| i ul“f }\' Wl ”” HL |1}| a'u IF{ :'I 58 ( 13-—50) (201 ))
| Bulletin of the ]‘d(,lllt\ of Agucultmo University of Miyazaki 58 (43—50) (2012)

SAROME EFIHHROEMAERITONT

ARE KB - 7T RS7407 7—ARWE B NHE SRS

b

' ”VT K5 - llxllé - = |r| ],\llllrh”t.ﬂa‘i' HIPH
(201 14F 121 22H 2 BH)

Comparative Study on Antihypertensive Activity
of Meat Hydrolysates Sourced from Bovine, Porcine and Poultry

Daiki KusoTa, Abdulatet AnnimeED, Satoshi Kawanara, Michio MuGuruMa

Department of Biochemistry and Applied Biosciencces, Faculty of Agriculture,
University of Miyazaki

Summary : This rescarch aimed to study and compare the biological and functional properties as well as physiologi-
cal eflects of beef, pork and chicken protein hydrolysates ; in vifro tests. In the current study. we evaluated the
angiotensin l-converting enzyme (ACE) inhibitory activities of hydrolysate of hiceps femoris muscles from beef and
pork also we used leg muscles for chicken samples. All the muscles separately hydrolyzed with pepsin and trypsin
and then subjected to size exclusion chromatography. ACE inhibitroy activity of the hydrolysate was determined by
Rabbit lung enzyme and Human Umbilical Vascular Endothelial Cells (HUVEC).

SDS-PAGE results suggest that beef has not been degraded on the same level as pork and chicken. HPLC pat-
terns indicate that the second peak in chicken sample digested for 4h contain biocactive peptides (MW 1,560). The
three species showed a very similar ACE inhibition percentage, although chicken showed lower protein concentra-
tion. Results suggest that the chicken possesses crucial peptide that are having a great ability in undermining ACE
activity, which is in accord with the findings of HPLC. As a comparative study, 1Cs of chicken showed the lowest
values for the both treatments (Rabbit lung ACE and HUVEC ACE).

We conclude that meat in the three species contain peptides that may serve several purposes. Based on its re-
markable ACE inhibitory activity, we suggest that the chicken hydrolysate may have potential applications as {func-
tional food, which could be used as nutraceutical compounds.

Key words : Meat hydrolysates, Antihypertensive cffcet. ACE inhibitor, Biological function
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gl & 2 (Tt 1992 JERTfh 1992) 72,
i LE 2 WDl 2 20 M BB Th B, fiii
FEVZIRIR OB & 7 e PEdfE &, £990% 2L 1
DD EWDRTW A AEEGIEICSEE N
A, AKEESEEohE CHERBAH TH- 7=
A3, BT OFSEIZ L, AETEEES K E AT
HLEN o TE - (Hfnf@fh 2001). KA
THIEHE 2P0 Tns0ik =07
XTI RTHY, ToFXFATIM
T XA T v o AEEER (ACE) OFEHICK -
T, FEMETCHLZT7 AT TN~
Shad., ZoO7r¥drror NITAERNTRY
WORRIEME Ch Y, M EE A S5
I EER 24 L T AT T, B
TOT NV RATa RibadiligL, + Y oL
/fw')lh’.‘,’.’h'-ﬂ”)vvul GEZ L, (MR M 5

=l-’-J--To($1\’E{L 1994). L7=4->7T, ACE
d)lsil,.,. Gt ESMElc A TH D EIRTE
0, LE'..'JM\'HN_r):l_\ﬂnﬁﬁcéxfﬁ.t/)dk.?"{? (Kostis 1995)
R, MOFREERE XY & RHEH DA 6 20
IZhpofoZ & (&fh 1982) X, ACEBHL A
G ASTENE f5 L BB OT0% I B2 R LT 5
Z & (raili er al. 1992) 7g Yt #EPRELIC
BOTEMEBR OG- RINED > & U THAE

