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FE L pHB.5.37 C. B 5 R K1k 0.5% 44+ F M E QB KMMILAS>BES (WPL) 5Shil&KMs (WPH), i@
S H R A B R R R % (NaCl KCl.CaCl, MgCL), % % & F# & (0.1 mol/L #= 1 mol/L),pH 14 (3~7) LA # 4
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FAE D BEHEH (Whey protein isolate, WPI)
B E B AR IR H B AT B S, Rk
FFER S FLALRI, B 2 ALE 50%~55%H) B-
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1 MRERE
1.1 #HREIRH

FLIE 7 # E FI B (Whey protein isolate,
WPI), S 25 5 & i =98% , R AEMEFLIE & 1 & i
91.87%, H a-La 18.68% ,8-1g B 32.07% ,B-
Lg A 41.13% #7049 2 H KRG, AR REA
fitg (179, 3% 10 000 BAEE U/mg) & AL Ah 55K
7, & [E Sigma—Aldrich 28 ], SEAEAFIIE F#E T,
12 UF5EE

H 3hiE EAL, 75 E TitroWiC; 5 B0 ML, £
Thermo Fisher Scientific; A HLICZE 43 HT11X vario
MAX cube, 7% Elementar;Masterizer 2000 it
L JE 4> BT A Zetasizer nano HL DL 43 B AL, B [
Malvern ; LUMiFuge F& & PE 0 #1478 5 L. U. M;
B Jo 8 B O A W H B R AT I R) BT 3E (MALDI-
TOF-MS) 1%, f#[E Bruker;UltraTurrax T25 2J 3¢
B, 75 E IKA—Werke ; = JEXJFHL, P& APV,
1.3 REHE
1.3.1 HABRSEANE BT S E A
2R RS R A HLIT 3R 23 BT vario MAX cube
EHIERSTERTPRSERSE,
1.3.2 WPH il & W 5¢g WPLE A 95 mlL
EETKIGT 4 CREJIBEFES AL, 005870V i
(2115 h), R FCK WP % 0 B = 185 877 pH
HZE 4.6, .0 (6 000 g,10 min) ZBRAMEEA
J 7, 1Y 0.45 wm 1Y 21 4E 5 B U8 5 W, # 3 pH
= 8.5, Hl&FRENEC (5.020.1)%6 WPI #
W, E T 37 CKIE I I &

pH—stat 7K fif 3% : K H R EE 1 Aig K A WPT (pH
8.5,37 °C), MR NN 0.1% (EIS,m/m) , # F1 9%
PEEE Y 150 v/min, 2R A 3 € AU T WPH
K A P pH fEL, 3@ 0.5 mol/L. NaOH
VWA pH (B PR FFIEE o KA 5 h JE AR
it 400 0 700 2 1k SR, K% (Degree of hydroly-
sis, DH) A= (1) TH53Fr g,

V, xC

lﬁm o¢><]12P x}: - ()

AL V—FF 1§ #& 19 NaOH 3% W 1K
(mL) ; C;——NaOH # ¥ 94 £ (0.5 mol/L) ,a——
NH 1 °F ¥ fif B 5 50 (#8 pH 8.5.37 CHIZ(E K
0.926) s M——Ji 1 th 28 1R H W it () sh,, ——

