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This research aimed to study and compare the biological and functional properties as
well as physiological effects of beef, pork and chicken protein hydrolysates; iz vitro tests.
This year we aimed to check the antihypertensive effects by determining the ICx of the
three mentioned species. The second and third stages of this research which will be
carried out near future would be focusing about anti-oxidation properties and blood sugar
lowering effects. In the current study, we evaluated the angiotensin I-converting enzyme
(ACE) inhibitory activity of hydrolysates of biceps femoris muscles from beef and pork
also we used leg muscles for chicken samples. All the muscles separately hydrolyzed
with pepsin and typsin and then subjected to various types of chromatography. ACE
inhibitroy activity of the hydrolysates was determined by Rabbit lung enzyme and
Human Vascular Endothelial Cells (HUVEC).

SDS-PAGE results suggest that beef has not been hydrolyzed on the same level of
pork and chicken. HPLC patterns indicate that the second peak in chicken samples
digested for 4h contains bioactive peptides (MW 1560). However, undigested samples of
pork and chicken meats slightly differ from each other. In comparison, values of protein
concentrations insignificantly varied in beef and pork samples, which were digested for 2
and 4h. Yet, chicken samples showed a lower value of protein concentration especially
that samples digested for 2 h. The three species showed a very similar ACE inhibition
percentage, although chicken showed lower protein concentration. Results suggest that
the chicken possesses crucial peptides that are having a great ability in undermining
ACE activity, which is in accord with the findings of HPLC (second peak of 4h sample).
As a comparative study, ICs of chicken showed the lowest values for the both treatments
(Rabbit lung ACE and HUVEC ACE). The lower the ICs the stronger the species
possess ACE inhibitory activity peptides.

We conclude that meat in the three species contain peptides that may serve several
purposes. Based on their remarkable ACE inhibitory activity, we suggest that chicken
meat peptides may have potential applications as functional food, which could be used as
nutraceutical compounds.

AbhTWw3, =%, HEADIFA TATALA LD
ZALIZPE G, EEEEROBENRML TB D,
EEAMOEER I PHLOMICAH LA, BEROBEANOBLIIED TEL BoTWh, ¥
CHREDVEVFRFEE ZooBHO—D2 L b E IS MEED BT FHIFIZIZTIONATH -

1.BE ®



2 P21 EE A S B B I FE AR T O RS

i Vol28 201011 MHEAN kil

7=Dx L, ER8MEICIES490 5 AR L Tw

% EMAIEIZIRASEOFRTHER® 2 ~ 3%
i B0EE, MNERBOREEEIEboT
Whe

LA (L, O e & KRS R, A
PRI FThh, FELRD L2 HEDHT
W BB R R H BV ITEIER L & O A HHE
R R 0, EILE 2 VIS 5
PEETH L. SMIEEREKOES 2 7% kM
BMEE, #90%LUEE DL EwbRTHWAAR
EMEIE RIS, ABEEITIECNE
TIRERDBAHTH - 7278, mEOM|EICI D, 4
HEEIKRELENTHL I NG hoTERY,
RN CTHIEMA 2 Ol Ty s oL =
V-TUFEFFLVORTHY, TrEFFUY
YINTrFFT Y OEWREFE (ACE) OEH
W&o T, AEWETHET v FAT 2 VI
ER#ENB, ZOTUXFTF Uy TIREKRA
T OB LAIEWETH Y, MmAFFH s % DUE
X85
B TOTNV AT e ML, Fh)2
LARKOIFHEM AN Z | XL, BN ME
RIS T 5%, #-T, ACEOMES XM
FELEAMHICERTHLEINTED, BIENIC
bLBREEOLE 2, MoORLEE L bEIE
HABL e ERALPIR-722 87 %, ACE
R 55 A1) B C AR TEME 5 IUE B DT0% R R %2 7R
LTWb I e elhs, EPHEICIBVTEM
FEEROF—EIRHED DL UCTHEL s
NTw 5,

