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Abstract: The preparation of angiotensin converting’enzyme (ACE) inhibitory peptides from ovalbumin, the main protein in egg whites,
can provide a reference for their value-added application. The desalination of crude enzymatic hydrolysates from ovalbumin in this paper was
performed by ion exchange chromatography, using the following desalting conditions: room temperature (25 °C), sample load of 20 mL, and
flow rate of 8 BV/h. Under these conditions, the desalination rate of hydrolysates, nitrogen recovery rate, and ACE inhibition rate were 83.6%,
87.71%, and 80.31%, respectively. Two ultrafiltration.membranes with molecular weight cut-offs of 10 ku and 3 ku were employed to separate
the desalinated hydrolysates into three fractions: >10 ku, 3~10 ku, and <3 ku. The optimal operating conditions were as follows: ultrafiltration
time of 40 min,.operating pressure of 1.5 bar, and temperature of 35 ‘C for 10 ku or 30 ‘C for 3 ku. All three fractions showed ACE inhibitory
activity, and'the highest activity was found in the <3 ku fraction. Compared to crude hydrolysates, the total and surface hydrosulfuryl contents of
the <3 ku fraction were significantly decreased (p < 0.05), the surface hydrophobicity was increased (p < 0.05), and thermal stability was
improved. Therefore, desalination and ultrafiltration treatments can effectively reduce the salt content of crude enzymatic hydrolysates of
ovalbumin‘and produce a fraction with high ACE inhibitory activity.
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XTEAERIETRT R, I AEA~HE RSN T
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Wk &4t Pyrise Z/RE MR, SEE Perkin
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g IR R (LUm?h).
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1.2.4  ACE 37| M Au -2 5 IR E 649 ) 2.

ACE il 14 FRrll 5 SR FH SR s v R € i vk
(RP-HPLC i) B9, Jfmghnblogis. HX 20 uL ACE
(0.1 U/mL) 4 100 puL 5 mmol/L HHL (HiZ £k
ZEM, 5 0.3 mol/L NaCl, pH=8.3). 40 uL FAilg (1
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mg/mL), 7£ 3741 “C % 1 h, I 50 pL 1.0 mol/L HCI
AAER N, RNTRZ 0.45 um JEREIE 5 SoAH
AR AR I B PRIR & B WA A 40 L
IR R M AR BRI ¥ B s S 50 pL 1
mol/L HCI ¥ ACE “Kif. lifZit5 AR,

. A-A
ACE Il %, % = —+—3x100
TTA-A

Kb, Aq HiRTDABRGEGR (MAUS), A: B

L REREPEERA (MAUS); Ay & A5 KRR G @R
(mAU ).

SAHETEAE B 2 %644 9: ZORBAX SB-Cyg #:,
RN 4.6>250 mm, G 35 C; Al K: 228 nm;
WMEhAE: HEE/K=30/70(% 0.1%TFA, =Z iM% pH
3.0); ¥iE: 1mlL/min. FEAEE: 20 L.

AR B 8 Xy ACE 2 )y 50%HT T 75 L
FRIRE S ORI (ICse, mg/mL) o MR IS ACE
IR, DLREE uREARER, ACE IR A-bRL ]
k. M SAS 6.12 X EdEIG, MG TR
ACE 120 50%0H Xof 2[R P R A it 41|
W,

1.2.5 ACEIP 324414 it 44 2
(1) FIEFRIEALLIRIE S BN E

KINFIEM LIS ERH Ou M1 Beveridge
sl Mgk, FERINEN, BARRIEITR

ZZrPi A (pH=8.0): 2.6 g Tris-Base. 3.45q H%
fi%. 0.3 g EDTA-Na, i T 100 mL XUGE/KH, FEERE
250 mL; ZZrPi B (pH=8.0):-1:0 g SDS FH Lz A
VMR IGE 4% 200 mLs 2 C (pH=8.0): 48 g JK
FHZMW B W fE 8452 100.mL; DTNB sl
80 mg DTNB FHZE K B i ifJ5 & 7F 42.20.mL

FEfI A B 10 mg B¢ P, 43l T SmL
ZEPPR By CHR (8y. 5p), F 40 °C A4 30 min. MI5E:
HURE S8 7 Sen. S %% 5.0mL, BN 0.125 mL DTNB
RV, 25 C e 10 min. 5412 nm P2 BOGIE (Asy
Asp), UAEFRMIIZMEB. CATH.

