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Abstract

This study was carried out to identify the ACE (Angiotensin converting enzyme) inhibitory activity of casein hydrolysates
for development of anti-hypertensive hydrolysates. Sodium caseinate was treated with six kinds of commercial proteases
such as Flavourzyme, Protamex, Neutrase 1.5, Alcalase, Protease M, and Protease S for 8 h individually, and was then
treated with the enzyme combination for 4 h at 45°C. The hydrolysate which had the highest ACE inhibitory effect was then
hydrolysed successively with three digestive enzymes: pepsin, trypsin, and a-chymotrypsin, at 37°C for 4 h under condi-
tions mimicking those of the gastrointestinal tract. UF (ultra filtration) treatment was applied to one of the secondary
hydrolysates to determine ACE inhibitory activity. When sodium caseinate was hydrolysed by commercial proteases, the
degree of hydrolysis (DH) showed 2.54 to 4.25% and after secondary hydrolysis, DH showed 4.30 to 5.22%. ACE inhibi-
tory activity and I1C;, values decreased, and inhibition rates increased during hydrolysis. Protamex treatment showed the
lowest ICs, value (516 pg/mL) and Flavourzyme hydrolysate showed the highest ICy, value (866 ng/mL). As the first
hydrolysate was treated with Flavourzyme, the ACE inhibitory activity increased. Neutrase hydrolysate had the highest
activity with an IC,; value (282 pg/mL). When Neutrase plus Flavourzyme treatment was hydrolyzed by digestive enzymes,
the ICy, value (597 pg/mL) was decreased statistically (p<0.05). As Neutrase plus Flavourzyme hydrolysate is treated by
UF with MW cut-oft 10,000, permeate showed 273 pg/mL of IC, value, showed no difference, but retentate which has over
MW 10,000 showed statistically different IC,, value, 635 pg/mL (p<0.05).
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74121 f2 ACE A&l HElo|=E trypsin E3E<] 3
Elol= B3 o 7 HE ATEHAH(Maruyama and Suzuki,
1982). Yamamoto 5(1994)S L. helvelticus®] T2 H3]
aaE JHIRIS 7S] ACEA ] JElol=5 E¢
31927, Yoon §(2003y2 Aokg 7HAIRIE Asha4g]
pepsin, trypsin, o-chymotrypsin® 2 %33} ACE A3]&a
= 279311, Oh 5(1997) «-casein®] pepsin, trypsin,
chymosin 723l &E<] the ACE A3 &35 &48}3]

ACEAS| &7} Qe Jefo| =9 A o] #of o]&
g, AAlste] Astslrle ol @kl skt
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71019 7R &) AZE FHAIQIVEF (Arla foods.
Denmark)S 793t ARSI, Eaflof] ARS-gH Tl
3] §4F "lvf= Novo NordiskA} A|FQ1 Aspergillus
oryzae 2 Flavourzyme, Bacillus 22 Protamex,
Neutrase 1.5, Bacillus lichenformis <+ Alcalase$} Y
AmanoX}e] Aspergillus oryzae T2} Protease M} Bacillus
stearothermophilus 2 Protease S A|ES TYsle] AL
St ACE Adlax} S48 A|9FSZ+= ACE rabbit
lung acetone powder(Sigma, USA)9} 7]|Z &= Hip-His-
Leu(Sigma, USA)S T+93k] A3t

Table 1. Digestive conditions of proteolytic enzymes
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Mg L] 7t sH

FHA19149 9] 715238 Abubakar 5(1998)2] HPHS
galol Bty BaAY pH, L% 5 WEE
Table 13 2ot 7HAIIGS 90°CY] S/l &3l
10%9] &5 whaal FU3 S5 Bl 22| 7}
FRAELE TEsfsiitt.

