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# b PEFLIR (P <0.05) , BEAmANJE pH AL A 5.5 B 1 &-49 WPMP, T 3% 13 b i 4542 5 /) (13. 28 wm)
8 Rg SLik . ABEL T AmN WPC #4143 89 i i 5L, WPMP i fig SLiR e AL 30 B W il ALid P LA 3549
A8 E P An BAKKY FFA Bk R LR R pH 1A &1 T 41 &4 WPMP 7 5 5Lk LA R B 49 FFA Bk
& BFRAEE , WPMP %374 4Li8 A i 25 57 & B, | A o Bl — 4k s B R & o I L — 2 PR TR AR R, B
$b, WPMP it fig Uik 69 TH AL RN B — 2 e I 4E R, B WPMP R & #A4E, A 2R 4
BT R FUiR 45 M T I ] ok S AR A A

LA, ARG, BEIRBR,; SR, WAEEAL,

FESES . TS201.7

HAR P 3k B AR R O AR I [ | =k H v
I AR A IE T v R A SR,
AL AR 2 R BCE S AN B R DL BT o A
G U 1 (1 1 T 1 D O PN £ O 1 @ i 2 3
T AN S B i JR ot B > T & Tl T i Y —
TREAKER

B AR Z b B I AR A AR Hh RS PR (CHF
TR | H I R A SR ) FLAL, JE UK AL i
(O/W BY) 2L, WFFEUESE , s LI T AL SR LA
5 1 1 PN 3% TR 0% P A0 o 5 9k 3R T 1 U ) o e A
T AR, O B T 2 R RN 2 R, 2 T T AR IR
AR S AR PR A T Ak 1 R 2 o0 A S
SRR R SR, Bk, SR A & m i i s s i
B B FLIREE R Y TR S A e AR B AR
FH, DA ek 2 0 3k B A T A Rl Bl A Sk
PRIFUR B (it R SO AR R it JB i A 808 A%

AR LA R — 2 o A K B HE B2 B
22 J 2 TR BT LA 2L VAR 2R AR I AR OK B K R 1Y
WAL, R LA RS 2 B FLI PR M Pickering
FLI" . F T R LAk 700 A B T A W T T Y
VLT = AR s s B A g , Al Y Pickering 7L
WEA WS RCE M, PFRIE, BARESE Picker-
ing [&] (A SORL BE AN AT 396 W R i — 7K LD, AS BEL T
AT PN IR R S T A i 7 6 — % s Tl 4 L AL
PR o H R T80 ] H A B R B (R BR, 78 5 i 1k
TH PN TR £ 25 A 1 3% T 3 M R R A B0 [B] 25 B,
RS R 7 B 4 S 3 v, 5 AR Y 5 BOAE R
ST %) AR A A T DT T — S Rl T B 4L S 43 1% W A2
A BRIt B i 2 T g A DR 3 Ak
HEERRYEDIREMI IR A 7 B, S BOGE S B
Tl A LB AL PR

W 5 R 20k 38 B SR S T IS R R R R
TR I UL AN AL T HA 1 4 Pickering [ {4 Jkr 1)

MERARER: A

K ST AN TS0 B R | i i BT P S I g
REREIE B B0 1 | JC A0 [) B A9 FR 8 Jie s AL T
ZE ) EEREA R, BESaE it A B A i
R IR B (N 24T 8 ) W REAE Jih /K S TE R AR T B
RS 5K 7, B WA S 5 T L AR R T T R R
(FEAE WA KM S ) FFLIRE (kL B b
P Bk R Y SRR By R A
gL I ) @7 3 8 i s e R € 3 IR AN 4 2
PR K s P i, DA T o35 2 1 B 9 T
STEE R LR E R H A R, A K
B UL S T2 BE RS A R i LI IR TH AL