HAE, HEDBEIIZHERESFIAEINT
w%#,%@ﬁﬁﬁibﬁmﬁﬁ#ﬁ&ékﬁb
NTVD, AT F TR F T 7Y ILD L
YT XA Ty 1 EWEEE (LWTFACE) M
FEIL, BRI OEREROLE" L HEILE:
FEDEICFH ST VDT, LhLads, &

EEMAEEHER L T0 S22 TR,

D& HRIFITIIEN A & ORIV % BIE S8 5 0]
R B B, o T, ACEHEMHEZ L RHED
BHUZ X 5 SIEAE PRI, AR OO D 3 <
MEWLZEEZEZ LN,

BRERE RS V0 B2%{GATEY, &
i, BIR THIER % SRR R RIS A
WFEAED LN TW5H, ZRIICIE, ACEDOREIZ

B EMAESEFBEOMTENH 5 Z L HmESINT
Whe, BAKE ISR EICRTFF
kT 2. BRY VS HITEEFEIMEIC L h
TFFERERL, TOREELRFET L, B,
AAHKLTRETIERXTF FICELTIRWLD
PRI ENTVEAY, ZFEAERNICETILE
R TR RO D LT T FIZBT 5
FHBOFEM 2 BREN X 2 IThh Tl vy,

Z ZTABIETIE, EEATIEREZ fOr
I L=y -7 FAF UV RICERL, &
MEA (A - KA - BA, WIThbEEA) %
¥ Ry B EETHIEL 2T F FREW &
HWT, REBEN (79 FIHKRACE) & A%
PR (HUVECHRACE) (2B A1ME L5
PIRh S 2 S FERIC SLBARGT L 720

2. 7 &

2.1 EBMH
WROEREEOKEEN (LA - KN - BA
WIS EER) ZEBMEHIAW,

2.2 BAHETF FORME
BARRSTF FORRILTOLEB) TH b,
FHEADI Y FRIZ2 EEOEFAREZRML T
7 — K7 u-+t v+ — (Panasonic MK-K48) % H\»
T30, 2 AT F A4 AL, 70C T304
4 Fan—1ik, ZOFEYzh— P EEER
WIBOMBMER 5 > 787 E4 > 7V [Whole] &
L7z Z20%, ZOFREY = 32— b %HCITpHLS
WRREEL, BMBEHkET T2 (1 010000) (F1



RA RSB REPER  O S R 2R O RBRKE IZo2V T 3

HHMETERARHE) 25 7 HE (RRE
B2 20%DS CRTENETNDL L ERE
L72) IR LT 1 /100052 FmM L, #BIFEL2H5H
37CT2MM A v F 2 _—} L7z, NaOH% AV
TpH6SIZFHEE L, 1055 BEM Lok, BEREE
AT T TERT &8z, ZOBRENT Y VHIE
BTN [RTTy (2h)] £ L7z, EBITHY
Ty REMEBETERASH) BrosrsL
7F v (A& 2EhEh7 Y v LRGN
L, HUBHELL22S37CT2HHA v 2 ~—
b L7z mBIZ105 M A L7232 ARERA
TFRELZ, TOBEWRERT VY - V)T
MBS TN [ R/ )T (4h)] &
L7z

%8B, MBENS /37 B[ Whole |8 X &K
IR TH LN BREICI DAL RTFF
BAEW%045umE VO — AT 5T — b AT L
VIANET (T RN T 4y 2RE BR) IZTH
B L7-HEME ERIZHL 72

2.3 FFYNVHEF NI TLARYTZ2) LT

I M VESKE) (SDS-PAGE)

Bonl-HBOSFERLENS OBERRILIC &
ABEEERRLI-DICFTUNLGEBEF N Y
LRYTFTZYNLT I FANVERIKE (SDS-PAGE)
#LaemmliDO /" TiTo72e TZ7UNT I Fig
E15~175%D 75V PPV ERWTAS T
ROKBMTIT o720 FUNY FORMBIE T —<
=799 7Y b7 N —R250 (Bio-RAD
Laboratories) 12 & D17V, BEIZIZ10%E % H
Wi, ¥7, F&E~v—4— & L TSDSPAGE
Molecular weight standards, Broad Range
161 -031 7(BIO-RADH#) #fEH L 7=