12} 7Rl 711G Bl RIS 1,000:1(wt/
whE F7hste] 57 = Al el 200 mLe F8h]
shaking incubator(KMC 8480S, Yu-jin trading Co. Korea)
oA 180 rppmO. & shaking 3PAA WHSA|ZHS- 0.5, 1, 2,
4, 6, 8ho & o] 7|=Ealsldt). a4HRS o]Fo]%]
W 95°C =ollA 1023 Al wol whe-& AR A

22} 7R 12} 7EEElEC] exo ¥ endod V¢
3l &A% Flavourzymes ARS-ste] 7|83 §429] HIE
S 500:1(Wwywh2 Sl 4x7F Befsitt 2 & fa
= 5843} 3 t}2, 12-21IME Centrifuge(Beckman. USA)
©F 8,000 rpmollA 1027F AL & 5 NS Freeze
Dryer FD-81(EYELA. Tokyo RIKAKIKAI Co. Japan)=
SAAZE st APl ARSI

2 rlo oo

AstsA X2

FHAIC1YE 71 ESIE-S Vermeirssen 5(2003)2] HIH-S
83t g Astaag FasiAt JEslES W
A pepsin®Z A3t F trypsind} a-chymotrypsin® 2 ]
Zataiet. 10% 71 7HalE &4 200mLS 1 N
HCIZ pH2=Z Z73}] pepsine 0.0075 N HClol| £33}
Atk oF 7™ gAo] &S 1,000:1(wywh)E 5
23711 919 vt 28 vHE0] 37°Col|A] 2413
afeksct.

Pepsing *] 2|3+ 7|3l & NaHCO,(5 g/L)E Z7FsH
% 1M NaOHZ #7}3lo] pH 6.52 A3 &, trypsind
a-chymotrypsin® 212} 40 mg 37}8ke] shaking incubator
(KMC 84808, Yu-jin trading Co. Korea)S A3 50 rpm

Enzyme Origin pH Temp. (°C)  E/S ratio (wt/wt) Manufacturer

Pepsin Porcine gastric mucosa 2.0 37 1/1000 Sigma, USA

Trypsin Bovine pancrease 6.5 37 1/1000 Sigma, USA
a-chymotrypsin Bovine pancrease 6.5 37 1/1000 Sigma, USA

Protease M Aspergillus oryzae 6.8 45 1/1000 Amano Enzyme, Japan
Protease S Bacillus stearothermophilus 6.8 45 1/1000 Amano Enzyme, Japan
Flavourzyme Aspergillus oryzae 6.8 45 1/1000 or 1/500° Novo Nordisk, Denmark
Protamex Bacillus 6.8 45 1/1000 Novo Nordisk, Denmark
Alcalase 2.4 Bacillus licheniformis 6.8 45 1/1000 Novo Nordisk, Denmark
Neutrase 1.5 Bacillus amyloliquefaciens 6.8 45 1/1000 Novo Nordisk, Denmark

*Secondary hydrolysis Enzyme/Substrate (E/S) ratio
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DH(%) = (H/H,,) x 100

H: &3l T A9 A5 a-amino groups ™
(milliequivalent/g protein)
W | g F oAl FE

(milliequivalent/g milk protein: 8.3)
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ste|datof| elst ACE inhibitor 22|

7HAIE 7R Ee] &elolF= DSS Lab Unit
M20(Nakskov, Denmark)S AR5} Table 200 A|A|E
zH08 AAE &% 50°ColA cut-off 10,000 Dagl 3]
o3 GR 91pp(Denmark)yS ARE-3Fe] MW 10,000 ©]4+
7 10,000 PIRFO.E o] gt § FAZSI ARE
o=

ACE XNsignt =d

Cushman¥} Cheung(1971)2] ®W'HS -3-83fo] 43)35}%
t}. 12.5mM Hip-His-Leu2 03 M NaClS 33t 350
mM 14F ZHE(pH 8.3) o] 8aligt 71d €9 100
pLoll ZH24e] F244x ® A8 100 mgS 10mLY] SF7
Fol =<1 & &3E AlE 1 mLE 108 348 723
A 50 uLE 7H & 37°CollA 5t vRSAIZTE o 7]e)
350 mM {I2FZE(pH 8.3) $H5-do) 83l 3+ ACE &4
150 uLE 7}l 37°CY] & FZoA 605 HFSAIZ] &
0.5N HCFs 250 uLE 7Fske] RES-S AR AIF

