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Abstract: The structural characteristics of casein hydrolyzed by cell wall proteinase (CEP) from Lactobacillus acidophilus were analyzed
by granularity and Fourier transform infrared spectroscopy (FTIR). The effects of different degree of hydrolysis (DH 2.4%, 4.5%, 7.1% and
8.3%) on functional properties of casein were determined by emukibility, emulsion stability, solubility, antioxidant activity and ACE inhibitory
activity. The results of FT-IR spectra_indicated remarkable changes in the chemical compositions and macromolecular conformation of casein
after hydrolysis. The secondary structure of casein was changed with the enzy matic treatment. The nanopaticle size analysis showed that the
casein particles decreased during the initial hydrolysis time (DH<4.5%), but increased for further hydrolysis, which resulted in the highest
emulsion stability under DH 4.5%. The emulksibility-and solubility of casein first increased and reached the highest when DH was 7.1%, and then
decreased with the further hydrolysis. In addition, the casein hydrolysates had certain ACE inhibitory activity and antioxidant properties, and the
DPPH removal capacity within a certain range increased as DH and concentration increased. The highest DPPH removal capacity was 35.00%
with DH 8.3% and hy drolysates concentration of 5 mg/mL. Therefore, the enzy matic hy drolysis with CEP can effectively improve the structural
and functional properties of casein. This research will provide useful theoretical basis forthe production of ACE inhibitory peptides derived from
casein.

Keywords: casein; cell wall proteinase; hydrolysis; structural properties; functional properties

W B PR FLER A T — R3S, S AR 775 (= AN 311 DA SN 1 =N 1 2 AN P @i RN
(¥ 8 P 208, 2 Fh e EEA . HATt CAEEA GRS TEThRE. A00EE S FIlE (Cell-envelope
B T 2 MAEMEE IR, X IRAATETTE Pro-teinase, CEP) {Fy¥LIK i & FUK AR gih —Fh

WFSEHA: 2013-07-20 BN, SR I E AN, EBEH KA — R
£EWE : EREAMFESAUTE (41276121); THAIHER WK, BEfRE R SRR R4 (Opp) « Ik
(2012882017); SHAEABEE (2011C11017) =8 2% (DpP A1 DtpT) ks, &
fEEEN: ERE09%T), &, WMok, MEhmAnLeRE S PR IR CRLAEZUIRES . IRBE VIR . pro-fr
B : BER(%4), B, 292, WEHEAARRE PERREGSE) 3 — KR A R ERK ACE

2643



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.11

Hlfk. 1 Jiang Z MIRYEE M - IR /K fif = b oy B 4
ot & FE R R 41 23 Bl O Arg-Tyr-Pro-Ser-Tyr-Gly
(x-casein; f25-30) F1 Asp-Glu-Arg-Phe (i-casein; f15-18)
IWFh ACE #I k. X ARk S S5BRIH AR R
i SRR ANEAR. B AR E RO
a3 KRR A s 2 1 & PR A TR . (R TiE
T AT T HRE B 1 /K ARG B 1 7420 (P SR P
TRIE o A SN FH g R FLAT B (1 R ) Mo BE 2 1 I
(CEP) /KfAE& A, VA=A HAT ACE $ G M & bt
AALPER 2K

A THAERARS TR TERE, R
LLAMEREE. B i, oL RS AR
PRATESE, (TS RS =Mk 2 T
iff 78 B 0 RS A 2R J AR B i, A% AR
F BT R R RS T e AL AL
Atk v 32 B TS 0 R 43T R 30 = A TR AR Al R A
1, B BRI T LM E N R B, B TS
SERIIAR A BRI B s (R ik L B T
A HTARAE YO P P VIE T, H ORI B 1 T
FEMERT), H CD {38 MG Kl R IE, A REfS
FIMER AT SER RS R B2 a A A
FEHRGT FIRES, K> F-BITERS B AGE AR A
U, (HHEERAN T B AR K A ™ EE S 5
Tt TiiiE P AR R e B (R RS AT 4y
Br, DRI EARIEER PR E. ARE . N7
1, HATRT LR b ARAE S B /KRR I S 1 454
THEERHIE MR WIS, PRI ARSI I R 4047
FTIR. ACE #Miil 2 ittt Afbtk. A EH:
T AR B A 5 B T PR FRFLAT B CEP g%
T 2R EIRLAT . G5 Dl e I IR sl D B 1 1) il
FR PR AR AR, AR ArHSI A T FLURTE DhRE 2 K
AN