SRy 95 G AN | A BAF 3 ok R 45 L B 1 e
JEE UKL ] 28 DG T 2 S —— 1R AL BT pH (B 45
T —FINFLIE 5 1 RE ISR (whey protein micro-
gel particle, WPMP) , JF- 5 1 2L i & 11 5 e ks
XoF S VR A T R 1 i 25 A T IR R TR A 52

1 RS

L1 #RERHA

FLiE W 46 25 11 ( whey protein concentrate
WPC) B4 = 5 R IR 2 5 LA, 3 BH & AL Tk
AEAE A BR 2 ) 5 #h R, R b J7 K EE AL 27 1)
I EEAR N, AL st E A R IR ST 2 A 5 51
A, KT AL T REA AR e i iR o
( sodium-dodecyl sulphate, SDS) , KT VL RAL T8
ARA PR FACE ALt F A HEARA FRSTEL
A AARES  JE R E AR YR A R ITE A ) R R
H , &[5 Sigma-Aldrich 2\ 7] ; H & H §, f2 5 Sigma-
Aldrich 2 w] 5 IRV ECY) , 7215 Sigma-Aldrich 24 ] ;
JH AR I, 75 ] Sigma-Aldrich 23 & ; BERg B i, £
Sigma-Aldrich N A, SEES BT R AR 2R 2 5 R 4y
Mrafi,
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1.2 (U FE5E&

HAAKE MARS — I Y 58 AR, 7 [ 28 BR R /R
BHZ 5 Ultra — Turrax T25 B9 5 3 ZL A6 2 BT b, 78 &
IKA A #] ;BT -9300S BIBEOGRL BE 3151, PHAR F R
AESAT B w5 B X AVE R K I A, R e T B
IS RS &, PH-3BW AU pH 3, [ 3 kY 4%
J 73 DSC-60plus B 22 /R AR L, H AR S H A A
Turbiscan ASG % i 2% Z2 8 0 £ MR 43 A4, 15 [
Formulaction 23],

1.3 ZLBH*E
1.3.1 WPMP #44) & B 45 M) % 4E
1.3.1.1 WPMP Ayl 4

WPMP (il &7 2 2,

)M AL IR, K 12 ¢ B WPC 5] 53 8T
100 mLE B F7KH, 43 31R H 1 mol/L NaOH 7K ¥
0 1 mol/L HCl ZK¥S W IH pH (6% 3.5.4.5.5.5,
6.5.7.5 M 8.5, ¥ LRI T RN, BHEET
KA 85 C IR AL 1 28 min, 4 °C &1k 10 h
Pk,

2) ¥y ook A, Mo o EL Ak B OBl
10 000 r/min ZbBH 4 min , 2R AR 1 mol/L HCI 7K
IR 1 mol/L NaOH 7KIFWIE pH (HE£ 6.5, 2
Ja 1 mol/L NaCl#M2% Na* 25, &5, % F
AN] pH fEAL B 20 5] 22 [i) 0 VR AR FR 22 5 1 FH B
HH,0 A TIRRE, DA UEAS 20 590 v L 3 2 A s i
UKL (WPMP ) 1) T vk FE AR [A] il 45 /9 WPMP 43
RO TS 3 I

ARG, AR pH (E A5 14 T il 45 1Y) WPMP
STHOE Y WPMP K 5 23 5l i 45 5 WPMP (3.5) |
WPMP (4.5) .WPMP (5.5) WPMP (6.5) . WPMP
(7.5)F1 WPMP (8.5)
1.3.1.2  pH {EX} WPMP KA 220 iy &

DAAK R 43 B 5T, 2R FH OO R BE 43 A A 5
WPMP (3.5) .WPMP (4.5) \WPMP (5.5) . WPMP
(6.5) WPMP (7.5) .WPMP (8.5) 6 Fff WPMP 4
Y i T
1.3.1.3  pH {HX} WPMP #7241k 5 0 (i 5