TR FEAR PR TSRS & B MR A
AR

KR HE( Lmol SH/g) = 7353 x Ay x T

C
73.53x A, x f

C

KXF, f: #HBEF, 5125 pM SH/eC: HmiRE, 2.0
mg/mL.

(2) FHEHKPERIE

FER IR IR MR PO RERENED, I
e, KRR 0.1 mole pH=7.0 PBS 435l Fc il i,
— RYIRE R R (GE A 0.01~04-mg/mbk)s 73
HIEL 4.0 mL B 20 ul 8.0 mmol/L ANS [£] PBS
YR (0.1 mol/L, pH=7:0). 25 ‘C{#iF 1 h. /LA PBS %
W7 I ERE YRR, DA EER A Sk
FEAERNZG, AREATFEIERAME, BRI B
YIRIERRIFK I o FE 25N R e UK B : 370 nm;
KK 509.4 nmi(A=400~600 nm FHE%E1S); Bk
ETEE: 5nm.

Q) ZEm i &I T

(PRI 5~6 mg FEah THRILA e 258, DA
FRALAEXS s, IR BER AR E Qi . 300 CLRRE 1.0
min; 30.0~150.0 C, FHiffiE% 10 *C/min; 150 'C, f%
B4 1.0min; 150.0~30.0 'C, A #1i#E % 10 ‘C/min. it
ICES TR R AR AR RS (AHD FVEMERE (Tg).
1.2.6 “itoatr

AT BRI = IRAT, SR
MR 2R E R ( xts), 4HIA)2E 5 R
ANOVA 7 ({22 p<0.05, &3 p<0.01). HiEs:
T BT FH spss20.0 4 LT DhREALEE , 2K Origin
8.6 F ALl

2 HRESH

S3E(umol SHIg) =

2.1 ACEIP it £ 2 8 tyiF4)

1 BRI R SRR AR ARG

Table 1 Effect of elution flow rate on specification of desalinated hydrolysates

HBLAEIBVI)  REDCE% BLEE 1% EAEE% B 51% ACE|/%
ARLB R 80.45:0.81° - 80.45:6.81° 0.6540.38°  77.3841.41°
4 44.83:+.54" 79.741.84° 78.5440.92° 2.8340.77°  78.5641.19%
6 66.2541.91° 81.541.05™ 81.92:4.21° 2.3440.81°  79.7541.51%
8 87.7142.09% 83.641.22% 83.500.33° 1.9340.91°  80.31+.14%
10 88.364.46° 84.54.40° 83.7240.71° 1794.15°  80.4940.91°

E: AR HEY ARG FEEATEREF (p<0.05) .

1E 2 25 C AR, 20 mL BEf@yy Fis & A

[FIVE L IE i )5 S AR R 1o ARG
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PRI RISCR AR, XHBERRAT ACE i) %
B — e I . PR is 3 B I 5o A R AR A
P EBIIF™ B S B RISt e,
W K TSR R (AL, iR
RARE R, 4~10 BV/h e i sl s s i a8 2 51 H
(1), 10 BV/h IERETRIRIE ST 8 BV/h, (HERAL
% (p>0.05). HERVEBRBA, EFEER 25 C.
20 mL _BiEHH & 8 BV/h S BRI £ .

2.2 ACEIP ty g 2 & & T A

221 FHAEHEIIRE A

P =R 25 °C . BRB AR 500 mL. J& 77 1.0 bar,
SESE2E 10 kus 3 ku HEJEMREACIR I £ 5 151 (1 25 ARG
fi#¥y, 7t 10~80 min EEYERT RPN, LABLEE AT T
IR, i 1a AT, 10 Ku AR AR A R B 1)
T 3 ku HEERE, BEE R ERT [RIRIEN, AR e A
S B LA R e e o rh, BERT
20 min, R R A EK T RFEH . 20~40 min
W), RS E R REEBBON . 40~50 min HifA],
PR E R PSS SR BTk, (H35K T 10~20
min AR LE R . X028 BT EEIEYIERY B
RS ALBRIIBE A3/, AHREE EIEEAT, A AR
TR MR T BB R R H = AR IR E A I R, i
JERH IR, FEUB I R I N . i I TR 1) R
SR TR 2 G M R H R B A e, B3 e
SRS A A (A TRa e, 8]
(PRS2 SN AR, et g 40 min &, X
AT IH BEAL 3.
222 BRI IR E R