1 MREREE

11 ARG 3

WETRRFUAT I, SEIe SRR K MR D
JRIE-2H &% - 75 R (Hippuryl-l-histidyl-I-leucine,
HHL) | I &5k =% 1kEF (ACE) . 1,1-Diphenyl-2-
picryl-hydrazyl (DPPH), Sigma 2],

12 (& 5%%

Nicolet-6700 i 57 48 1 21 4h S 4, 3£ H
Thermo A F]; Nano ZS #Y Zeta HLAI/HTIY, ZEEH
Malvern A A5 TEERL, bR s s

FRAE:; UV-4802 TUXOGH AN T L6 e oh, e
Jem (R (XA BRAF]; DB-2 AU HWR, N E
EHBRHIRAF .

13 T

1.3.1 B IUAT I 0B & & B e 4RI

W& i LT BT B 4R FHS 0% H i 988 (& 140 C)
W VA TR BB 2R AL = AR 4 HEBY%I1) 4k & 2 T
HIIMRSE; 7k, 37 “CR 4 ARG B A K0 4
116 hEHLH, F4500 rimin. 4 ‘CEHL20 min, WEER
RYTEE. H& A Ca* (30-mmol/L) ) Tris-HCI (50
mmol/L, pH 7.8) ZZ i BEEs B, FXkT-4500r/min.
4 CEL20min, FHEIER, BEBFE =X, WERK
ARGV . BUEA2 g 2R (1 mg/mL
VTR . 0.5% Tritonx-1005. 2 mmol/L-EDTA-Na,. 100
mmol/L NaCl.. 50 mmol/L Tris-HCI, pH 8.5) 40 mL&
AR, 37 CREMES h, B0 (4500 r/min, 20 min,
4.°C) , LiFTREN R . Wi R 2. FE-200009K 44,
DEAE-Sephadex A-25f1Sephadex G-1004#5 /2 #x #
BT A B4tk Alifb 5 S BFSDS-PAGE i kA Il
HNERARGER], 821845 ku.
1.3.2  B&%& G 89 KRR KM BB

F-50 mmol/L Tris-HCI CpH 7.0) 2 i 5 ¥ %
S AW R 2 mg/mL W, HX 200 pL fE NG
R, KL EEEE ARG (2 mg/mL) ¥ 40 pl,
B T HEE/KBIRG & kA Tk i, ARTnA 0.1 mol/L
NaOH ¥, {a%F pH E1EE, CRKPrEFETR NaOH
&, WATUEKERE. BIR0E )G R Sk F 0k
(100 'C, 5min) ‘KM, E5.C» (4500 r/min, 20 min,
4 °C)H, WHE LiEm, MEH ACE #lifi %

Fit B /KR BE NI E KA pH-Stat VAP H0E 2 1
2, 3 A EERE AK AR

DH/%=B (Mb) (1/a) (1/Mp) (LVh-totd) ><100

E: B A 449 NaOH 442 (mL) : Mb % NaOH #4ik
B (mollL) ; Mp A&amtymz (g ; htot AHFLFHE
bR Pk £ RE, TG, %A 8.2 megly, la
4 2.26,
1.3.3 FLILHAR EAEZS BN T

T LA A 1R 2 R FH Pearcefthidk 1) 5 13 i
& AR, HX10 mUA AT mo/mL B IR S,
I3 mLK G a4, 78 =R T EA8000 r/imin s iE sy Y]
5 min, BRI . 37 B F fE dEr AR v A AR 2
JEE BB FLIREL00 pL, LLO.1%HISDSKF HiA# #1005, 78
53121, 500 nm R IEOGAEIC Ao, ASDSIARAE N E
X

