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G WA E W FLIRAER SN S 1 3 T SE L8 T R 5T Y 43
ff I BRAR T FeARLLE ] Kbk,

ABFFERVIFLE E T (WPL) FHE 3R
(ADA) & A Wy a) 1 3h 25 w] 336 3 A A B A X 2L
H 228 (CUR) R PR AT AL RRvE 52 3l 2
AR IR | = 4RO IE RLL A
T 5T WPI-ADA [8] \WPI-ADA-CUR [&] f) A &
Y 7 5 38 3k 8 75 LA i 25 LA &R I 2Lk
Wi T Zeta A LR B B R 2LALTE
PE R A5 L R R B e O 2 a0 B Y LR
B WL 288 B RS i A, X LR ZE AR SN AL i
I E A DPPH H B RIS BR A% | (R R HAEY
FIH BE HEATPRAR

1 MRE5FE
1.1 MR 5iEH

L5 H 1 (Whey protein, WPI), % & %
(Curcumin, CUR), 2 e MRAEAERIE A R A
F) 3 ¥ 35 R 81 (Sodium  alginate, ALG), i 5 fb 2%
KFNEBRAF; 8 H M =8 (Medium chain
triglycerides, MCT) . A T. H # (Simulated gastric
fluid, SCGF)., AN T./MN## (Simulated intestinal
fluid, SIF), BRI A YR AT IRA A
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Jie e i 22 AL (HR-1) , S [H TA {XEA BRA 7 5
K42 (Nano ZS) , 9 [ T /R SCAL 25 A7 FR 28 7 5 18
21 46 1%L (Nicolet 1S20) , 36 6 28 2R K /R
BB\ e v 85 U0 LR AL (FA25), |
T 6 v B R AT BR A R R U A A R AL
(JY=99-IIDN) , T I 87 2 A= R e A A BRA W]
1.3 Fik
1.3.1 WPI-ADA E &Yl 1 WPLIEfE
BT KT (5 mg/mL), Fi 545 ADA %] WPI
B, ADA MBS N WPL & 1) 0%,0.2%,
0.4% ,0.8% ,1.6%F1 3.2% , 7£ 37 CIZ )% 30 min J&
53] WPI-ADA Z 459, 43 lic i WAC-0 \WAC—
1 . WAC-2 WAC-3 WAC-4 Fl WAC-5,
1.3.2 A6 e B R B ER N
0.5 mg/mL ) WPI-ADA il WPI-ADA-CUR &,
Hor CUR 5 R BEE R 0.05 mg/L, &8 h
i) 2 B AR TR BOR BT 2% ., 284061 Y K 7
WE N 240~400 nm , W 5E FF 5 72135 BT 1Y 58 40
W, LA 25 5 T K B S8 AR 25
1.3.3 SO MIME  RAE Yan W0 J5 55
FHAEME 2, P i 8 W0 1 mg/mLL (1) WPI-
ADA F1 WPI-ADA-CUR ¥, HH ,CUR 19 i =
W PR 0.1 mg/L, FeZWE T 0 O BEAR T2 BOR
HIT 2%, TEBCE DK A 280 nm AR, I R HAE
290~500 nm N Y & 5561

TN = YRR, KR KA
il 14 5E A 200~500 nm, & 5 il K 4148 98 Bl %k
200~500 nm , % & P A< 8] B 10 nm , % 5K ] B
5 nm, K 2 400 nm/min, B &R S EE R
5 nm,
1.3.4  O/W FLk Ay il &
1.3.4.1 A ¥ 1 mg/mL CUR ¥R TrhaEH
=R RGBSR
1342 KA #% 1.3.1 WEHIKAE, &0,
1.3.43 O/W F® ¥ 10 g A A1 190 g /K AHIR
A, JF H 4 BUCAE 10 000 r/min R 59 ) 3
min, 75 2H FL . i FH B 75 Ak BE 2% (20 kHz, 600
W, %k B 1.5 mm) H A 10 min (FF 35,8 3 5)
il 25 FLR 85 R P Al FH vk