<HHERATHS,

BIE, @I ESE O BRI ST
WHHS, ORBIZ L (EHERMS RS 5D
NTHhD, FRoh 7 b7t 5 7Y Ld L
IRT XA T U 1 EWMEESE (LLTFACE) [
S, BRARAYIC & DR IE B o Mo dg i AR
DIEFEZFIH SN TS (B ffl 1982). Ll
NG, ZOX D KTkl o RIER % 5%
ESEDHENER®H D, -7, ACEMEMH %
SR OIS L5 fiERE TR, fHER O
DAl S < BRI 7S L B A0 ;%{q

RAIRER S R0 %L EALTEY, jfj
=, PRMTFETER 72 & o 2o b8 et
MFEREED LTS, RIS, ACl:UJ]JIL,;-tZ
L HMMEE P OMERHS = ERRE ST
VWD (il 2007). RAIZE DS Zh 6O EIT
BEIZ~7F FiZhH¥kT 5. RAHZ 7 BUIRER
HILIZ RO~ F FEAR L, ZFORKIENEE 585
T4, BUE, £AMMER FIER~<7F FicHE

LTCiHW 2 SR TS 23 (Arihara er al.

2001 ; Katayama et «f. 2003a, b, 2004, 2007, 2008 ;
Muguruma ef af. 2009 ; Ahhmed & Muguruma
2010), FAEAPICE Ei D EEEMUR TR R
D & HEERENE~ 7 F RIZ[H9 5 &R o 72 e
BT E b T,

T ZTAWFETE, AN Tl #i i 2 oLy
WCHI L= —TFTrF4A T sRICFEBL, &
it (hA - KA - BE, WThbEER) &
F o egf II"J. SR T LT F FRGW %
T, BB (7% Fllith XACE) &k b
ﬂﬂ“ﬁ%‘:'f]’*lvl'cl}‘] Bl (HUVECHIKACE) (2845
M b i 20 S A R PR & L 7.

HHEIVAE
1 REMH

RO ERIREO S FREA CFA - IR - P
WL EER) & RBREEHT VL,

2 BRABRRRTFREORE

RAMKASTF FOWBIILLTO LB Y THS.
HHEAO I TFRIZ2HFROEAKEZFNLT
7 — K7 o+t w4— (Panasonic MK-K48) # JH
WC30RVH, 2 EIREYH A XLz, 70°C T304
WA v ¥ a— g, ZOREDxR— A
FALERD NI R & 2 8 2 T4 70 TWhole |
&L FOW%, ZOFREY xF— b EHCITpH
18Il L, Bk Hh Rk~7 2 (1:10,000)
(FOOCHEEE T MRS 24 0T (RA
FRST-020%DF I BNEGENSD Z & %K
E L72) (%t LTI/,00065 eEsin L, féfkL7Ze
ME3TCT2HE A % o2_— kL7, NaOH%
FAWTpH 6.81Za% L, 1047R200 L=, ik
MEZA0CETET (.
Wik 7N [R7Fv(2h)) LT EBIC
MY 7oy (FOEHEE RSt B
7 L7 F L (At EFEhEh~7 2 bk
WML, HURELARNL37TCT2 KA F 2
~N— h L'/; e fZ I 103 AL U 7= 3k & i i
Noe~TFRELT, ZOEEE~T s MY T
UMBEY T [RT W) T (4h) )
Pl 1Py

ok, B & 232 0T TWhole) 38 LUV
ROGEBE TR LN EBRIEIC KV E L e T F

FiIRGWmZA 045 umELrD— AT ET— AT

IO R T
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L7 g (T RoR0T oy o R )
I THi U= alk 4 SRk L 7=,

3 RFUIEBFRMUIARUZOUINTIR
JIVBSKkE) (SDS-PAGE)

HoN=RE O ST FRZN O OBERKISIZ X
553 f“rf; WAL T A EET Y o
LRV T 7 YT 3 R AR UKE) (SDS-PAGE)
% Laemmli? J5 i
7Y N7 IR ;f"‘_J“ TE~1TE%ND T 7y A
N RWT AT 7RO kB G~ 7.
Koty —<3—7Y Y72 7 —R-250
(Bio-RAD Laboratories) (2 XV {1y, Mi(aizik
0% KERE 2 Avsi=. £, » J’--»';".:—v—-/J—,-E s
T SDS-PAGE Molecular weight standards, Broad
Range 161-031 7 (BIO-RADfLR) Z-{fifH L7=.