PR 25 'C RRERIATR 500mmbey B YERT 1]
40 min, SEfE210 ku. 3 ku AR MR AL FE I £ 5 Y BR H
T AR AR . DOE ST AR AE R E I 77 1.04 1.5,
2.0, 2.5 bar 214 N HEGBIEACR, HIE 1b n] A1, 10 ku
R MR B P T 3 KUsEB E I . B TR 10T
fEE A T EF, HAd0ku 7 1.5 bar J5 BT
o HEERI T, R IEIRZEN 2K S5Y)
EVREINEN D) EXm Pl S Tl Y SESES vy ifi!
JE IR AR SR ak Z R HGH, i s s 3
JRTEREFLBR RS, AR A AR, HE A IE K
JEFLRR G ZE S AN IR . R, AR E AR
TEIBAT I PRIRR IR, e BRE R 7108 1.5 bar.
223 BAEREAIEE ERom

FEHIRRARARA 500 mL. ARUERTE] 40 min. A
JE /7 1.5 bar, 58548 10 ku. 3 ku AR IEAR S AL HE i £
JE ISR R U ER AR,  DUSE EATERS, {EIREIR
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Fig.1 Effect of ultrafiltration conditions on membrane flux
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A7 HAENIE 2. AR BN 1 R ACE 41
HIEIEZE REOR, 7T E<3 ku HIEIEYIX ACE )
PR TTIkECR,  SHARSE IWE A R HAT
RIE AT ACEIP i, HpTREIMEVN, BRI
(% H —MRAE 15 A LA FRBARER I (0 B0 T
VLT BAEE, %o EEORBEMEI OF 8 A
i, T LIS BRI 22 IR A ACE HIIHIE

2.3 ACEIP & & B & B By 47

TERGA %m\ﬁ%Lﬁ$ YU ACEIP
TMED S E. K. ARWCENE &t H 4,
L%ZZT]%M&WEESNIwﬁ@ﬁ IS
EEI*HI%HWZ«:LER%F VG ESoEcy
B, K EHHMTV: ﬂﬁuﬁﬁ/ﬁ)ﬁﬁﬁﬁ?ﬂﬁ’}ﬂ

ku A EESE TR, XAl TE N THD T,
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% 2 UIAEHA ACEIP O DT R & EigE

Table 2 Composition and nitrogen recovery rate of ovalbumin ACEIP.

AR &4/(g/100 g) FENCE % F41(g/1007Q) 7K4~/(g/100 g)
iy 80.456).81% 3.1440.21°
IR 82.0941.08™ 49.8040.47° 2.8740.35% 2.5440.16°
LR 72.9540.65° 45.0140,82° 10.840.53° 3.0840.21°
Bk 83.2140.94° 51.3340.60° 2.2840.25" 2.3540.09°
>10 ku 85.3541.36° 26.3240).15¢ 2.0240.17° 2.6840.24™
3~10 ku 83.134.15° 25164+9.10° 2.1049.19¢ 2.7246.31™
<3 ku 79.2741.37¢ 24.4540.31° 2.4246.10% 3.1740.34%
E: AR HEF R GFEETEFRE (P<005).
I eSS i, AL EMERR EEAET

2.4 ACEIP 22 1k 45 M A
241 F@EHmAFE IR

2401

20l 1 KM
[ o =A
200 | PSEiE S
T 180}
T 160
§ 140
<120

IE jo0f
&1
] 80
& 60
40
0 1 1 1

DUBE EIEW >10ku 3~10ka <3 kuBIEEH
E 3 ERINREREMEHRESE

Fig.3 Surface and total sulfhydryl contents of hydrolysates
FHREAY) L35 DTvE) 43 7E>10 ku., 3~10 ku

F<3 ku HIRTH7 AR TSR AR 0 & Bl g 25
W 3. BSAESEAR T EASNZ K TR ST
RN ERSRHE-SH HEAT, TR & g A
T RERAESMASIEE-SH & . HE 3 LIEH, bp
HERRESESERKN, ElFEY)TH 2 7E>10 ku

ZA M. GPEEAMRESIERN, MRS
HTHE 2SR, MNP RISE S EBNE
Frtgn, Horbsy 1 3~10 ku 4 REFHEE S B,
M43 FE>10 ku F1<3 ku 453 O 525 S BRI,
AT IE S TR KA N, SRR
FEAET RS ZIREE NS, MES & 3~10 ku 45
HFE Z 1R R
242 REmBIKE