135 HEARRLLADEHE (FTIR) K45 1)

CUR ,ADA \WPI FZL W #£ i 5 KBr By K — 2 #f
B ORI G R R GE R R AL R R, 7E 400~
4 000 em™ 3 Bl I AR LT AR TS5 5, o B
KON 4 em™,
1.3.6  FLWWOW LS M EE i 2 i Sl A
100 5 He RAZHOWEE O/W FL I A9 SO EE #4
1.3.7 Ki4% PDI Fl Zeta HLAZ A9 2 003 i FH
FB TR FLIR B 100 4%, B 1 mL 6 B R O EL
TWCE TR R R AR = IR R I E LT
AR LAY
1.3.8 AHERIME  MRYE Jiang SFPHRE 1Y J7 74
e G JFRIEIE S, @5 =2, B0 1 mL ZLE0m
A 5mL =& W8, 5853 e S 78 25 )CF L 8 000
r/min 5B 0 5 min, SR 37 BPURCEE T IS W, AR H
CUR W AR M 2, 78 K 425 nm 2005 oK
% CUR MK E (mg/L) A T 2L FLFIH CUR
() ki, T SRR IBORE i o 7 SR b 8 4 1 mL FL5A)
WNE] 5 ml ZEEH HAE 8 000 r/min 5 3R
EWE 25 CTF B0 15 min, WE WSROI OB
B B B35 MR, JRTE K 425 nm A0 2 WO
{H .
1.3.9 HEAAHEWHEHINE S Jiang F0
(77 1 T R AEAE 8 5 25 ) 6 FLIRTE 8 000 v/
min 5 R 00 15 min, {7 A8 WCECT T R
JEH 0.22 wm 19U RE I U8 L AR I 00 e it
UEZKAH B 2 1 BT i v B, A T B R i T AR O 1
W (1),

S 2R (% )=(Co—C,)/Cyx100 (1)

A . Co 7K A ) b 8 B 1 B 0T R g/
ml; C, 2 I R T AR 0 B AR T VR g/mL
1.3.10  FLAktEremy e FLALMEREMR 4 Li 550
A7 AT E o FLIROE BUS 37 B A28 25 I E
HFL (50 L), 2R )5 FH 5 mL 0.1%+ e 247 iR
BTN RS FE DK 500 nm AR IO R L i3
B FLWEFE 10 min J5, EPK 500 nm 40 E 3L
WO . Sy fe il FLAR AR E 48 8 (ESD H
OD %/~ . FLALIE M 48 B0 (EAD) TH 58 5 2 WL =X
(2),

EAI(m%Yg) = (2x2.303xA4 oxDF )/(10000x0xLx
C) (2)

KA NOLEE  DF MR BEAEEGC hE A



B4 11

LK G — i R B B AL AR 00 S AL 1 AT 97

J W e/mL; Lo B 1 em;0 Ry il AR L o
,%.
L3011 MERIE  FLIRCH R4 Wang 55811
Jrik g Wy, I 2 A R R R 22w (10
mmol/L,pH 7.0) ¥4 LI B 200 15, I K 0 2 £
GRS WORAEZS ok B DR RIS 114 L RCTE
£ 600 nm Ab LR U (T) 5 (3) .

T(em™)=2.303xA xD/L (3)

P A R BEFLIE 600 nm AL SERE . D
HFREATEGL R 1 em BOEREZE
1.3.12  JAEARe M e FLIB00 AR e e 1 I
S Xiong FFO L, BEE N AR 0.5% , Fi AT
KYEFHEN 1.0~100.0 rad/s, i s &k £ P fig
REREE (G7) AR FERL B (G”) . FIE ] H A% 40 mm
BSEAr A, BB 500 wm, BTYIE A 0.01~
100 ™', 30 S 5 3 A2 A 6 BE(EL, i ] Herschel—
Bulkley 15 %4 53 §7 55 U 1 % 5 57 Y] 1 ) Z [8] 9 5¢
E

o (Pa)= op+Kxy" 4)