WS- 8-l ethyl acetate 1.5 mLE 715} voltex® 7
SHAl 15%7r wRkek & E3kated 2,800 rpmell A 10527k
AAEZE T A5 05mLE FHEATE o] A
140°C9] dry QEoA 3083 ¢Hd3] AFRAI & 1 MY
NaCl 3 mLE 7}3F & 228 nmol|4] §3=Z spectrophoto-
meter(8453, Agilent, USA)Z =43} ™ ACE A&
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Table 2. Operation conditions of ultrafiltration for sodium
caseinate hydrolysate

Module DSS Lab Unit M 20
Inlet pressure 6 bar
Outlet pressure 2 bar
Sample Sodium caseinate hydrolysate
Temperature 50°C
Membrane Gr91pp

o= o] Alksact.
A30)8(%) = (Ec-Es)/(Ec-Eb) x 100

Ec: control (HHL+D.W+ACE)
Es: sample (HHL+sample+ACE)
Eb: blank (HHL+HCI+sample)

ICs 7k (ug/mL)S FAE A8S A3 5= 343
Foll ACE Asjass 43 v o1& F=d e 3
ATAE At P SFSde AIEE 10, 30,
50, 70, 100 uLS 713+ 3 ACE A3&S 73 o- FA
2L AE3le] ACEZAS 50% Asish=t] 223 e}
o= FugmL)e= HER|IT

SHEN
AF oA dojR A= SAS systemS ©]83F Duncan
o O AHA o5l 95%2] AlF|gFollA EA51 ).
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FHIIE 10%0] 6714 BEAR 12} 7RSS AlA =
AY 7z} A5 7RSS Table 33 2ttt 6714 &
2Z 7EEgE 24 Alge] dld BEalES 0.61-4.25%
2 Yeh) g dhild Bejashw v)d o 8§49 H
S5 1,000:12 3] SEAEFE 40°ColA] 2A)7F TR
dfjste] &0 Fiol wet 242} 0.15-3.2% BEE 71
ol HAvkar Bargh Lee 5(2002)2] Aok} FAFSIAT

SAIZE 7RrREeE 7 Aleate] Thild B3 Protamex
2] Alg7t SE s go] 425% A=E 7Y =00
™, Flavourzyme®. 2 =23} 7}A|AQ LG 9] 7lEa =7}
2.54%2 7P G YERSTE Exo®} endoZ 3 54
S zk= Flavourzyme® 2 13} 7R E-8 23} 715538
A7l A= Table 49 20| 4.30-522%% HERSTH
Protamex?] 7IFEIE=E 5.22% FAE=E 7P =%oH
Alcalase®} Neutrase= 212t 4.97%, 5.04%2] 7R =S
ERIAIRE o)1 Alel= fITh(p<0.05).
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FTHIIUEFS 659 448 oild Esjasrz Az
% ACE &4 As|azt A= Table 5 2 63 24th
0.5-8A1Z7HA] 712slisted 4% ACE A3ll&-2 7.56-
60.21%2 UERGTH o]8d A= Lee 5(2002)8] €4
1 Y RS AYE dEdas 7EeR Jis
3l oF 10-70%2] A&z} drtar g B 1o} Al
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Table 3. Hydrolysis rate changes of sodium caseinate with proteases (Unit: %)
Hydrolysis time (h)
Enzyme
0.5 1 2 4 6 8
Flavourzyme 0.61+0.06' 0.87+0.02° 1.27+0.07% 1.61£0.15°% 2.28+0.14% 2.54+0.15'
Protamex 1.46+0.02P 1.97+0.10'™ 2.73+0.25" 3.58+0.19¢ 4.110.02%® 4.25£0.03°
Alcalase 1.45£0.017 1.67+0.18™ 2.13+0.24" 2.88+0.11" 3.130.10¢ 3.27+0.05"
Protease S 1.42+0.02% 1.610.04° 2.18+0.03* 3.12+0.01¢ 3.36:0.05¢ 3.49+0.07%
Protease M 1.36£0.01% 1.63+0.08% 2.33+0.20’ 3.24+0.03 3.88+0.01¢ 3.93+0.02¢
Neutrase 1.2240.01° 1.82+0.14™ 2.50+0.06' 3.90+0.04% 3.90+0.06° 4.00£0.12°°