DH=-—"-x100%=

1 ¢ WPI RS A9 Y & (8.8 mmol/g)!™,
1.3.3  WPH 4850 #r
1.3.3.1 sEEHRYERTH (HPLC ik 1)
FH 258 F /KK WPH A B 28 2 11 o o it vk & 2
mg/mL, 8 pH (% 4.6, FH 0.45 wm £ 45 % 5
UE ., R HER 1100 R 51 HPLC & 48 . PLRP-S
300 A-8 wm Latek £ (150 mmx4.6 mm) il %+
L EA S E  (B-Lg A B-Lg B Ml a-
La), WA HI%R A FE 01% (IR, F
M) =8 L (TFA)M XK B FK,%H B A&
0.0555% TFA 1 80% L , ek R g 5% B T
13 min M 43%38 2 55%, AR 20 wL, B4
HrfE 40°CHI 1 mL/min JE 3 N 2647 K%K 226
nm, Pl a-La(91%%6)%) B-Le A(99%4li % )1 B-
Lg B (98%4li & ) Jpbm o ity , S N7 S o i 26, i AT
JE AT
1.3.3.2 kA3 5 %€ (HPLC 5k 2)  #AEd
i B¢ 22 2 1 R 4 mg/mL, B 1 mL 5 150 L
80 mmol/L. — %t 7 Wi BE /£ pH 8 .37 C T W & 45
min, 5 200 wL. 400 mmol/L 5 Z BENEIR & , 75 B
i AE 30 min, 76 L HE(E 1100 &5 HPLC 24 1
JH Kinetex XB-C18 100 A # (100 mmx4.6 mm,
KR E, SR TR AL IR A B 5 1.3.3.1 7
Perb T R AR R, BERGARS BE %50 B T 60 min
N 19%2E T4 5 45% , EFERE 60 WL, &A1t
1E 60 °C 1.5 mL/min Ji i F #47 K Kl 214
nm, HT 45 min P& 0 AR 4 e Rz fF AR 2R [ I
£E,45 min J& 1 WERR 5 I AT ISCE  WSCBE 148 43 3 1ot
JE T B O AR - B RAT TR (MALDI-
TOF-MS) 43 #7 .
1.3.4 3 03 5l Bl 90O ff W R S R AT B JR] T 9
(MALDI-TOF-MS) iffi i3 MALDI-TOF-MS % %
FE A IREE I . 0 M ] - —4— 2 Bk A A
FR A 2,5- " KR R P AP LI, RN R Ty vk
16 2 B HT AR HUR 7 i A R L A R
U2 79 JR A Bk B0 A A
1.3.5  Zeta B0 BT WPL AL WPH 43 51 i
EEAFEEWRE N 1 mg/mL, KA 1 mol/. NaOH
8% 1 mol/L. HC1 ¥ 45pH {H , R H Zetasizer nano H
PLA AT A 5 pH2~10 T WPL K& WPH 1) F- ¥ 3%
[ DAT=E
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1.3.6 FLnyhl & R 135 mL 8 H BB o
BN 1.0%159 WPL B{WPH 1 15 mL 2 46 K7 i 1 55
FL, A 1R,
1.3.7  FLWCRLEE I %€ ) H] Mastersizer 2000
WKL BE 3 A ASCI 5 FLVBORE FE e o3 A o D e S48
vk VERE ORI SR 1,410, R 0.001 5 436X
oK P 1.330, RAFLALER I 3 REL
DL AR OYRE R E 3 RRE , TR N e ok
JE o XL E /N A A B TR R S AR ds 1B
HEAT LR A BT, THRE BE RN AR BT AR A AL, LA
doodsy o TEAEFR BT L3S, PRI & 80, SDS X
dsp<1.5 wm MIRE T PR, 8RR ds>1.5
wm FIFE S5 0.5% SDS LA 1:10 (V/V) it
BR A BEFE 1 min J5 HRC R L SDS IR
Je AT dso (B LA R R F (F) .
1.3.8 FLw A E Mg @i STEP £ R
(LUMiFuge) 7 FLAT 3 % | i 4 FL W A0 e e 1k
300 L A i T RO R 7R 25 °C,2 300 ¢
BT AR 1L s i3 1 iE e, ke
46 min (B4 1 A H AR ) GRS 870
nm, #EEE 15% R IEFE ., RHKA AW W
SEPView 1 % 048 #E 47 43 B, 1H5RFL A 5
(pm/s)
1.4 HEZEITHH

RAE LR kb AR E R 3R,
ReE R I E L2 (v + 5) TN o JH Prism 844
HEAT 2 F AT (P<0.05) , J] Origin 2018 1[4,

2 HERE5HMH
2.1 WPH BAHEK S 7

W 2 iR 3 AT K ik Be 25 5, B
it 7K ik WPT 1) 7K fiff 2 7 S 4 B BOdG K 1 4 iUk
100 min Ji5 B TR 0820 K 9 2 11 1Y) ) R, 7K
i 38 K ¥ T2, 250 min Ji S &K iR B (DH,.,)
39K 7.64% ,7.83%,8.08%.