Kb .o WY 7, Pa; o N F UL AR 17,
Pa; K NHHE 2%, Pa-s"yy HHTVIHE R s'in NI
AT R R
1.3.13  MRSMERLE L R4S Zhong S B 5T
it FAR AL B o 3 0 AL W T Ak FL I, T B 2 CUR &
R TH AR PT A AL RE 1 AN A R R B K R S
A SGF /#8745 pH {2 1.2,37 CJJW 2 h(100 1/
min) . B E I AT, K E RS IA
SIF ., 18 pH fH % 7.0,37 C M 2 h (100 v/
min), WCHE T AL LAEA T HE— 2540 00T
1.3.13.1 Hi%AfLhE A 9 B Ak fg )i
it DPPH A M JEiE R Fok £, fim s 2, 5%
DPPH H B W A AL 7= ) FIE R &, [Obi 30
min J& ZEPE K 517 nm 28 5E WG AH .

DPPH H I FEIEBRAE J1 (%) = [1-(A—A /A o)x
100 (5)

Horfi Ao AL LA, S BRI 25 (A ATE A
WIAEDE K 517 nm A0 AR SGAE
1.3.13.2 CUR fREEFAEYFIHE  RIE Zhang
LU 7 B E CUR MR BA 3 H S BT I 217
A9 LI B CUR, 10 000 r/min 50> 10 min J5 ,
W5 F 35 WA K 425 nm ARG E AR Zeng

SFUAR) J7 I CUR A= AL B K TH AL e 4
CF 16 000 r/min %3 T &0 30 min, H 8] 325 B
2 (BRI f# CUR MBS 43) 5 CBE DAL 1:1
RA,25 CF 4000 r/min B> 10 min, BE R

I WA
PREE R (%) = C/Cx100 (6)

Kb Co IUR AL T CUR 19 &, mg/mL;
C, HIFEME ALY 9 CUR & i mg/mL;C, J %
R4 CUR M VR mg/mL.,

1.4 HIEHH

T A B SR DPS s Ak B R e i AT 1B
Y43, T A BE 38 52 Origin Pro 2022 b 4%
38

2 #R5e
2.1 EAMKRIEDR

S AN B T 058 8 A B A AR R DL
WE /N> F 58 A Z )2 S A A BAE Y
ANy TR SO BRI, R S OfOG
A B2y H 0 5 s s/ N A A LY & 1a S WPT K
WPI-ADA & &1 £ A6 E | . o T i 2 R
(Try) FIA SR (Trp ) 55 05 Wk 2 FL PR I A7 1E , WPI
FEUE K 280 nm Kb HAT [ 2 A W . B ADA
Jo R AR BCR HE N, WPT 7E 3K 280 nm &b 4 W 6 i
o, 1 e RO K B AR AL X B WPT-A-
DA & &¥ & i WPL il ADA 22 7] (1 A 5.4 B
A4, & 1b i WPI-ADA-CUR Y4063 1A,
24 CUR A BT, WPI 7E 3 £ 280 nm &b (19 W S B
B, X B WPL #1 CUR Z M fFfE Ml B AEH
WPI IR EE & A T AR 460,
2.2 WIRR S E S

h T W 5% WPI-ADA & & %) i A 5. 4E F HL
i, AR X WPI-ADA 89 P I8 1 2¢ 66 3% k47
Mg, B 2a iy WPI & WPI-ADA & & ¥ 78 I K
280 nm & A T RN IEESOL R, B R
T AE 4 22 (Trp) % 2 W2 (Tyr) % 05 7 Tk s 5
iz, 7E3 K 280 nm # & WK T HA BAH 9O R
M, AR EOE R FHOEIE R T HM R M =%
LERY(E AU WPL LE K 329 nm Ab HA i KPS
SR, BRI, WPL I 2GR B i %5 ADA Jii 5 43 5K
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(14 358 I T RAAI: , 5 R 2 ' 3 FEE ML 1796 800 (WAC—
0)BEAEE] T 1 609 969 (WAC-5), X I [ F WPI
FADA Z [8) (A ELAE IS, 25 B 1 A2 46 AT LA
Wit ADA LSS BT 1 WPL v 35 7 g 2 SE TR
B3 3 J] 1L %) 28 Ak SR i B, WPI-ADA & 5 W12 6
SR B ADA ) 3 0 T B AT AT 05 PR O A v A Ok
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Fig.2  Fluorescence emission spectra of WPI-ADA (a) and WPI-ADA-CUR (b)
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b, RKE AT T =4EReeigmE . B3k
WPI-ADA #1 WPI-ADA-CUR 1Y = 4k %¢ ¢ ot 3%
P A R = R SR (A=A ) AR D 068 Ay i 1) HC