Treatrment condition, Hydrolysis time at 0.5, 1, 2, 4, 6, 8 h.
Hydrolysis temperature at 45°C with 180 rpm in shaking incubator.
Enzyme over substrate ratio, 1:1000 (wt/wt)

*Means in the table with same letter are not significantly different (p<0.05).

Table 4. Hydrolysis rate of sodium caseinate hydrolysates
with secondary hydrolysis by Flavourzyme

(Unit: %)
Enzyme Hydrolysis rate
Protamex + Flavourzyme 5.22+0.15%
Alcalase + Flavourzyme 4.97+0.15%
Protease S + Flavourzyme 4.30+0.10°
Protease M + Flavourzyme 4.39+0.11°
Neutrase + Flavourzyme 5.04+0.19*

Treatrment condition, Hydrolysis time at 0.5, 1, 2, 4, 6, 8 h.

Hydrolysis temperature at 45°C with 180 rpm in shaking incubator.

Enzyme over substrate ratio, 1:1000 (wt/wt)

“®Means in the column with same letter are not significantly dif-
ferent (p<0.05).

sh 7Sl AlRte] SV weh ACEAS &l H
2} Z7F k2™ Protamex®E A1 F9t VRS A
79 ACE Adf&2 49 6021%Z 7MY & Asfes
B3, Flavourzyme®] 32.04%=Z 7 A Yeldth &
3] Flavourzyme®. 2 6-8A17F 7123l 3+ ACE A&l &%
Protamex®Z 0.5-1A17F 71=Ea)jo] o]l Aaf&-o] H|$=3H
Ao Z e} Protamex®] ACE A3f&°] 74 =& A
O & VEPHTHp<0.05).

ICy, T (ng/mL)= 71238l Alte] Sl wet 3
2} 74531 ©. ™, Protamex, Neutrase, Protease S= 8A|7t
VRS 1C,, X (ug/mL)e ZH2} 516, 523, 54002
FAF 3 A a7=S YERNAL, Flavourzyme©] 866°-2 #]

Table S. ACE inhibition rate of sodium caseinate hydrolysate during hydrolysis (Unit: %)
Hydrolysis time (h)
Enzyme
0.5 1 2 4 6 8
Flavourzyme 7.56+1.91° 12.93+1.82% 15.712.75 22.2243.48"™  28.39+3.48Y 32.04+2.95%
Protamex 28.81+1.79M 35.54+2.92" 46.17+2.72% 53.87+3.21% 58.49+3.21° 60.21+3.21°
Acalase 10.70£1.92% 15.10£1.91P% 17.47£2.74°0 25.174£2.94!m 31.35+2.94ik 36.11+2.82¢0
Protease S 21.06+2.95m° 32.35+1.921k 39.73+1.91%h 44.95+3.07¢ 50.43+3.07° 53.33+3.04°
Protease M 20.99+1.90m"° 24.64+2.91™ 35.22+2.68MN 40.85+2.85' 49.55+2.85%d 51.69+3.00%
Neutrase 16.87+1.88"P 25.71+2.82'm 33.70+2.801 39.48+3.01%h 47.20£3.01% 52.05+3.05%

Treatrment condition, Hydrolysis time at 0.5, 1, 2, 4, 6, 8 h.
Hydrolysis temperature at 45°C with 180 rpm in shaking incubator.
Enzyme over substrate ratio, 1:1000 (wt/wt)

**Means in the table with same letter are not significantly different (p <0.05).

Table 6. IC,, value of sodium caseinate hydrolysate during hydrolysis

(Unit: pg/mL)