1 WPMP 43 #iche A2 35 SRk L, SR
WA IRG , TR R T8, 155 WPMP #K

HETFRIC WPC F1 6 AN [A] Y WPMP #5 ARFE i
2 ~5 mg BAGS &, IZS B s O IR 2R
JEAHERITS DSC 4k, B4R E N 30 C, FHR =
150 °C , FHEH#Z H 5 °C/min'" . % H TA-60 {1

XF DSC 3 i 262475 o0 BT, TH A5 B0 45 FE i i
AP TR RS PESS (E
1.3.1.4 pH {EXF WPMP 3722 M 5 0 i I <

KRR AR AN 5 WPMP 43 808 (R AS P, S
Bk Je HoR A 20 mm SEATHR; S AT AR ] B E
91 mm; IEERE K 0.6 mL; 3 BR 5 I K B N
25 C; PRSI AE R 2 . S0 1.0 Pa,

VBRI 0 s E T 300 s, F
240 s, S8 J5 DL IR RE 9 28 £k 3 38 A 300 s~ R B £
0s™ ", 0 RZh (B RE DY VI R AR (L L

R FH AR A R ) i A U A 1 2 AT Power
Law BERILA L0 (1) .

T=Ky" . (1)

K (D), 7 RBTUIN Ty, y R 2, K
FERE, n TR R

SR AR kA PR T AR AR AL AR PE 25 5 ) AR
it B U85 it 5 1) e AR A R S R AR R X I
AT ZIE AT BB AT AR il AR PR TR S o
IR (2) M,

( S B Sdown )

SR — up S

up

X(2) .S, R EATIMEBSER, S, N FAT
YAV TR 2
1.3.2 i Ag Lk oY ) & AR AL
1.3.2. 1 JMAEFLI i &

WPMP A5 FLIE A il 25, B 60 ¢ WPMP 43
W R m (WPMP 70 B0 ) - m (FE2ET) =2: 3L
BIINA 90 g fEA I, RIFERTF(25C +2C),TF
10 000 r/min YL 5 min , 415 30 0 B 43
BN 60% B WPMP IS LI

WPC AR ZLI 19 i %5 . Kr 12 g 19 WPC 57
SYHELET 100 mL 25 B F /K i, 15 2] WPC 7 B
(pH=6.5), HL 60 g WPC 2 8L, #% 1 m ( WPC
AR m (AEAE ) =2: 3R LB A 90 g #£ 4
M. RIFEIF(25°C £2°C), F 10000 r/min ¥
JEALHE 5 min, il 55 15 2] BT E0Ch 60% 1)
WPC i 5 7L
1.3.2.2  JHISFLIERIAR 5> A

PUBE MR 0. 1% SDS KV Wk J 43 B4 ot
SR FHOARE BE AN R 2R v B85 i B 38 3h 1647
Br, W72 6 F WPMP S g LI & WPC il g L
WUkL AR B3z Bl 13 B, B Stokes-Einstein J5 #2111
AR 7 B BE FLIRRE & RAR S

x100% (2)
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1.3.3 b5 Sl dekal 2
1.3.3. 1 {RIMEAREIR A T

R B AL R, S5 SR (15 130047 B il
72 AL E P S 2,67 /L B 6.67 ¢/L B
FHHAF.5 mmol/L KC1,6 mmol/L CaCl, ,120 mmol/L
NaCl, 7& B HEAEB B B g FLIAA 12 mL f#5
BB IRAHAE R 1 mol/L HCl /KIFHCK pH
fHIHZE 2.5, BT 37 CKBEHF,200 r/min #EEH)
SJFE 1 h,

HEUARE L RE . 1 mol/L NaOH 7K &
i pH EH I 2 6.8, il A 5.60 mL Y AH 7 42 B 49
(18.63 g/L HITH 42 B4 .5 mmol/L KCI.6 mmol/L
CaCl, . 120 mmol/L NaCl) 1 15.60 mL F i &
(1.12 g/L JEEE I 0. 56 g/L RIS ) , B &1
1A BT 37 CoKE T 200 t/min Y58,
1.3.3.2 MR FLIAE T AR iR e P i