53 5 B DH,,.7.64% 55 8.08% 1 #F & i#F 17
HPLC 437, 5 5 B &5 Bt anf&l 3b i , WPH
LTI E A, WEFRPHRGE , KR a-la
FEXE AN 5 9 I 2 11 i /K g, i 7E 37 °C.pH 8.5 |,
Y R ZHH) a-La 8% B . R A HPLC 77 2 i#F—
oy B KR TR R 25 R AN 3a TR . PSR

AESEEE )
\;'—/
I T

BEABKE
(pH 8.5,37°C, 5h)

A
[ B HPHEA6EEL (6000 g, 10 min)

K@Y (REHEI%) )
o
( MgCl2
N2

~ik # (0181

mol/L)
aCIz\)f ‘ \

‘ B (6000g, 10 min)‘} #4132 (80°C, 10 min)
I

A °C,
HENE B (6000g, 10 min) |
EETR |

RAEBA AAbEA

BIEARIKRER = 1.9 (V1Y)

FRS): 12000 /min & 30's

TURMPRIBRERM DT P = ST RN =

BEHIR 150 bar, 25°C & 1 min

B LRIt R s E A

Fig.1 Experimental diagram of emulsification
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Fig.2 The changes of hydrolytic degree during the
tryptic hydrolysis of WPI

i I 7K il B2 BRI A 22 S (B E ELT 58 22— 3
X156 BH 7K A B 1 i 3l 2 B JE i F pH-stat 7% A
BHiR2E , IR S8 WPH A kgl s iy A 28 4k
WPH £ HPLC 43 % LA & MALDI-TOF -MS 43 #7
Ji, 45 TG U T X I Y KGN 3% 1 B . 76 I i 1Y
31 AN g AT 5 S ) T A b AT T
DCC 2R 4 K, e RER 43 K 43 o 271
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F 3 ku, HE L /NTF 2 ku, 1li Pend £ & — 26 5 g
562K 5o T i KT 3 ka B2 K, 6] 40k 5
F a-La B £(14~58) f (63~113),

R 4l e 2 1 i ) B D7 R S e (Lys/K &
Arg/R)? B-Lg 5 a—La " (47 £ B U) 7 155351 0
18 5 134>, ABF5EH  BREGVIN 51 Lys47, Hor
B-Lg B UL i WK e 1M 7= A 1 BRFE WPH 34
K 2], XA T Lysd7 J5 A Prod8, & HIA7EH
1F B AR B K A IR, AN Tyr20 IR 20 i

YI7 5, A Hi 8 45 10 e 25 1 6 n] A 80K i B-Lg
A R Y R AR ST, BIZ A s K i AR
74 SR AL B A 3, £(21~40) , AT B-Lg, H VR
T a—La BIIKED | S2Bx i g K i i i D) 47 o5 32 22
O T B T — S S5 K6 1 P st , 9 20 LysS \Lys13 .,
Lys98 . Lys108 5 Lys114, X 0] fgJ& K A% 8 1
BER g3 R DA A R g & WD ikend IR ol el A B
V) 47 BEL L7 1 5 1 Al I ¥ A 8 i sk L D) 47 451

800

700

600+
jam) L h
z e 2 . S Ve AL

w05 s00f N AW
5 ‘5 il Time/min 31 F)’r/ﬁma’-]%%, i

£ 300K %X IRG i JyPend
= m 18&19

200

100 Lo

0 /
0 10 20 I 7] 30 40 50
Time/min

800 (a)
=
5 600 —— WPl WPH

3
a8 Z 400 P
. AN
0 6 [ 9 12 15
Time/min

(b)