Hydrolysis time (h)
Enzyme
0.5 1 4 6 8

Flavourzyme 3,147+153? 2,079+105°¢ 1,375+196" 1,122+63% 950+53!m 86663
Protamex 2,155+ 93% 1,388+ 82" 787+40™"P 612+40% 533+26" 516+33"
Alcalase 2,829+140° 1,889+112f 1,262+64" 928+63'm 831x59!mne 737+43mP4
Protease S 2,282+156¢ 1,545+103¢ 987+59" 663+43°P9" 547+33" 540+33"
Protease M 2,447+140¢ 1,552+ 93¢ 961+45! 7241454 645+73P9 605+63%
Neutrase 2,555+ 99°¢ 1,501+ 92¢" 927+61™ 721+45mp4 597+31% 523+36"

Treatrment condition, Hydrolysis time at 0.5, 1, 2, 4, 6, 8 h.
Hydrolysis temperature at 45°C with 180 rpm in shaking incubator.
Enzyme over substrate ratio, 1:1000 (wt/wt)

*"Means in the table with same letter are not significantly different (p<0.05).
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aTrt 71 A2 o= YERITHp<0.05).

7RSIz ] WE ACE Asi&3} IC,, 4] (ug/mL)
o] A= Fig. 1-69 29Ut} 71 djARs | asrz A
25 B A7} 7Rz JEEE 519F ACE Aaf&
< S7F8kAL ICy, Al (ng/mLy= A8kt 53] 7
3l AlZF 3 2AZ7EA] 71 ST 548 ek
oo we} ACE A&t §43%] 71 & 1§ ot
sHl S71sks 23= Yl o]gk d3+= Shin(1996)
o] GXtfFRks ofe] TR Wild IR EAaE A
23 A3 7} gARES g4 TR wE ok Jol=
AN TR ES] FTtel Wk ACE A3 &) 7
3| F7kehe Aol Atk ®arel fARFATH

EEARE NI V-Esi=2| ACEXa] &y
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Fig. 1. Changes of hydrolysis degree, ACE inhibition activity,
and ICy, (mg/mL) of sodium caseinate hydrolysate
with Flavourzyme.
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Fig. 2. Changes of hydrolysis degree, ACE inhibition activity,
and IC,, (mg/mL) of sodium caseinate hydrolysate
with Protamex.
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Fig. 3. Changes of hydrolysis degree, ACE inhibition activity,
and IC,, (mg/mL) of sodium caseinate hydrolysate
with Alcalase.
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Fig. 4. Changes of hydrolysis degree, ACE inhibition activity,
and IC;, (mg/mL) of sodium caseinate hydrolysate
with Protease S.
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Fig. 5. Changes of hydrolysis degree, ACE inhibition activity,
and IC,, (mg/mL) of sodium caseinate hydrolysate
with Protease M.
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Fig. 6. Changes of hydrolysis degree, ACE inhibition activity,
and IC,, (mg/mL) of sodium caseinate hydrolysate
with Neutrase.

o] 7} Y& Flavourzyme2 A3t 5714] 7k Ealla4a
Z FHAIQAEE 12} 7153 S &, exo2} endod] EAS
Z¥= Flavourzyme® &2 23} 7R3 E slo] =73 ACE
A&} 1C,(ug/mLFXE Table 73 29t} 234 71
Bl &2 ACEASE&-2 Neutrase?} 74.06%% 7HF =&
A3E&S XYL, Protease MO| 55.88%=% 7 W& A3
5 BEATHp<0.05).

b 23} ZhERElAl S7HE AEleS AW REE 1A} 7}
83| 3+ ACEAS]E&RY Flavourzymel &2 22} 78
33l As)e-o] 4.19-33.61%7}F =7F31592H, Alcalase®] 73
S 36.11%9 4 23} E3|A] 69.72%= Z7Fstd 23} 714
23 93 ACE A8l Z71&°] 7F¢ =%t} Neutrase
A2l 7Rl e 12 7REElA] 52.05%004 231 E3
Al 74.06%Z ACE A3l&o] Z718ke] 23} 7lH-3)dl] 2
gk ACE A3l 7 =3%tH(p<0.05).