Laemmli 1970) Ti{i~7. 7

LN

4 FIA@EREEIOTNITSTT 40—
(HPLC)

TRBERIZ130.05M U i) b U 7 L8 (pH
7.0, 04M) Z =, S BT IR TABE IR A I S R
it (DGU-14A, BRAS+EEHRREF) (L,
71 7 L EShodex PROTEIN KW-803 (83X 300mm)
(Mo TRR A& th), 24K > 713 LC-10AD

(A S AR AT 2 vy, 0.5 ml/min,
TEAN20 4l Tir o 7.

R7F FORHIZIE, avEa—#—THlHa
- FiHgE (SPD-10AVP, BEAS B ERERD
Z vy, B Jx:l\’i"g()nm\(Jof X5z
i — gy — CURZISEy, Yo a—h
C, 771 —'f:‘/, BSAZ H /-,

5 SVNOBDER

e AR O fr ) % 2 7 1 [Whole] @i it
{XBiureti}: (Gornall et al. 1949) (Z LW ir-7i=.
Thbb, ¥ "70ERICHL, 4Fko
Biureta 38 4 01 & TH il T30 MRS S 7. K
I& % % SHIMADZU % UV-VIS  Spectrophotometer
1245%Y ’u\ JENCEERE (WEHE 540 nm) 12 THEL
T =R Tdh BT F Rz oW TIRUVIE
(Murphy & Kies 1960) AL, #iE4fr—7=.
Tlndo B Z N T 215 nm D \JILLL)'.IJ‘ 5
225 nm TOMNIEZ 7 LGl &, 14465 L7=RFD 3L
iz 5 7 R & LTz, i",l!.lJ':iE!\:-."_ti ac & [\ C

/J} b )lI:.)IELuI f'}”_ L7,

6 Tr¥FAFTIUI
HDHIE

Cushuman® J;{}; (Cushman & Cheung 1971)
(28 CTHE L7z, ACEIZ U Fllith k7 ¥4
T v 1 BB (ACE, Peptidyldipeptidase,

EC3.4.1 5.1, ¥ 7 ~tk) ZMHW, 0.25 MR 7 %
fiif it C60 ummm.;.LW L, BEREIZ120.25 MK
7 EERERRT I C L uniyml A LAEH L7, ACE &
ORI & L TiEa kIt chsre 7Y L
AFTN-LaA v (HHL, 7TA 747 A7 8K
2tk) M L7, HHLIEME BT b U oA (Fo
FEAE TR, 0.25 MR 7 R Tik 4 €
ALEN0.608M, 0.1 MIZ7Ze 5 K 9 IIMIlliQ/K % H
UN T L7 TR TR L 7=,

B 6 p1l260 uritml D ACEE 20 plds KON,
6 mM HHLIZ 50 g2 i AL 37°C T304 M S
SH-7o. BUGTEO.L N HCL (Fnof fli 48 1_‘4”:-%*4'- £
) 554 plZ MM A T IE S8/, ROSHIC IXEFRE
FN (FhTAT A RS 1smlE L
TACEDIEMIZ L 0 HE L -5 REE AR & 5 b
H L, 2,500 rppm (1000 Xg), 1557lE o EZ 1T -
7= iSO F L4 1 mlsy L, 100C,

053 O I J 0 7838 ez S B/, Helsl L7215

VRIS 2 [0S 2 72802 1 MONaClZE R 22 1 mll
ZRNT v 7 REefToT=. ERE LT IBIREEV S
%228 nm Tl L e,