B WPC AR FLIE I 6 Ft WPMP i i L 5340
BHAE . K 20 mL & WIS FLIR ) T AL RCE
JES [EAE B 3 3645 (75 140 mm, HA216 mm) 7, K5
AR b, 76 37 °C N 45 5 min 4 1 %, 43
BELEFARE 1T h M2 h,

7 Firih g LR AUL B WO A6 S PR T
b, ¥4 20 mL A IR FLIR W W AR S TP IR B A
FEBESAE (55 140 mm, A8 16 mm ) H K5 00K
ARG 78 37 °C N AR S min £93 1 0, S0 iES:
i 1 h #12 h,
1.3.3.3 MR FLIR e T4 A AT b ig B s 10 i R i

BRI

WPC JHIIEFLIE A 6 Fh WPMP i1 i 7L 75 F 42)
s At B R, R 0. 01 mol/L NaOH 7K ¥ Wi 4
pH {E 4 £5 7€ 6.8, I i sk M W I 1L 10,30, 60,
120 min I AIFIEAE ) NaOH 7K B W AR, AR 38 74
FEAY NaOH 7K AR, 4% BB 20 (3) B AL 7E T
fbat B2 w0 UiE 25 I U5 IR ( free fatty acids, FFA ) B¢
TR

FFA BE% = (

Viaon X €xaon XM

lipid
2x0.6 xm x100% .

emulsion

(3)

K (3) 1, Vion 22 THFE 0. 01 mol/L NaOH 7K

FSRATR , mL; 0 42 T NaOH 7K %5 W 1) B8 7K Uk

B, 0.01 mol/L; My, J& 1€ 2E Wil /9 BE /R BT 4,

0.817 kg/mol; 0. 6 & L V& H o AH 9 5t &= 5 %4
Mo TR BT HR , g

1.4 HESH

FIAEREL 3 R, 2K Origin 8. 0 AL A,
BAREF H IBM SPSS Statistics 26 #1780 207
Z53 KT (ANOVA) P <0.05 N A BETEZE R,

2 FRE5HMH

2.1 pH {EX} WPMP #i12 B850

K FHOERLEEGN E 6 FAS[E] pH {H WPMP 43
o WPMP BRAR oA, ULIE 1, B 1 Al BT
A R 1 5 A A3 B AURL R /N — TRt
AT LAERE T ALRIAR (dy ) SFATRLAR /N SRAE , 25
CEERL,

40
35l —— WPMP(3.5)
[ —— WPMP(4.5)
30k —— WPMP(5.5)
N —— WPMP(6.5)
< 251 —— WPMP(7.5)
= —— WPMP(8.5)
& 20F
2
;@, 15+
10+
5t
0 PE——— L I R |
0.1 1 10 100 1000

d/mm
B 1 pH{EX WPMP KA/ 50k
Fig. 1 Effect of pH on particle size distribution of WPMP
F 1 pH {EXT WPMP H DRI 1§
Tab.1 Effect of pH on median particle size of WPMP

FE dsy/ pm

WPMP(3.5) 18.31 +0. 08*
WPMP(4.5) 15.25 £0. 55"
WPMP(5.5) 6.63 +0. 15°
WPMP(6.5) 14.36 +0. 06*
WPMP(7.5) 13.67 0. 09%
WPMP(8.5) 17.35 £0. 29

[RIFIA Rl PR o Bl A RE P25 (P <0.05)

f22 1 Al pH {EXF WPMP B KA A 5 1
s, HREE pH B2 %S (pH =4.5 ~5.0),
R BRI K, X & & A pH (A RE B H2 52
TV 1 B Jie S R . 7 46 fL s B, B 1 40 T AR TR
Tap e /b | AR i 2o B vh B 1 B A 4 (R4 S B
KA LA RN 3 A o 2 5, DR O 968 15 A1 1) T 0
RVE M FLRE R )V FH s 7 A v R ) o A
Hh S S B A A R S PR R DU g SRR T
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Bl pH (H2 W7 i 25 45 H A5 B I 78 v 38 1 i
T 1) H S AR A 2 R R ) Y R
SRR 2% | B e B P R N2 S W, HLE R S
BE IR AS R
2.2 pH{EXT WPMP #1314 R A 220