B 3 HPLC &#7:(a)WPH H AR HPLC Z47; (b) WPI 5 WPH i B & B i HPLC 5347
Fig.3 HPLC profiles: (a) HPLC analysis of peptide composition in WPH; (b) HPLC profiles of WPI

and residual

proteins in WPH

F1 BEILIERTX AL
Table 1 Peptides corresponding to each chromatographic peak
&g G E/min FR R (mliz) BRI (mlz) K R IR BR 55
1 5.16 1122.80 1122.47 [61~70]B WENGECAQKK
2 5.30 1249.14 1249.50 [61~69]B WENGECAQK
3 5.56 1179.02 1178.32 [61~69]A WEGGECAQK
1285.10 1284.51 [61~70]A WEGGECAQKK
4 5.81 573.33 573.36 [71~75] ITAEK
5 6.92 1 .040.40 1040.20 [6~13]* CEVFRELK
6 9.56 938.43 939.00 [84~91] IDALNENK
7 11.19 1 .066.49 A fon / /
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(&R 1)
e G /min - FERRA (mlz)  EE R (mlz) AR R A& 57
8 11.73 673.35 672.78 [9~14] GLDIQK
9 12.77 825.15 825.00 [71~77] ITAEKTK
10 14.18 1146.35 1 146.57 [115~123]* LDQWLCEKL
11 16.42 1245.57 1245.31 [125~135] TPEVDDEALEK
12 20.97 933.59 933.17 [1~8] LIVTQTMK
13 22.50 837.56 837.05 [142~148] ALPMHIR
14 24.89 1193.71 119341 [92~101] VLVLDTDYKK
15 25.11 1 065.63 1065.23 [92~100] VLVLDTDYK
16 26.88 903.66 903.57 [76~83] TKIPAVFK
17 27.89 1635.52 1635.75 [125~138] TPEVDDEALEKFDK
18 28.72 1200.10 1 199.60 [99~108]* VGINYWLAHK
19 29.01 1 668.26 1 668.90 [95~108]* ILDKVGINYWLAHK
20 30.72 1777.82 1777.87 [109~123]* ALCSEKLDQWLCEKL
21 31.51 2 309.74 K / /
22 31.91 1621.31 1621.81 [1~13]* EQLTKCEVFRELK
1978.51 1978.08 [1~16]* EQLTKCEVFRELKDLK
23 34.81 1250.57 K fn / /
24 35.72 1 803.23 1 802.83 [76~91] TKIPAVFKIDALNENK
25 36.64 1715.84 1715.40 [149~162] LSFNPTQLEEQCHI
26 38.64 1602.57 K / /
27 41.42 1843.83 K fn / /
28 42.01 2 418.87 2419.04 [59~79]* IWCKDDQNPHSSNICNISCDK
29 42.71 2 030.07 2030.18 [21~40] SLAMAASDISLLDAQSAPLR
30 43.63 2774.33 2774.29 [101~124]|B KYLLFCMENSAEPEQSLGCQCLVR
31 44 .43 2 646.85 2 646.25 [102~124]A YLLFCMENSAEPEQSLACQCLVR
2313.29 2 313.67 [41~60] VYVEELKPTPEGDLEILLQK
T BT a-La A, AW T B-Lg 1. A5 Bailik B-1Lg A 5 B-1g B,
2.2 AR pH &% T WPl 5 WPH i Zeta B {iz 40
— BB, Zeta HL {7 24 %0 i 85 | AR AL T 0F o e
= 16 5 A R 5 )T 07 L VRO B A . 20f o
K 4 frox, B pH {E ) FH 5 Zeta HL A 5 B 13_!% i \}
. Zeta WAL O B pH B P 2 (1 /K PR et T et
B LA (pl) , FE R0 T T4 L4 0, 1l Sgor <
AT UL, WPL % pl 76 pH5 7647 (K 4), 5 pB-Lg R o
(p1=5.1) T a—La (pl=4.2) iy FE 16 55 iy AR 3 29, N
WPH ) pl £ 4 Zi A7, 2 PR K K i 30T 28 1 T e s