PR RIXW N E2S, fRAOMR DD IZMIIQ
waterZ N Z /=W O W SRIEAC, H M UHACESL
Jih SHETH O RIGSEREOW I ZBE LT
YR 0k,

FELE 5 (%) = { (C-8./C-B) } X 100

iz (ACE) BEE

7 EMEFHIRARMERICE T DACEESN
# 5 BR

AEFRITM A B AR o 7 — A
FATEERERFIE T — A O 1O FTir-o 7.
Balyasnikova® J;{J: (Balyasnikova 2001) (ZfifLy,
A ML N BRI Z 354 5 ACETE PERN IR 217 -
7=. 72596 well Micro PlatclZHUVEC 431 E
L, HsHLA U= B R ihde~7F o0 ul &
JERTHE 50 pl 2R N L37°CC 3 BRI B 34, 14
50 pul#% 43 Lt%, His-Leu% OPA (o-Phthalaldehyde)
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HOEHlE Uz, Z & =2, Stamler 5 @t (Stamler et al. 1996)

ACE # /3 7 L O, b5 % #8532 PMA
(Phorbol-12-myristate 13-acetate) #{liJH L, [tk
X NZIZ A7 R 7 U 25 aMAERML 7=,

BEBLUER
1 SDS-PAGEB LU5 /L ABHPLCIZ L B9 F
ENMONTH
ZALE TOLRAAER S OACEML GO
X, ¥R IPIRERTF FORBERPLTHS

(M. W.)
kDa

200.0
116.2

66.2

45.0
31.0

21.5
14.4

6.5

M6 H 87 FEIRE ORI mERE TIZA T
HHEENBZERENDL, AERIZBVWTLEA
RE2BBOBEICEVICE»TRB LEXTF R
Zai L, ACEBRIGAE% Ml Lz,

£, SDS-PAGEIZ X DY T ks
2D RSB X O L HIHPLCIZ X A i
fLic X 2B 37 AORHELOBE L 5
F WA OWE AT ~>7- (Fig. 1,2). SDS-PAGE
2k o T, BERMBERFIIICIEY, BB & 3

Fig. 1. SDS-PAGE pattern of time course hydrolization of beef, pork and chicken digested
muscles. 1 (molecular-weight marker) : 2~4 (0. 2 and 4h digestion time of beef
samples) : 5~7 (0. 2, and 4h digestion time of pork samples) ; 8~10 (0~2~4h

digestion time of chicken samples).

(On) (2n)
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Fig. 2. HPLC pattern of time course hydrolization of beef. pork and chicken digested mus-

cles. First row indicates patterns of beef proteins ; second row patterns of pork pro-
teins : third row patterns of chicken proteins. The time course of samples digestion
1s associated above the patterns. Pep = pepsin ; typ = trypsin.
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Fig. 3. Associated graph shows the valucs of ACE in-
hibition percentage (data in bars) and protein
concentration (mg'ml :data in lincation) of
becef, pork and chicken muscles.

N PIBE DI SR 2338 S, ACERH
EIEMED ER- LT Z &R E N, 2,
NI KD 2 Wi OBERILEEC, BEAROACE
EAITH D v 7 o ORLETRME & RS HER
VL FEDOACEMUFEPEN BT 25 Z L il S 7.
fﬂ*g, N7y AL D 2O 2h) &, &
bHiZE U’Jf’ D IFElO N U T L HMLER (’l h)
EDOMICEMERRD N7, ZhED
L ‘;V’J‘u, ACEDO ML B Io LB ~7 F R Bkt
NI A KDDL, MEOMWELRE TS
AR L, 92 BRI O {LREE] TACERL S 2
RBLFH AT F RO TIZdr-3unTu o
:H»n%ihL.EtﬁWﬁWMk«v+Pw
ICwfli (mg/ml) Z#HiH L7=& ZA4H (9.02),
KA (4.19), A (3.55) &G SH-.