2.4 Fur@miEwkorox V57 4 —

(HPLC)

B 12 13005MY BB MY U LB

(pH7.0, 04M) ZH W 72o SHTHIIEEER Z LA

#E (DGU-14A, BE#HE) (Z@L, #9413
Shodex PROTEIN KW-803 (8 x300mm) (i3
BIHREM), BEHBAR ~ 7IZLC-10AD (BH 81
FrdR) 2 Hvy, 3a#0.5ml/min, iE A B 20 TiT o 726

NTF FOMMBICIE, I E2—7—THES
74t 3% (SPD-10AVP EEREFR) % Hv,
B E R 13280nmTIT o 720 S HIZH TRV —
H—,LTYEIFEY, Ybru—aC, 77
aF =, BSAZHW,

2.5 FUNRIBOEE

B RUBOREAN Y > 37 % [Whole] DER
IEBiuretiEY I2& DfTo 720 bbb, 87
BHEwoat L, 4 B OBiuretiAE 2 I 2 THEIR
T304 M SUG ¥ 72, UL % SHIMADZU (H
A) WUV-VIS Spectrophotometer 1245%! 43¢ ¥
FERT (WOBRE @ 540nm) S THIE L7z F -0
WMTHHRTF FIZOWTIZUVEE” %2@EAL,
WEEXITo 720 Thbb sy /37 BIBEWD215nm
OWRFCED 5225nmTORNE L Z LT &, 144
BELAROREE Y v/ 7 GRS Lz, BIEI
W RELE B UaotBEEt 2 A L 72,

2.6 Try¥AFri v I EHEEE (ACE) M

EEEOHE

Cushman® FE® ¥ U CHlsE L72o ACEWX
v FMHET > ¥4 5 oY v I EHREEE (ACE,
Peptidyldipeptidase, EC34.151, ¥ 7 <) #
RV, 0.25MoAR 7 BRI T 1 unit/mIIHREL,
B % 12 120.25M 7k 77 B 4% B i) C60unit/mlil A
MRLUBEA L. ACEEDRISHE & LTIEAK
KETHBTIVNLERAF I NVLEAS ¥
(HHL, #4354 7A27%) %M L7, HHLIX
HWALF b U oA (FOGREZETSE), 0.25M% 7 BR#&
il % £ N2 10.608M, 0.1MIZ% 5 K 5 IZMIlliQ
KERWCHELBRTHERL .

A B 6 1i260unit/miD ACER #2043 £ V7.6
mM HHL#& W50 % @0 L 37°C T304 ) ) &



4 PRLEE IS 5 BI AR FE AR R E 3 Vol28 201011 BAEIEA  (FEERCERME

7z, BUGIE0.1 NHCI (FIYeidE T38) 554u% A0
TS, BB TV (FHh 5
A7 RA2) 15mi% Nz TACEDERIC & b ek
L7-BREEEIRE S L, 2500rpm (1000 % g),
155 LS EE T > 72, RiEOBBZF VEE
1miZE L, 100C, 105MOmElz & ) AR
B & E7z, RELBREZ BT 570121 M
DONaCliE#R % 1mMA RNV T v 7 A% 470572
L7 B IR BEOG R % 228nm CTillE L 72,

RREE S AR B OWOLEE %S, IR K Y
DX D IZMIllIQ waterx I 2 72O % C,
HH0 LOACEER RIE S TH S G & &/ 0
OWHEEBE LTAR L D RD 72,

& (%) = {(C-S/C-B)t x100
2.7 ANMEANEMIEIZ BT 5 ACERS M EH) &
B

AREBIIMEEAN B REGST L > ¥ — AR
TR R F — L D O F T - 720
Balyasnikova® F#: 1ZHEvy, AMUE R
B SACEE NG RABEZ T §b b
96well Micro Platel\CHUVECZ 4E L, AN
L7 BHEAERHRATF F50d & B0 ul % T
ML37C T 3RS 24, kiEs0u% 5784,
His-Leu% OPA#H Ll L 72,