2644



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.11

At (EA) HAEMRE (EAD FoR:
EAL = 25T x Ao X HAFATEL
C x ¢x10000

E: TAEH2.303; Aok 35 G A Aff 69 5L AL R AAR ;
CH MR RZ ATE AR RAE R PHEO RERE(QML); ¢
H LA T AR T b AR AR #o

Attt (ES) HFLMAR R (ESD Fox:
Ay x AT

ESI =

E: AoH 0B 2GS REAE; AT HBFEIZ, min; AA HAT
P8R AR £
1.34 B E5H

Y% 2R 1 (7K R 10 mL, A 3 mL
B, SRJE7E 10000 r/min T i 740 2 min,
H R FLRIEE!, FF Nano ZS %Y Zeta HA7 404743 &
AN TR KA FEE P B B R LR R R BE o0 A,
SIAC A it FLOTR VR AL FE Bt 8] ) ARk 155 10
1.3.5 A% set & ks ih ik AT

TERRAREL — € B R TI8E RS, INEE IR
TR, B EE RO ST K K, 9 FERGHER i Nicolet-6700
H AL HLL /MG (4000~500cm™) I BREE 1 S AS
) 7K M P B AR = 0 2L A6 B . i R R
0.09cm?.
1.3.6 BREMAGNE

KH Bradford v e i ffEtE. % BREIRIEN 5
mg/mL 8 AT, e S E S =, 44000 r/min
540 30 min,  JE ANE I H, J-JF{D‘JEL/@/&EPEWE
HE M ERPERER S SRS ENE
i VA R, TR AT

VAR %= (EIEWUE A R
1.3.7 HuafLtEm e

B2 2.0 mL DPPH (6.5x10°mol/L) &, InAfE
U BN B0% I 2. B, SR A A 40 mL, 78R 2] 20
min, # %2 1 em LA, 5% 517 nm AL
FEAH, 184 Ao; BX 2.0 mL DPPH ¥ (6.5x10° mol/L),
IONFR AR IR, SR 4.0 mL, WE 517 nm
AT GAEIC N Ags B 2.5 mL ARFRZ 3N 50%0) 2,
B, IMNFENAAEER, BARRUA 4.0mL, R E
FE M EIC A AT, HHE DPPH [ ks R, AR
‘F:

@rﬁ%z/%—(%ﬁb

EISEHSE) <100

L) x100

1.3.8 ACE #p%| & M 2
4 Hip-His-Leu 0.3 mol/L NaClf B & &h 22 i
(0.1 mol/L, pH8.3) FL/%6.7 mmol/Li A, BT

2645

1200 pL Hip-His-Leu (6.7 mmol/L) ¥, JIA100uL
A A (R BuEE B R KRR B A=), iR
&5 137 CFRE3min. FIIAACE (0.1U/mL) #
20 uL, PR¥FIEAIE T37 C MEHE30min. InAZEIR
(1.0 mol/L) #3250 pLLAZ 1k vy, RGBSR Z,
B51.7 mL, £15 stRGIRS, W10 mLANLE T/
Febrdr, B 1100 CHERMPWR L&, Kk HE
FETL mLEE KT, ME228 nmi AR EE
I