SR, AP WPH 5 WPI 9 pl {8, J5 2L % %%

T pH3,4,5,6,7 X HAAL MR F 0,

2.3 A [E pHE WPl 5 WPH 2L R & in
LYK B S LU o B R AR O, —

KV, FLIRCRE /N | FLRC o P R A A
Fasg , WAE VRN FLALE R AR L BB B BUh
1% WPL 5 WPH FrJE sl 1) 2L R Bl pH A2 1k

pH
4 WPI5 WPH #) Zeta BE{iE pH B9 /&
Fig4 Zeta potential profiles changes of WPI
and WPH with pH values

TEBLANE 5 iR . WPLZE I pl 4500 T BT i i 5L
W dso 154 9.1 pum, M 7EHE pH &40 F %l
M1 pm 2247, WPH IRTEHL pl {H (pH=4) Abikfx
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K dso {8 (4.8 pwm) , HTE pH 5 B dsy {54 3.0 pm),
2y R pH &0 F 0 3 4, fEHE pl B, R
ST/ BR LT A4 L A3t ) i fELR DA R il LR
A ] SDS Bk e ik 3 AN WPLAE
pH 5 BB A FLI , H ds (EFEE 1.2 pm (F=7.6),
i WPH £ pH 4 5 pH 5 MUFLIR B dso 155 B 2
1.7 pm (F=2.8)5 2.5 um(F=1.2), 5 H&Em 3L
BT AR ARXT I (26 2) , BB 7E pl BFIT , SR A2 Lk
FLCA R e iy EZLFA

2.4 AREFEEZEI WPH ZL4L MR 0

240 FAbFE Bogh EAE RS ECE B /RS R
(1 A AR RN AT 5 ) L FE O/W ST Ak B4 2 B A TR
HRAE AT SCHF IR 45 4L, 43 3 B pH 3,4,7 (WPH
(R A3 45 1E B R far ) OF S I B G
PRI HXT WPH FLALME 5200 , 7€ pH3 5 pHT I,
AL RN FLIR Y dso (I TC W B P2, H /T
1.5 um ([ 6), it STEP £ A it — 443 #r WPH
FLW RS E M, 45 5 & B0 pH 3 B ZLIR FLAT HOR 4 7
4.9 pm/s ZE47 (£ 2), 10 pH 7 BFXF WPH #E47 #44b
PRREAR T FLM LA HOR CRAE PR 6.8 /s, #4b
PR 4.3 pm/s), X —INEAE pH 4 B R i 2 #1
A 3 2 AR T LR dso 1B L AT R R Ak 3
407.5 pm/s; AL HE 47.6 wm/s) ., WPH FLALMEAY IR
i AT B T R B A K (B R
HLfmi ol 0 MZIK) RAERLE, Elasil b fih
X IR AR A B 2 R W B 7E O/W ST 17 4 485
H a7 19 K B 22 b O3 A e FL AL FLAR TS B T
X 1 W] R R 2R AT G R 4R AR AE O/W ST Ak Y
W AT o itk — 2L B AR, S5 S 50 4y S AE
pH3,4,7 T U [F] v B i) 46 85 - Jf- 45 5 Pk 3
I WPH 1 2L AL 24T 734 o

242 ARV W B AAAE BT WPH ZL AP 195 i K
H 5 R AH A3 B A Ca> Mg R Wk B2
Fil, % RZHEHFES Y ds (EFE SDS RS K
AR B R EE S . X AT REJE i T vk i
Ca* Mg BT 5 SDS 3 [ml £ 5 BOFL W i i 19
RAE UL, % I B FOR SR B SDS 4 8Ok T B
RN M (£ 2), BLAh, H 2.4 TS5 A,
FLIBORLFE 43 A 5 FLAT S A6 2R A OG, BIDRLEE B K
FLAT I B FLIROB SRR | Uh WREE 43 A X L
etk B RAFRRAEROR . AT EZR AR 43