PLEOFERN D, uh!Uz</>’|‘- R, BWAB L OER
ZAWT, FbENE%, MbBRoX7
BIORrY 7 TLRETS ;_'4 A, KA, 4R
ONAIZACEMLETETEA RN % Z L R ST,

3 bEbrETRIRAERMERICETDHACEESME
BIELER IC K B LEBARET

MIE{S F_7"F R4 kN ’f‘(/)ﬁf}'i'%h?:i::m \
TIREEARALRGENL . MEREIZR S LT
Hl=y—T X473y R RTE )L’C
R HOLPHMMEHAAET D Z ERHLATNA.
TEERZR RO MR Tix, B, L, KEhR
BN L UVEHET), SHICEREMEICL L=
V=T X FT RN ET S (Ehler ef al.
1990) . #5Im = (128 % 4E 7 » b (SHR) OBy,
KIRACEFETE S MIED LHE L & 285 =
EBANOEE L RBRIZE TWa., 3¢
FiftPEACEMLEAITH D AT 7Y L% iz
SHRIZH T 5 58RI L - T, KW OMSIER:
fetE OB, KR (- {£7E T D ACEIGPED
P2 1 SO EKN T S (Okunishi 1991 ; #4 JF
2009) Z ENHIBALTWA. E-T, AMENE
ARz 31T A ACEIRMEIMGIRAR 2 i+ 5 2 L 1%
RELEZOLND.

Fig. 4 a-ciZ, AMLATHNEGHINEIZE 1T 5 ACENG 1L
MR K S R 21TV, GOk T
il % =

(2| 0% = 417-PMA (Phorbol myristate acetate)
IZACEDEMEZ R EELMUTHD. £1-h7

§o
SN,
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7Y g —iiic AV R TV AHACEER T
bV, AERTIIEHEME L LTHW:. Fig.da
A ST F R, Fig 4 biZIRAH k~T7F
K, Fig. 4 ciX@Pmk~7F K& LR
ACED{EMEZBE L2 L DO Th D, PMAKMLEL
KTl & A CFACEDIEMHEIZR LT, PMAD
W LW ACEIGTER B L., £/, SRR
e ~7F FIZREERFIZACEDTEYEZ 40l L,
FRTIEB L £05~ 1 mgml, KA - @K T
0.25~0.5 mg/mUZFBW\WTHZ 7 U L25nM & il
LOACEEIGMEZ 7R Lz, ARRIZBWTY,

7 H il R ACE SBR[ £RIZIC . (mg/ml) %K &
1=, TORS, T (0.668), KA (0.260),
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\/\ \x\ »9&“ MR MU Vv
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F&Fd

Beef hydrolysates (mg/ml)

Fig. 4-a. Changes in ACE activity of beef hydrolysates
measured using HUVEC. Axis numbers are
changes in beef hydrolydates concentration.
PMA (Phorbol myristate acctate) : CAP
(Captopril).

ACE activity (%) " y
s 2 £ g8 ¥
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=

Pork hydrolysates (mg/ml)

Fig. 4-b. Changes in ACE activity of pork hydrolysates
measured using HUVEC. Axis numbers arc
changes in pork hydrolydates concentration.
PMA (Phorbol myristate acetate) ; CAP
(Captopril).

A (0.249) & .

BRMERTF RIZLD, 79 ¥t KACE L
HUVECHIE s ACE D PTG RIRIZ K » TH
&N 72IC, (mg/ml) ZTable. 1 IZ/RL7=. w4
¥ Jifi th e ACE D 1C 00 7 — # [ZHUVECHI N i 34
ACERIERFOBISHE (T6 u) (ZHGE L7l CTh 5.
g ofh R, E6 50 EREER LGtk R,
WA, B, FEEAy, I FERBOBAGOR
7=. #~T, & PN HRDACETH RAH
KATF FIC L HHLEEEEZ EOEHBIE L & b
ICHERT D Z EMTE .