ACEHIH22 0% = B=A

=x100

i ARSH R, ACERRMBHH-LI R R AME: BA
AR RSBty ACEF RAH-H-L RS 69 94 FA8, Bpaf
RE2E

14 BAEAH

% FH Origin 9.0 % SPSS 16.0 #fF 4} AT 545 H% s
HBEAT 43 HT o

2 ZR540H
2.1 St BRI

1o -

Qg

EAl

B

T

] 4 [ 8

DH /%

&1 KEREXT CEP BERRER B R FL M RIZE MR

Fig.1 Effectof DHon EA and K of casein hydrolysates by CEP

A AR AT LA SR 2 (BAD A
FUCASE MR (ESD KERAE. ki) EAI A1 ESI
KRR R E 1 s, BB ATRER, BEE
DH Hy3s, EAl e KGN . XFER B T2IK
B K AR DR TG N, (RIS Bk PR 2R 1)
M Shis, o L r OB N, R el B LA PR AE
—E R BB KR RO TIG 5 (R im R 2
H s —@E F2E (DH>7.1%), i Ffur Bk 418 i,
SRAKMEBREZ 36K, (HSRIM AR )T FERL, PRI A1
B

B 1E A, B DH 3, & am AR
R E PRSI RGN T2 T BRI IR, B E

itk

L
0



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.11

JR AT FIRARRIR N, Bk BIEHS b R, Ak
HH ST 5G] g8, FIAE DH<4.5% F,
FLARA R e PRIZ T s BE K AR 14k 823 i (DH
N 4.5~8.3%), 43T HHBK DX I 1) 5K 3B AR

il AR T AT IR BRI/ DS,  SECAR TR
R Mg IXT REAE T M BE SR (AR KIS, T
AR AR R, SEKEERIG N, TEK Sk
W B PRV B LS sk, A4 ST R Pk /N B T B
AT P 2 T LA RS e PRDsk/INOT, (E A ) O LA
FaE PRI R TR SRR H, XA AR K
fE A FE A ARk N, BB RS n, 7
T BRI A 0k TR ) HE e A KT e s 1 A

DR M ERAS 5 SR 4o

2.2 KL E AT

2 JKHRREXT CEP BEER&ER B FLIKIRHLEE 53 U520
Fig.2 Effect of DH on particle size distribution of casein
hydrolysates emulsion by CEP

E: a: raw B-CN, b: DH 2.4%, c: DH 45%, d: DH 7.1%),

b: DHB8.3%.,

FUREHR [P BRSNS 851, T &
N, HEI—EWSAAES, I Hs A6
it 2% SR S LRI KN B At e o040 HIZR 2
H4 &R RSTE BN TR H dn/dx 7E SRRtk (ND
HRT B E AR, TR BV ERRAL bR, fRHE S
IS WA R RN A RIS ). B 2 AN RIKfig
JE %R 1 CEP BHdMIFL RV R AR L o A
Bl 2 PTG H , B AR FLAR BCBURDRL A 50 D/ N JE 15K
XTTREE TR DH 34 (DH<4.5%), BEEEH
W AR SN T2 K, DRI R AR08 /0N 5 4k 4248 i DH

(4.5~8.3%), Bt F/K ARG IIFLIRVBURAE TR BN 58
S50, AR IR N RER PR TR R, T R T AR L
KT ST RN I B, S AR AL DB kAT 3
K, [FIRTFLE IR Q7K 388D BlEREE (b
NCFET WL AR E I R, X 2.1 i
iR

2.3 LN ETE AT

s, dTHAED, NZEASTR
N BIEADEECR A, (O H AT B
A2 IR st i W NEFVG IR T k. A
JI RN Z R AELL AR $ T BRI 9 ANRRESEER] i,
Hrp EiE 1 (1600~1700cm™) 5 FH T — 2%
ghHy, HAFERSIREG T C=0 Fi N-H [ Sk
JRASALE2),  Hy st n] HEBTH R B IR S Co-
WBRE B-HTSes TR Hh Relml i 250D (A8 . 4
SR ol =AU S PV AR i e SUIE =N
C=0. O-H. N-H TERHIEE: B4l 173840, IRXT
ik B 1 B A (1) 2R SR AT b S o