FHBGAY) _EIEWS DUEY)S 4> F2>10 ku, 3~10 ku
Je<3 Ku FRIRTH PRI T TR B/ P Pl e 45 SR L]
4, nJULE H, BT 25 R R R IS AT e
B K MEYIE BT IR, Pyt FiEm AR
IR TR BEEREIEMIHEAT, 2T E>10 ku F
<3 ku M BOKMEA TR, HAaFE>10 ku
M mE KRR (p<0.05), 1fj4rT-& 3~10 ku
ML HRT R . EEAREAYIE, JEaisTW
HIBKIE R T, UK TR, BEE BRI T,
KgAK YE N SR T 2 K R 2 T
R, UL, BEEARS 2E 3 (R T K v 2 B R T
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KINFUKEIER SoRKZ BRI LE, B 4w,
S FE>10 ku <3 ku 5 R MBK IR & B
B, 5T 3~10 ku 44 FiH SR /K E L & Bk
o
243 HTHAFIE

RNEEHRI AR . A VEIR VG ARk
MEER IR 3. AT0L, BRER AR AR S DUE A
YRR T I AR AL, AR BRI 5
THEWRAER. Ho, MY HER. 2»15>10
ku F1<3 ku [] ACEIP A& M5 BEAE— MR 28 I
W (20~25 'C) , XUIefm#AFEtEE s, AR
E P T LR A RS L EL B R A £,
XAV BRI 1 B 1 2R R B AR AR D

T IRR TR R R

A

L5F

0.5

ﬁﬁ’«% J::‘%?& >10ku 3~16 ku <3' ku BFAEA
4 BEFRYIMSREGTIKE
Fig.4 Surface hydrophobicity of hydrolysates

0.0

& 3 IPAERBAINEIERE TS
Table 3 Differential scanning calorimetry data of ovalbumin ACEIP

e TR B3 >10 ku 3~10ku <3ku naxa
T/ C 105.77 120.80 101.85 113.20 11744 107.43
TyLE 90~120 110~130 90~110 90~130 100~125 105~110
e alls) 110.6 1824 1295 110.3 152.3 937
3 4= glycation by the maillard reaction after disruption of the
ks disulfide bridge evaluated by liquid chromatography and high
2R SCHA A 3 R AL O (R IR R A resolution mass spectrometry [J]. Journal of Agriculture and
Yo, o3b 7B A S A KB, 25 R IR Food Chemistry, 2013, 61: 2253-2262
WRSARPER, e =iR 25 CHRMUR, &R [5] ARG, o AR, A e 2 AR T AR R AR
20 mL. 8 BV/h X H BRI £ o D AT THRERE R[] A € S RH,2012,28(9):1133-1135
HEBIESECN: WA 40min, #4EE 915 bar, REN Zeng-chao, ZUO Wei, ZHOU Chun-xia, et al. Effect of
B 30 C. RYEIEEREI R G T2E<3 ku HIZH 5 ultrafiltration on functional properties of protein hydrolysate
ACE #iiliE e, LA SR LR, S5 from tilapia by-products [J]. Modern Food Science and
AN TS S BRI, JUHER AR R IR Technology, 2012, 28(9): 1133-1135
B, RIAG/KMERE S, AASE M e m I, i £ A0 [6] EOUHe L RS SR IR 2 AR R R R A
ARVEALEEON 1 & IR B ARAAE ) T — 2P i SIS 5T PR B 45 F B 9 [9]. BRAR & i RHE,2013,29(5):
AP i IT R o 1052-1056
. XIA Guang-hua, SHEN Xuan-ri, JIU Zhi-giang, et al.
}/}%X@L\ Desalination of macroporous absorption resin on antioxidant
[1] Ni H, Li L, Guo S S. Isolation and Identification of an peptides from tilapia skin collagen [J]. Modern Food Science
angiotensin-1 converting enzyme inhibitory peptide from and Technology, 2013, 29(5): 1052-1056
yeast [J]. Current Analytical Chemistry, 2012, 8(1): 180-185 [71 ks B EAR B H BHESN B 8 A% ACE IR
[2] Chen C, Chi YJ, Zhao MY, et al. Influence of degree of T[] & AH#,2010,31(14):1-4
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Food Science and Biotechnology, 2012, 21(1): 27-34 preparation of ACE inhibitory peptides [J]. Food Science,
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