Jwpi XX WPH

LT LA
Emulsion particle size/pm

TE ANEVNG 53R R WPLEE A7 A8 S 125 5 s AR RS
TR R WPH B 2 A7 78 W 35 1R 22 S ¢ R M E pH R
WPI 5 WPH iy 21 0] 77 7 1235 VE 22 5%, o B0 O JC f 35 1k
25t (P<0.5),
B 5 AR pH EXF B EH %
Fig.5 Effects of pH values on the particle size

of emulsions

[ZA *huer b ap

FLR W AL AR
Emulsion particle size/pm

pH
2% RN AR pH RS [RAb BERE 5 20 AA 70 W P25 5, EhR
WY TR FH 2SR (P<OS),
B 6 AE pHETHAE I G ER N
Fig.6 Effects of heat treatment on the particle size

of emulsions at varied pH values

i e RAEARN R FEE N WPH FLAL T A28 4k, 348 LA
FLAT R AT IR, B T 28U 0N BT B L
WRR e M 2 FLMT S R 05 2 K R0 S LAY
AR, R R CO R B LT A ), A
WAZME A E S ARPE W pT .

K 6a~6¢ 431k pH 3,47 4R, G Fb o i
(0.1,1 mol/L) i — i £k (NaCl KCI) Fi1 — 4 h
(CaCl, MgCl,) LA R ZL AL 1T WPH #4440 31 %05 H 2L W
B RE RS2, 25 R W WPH i FLA e 5 m b iy
pH R B TR ASRIMR B W E A OC . Ah ISR
FEFUH AP TR EZA PR 1) O/W
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FTHT 0 K2 AN A T RK 22 1) A AR ELVE 2R 52)
WO T ST IR A, A I8 R ) MALDI-
TOF-MS 43 H1 £ ¥ & 2350 J5 15 2 1 U3 19 ik, 45
R 3,

MR ZHOK LA EH AT (pH3, B 6a) i,
Wil £ 32 Y 15, L1y v A B e £ FH 8 n i 2%, 3L
TR E B 2 14 K AR AN Tmol/L NaCl KCl AFLIK F
B3R 3.8,3.3(% 2), KW R LR & H AL
PEREAR A 2R N, S EORE R E 22 CIAY L far
BRMCVE . bkl (BT i) W & m WPH FL
AR T A (7] e Ao A o A S i G o 3 M 25 S aX
532 ISR FLAT R AL AN, TCiR e A
ANER, — 4 R4 S BOH F A R K PE R (4 T i<
2ka) Mrih, A ER R S EEAAE B T 4y
T RS2 ku BYIK (R 3) 20 F B it R Y 2 IR AE
EHA —E 2S5, Ak 1S SO S50 28 4k
T A BHES 0] 838 2k 5 KR s 46 A7 A1 1l P 2R 42
ELENTH L X R BT T B0 K R AT R HE
— R HoA A 1 mol/L. MgCl, #) #4u4b # 41
1) FLIRCRLJE fe K, 33X AT BB 2 K £(41~60) BT H BT 3L,
2K B E B B AR A i LAk e

WE 6c Wi, pH 7 BN —4r 55 5 BFL WA
JEE K LA R AR W GG 5 v AN R iz s
HIIE 78 pH7 B, WPH i Ik K 2 i d 4, il 5
ANFERHE FAHES S, MR —MikE s

[ Ikatm [T #4E * Mean | KU

16 i’

=

Ckam s

T B 8 5, SRFLRRER R, 5
pH 3 ARl pH 7 W &5 58 B2 %F WPH FLAL M ) 52
M AN 2 . BAh, W 0.1 mol/L. NaCl KCl f#y
WPH £ # 40 BT 5 B % i 2L ) SR 4 T 43
HA 1S 475 1.5 F5.6(5%2), XUl RERL
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x2 AEFEELEHET WPl 5 WPH ZLik a8 L4514
Table 2 Characteristics of emulsions formed by WPl and WPH with different milieu conditions