— P-casein
DH 2.4%
DH 4.5%

60 - DH 7.1%

DH 8.3%

100

90

S0+

wry 70

Sjilll’l 35.()“ _\I;()O ZSIIK) 2(l‘lll) 1500 I(.N)Il _‘(‘III
A fem!
3 ERE B MEKBYIRLINIEE
Fig.3 FTIR spectra of raw casein and its hydrolysates
ANTRIZK A P A it R 7K R O 2L A6 B
K3 . &l 3 R WIBMAAE —EFR R LR 1 IR AL
B SRR, ER IR IR R ], B
L5y sl s - =KoL ab ST P = 7 €7 (]
KA T A FEREE AR Wl For, 78 3200~3500cm™?
T FE A, AR 1 R HR AR ft ) R T PR AT gt 7K
ilf R BEA T IBW AR T AR 5, X T EH PR T K A
N-H 1 O-H 8 {450 . 7E 1200~1700 cm (115
W, YIRS B KA B RS, B 1K
il REh R B A R T AR R T
P E R TSR 1S 47 1, 7T 1650cm? 4k, HARZ)
BRI T C=O MaaiR ). B KM, Bz
| A PR 5 B TG it MY 11, 52T 1540
cmt b, HARSIR BT N-H B 1) th. BEKAERE
FERISEIN, BhREG 1 RS i o, 1 25

2646



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.11

TR R B R R, R SR FAE 1650
et AFRRISCZ AT 1Y 5 th R W o R A HIZ AT N o
PAE I3 Hr R BE K SRR AR, TS B 201 B0 AT L
YEM 1 o7 A S5 e < A Ak, PRI aR )
A G54 R A DR AR

2.4 RS

Ve R ER (R HoKvatE S U e
FH % o Ji% B VAR PERE KR FE AR AL SR R A P 4 T o
Hib - L
0| - ] .

& -

e

S0
a0 |
J0r
20+

TERERE

T

W p-CN DH24% DHAS% DH7.1%  DHE3%
4 JKFREXT CEP BERREL R BIR ARSI

Fig.4 Effect of DH on solubility of casein hydrolysates by CEP

HE 4T AL, 7F DH24~8.3%5EIN, FEE
KA BERISEIN, WS BRSSO, 5L
AL AR A 34— B IX AT e H T BB 7K RIS
A U MZE MAAA B Hoy 7 e R LA A
BRI, SH 2RI R R R ok, BRI EE
FRPESER . (HR KR — )G, IR ES,
R WAIR, 455 R AR BRIR G A I PR 22 /K 2
H1oheE, TieR E h ORER 7 B K SR8 RN 73 RIZR K
SNt R ok, SRIB/K S RIS R E i
Z s Ehlet 2, mkEE 5K Zmngs &
04, B R B KA ERT J)S,  PRI A fE AH
IR /N

25 U T

KIS 45 T AN FZK ARARFE RS &1 CEP B g %
DPPH H HIFE SRR IE . B8 5 AT %0, AR KR
J5 ) %R CEP B Y%t DPPH H 36— EHiE
BR1EF, £ DH 2.4~8.3%3LH AN, 5 KRB/ iR 1)
T O, EIE BRERBER BRI K. R
HA DPPH H I ATERRAE T, TIREFE R AT
A RAE T L. BREE s U I BRI A
B e N HTAAEDY DR RT LUERERE 541 DPPH H
P T B R SRR S L R e ) . BT AME—E
KSR FEVE FEIY , %2R 11 CEP BRI HLia AL BE K
R FEE AR KT B K (P<0.05), HLXF-[Al— K il &

2647

IR R, LT AR T P AR08 KT 25 1
K (P<0.05). XIERZERIFIANEA M. Bm b
AN H AT Bt L AR I 20 K I A I 1S 2 AR
AR 25, 1E 0~10 mo/mL MR EEVERI, B 1
VU fd ) DPPH i Kk BE /0 IR VR EE (A KT 39K,
{EL DU P20 AR BRAE 045 AV R], X B 50 B it 2
T T 1 B KA D) e B SCBEAE A

401
mmDH (2.4%)

35+ mEmmDH (4.5%) I
—IDH (7.1%)

b CODH (8.3%)