SR 22 78 1 H i VU R R B WPMP Al
WPC HEAT #2400 b, WE 2, M & 2 o] %1, WPC
F16 Flt WPMP FiY I PAde 34) 52 0 oL | 50 I A o 35 2L
ARG PRI (R PR 6 RN TE B —
225 BEBAAN A pH H T 145 19 WPMP 1 #A 58 e
TEEA —EZR,

o+

I
<
n

| |

—_ —

o (=4
T T

AR/ (mW - mg™)
SRS
=)

|

»

=)
T

|
w
W

——WPMP(85
120 140 160

S

K2 WPC Fil 6 F WPMP ) DSC 43 #2241
Fig.2 DSC results of WPC and 6 kinds of WPMP

K Z R AL A TA -60 B 5
WPC F1 6 Fft WPMP (AR YRR B FIAR MRS | e 45
LA 2, 2 2 "], WPMP (3.5) #il WPMP
(6.5)5 WPC #7228 Vi B JF Jo 1o 2% 1 25 =%, WPMP
(5.5) A MR B 3% 5 T WPC, WPMP (7.5) FiI
WPMP(8. 5) 75 8 B ) b 2R T WPC, WPC #%
A5 WPMP &, ZE RS N 227. 72 1/ 43501 4 3 1
TREF] 185. 50 227. 58 210. 72 200. 75 218. 11 J/g.
EF A WPC A5 50 4.3 ~5. 0, 76 pH {HE
I, WPC 2R I B Al /b . 76 pH AT il 45 119
B 1 VORE IS 5k WPMP (4. 5) F WPMP(5.5) B
W nY A E M, BEAE pH E 2 W B9 55 HL A
WPC 73 B A 36 22 | 88 11 J52 43— 1) 1) 0 L HE e
VEFHSG 5, (AR 43 26 11 T 19 4 F 250 A P22
T A, il g5 0 B G R URL ) AR A2 T
TR,

2.3 pH {EXT WPMP F 254 AY 2200

g R B A 5 D) HOR A AR TR UL IE 3, A 3
ATHRER AT, A R 2 R B A B DR
PRI RS, RIBTYV R R, XOREh
P IR SRR B 5 o0 T4 R 285 40 (B AH B g 2, 2
JERRR Bl B VI HOR ARG K, B T2 15 5 i

2 pH {EXT WPMP A5 MR B RIS PERS /Y52
Tab.2 Effect of pH on denaturation temperature and denaturation enthalpy of WPMP

FEfh to/C tur/ C AH/(J+g™")

WPC 35.82 £2.36" 72.38 £2. 18" 109. 89 +0. 75 227.72 +14.13%
WPMP(3.5) 42.96 £15.21° 74.52 £2.32% 111.04 2. 27° 185.50 = 16. 33
WPMP(4.5) 33.84 +£6. 05" 77.34 +3. 66" 114.23 £2.76" 227.58 +14.97°
WPMP(5.5) 32.46 £7.11° 76.28 +3. 83k 117.29 +2.21° 233.61 +15.35"
WPMP(6.5) 39.16 £0. 59" 73.01 £2.76* 114.26 +0.71* 210.72 +£5.29%
WPMP(7.5) 34.19 £0.61° 70.94 +4. 084 111.99 £1.31™ 200.75 +6. 03*
WPMP(8.5) 30. 33 £0. 59° 68.39 +£1.09° 105. 82 +2.35% 218. 11 +8. 40

[EIBIA ) PR R B ) A B V225 (P <0.05) .

