, HETTIARACHCHY N, RAYAPROLU S, et al. Improved functional
properties of glycosylated soy protein isolate using D-glucose and xanthan
gum [J]. J Food Sci Technol, 2015, 52(9): 6067-6072.

PIRESTANI S, NASIRPOUR A, KERAMAT 1J, et al. Preparation of
chemically modified canola protein isolate with gum Arabic by means of
Maillard reaction under wet-heating conditions [J]. Carbohyd Polym, 2017,
155:201-207.

X, R, FAM, 4. K58 EANREE (8 @IH Pickering
FLI A S RERAE )] &R 5T &, 2023, 44(18): 1-10.
LIU XL, LI Z, WANG JX, et al. Preparation and performance
characterization of silver carp oil pickering emulsion stabilized with
soybean protein isolate particles [J]. Food Res Dev, 2023, 44(18): 1-10.

LI Q, SHI J, DU X, et al. Polysaccharide conjugates from Chin brick tea
(Camellia  sinensis) improve the physicochemical stability and
bioaccessibility of p-carotene in oil-in-water nanoemulsions [J]. Food
Chem, 2021, 357: 129714.

LIU G, WANG Q, HU Z, et al. Maillard-reacted whey protein isolates and
epigallocatechin gallate complex enhance the thermal stability of the
pickering emulsion delivery of curcumin [J]. J Agric Food Chem, 2019,
67(18): 5212-5220.

SETIOWATI AD, WIJAYA W, MEEREN P. Whey protein-polysaccharide

conjugates obtained via dry heat treatment to improve the heat stability of

whey protein stabilized emulsions [J]. Trends Food Sci Technol, 2020, 98:
150-161.

[24] HE S, GU C, WANG D, et al. The stability and in vitro digestion of

curcumin emulsions containing konjac glucomannan [J]. LWT-Food Sci

Technol, 2020, 117: 108672.

[25] YAN X, MA C, CUI F, et al. Protein-stabilized Pickering emulsions:

Formation, stability, properties, and applications in foods [J]. Trends Food

Sci Technol, 2020, 103: 293-303.

[26] MOHAMMADIAN M, MADADLOU A. Technological functionality and

biological properties of food protein nanofibrils formed by heating at

acidic condition [J]. Trends Food Sci Technol, 2018, 75: 115-128.

[27] PANY, WU Z, XIE QT, et al. Insight into the stabilization mechanism of

emulsions stabilized by Maillard conjugates: Protein hydrolysates-dextrin
with different degree of polymerization [J]. Food Hydrocolloid, 2020, 99:
105347.

[28] RGNS, R, 40, & EREAEOMILL WX DHA ks

Aok B 2 P A9 B2 W [JJOL). & &b AR 2%, 1-18. [2024-06-10].
http://kns.cnki.net/kems/detail/11.2206.ts.20240124.1624.002.html

XU XH, ZHANG HJ, LI P, et al. Effect of zein glycosylation products on
oxidation stability of DHA microcapsules [J/OL]. Food Sci, 1-18,
[2024-06-10].  http://kns.cnki.net/kems/detail/11.2206.ts.20240124.1624.
002.html

[29] BAO Y, PIGNITTER M. Mechanisms of lipid oxidation in water-in-oil

emulsions and oxidomics-guided discovery of targeted protective

approaches [J]. Compr Rev Food Sci, 2023, 22(4): 2678-2705.

[30] XIE Y, JIANG S, LI M, et al. Evaluation on the formation of lipid free

radicals in the oxidation process of peanut oil [J]. LWT-Food Sci Technol,

2019, 104: 24-29.

[31] LI S, CHEN H, ZENG Z, et al. Arabinoxylan hydrolysates improved

physical and oxidative stability of oil-in-water emulsions [J]. Int J Biol

Macromol, 2024, 258: 128798.

(WS TH Refd)
fEZE N

REE MIHRLE, TEMRED
HEGMIER2.
E-mail: 2548494040@qq.com

EHRA, B, TEMRFEAHE
MmILE.

E-mail: cmwang@mail.hzau.edu.cn