DPPHiff B4 / %

25+ -
20 )
15
s
10k
5 -
0 g 3

A BFARIE A/ (mg'mL)
5 BgE B A E/KERE R CEP B5fZ =4 DPPH BHEEEMRE
Fig:5 Effect of DH on the DPPH radicals scavenging activity of
casein hydrolysates by CEP

2,6 AHE B ACE 3 ] 7 1 I

12 &1
10} ——’;‘“_—; 78
R
= 8} 58
= 112
E 6 —— K ;
= i —e— ACEil # 183
66
A
- L 'S 1 ' _(1:‘
0 2 4 ‘o 8 10

i) S h
6 K ARRTIE] 3T 7K B FE 7 ACE HIHI5E M A #2 N
Fig.6 Effect of hydrolysistime on DH and ACE inhibitory
activity
6 K ARFEA ACE i ZRE 7K Ak v 1) i A2 1k
k. A 6 Fil, 7E s e Rk AR B JTa6 H)
4h A, JKAFEEAN ACE Hif| ) w28 B, X T2
PR Dy i FH B BRI B 2 AR WK iy e %, G K i
FOINER,  IRBEZEAT T T, AR ) ) IR A2
W, TRIHK AR OB ITRA SR, 15 4 h i ACE 41
LIESENEI 5PN (2V/§ 081 S U1 -/ Nl )1t
ACE I IR 7= AEAK R LI IO LR & o FLER A AE
IR vh o3 s A B SR RS KRR 1,
A=k A Rk R AR (ACE) EAHIHIER 2 Ik
Stressler™ISEBEAT 1 HALUISR LG, FHIPL R T JIARE 73731 7K
fit B-MEEEE, ABUA A R BAT ACE i1



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.11

WTEZAK, (HIE ACE i35 AR, XA fEE B
TAN R B A ipr e B AR, 0K
fE P A AR DR TE . IR RT Ui HRRE ER
FE S H A R B A Tl e 1R

3 Z5ig

3.1 B FLIE. FUCRETE. AL, PrEll
P J ACE ISR IGINE, 73T T/KAREEXTIR ER i K&
VI Y SRR A IR e el R B ] S
(VIR RRE AT — 21 ACE HRfINE P & P et
H. DPPH {5 [ e 77 45— 72 10 Y /K A PO KT
Ko FEREERIERTIE R, MU ALRE AL
ke BtER F PR KR BOINARSE MR JE ),
5 R AR A — 2

3.2 FIFYPKRLEE . A £rsbsiE (FT-IR) 40T
TRUT T I ER AN 7K P e 2 1 Pl e )
RISEHIRF AR Herp GRORERE 7 2R W Wi 2 Rk 7K
BRI Sl e R, 5 HFL R e R A AL 3
—E LLAMGTER WIME TRFL AT A HRE R M) PR
Wi fgp A2 T B BRI SRR ST LR, IR ER
LR T AR AR AL

3.3 I LA bR e E IR FUAT A B AR 1 e A
REA RS T W B 1 RIS F L DRe e, X 22 fif
=1 R N o p =N REDAN 7= = N 1 DA S 7 e A
A =@M, NN B ARV RE 2 kAT R 5%
BEERARAE, S AN Tl RErE i ke

A Lk

[1] Sadat-Mekmene L, Genay M, Atlan D, et al. Original features
of cell-envelope proteinasesof Lactobacillus helveticus. A
review [J]. International Journal of Food Microbiology, 2011,
146:1-13

[2] JiangZ M, Tian B,Huo G C, et al. Production, analysis and in
vivo evaluation of novel angiotensin-1-converting enzyme
inhibitory peptides from bovine casein [J]. Food Chemistry,
2010,123:779-786

[31 IRk B R, B U 55 WA K A= gk aR Bl & AL 1
BT Z 8T 50 [3]. & Tl Rk 2012,33(12):309-313
Bi Q H, Gong X, Bai W J, et al. Study on preparation of
antioxidant peptides derived from buffalo casein by enzyme
hydrolysis technology[J]. Science and Technology of Food
Industry, 2012, 33(12):309-313