ICs,(ug/mL)5=*] T3S Protamex®} Protease S, Protease

< 3437 pg/ml BE Hobr] @Ao] g5 F7sIH o
Alcalase®} Neutrase?] 7-9-ol= 428% 241 ng/mL=E &4
F7180] Eo}, 49 F5F9 wel Flavourzyme2] 23} 7}

Table 7. ACE inhibition rate and IC, value of hydrolysates
after secondary hydrolysis

Tl 9§k ACE Aafi&3 IC;(ug/mL)ell PIX|= FaF
o] Aolgt Ao Z YEPTE IC,(ug/mL)FX= Alcalase
2} NeutraseZ7} 22} 282.329} 309.222 95513131 Protease
Mol 570512 78 2 BALS LERTHp<0.05).

JIBEE0 ASIEA X2

22} 1R E TR E = 7 a0 =& Neutrase
ol E-S 43kasl 23t ACE Aslay= Table 83} 2T},

28t a4 Aol 98l 1C, (ug/mL)yS 28232014 597.81
2 Z7 A ASEE 74.06%14 62.92% SrolHTh
o]& Kim 5(2002)°] 5% 7}A1S1 & (Merck, pH 7.0)S
Asp. oryzae +8 S Bjaig 12} £ F pepsin,
trypsin, a-chymotrypsin® 2 *]2]3}9S uf 7=E3lE9]
ACEA3] ae] xfo]7h QIATHE HaLst Afolgk Aol
t}. o]& 715EsEe Seki 5(1996)0] Blsh= MW 315
Da®] SElo|= 3&Fo] AU e Aslaio o3| A
sjEdo] EaljEo] o] HAE Tk Azhgict

UFX2| 7te2si=2| Mozt

MW cut-off 10,0009] UFE Ex}% =72 223 23}
A3}ka09] 10,000 TYF permeate$} 3212] 10,000 ©]/g2]
retentateS ARAC}. 10,000 7]9F permeate?] 739 FAAZ
Al FESTE =2 EEYEHE EAE ol TR
o] BAFEo] Hol SA7I7) Bol =2 o= S
Frgo] Skt dojue Aoz AZE.

VR E UFS ACEAS] &3 Table 83 2o
permeate®] ACE A3 &3} IC,(ug/mL)y> UFAE|sl7] &
282.329} BIWE)A 273.872 AMHEI} F7FBHA] it
I3 MW 10,000 ©]%9] retentate®] 735 As|azr}
635.560 % 7Fashs A0 2 YERGTHp<0.05). ©] A¥R= Oh
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Table 8. ACE inhibitory activity by ultrafiltration and diges-
tive enzyme of sodium casein hydrolysate

Sample ICs, ACE Inhibition
Enzyme IC,, value (ng/mL)* Inhibition rate (%) P (ng/mL)* rate (%)

Protamex 479.00+27.17° 70.59+2.64% Hydrolysate 282.32410.17°  74.06+1.62°
Alcalase 309.22+14.60° 69.72+3.14% (Neutrase — Flavourzyme)
Protease S 506.52+27.59° 61.77+£2.90P Digestive enzyme hydrolysate ~ 597.81+ 8.18°  62.92+0.69¢
Protease M 570.51+£36.68° 55.88+2.91° Ultrafiltration
Neutrase 282.324+10.17¢ 74.06+1.622 10,000 MW below 273.87+£3.46°  98.14+0.77°

10,000 MW above 635.56+9.24®  58.38+4.89¢

Each treament has secondary hydrolysis with Flavourzyme.
*Values are concentrations needed to 50% inhibition of ACE
activity, expressed as peptide contents.
**Means in the column with same letter are not significantly dif-
ferent (p<0.05).

*Values are concentrations needed to 50% inhibition of ACE
activity, expressed as peptide contents.
“®Means in the column with same letter are not significantly dif-
ferent (»p<0.05).
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