H& pHAL % BT HAE dy SDS—-ds,’ BERF AR F/jumes
WPI 3 / % 0.99 = 0.05 / / 38+02
4 / % 1.0 +0.23 / / 41+0.1
5 / % 9.11 = 1.66 1.2 + 0.06 7.6 293.0 + 45.6
6 / % 0.95+0.15 / / 40+0.1
7 / % 0.99 +0.18 / / 3.9+0.1
WPH 3 / % 0.91+0.23 / / 49402
2 0.71+0.23 / / 48+0.1
0.1 mol/L NaCl % 1.03 +0.18 / / 143+ 1.4
2 1.06 +0.21 / / 150+ 1.3
1 mol/L NaCl % 557+125 1.47 + 0.04 3.8 580.5 = 67.8
2 474 +0.28 1.6 +0.23 3.0 592.5 + 123.4
0.1 mol/L KCl % 111021 / / 6.1+23
2 1.36 £ 0.25 / / 78+04
1 mol/L KC1 % 429+15 1.3+ 0.29 3.3 389.3+32.4
2 4.87+0.33 1.4 = 0.09 35 527.6 +34.78
0.1 mol/L CaCl, % 1.03 £ 0.26 / / 50.7 +12.3
2 538023 517.9+89.2
1 mol/L CaCl, % 3.85+0.6 / / 334.1+654
2 7.21+04 5284 +96.3
0.1 mol/L MgCl, % 0.96 + 0.31 / / 13.9+32
2 2.08 +0.36 30.8+1.2
1mol/L MgCl, % 3.77+0.24 / / 189.5 + 12.4
2 8.95 = 2.08 543.8 +101.2
WPH 4 / % 4.88 +0.91 1.74 = 0.08 2.8 407.5 +36.7
2 122+ 021 / / 476+83
0.1 mol/L NaCl % 541091 2.13 + 0.46 2.6 4232 +43.4
2 1.85+0.21 1.78 + 0.24 1.1 95.2+233
1 mol/L NaCl % 593=+1 2.15 £ 0.17 2.8 416.8 + 68.3
2 499 +1.33 2.63 +0.32 1.9 426.8 =482
0.1mol/L KC1 % 53+038 235 + 0.55 2.3 315.5+65.3
2 18202 1.92 + 0.29 1.0 103.7 + 34.1
1 mol/L KC1 % 598+12 2.54 +0.07 2.4 517.7+232
2 519027 2.11 + 0.06 2.5 368.37 + 54.2
0.1 mol/L CaCl, % 3.45+0.46 / / 231.6+9.2
2 1.88 +0.24 142.4 + 23.6
1 mol/L CaCl, % 1.65+0.17 / / 66.1+31.2
2 2.39+0.32 60.6 + 12.3
0.1 mol/L MgCl, % 43+0.55 / / 336.2+43.6
2 2.22+0.29 1784 +21.4
1 mol/L MgCl, % 1.65 +0.07 / / 659+9.8
2 2.45 +0.06 168.7 = 23.1
5 / % 3.01+0.18 2.5 +0.36 1.2 86.6+8.2
6 / % 0.96 + 0.06 / / 58+02
7 / % 0.88 + 0.06 / / 6.8+0.2
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(4% 2)
H& pHAL % AT A ds SDS—dy,’ RERF  AATEE/jumes
2 0.63 +0.08 43402
0.1 mol/L NaCl % 1.05 +0.06 / / 7.1+02
2 5.96 + 1.47 1.28 = 0.05 47 350.3 = 12.4
1 mol/L NaCl % 1.33 +0.69 / / 2.1+35
2 221+0.16 1.13 + 0.08 2.0 170.2 +21.3
0.1 mol/L KCI % 1.44 +0.96 / / 116.6 = 28.2
2 5.46 +0.21 0.98 + 0.07 5.6 315.7+54.2
1 mol/L KCI % 1.29 221 / / 59.8+12.3
2 614044 092 +0.10 6.7 341.3+23.1
0.1 mol/L CaCl, % 2.11+0.13 / / 24225
2 3.79 +0.26 170.3 +9.4
1 mol/L CaCl, % 1.85 +0.28 / / 24.6+8.7
2 2.98 +0.23 2719 +53.2
0.1 mol/L MgCl, % 2.010.05 / / 87.8+12.2
2 2.78 +0.53 268.8 +23.4
1 mol/L MgCl, % 1.77 +0.14 / / 45532
2 3342021 273.1 £ 432