S &S WPL Al WPI-ADA & &%) (1) = 4E%5¢ 6
Jei, W B R KOG R EEREE ADA 5 4 5L
AT REAR (M 2 816 %] 2 517) , 3 F B WPIL fg 4
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AT EE AL, JEWEEE] AL, A 335 nm
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Fig.3 Three-dimensional fluorescence spectra analysis
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IR K NIEARIG L) I AFAE— SR AR B R B
W, ATBESE T LR AR &R B o FLIROR A B
REGIRM ., BEE ADA BN, FLH R BLH AT
BSOS 4 3 5 k048 DL & PDI 25 2 — 2,
7 1 2 WPI-ADA LW 19 ki 4% \PDI Zeta i i Fl
AR B ADA 3G, 2L 0T Bk fe 52 3
Sew/NE R N 264.8 nm (WAC-0) ¥/
#] 214.5 nm(WAC-3), F3 Jin %) 246.1 nm(WAC-
5), X ATREE R ADA (3 indm 1 K A1

Aab R A R PO e B S AR E 0 B2, AT
Vol /D VTR 1) SR I /N RE AR R SR, 1 £ ADA
A AE Pl RS S 2 EER 7 A R BCREMIE I, A
17 {6 LB AR 38 NP WPT B 5 19 3L W 2 /R Y e
5 B LA 48 X {E, 298 43.1 mV, fIf A5 WPI-ADA
AW FL TR A 45 B R (P<0.05) , 3 1] fig
ST ADA 3807 B0 04 2 1 H fer Al FLIR
{18 FL A7 24 X6 1 388 o 76 FL 00RO =2 A1 4R 4L T i R
S B, TS T R A 1) L HE R R

(b)AC—l

(d)WAC-3

(e)WAC-4

(H)WAC-5

B B RAREE 10 wm,
B 4 WPI-ADA 3l pt # BREE K
Fig.4 Optical microscopy images of WPI-ADA emulsions

* 1 WPI-ADA &K%  Zeta B AL PDI E G IE E
Table 1 The particle size, Zeta potential, PDI value and encapsulation efficiency of WPI-ADA emulsions

Uik #2 42 /nm PDI 1& Zeta %45 /mV 0,38 /%
WAC-0 264.8 +7.4* 0.328 £ 0.012° -43.1 +£1.2¢ 97.8 +0.4*
WAC-1 251.9 + 1.8 0.327 £ 0.019° -45.4 £ 1.0 97.5 + 0.6
WAC-2 229.3 + 1.4¢ 0.323 +0.042° -45.4+0.8" 97.9 +0.3*
WAC-3 2145 +1.9° 0.314 + 0.034* -45.0 = 1.1 97.6 +0.2*
WAC-4 237.8 + 1.2 0.317 £ 0.032° -44.8 +1.1° 97.1 +£0.2*
WAC-5 246.1 £ 2.1 0.318 £ 0.031° -46.4 £0.2" 97.2 +0.2*

T [/ — R R /NG 52 R ROR 22 53 8 35, P<0.05
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WPI-ADA FLK /9 85 (o7 7 1 e B S an &1 5
B o 2 5L AR R A T K T A R B R L TR
EHE B XEZENIEM, BN E S5 ZL I I K
Fase MR PERES, FE ADA J 43 B3 fin, WPI

1) 5 TR W B 19.9% T 30 B T 32.2% ik — 45 2
AT 210 WPL B W B 31 2L 717 -, ADA 7]
il 38 3 7 H A HE R A T AR R A E WPT X3 K
ST ) 7 22 B, WPT 5 ADA 22 [8) (4 240 78 FH
A5 T WPL FL I R B RE 53X 5 Chen S5 4fH