VR, JCFP BOBEAR 73V Sl e e i e 1 T ik 1
FHCELIRIE IR, DRI 268 B 5 i A AR 20 > 0 ) e R 4k
S N Y U I R R B R K (H
SERX PRI oA —E B R TR, WAL 3 TR AT,

K PR 7 B XF 6 F WPMP 43 IR 1Y) # 25 U
ARMAHEAT LG LA A R W AR 3, sk 3 A,
WPMP Zr R R B S48 8 n 329/0 T 1, B8
FEA B AR R IB AR . PR R B R T 0.91,
Ui Tl i 2B R R A R A T U . X EE

AR H AR AT -2 A EAT A o (A B,
MTHHZRY o AE R R T BATHA, O TS
IR I R B> 4R R 45 2 HOR RS E
VR (VB g KR B A A5 ) W2, DYt g
N L /) G A

fih AL P 0] 7 SR SZARYPRHE S RS R4
ERA ARG R, 83 s A Ok
NI E S EAT AR E A, BT LA 6 AR
BNl A Sk RE— B b T 2 (AT
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3000 5000 7000+
4 500
2500F 4000 6 000
L L N 3500 5000k
5 200 EA7 2R 2 3000 -
: [ 74000+
é 1500+ é 2 500 =
= 1 000 Tk = 2000 < 30001
[ 1 500 2000F
1 000
5001 L
500 1 000
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 16 0 20 40 60 80 100 120 140 160
BT AR BT AR s U AR
(a) WPMP(3.5) (b) WPMP(4.5) (c) WPMP(5.5)
14 000 20000
12 000 16 000
10 000
78000 Flt
£ i
= 6000 =
< < 8000
4 000
4 000
2 000
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Wy s Dy s Db s
(d) WPMP(6.5) (e) WPMP(7.5) (f) WPMP(8.5)

3 ORIF) pH fE WPMP 43R0 A 28 i 2
Fig.3 Static rheological curve of WPMP dispersions with different pH

%3 K[ pH (i WPMP S0 45 8 i 2% R
e ZHCRHIX SR I H2E 3 AT AL B pH (R (R 45
Tab.3  Static rheological curve fitting parameters and % HAAR fih AR T AR X — B A AR R K 2 3
relative thixotropy loop area of WPMP dispersions JEARAS S Hoh WPMP (5.5) A i 2 T AR
ith different pi SN, 0. 42, BEATAER TR pH IR I
- e BEREMAMESH B 11T OB IR ORI, R 2 5 Sy
&y o R —] 3
i k no R 2.4 WPMP SR MEZES 1
Wewp(s sy  MEC 8047035096 TS FLI AR M B RN T LR E PR
A& 182534 0.57  0.98 WEAEAR 1] 4 & WPC g FLIBCR 6 F WPMP i iR
wowpa s, THA 146028090 R A T 4 T, 7 R B L
T 212310 068 0.99 TRAM AT B — W L5 5, DR T LR
AT#ige  27721.76  0.06  0.99 40r
WPMP(5.5) o 0.42 5L ——WeC
TTHIZ 755.77  0.70  0.85 T — WPMP(3.5)
A 30 —— WPMP(4.5)
FATHIZE 4199469  0.16  0.99 < —— WPMP(5.5)
WPMP(6.5) 0.47 S5k — wpMP(65)
gk 10268.25  0.42  0.99 = — WPMP(7.5)
- 5 20F  ——WPMP(85)
EAFigE 47261.68  0.21  0.94 =
WPMP(7.5) 3 1.41 @ 15F
TATHIZE  16302.21  0.43  0.99 1ok
bAvilhiZ 9329525 0.28  0.98 sk
WPMP(8.5) 2.45 ,
ATz 6243.65  0.58  0.97 0 : o . — -
d/mm
22 FkEE M 2 (T ATIIZ) B Fl B T AR /N (S ) 4 WPC IS FLIER 6 F WPMP 3 IR FLIR (R4 53 A
iﬁﬁ?%‘%?ﬁo [T} Hiﬁjﬁ%‘%% ﬁﬂﬂyﬁ:“l‘iiﬁsgj . :‘lz%:z% %,l@ Fig.4  Particle size distribution of WPC emulsion and 6