TE o HE ds>1.5 pm BIEEGL 5 0.5%19 SDS 3 WU & 5 1R 50 CaCly MgCl, BYRE &I SDS J5 A1 i 35 B 22 5k B4 1M JE vk
W4 SDS-dso
®3 TERBBEXERESN
Table 3 The analysis of precipitated peptides
® 3

AR 77 T REku BiEFE S 3 K pH 12 (1 mol/LL) LA
B-Lg f (78~83) 0.7 10.1 -0.6 3 NaCl 21 1&2
f (76~83) 0.9 10.6 -0.1 20 1&2
f (61~69) 1.1 43 -0.1 KCI 28 1&2
f (61~101) 4.7 8.7 0.4 CaCl, 42
£ (71~91) 2.4 9.7 03 m2
f (78~101) 2.6 7.0 0.2 2
f (84~124) 4.7 4.2 0.1 22
f (78~83) 0.7 10.1 -0.6 MgCl, 28 1&2
f (41~60) 23 4.0 0.3 21 1&2
f (61~101) 4.7 8.7 0.4 12
f (78~101) 2.6 7.0 0.2 2
f (139~148) 1.2 11.5 -0.2 82
a-lLa f (109~123) 1.8 44 0.2 KCI 2 1&2
f(115~123) 1.1 4.1 -0.1 2 1&2
f (6~13) 0.7 6.4 0.6 21 1&2
B-Lg f (61~100/101) 4.7 6.6/8.7 0.3/0.4 4 CaCl, 282
f(92~124) 3.7 4.3 -0.1 12
f (101~148) 5.2 4.7 0.3 12
f (136~148) 1.5 10.6 0.1 82
f (139~148) 1.2 11.5 -0.2 2
a-lLa f (115~123) 1.1 4.1 -0.1 2

T2 12 2 43 2R AR b #9521  FUAT 7 T AT T SR P R 0 0 KA s B A AEAE . AH OGP BT i https < //www.bachem.com/
knowledge—center/peptide—calculator/ 7157 M5, F& it - 2 S K M 56 7 8 % — (1L 22 43 A "3 H SR A5, R 0 B 320K /N T 0 B ik, L4 x)
LB AR 3 735 A O 1) 53 7K /g 7K M A
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The Changes and Mechanism of the Emulsifying Properties of Whey Protein Hydrolysates
at Various Conditions

Huang Wenting, Mao Yuhong', Cai Zhenling, Chen Lan, Li Renkuan, Ye Xiuyun
(College of Biological Sciences and Technology, Fuzhou University,
Fujian Key Laboratory of Marine Enzyme Engineering, Fuzhou 350108)

Abstract Firstly, whey protein isolate (WPI) was hydrolyzed by trypsin at constant conditions (i.e., pH 8.5, 37 °C,
enzyme/substrate ratio: 0.5%, 5 h) to prepare whey protein hydrolysates (WPH). Secondly, this study evaluated the in-
fluence of milieu conditions on emulsifying properties of WPH. Namely, pH values (3-7) and ionic strength (0.1 mol/L
and 1 mol/L) by means of the addition with different salts (NaCl, KCI, CaCl,, MgCl,) were combined with heat treat-
ment of WPH prior emulsification. For emulsion characterization, particle size distributions were measured by laser
diffraction, emulsion stability was evaluated by STEP technique, and mass spectrometry was used to identify individual
precipitated peptides due to heat treatment or the changes of milieu conditions. It was found that the charge—shielding

effect caused by the increase in ionic strength at pH3 led to significant emulsion flocculation, while the effect of ionic
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strength on the emulsification characteristics of WPH at pH7 was insignificant. In addition, at the isoelectric point of
WPH (pH4), heat treatment significantly improved the emulsification characteristics of WPH, especially for the sample
group with the addition of CaCl,. Combining the composition of the precipitated peptides at different environmental condi-
tions and the corresponding emulsification characteristics, f(41-60), {(71-91), and f(78-101) released from B-Lg are
believed to make an important contribution to the emulsification characteristics of WPH.

whey protein hydrolysate; emulsifying properties; salt ions; pH values; heat treatment
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