24 % 511 U R G — i SR AR R SR 0 N AR AT R 101
— B, PRI S R T 5 7 B B K o
R, 7 7 e A A T 9K 3 480 1 7 M A T
B, T B 15 10 8 AR - wc_? I
2.6 FLIIEEES T =3 .
[l 6 ok T WPI-ADA ZLI M BLILimtess s S 2|
(EAD) FIFLWR & H6 40 (ST OD 1 %7%) . EAL ¥
I ESI 2 2 1 L8 LA 1 1 A L B 10 T 48 I ol
B EAT JZ W T K A LI AR 5 T A W B 6
Eﬁ%ﬁ%ﬂﬁfﬂm%ﬁF% 0 K 9 e T e P T Y
2 E TR B ADA B FLIR ) EAT AL
I}L%iﬂ}ﬁ?ﬁiﬁ/}%%’ H1 276.4 m7g(WAC-0) ‘zf;A\‘lﬂ/lxlﬁﬂiﬁ%ﬁi’%ﬂ%(&oono
THiE 2 295.2 mYg(WAC-3), Ji7 X% % 288.2 mYg, E5 WPI-ADA %L K S (& 5 5 8 W i =
EST A 0.591(WAC-0)H4 il % 0.617(WAC-3). % Fig5 The percentage of adsorbed proteins
SRR Y], WPI-ADA (3 fr 2 K ik 12 % 2035 WPI of WPI-ADA emulsions
(19 EAL AN EST, LA o 5 3 5 3k i,
LA I 4 Q80 TT LU I F WPI-ADA 35 £ 58 = 1"
Al WP B HL s, R ke O/W Bt ik B 3 300 N R 0.7
B PR FLAG TS VR AT O B 3 LS ik 08 2 1 HE S o ML T
R 7 A e 2 R R, sk b ADA I Ez ot | &l FL A B e
BRI, S0P 69 WP T R T B S| o £
1o L 1 LA AR, =
27 HREN 0 o4
K7 3 WPI-ADA FL AR o i B ALY

FLBCHIRE I R /INAT 6, L S TR T bR R o AT
YA G, 5L et 2 OGRS, B ADA
VI R 3G T, e B 2 B RIS TR R B
M 34 299.3(WAC-0)FEAL #] 30 061.8(WAC-3),
FETH R 2 32564.4 (WAC-5), X2 R R as iy
ADA 3 3 BH 1k 2LV 1 3R SR N T FLOR AR
M T OGHUN S 2 5 ADA Tﬁé%iﬁz;’%ﬁﬁa
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Studies on Digestive Characteristics of Whey Protein—alginate Dialdehyde Emulsions

Wu Shaping, Wu Changling, Wu Fenghua, He Zhiping, Liu Xingquan, Wang Peng’
(College of Food and Health, Zhejiang A & F University, Hangzhou 311300)

Abstract The interactions between whey protein  (WPI) and alginate dialdehyde (ADA) identified by UV-vis spec-
troscopy, fluorescence spectroscopy and infrared spectroscopy were investigated for effects on the in vitro digestive proper-
ties of curcumin in O/W emulsions. The influence of the complexes on the emulsions was studied by droplet size, rheo-
logical properties, interfacial adsorption rate, emulsifying activity, turbidity and curcumin release characteristics. The re-
sults showed that the interfacial adsorption rate, emulsifying activity, droplet size and turbidity of emulsions driven by
dynamic reversible covalent bond—Schiff base bond were improved. Compared with WPI emulsions, WPI-ADA complexes
emulsions had higher interfacial adsorption rate and emulsifying activity. When the amount of ADA added was 0.8% of
WPI, the emulsions had smaller droplet size (214.5nm), lower turbidity (30061.8), higher emulsifying activity (295.2
m%/g), and better emulsifying stability (0.617). Furthermore, the WPI-ADA complexes emulsions, which were more sta-
ble in simulate gastrointestinal fluid, promoted the bioavailability of curcumin.

Keywords hydrophobic active substance; protein—polysaccharide complex; intermolecular interaction; in wvitro digestive

properties