YRR , 12677 it S M 7 Bl 57 VG L 312 i Kinds of WPMP emulsions
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PEARIAE (dyy ) RALKLAR TN R HALAS A B 3t
ket A3 BIA A rh AR IR 4
4 WPCHARFLIAN 6 Fi WPMP IR LAY h kAR
Tab.4 Median particle size of WPC emulsion and 6 kinds
of WPMP emulsions

T dsy/ um

WPC 37.66 +1.52°
WPMP(3.5) 22.55+0. 17"
WPMP(4.5) 15.63 £ 1.42°
WPMP(5.5) 13.28 +1. 631
WPMP(6.5) 16.21 +0. 94
WPMP(7.5) 18.02 0. 92f
WPMP(8.5) 19.57 £0.25%

IFI9 AR R 8 o BRI 522 5. (P <0..05)
HI3E 4 AT, KR WPC il IR 7L WK Hh 3 KL A2

K, N 37.66 pm, 6 Fh WPMP 3 s 3Lk 14 i1 i
R E/NT WPC AL . X ULW] WPMP 7£
TR w5 R S T KRR WPC, 7E pH H K
3.5 ~5.5, k% pH {HF+ &, WPMP i 5 FL & i 7%
WiAs /N, fE pHAE N 5.5 ~8. 5, i% pH {H
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Preparation of Whey Protein Micro-Gel Particles and Its
Inhibition on Lipid Digestibility

LI Zikun', ZHANG Xirui', GUO Yaxian', ZHANG Man', HE Hongjun', LIANG Bin™",
LI Xiulian®,  JI Changjian*, SUN Chanchan' "
(1. College of Life Sciences, Yantai University, Yantai 264003, China;
2. College of Food Engineering, Ludong University, Yantai 264001, China;
3. School of Pharmacy, Binzhou Medical University, Yantai 264003, China;
4. Department of Physics and Elecironic Engineering, Qilu Normal University, Jinan 250200, China)

Abstract: Aiming at the risk of hyperlipidemia, hypertension, hyperglycemia and other diseases caused
by high fat intake, it was considered to be an effective way to achieve healthy diet without reducing
sensory quality by directional design of food emulsion structure and regulating the interaction between food
and gastrointestinal fluid to delay the lipid digestion. The physicochemical properties ( particle size
distribution, thermodynamic properties, rheological properties, etc. ) of whey protein micro-gel particle
(WPMP) prepared from whey protein concentrate ( WPC) by combined heat-shearing treatment under
different pH were investigated. The stability of emulsions added with WPMP in the digestive tract and the
release rate of free fatty acid (FFA) were measured. The results showed that WPMP prepared at pH 5. 5
had the relatively small median particle size of 6. 63 pm, the highest thermal stability, the lowest fluid
index (n =0.06) and the better thixotropy (S; =0.42). The oil droplet size of the emulsion stabilized
by WPMP was significantly smaller than that of the emulsion stabilized by WPC (P <0.05). And the
minimum oil droplet size of emulsion stabilized obtained at addition of the WPMP prepared at pH 5. 5 was
13.28 pm. Compared with emulsion stabilized by WPC, WPMP stabilized emulsions had higher stability
and lower FFA release rate in simulated gastrointestinal digestive juice. Emulsions stabilized by WPMP
prepared under different pH had different FFA release rates. The study confirmed that WPMP had a
certain barrier effect on the bile salt interface replacement and lipase-colipase interface adsorption in the
digestive tract. Therefore, WPMP had a certain inhibitory effect on the lipid digestion and lipid
absorption of emulsions. And it was regulated by the interfacial structure of WPMP. It was hoped that the
research results could provide a reference for the directional design of emulsion structure to inhibit lipid

digestion.

Keywords: whey protein; micro-gel particles; emulsions; lipid digestion; inhibition
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