LLEDOFRERN S, FHE XOWKA b i ACER
WEMEZ R LD, BEHIEZALORRNLV L X
BIZEWACEBLEE # 5> Z E B Sz -
7=. 51, ACEBRETEMEZ B LT\ d R H K
R7F PR B - R, FEEZTI>ZLICLY
R Z R LI B — 2 2 LT 5 48R
b5, SEIONETH, @k LA~ 7F Fic
RA N TIMEZT o 72, I BTG
W TPPIRNRE R T AT F FOfELBRE ST
5 (Arihara ef al. 2001). fto TAML LG S ki
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Fig. 4-c. Changes in ACE activity of chicken hydroly-
sates measured using HUVEC. Axis numbers
are changes in chicken hydrolydates concen-
tration. PMA (Phorbol myristate acetate) ;
CAP (Captopril).

Table 1. 1Cs values of beef, pork and chicken
hydrolysates measured using Rabbit-
lung ACE and HUVEC-ACE.

Sample Rabbit lung ACE HUVEC-ACE
Beel 0.714 0.668
Pork 0.343 0.260

Chicken 0.287 0.249
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% 7=, HUVECIZ L’f)nlUﬁh[:’/L‘_J’ WTHIC«: 4
# (0.668), KA (0.260), P (0.249) ZFiHi L,
ACE [ILHE G M O 5 5t & [6] He OPLEMm 2R~ L7z
Z MR ST,

L LofERN G, HlRo4r, BB X UEHA
AT, b &INEAE, HbBEED T2 v
BLOM) 7o T 5 LA, KA, FA
ONEIZACEHEIEMEA T 5 Z &2t B iz,

F—TU— K RARERO MY, E R0 2
$, ACE B, A:PHEERE

I

AHITED — 0L, PR U HE T i A D e
MEAF N E Z O TR L2 0 ThS. i
TR DME LR LET

&>

r'“_

r-
[

51 FSCH

Ahhmed, A.M., M. Muguruma (2010) A review of
mcat protein hydrolysates and hypertention. Meat
Sci. 86, 110-118.

Arihara, K.. Y. Nakashima, 'I. Mukai, T. Ishikawa, M.
ftou (2001) Pcplide inhibitors for angiotcnsin |-
converting cnzyme hydrolysates of porcine skeletal
muscle proteins. Mear Sci. 87, 319-324,

Balyasnikova, 1.V., S.M. Dnilov, V.R. Muzykantov.
A.B. Fisher (2001) Modulation of angiotensin-
converting enzyime in cultured human vascular cn-
dothelial cells. In Vitro Cell Dev. Biol. Anim. 34,
545-554.

Cushman. D.W.. H.S. Cheung {1971) Concentrations
of angiotensin-converting enzyme in tissues ol the
rat. Biochen. Pharmacol. 20, 1637-1648.

Ehler, M R.W., J.F. Riordan (1990) Pathophysiology.
diagnosis. and management. Hypertension (Eds.
JH. Laraph & B.M. Brenner), Raven Press. New
York. pp. 1217-1231

Gomnall., A.G., C.J. Baradawill, M.M. David {1949)
Determination of scrum protein by means of the
biuret reaction. .J. Biol. Chem. 177, 751-766.

HFnp A - BlEpRS— (2001) @i/ o J"IUj ok
B, oty a—MEESHEE 2 —, pp
12, 9-27

Iraili, Z.H., W.D. Hall (1992) Cough and angio-
neurotic e¢dema associated with angiotensin-
converting enzyme inhibitor therapy. A review of
the literature and pathophysiology. Ann. Intern.
Med. 117, 234-242

EAFZ - R - eSS - JRATR - X
R - HEZ N - BILERA - RRISURE— - (R 8
A - E)IBLELYS (1982)
HRR RS, pp. 122, 62-85

Katayama, K., H. Fuchu, A. Sakata, S. Kawahara, K.
Yamauchi, Y. Kawamura, M. Muguruma (2003a)
Angiotensin [-converting enzyme inhibitory activi-
ties of porcine skeletal muscle proteins following
enzyme digestion. Asian-Aust. J. Anim. Sci. 16,
417-424.