[4] Bl 2, Bavh 55 LA MG E AT IR E AR X Bk 2R
A R IR M [J]. =55 AR A5 241 201 2,33(9):1950-1956
Shan Y Y, Ma M H, Huang X, et al. Infrared Spectroscopy

Analysis of Structural Changes of Ovornucin as Induced by
Temperature [J]. Chemical Journal Of Chinese Universities,
2012, 33(9): 1950-1956

[5] Zhao G L, LiuY, Zhao M M, et al. Enzymatic hydrolysis and
their effeds on conformational and functional properties of
peanut protein isolae [J]. Food Chemistry, 2011, 127:
1438-1443

[6] RI K Te R 55 A IRE KR AR A DI ReRr it
FAE[I] & dh 5 R B E,2007,33(10):23-26
Wu J, Zheng W W, Zhao W X, et al.; Emulsification
Characteristics of Rice “Residues Protein with Limited
Enzymatic Hydrolyzed [J]. Food And Fermentation Industries,
2007, 33(10): 23-26

(71 REZR, 0 A, HIRAL, 55 i 2 G P UG s MERTE 7
[]. R FEHwt T 57T /%,2008,20:19-23
Liu Z D, Guo B H, Qu Y H, et al. Antioxidant Activity of
Hydrolysates of Casein [J]. Nat Prod Res Dev, 2008, 20: 19-23

[8]- Sheih I C,FangT J, Wub T K. Isolation and characterisation of
a novel angiotensin I-converting enzyme (ACE) inhibitory
peptide from the algae protein waste [J]. Food Chemistry, 2009,
115:279-284

[9)" B% 7 352 VK, Al 5 $2 v KO 40 iR A LA P LA AR
SE MR 5T 3]+ [ i, 2003, 28(11):38-42
Guan JJ, Qiu AY, Zhou R B. Improvement of Emulsifying
and Emulsion-stabilizing Properties of Soybean Protein Isolate
[J]. China Oils And Fats, 2003, 28(11): 38-42

[10] 837, X1 SN, lile 2, 55 Ak 2 0 B KIRIMK B FK A
WAPER s ). & Tl AR 2010,31(7):128-131
Zheng X Q, Liu W L, Liu X L, e al. Effect of hydrolysis
conditions on functional properties of com steep water protein
hydrolysates [J]. Science and Technology of Food Industry,
2010, 31(7):128-131

[11] 79, 20 F 3k, e S5 CAFLIE R Dk I i 0l A 1)
ORI FE[3] & b 5 kB 10lk,2006,32(9):39-42
Lu R R, Li YM, Gao Q, e al. Microparticulation of Fat
Replacers Based on Whey Protein [J]. Food And Fermentation
Industries, 2006, 32(9): 39-42

[12] Wang C, Jiang L, Wei D, et al. Effect of Secondary Structure
determined by FTIR Spectra on Surface Hydrophobicity of
Soybean Protein Isolate [J]. Engineering, 2011, 15: 4819-4827

[13] Eslahi N, Dadashian F, Nejad N H. Optimization of enzymatic
hydrolysis of wool fibers for nanoparticles production using
response surface methodology [J] Advanced Powder
Technology, 2013, 24: 416-426

[14] HREM, K 52 8 AL B LS SR N TR S iR ).

2648



MR ERRH Modern Food Science and Technology 2013, Vol.29, No.11

Folk Rl EH K 2012,35(6):9-13 [15] Stressler T, Eisele T, Fischer L. Simultaneous monitoring of
Hu Z H, Guan Y X. Effedt of Ultra High Pressure Treatment twelve angiotensin | converting enzyme inhibitory peptides
on Processing Properties of Casein [J]. Journal of Dairy during enzymatic [B-casein hydrolysis using Lactobacillus
Science and Technology, 2012, 35(6): 9-13 peptidases [J]. International Dairy Journal, 2013, 30: 96-102

2649