ACE% » X7 BEDi&tk L& % FE 4 5PMA
(Phorbol-12- myristate 13-acetate) @M L, &
PERH BRI A& A 7~ 7 ) v2saME R L7z,

3. BREEE

3.1 SDS-PAGE® & "%V % BHPLCIZ & %
GrF AR DG
IhEFTCORMBEMHS O DACEREFHE O
ik, & U7 BIRERTF FOBESFLTH
A2 &R, Stamler 5 D|E™ 2oy L3 HEE
HEOWMIMERETICEMTHILIEENEZ &
REDG, KRERIIBVWTHRALZEROBEEIC

DIk TMEL-RTF F2HEL, ACER
FEEEWE L7z,

¥4, SDS-PAGEICL 2% 7 N&fhko s 3
YHEDGRSAB LUV ABHPLCIC & 5
BICE B ERY 27 BORFHNELOBIE L 5
TESAOWE%1T -7 (Fig.l, 2). SDS-PAGE
& o T, BMRLAEFEIZE, SERAS /3y
BOSEAET L2 ERo6N, FALDD
KA B L OBATHRLIIZL2HAY Y308
DO RAET T HE b RO bz, F7-HPLC
DIER L D 5T E20000Dalh LOBW S » 82 B
136,000Dall P2 ENB T EHL LR D,
EETOT T —ELDORIBICE @G 37
BOBGFALSHR SNz, RAOHEIZLDIH
MIZLZ2EBOZIRSIETOECHEL, 7
f#BIEDOHPLCN Y — Y 13 Re 5 1288, FhHD
Ny —UhHBA, KA, FROIACGHEING
WIEEIZH o720 RT T2 E MY T YT 4B
BERMEILL-BRAREKRTF PO — 2 # BHH
THET A&, Ehd 5 F81,000~6000Dad H
=2 %2FLTWA I RSN, B,
HERATHTELSOTEDEG TEDOE — 7 D
mAassEed S, R~ 7F NN
anz,

3.2 ACEMEIFENE DM€ L BARES

AW, BABXOHEA L ICHLBEEIZL 20
T, AAY X2 EDIFE A EH6000Dall T
WHRSMT WA Z LRSIz, 2 TRE#
WHEIZ X B ACEMLETE M D LBMET 21T 720
Fig3iZ, SEROMBNE L BERLHEIZLD
045umE N — AT EF—b AT L 740V
YEREBTHY VN ERE, FNHDOACER N
FERAZIR LIz BERLEROMBMLIRIC L ) %
HMEWN»HEET LIRS TFRDOY VRV EILHR
HERIBPOHON Lo, FEEREIRT Y ¥
HikB XU ZoHko M) 7Y VERHEILICED ¥



FLIA PR AR ABTE L 73 0 #2230 O U BARET 12 D T B

(M. W.)
kDa

200.0
116.2

66.2

45.0
31.0

215
14.4

6.5

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).
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Fig.2 HPLC pattern of time course hydrolization of beef, pork and chicken digested muscles. First row indicates
patterns of beef proteins: second row patterns of pork proteins; third row patterns of chicken proteins. The time
course of samples digestion is associated above the patterns.
pep = pepsin; typ = typsin.
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Fig.3 Dual axis graph shows the values of ACE inhibition percentage (data in bars) and protein concentration (mg/m/;

data in lineation) of beef, pork and chicken muscles.
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Fig.4a Changes in ACE activity of beef hydrolysates measured using HUVEC. PMA (Phorbol myristate acetate) ; CAP

(Captopril).
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Fig.4b Changes in ACE activity of pork hydrolysates measured using HUVEC. PMA (Phorbol myristate acetate) ;CAP

(Captopril).
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Fig.4c Changes in ACE activity of chicken hydrolysates measured using HUVEC. PMA (Phorbol myristate acetate) ;

CAP (Captopril).

Table 1 IC-, values (mg/ml) of beef, pork and chicken
hydrolysates measured using Rabbit-lung ACE
and HUVEC-ACE.

sample Rabbit lung ACE HUVEC-ACE
Beef 0.714 0.668
Pork 0.343 0.260

Chicken 0.287 0.249
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