Katayama, K., M. Tomatsu, H. Fuchu, M. Sugiyama,
S. Kawahara, K. Yamauchi, K, Y. Kawamura, M.
Muguruma, (2003b) Purification and characteriza-
tion of an angiotensin I-converting enzyme inhibi-
tory peptide derived from porcine troponin C. 4nim.
Sci. J. 74, 53-58.

Katayama, K., M. Tomatsu, S. Kawahara, K.
Yamauchi, H. Fuchu, M. Sugiyama, Y. Kawamura,
M. Muguruma (2004) Inhibitory profile of

[ dn b A, (5 T 5



50 UNEH

KHr b

nonapeptide derived {rom porcine troponin C
against angiotensin I-converting enzyme. J. Agric.
Food Chem. 52, 771-775.

Katayama, K., Jamhari, T. Mor, S. Kawahara, K.
Miake, K, Y. Kodama. M. Sugivama. Y.
Kawamura, M. Nakayama, M. Mayuyama, M.
Muguruma (2007) Angiotensin-I converting en-
zyme inhibitory peptide derived from porcine skele-
tal muscle myosin and its antihypertensive activity
in spontancously hypertensive rats. J. Food Sci. 72,
702-706

Katayama, K., H.E. Anggraeni, T. Mori, A. M.
Ahhmed, S. Kawahara, M. Sugiyama, T.
Nakashima, M. Mayuyama, M. Muguruma (2008)
Porcine skeletal muscle troponin is a good source of
peptides with angiotensin-l converting enzyme in-
hibitory activity and antihypertensive effects in
spontaneously hypertensive rats. J. Agric. Food
Chem. 56, 355-360

ITHFRESE (1992) H ACHE A (lll’I FI) fimAE. B A
iR tL, pp. 623-630

Kostis, J.B (1995) The effect of enalapril on mortal
and morbidevents in patients with hypertension and
left ventricular dysfunction. Am. J. Hypertens. 8,
909-914.

Laemmli U.K. (1970) Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nature 227, 680-685.

s RS (2009) ~7"F K L miiiLlE. New Food
Industry 51, 1-7.

PRz « FIE « RAET - MERAKE - =50]
% (1994) = ,T7 o474 x.J*nih
D5 TR, Rt A1 =T 47497,
pp. 2, 4-7, 23-24

Muguruma, M., AM. Ahhmed, K. Katayama. S.
Kawahara, M. Maruyama, T. Nakamura (2009)
ldentification of pro-drug type ACE inhibitory pep-
tide sourced from porcine myosin B: Evaluation of
its antihypertensive effects in vivo. Food Chem.
114, 516-522.

Murphy J. B., M.W. Kies (1960) Note on spectro-
photometric determination of proteins in dilute
solutions. Biochim. Biophys. Acta 45, 382-384.

H AEIG S W TR a7 — 4 (2009)

Okunishi, H., T. Kawamoto , Y. Kurobe , Y. Oka , K
Ishii, T. Tanaka . M. Miyazaki (1991)
role of vascular angiotensin-converting enzyme in
the spontaneously hypertensive rat. Clin. Exp.
Pharm. Physiol. 18, 649-659.

FEATRAME - TUFEEY (1992) HARERIR GHTD &
M. B AR, pp. 623-630

g - PLH"-J‘EIL'-{;’J"& - BAHD g (2007) G PE
PRI, WA

Stamler, J., P. Elliott, H. Kesteloot, R. Nichols, G.
Claeys, A.R. Dyer, R. Stamler (1996) Inverse rela-
tion of dietary protein markers with blood pressure:
Finding for 10020 men and women in the
INTERSALT study. Circulation 94, 1629-1634.

%l - ik B (1992) BAREEE (1)) w6
Mt (F4). AR, pp. 623-629.

Pathogenetic

. pp. 123-124



