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Abstract : Natural-derived protein—derived low molecular weight peptides have been known to
have physiological activities such as antioxidant, hypertension relief, immunomodulation, pain relief
and antimicrobial activity. In this study, the low-molecular peptides were produced using
commercial proteases (alcalase, bromelain, flavourzyme, neutrase, papain, protamex), and the
antioxidant activity (DPPH scavenging activity, superoxide radical scavenging activity, hydroxy
radical scavenging activity, and metals chelation capacity), constituent amino acid and molecular
weight of the peptide were analyzed. Enzyme reaction was performed by adding 50 g of chopped
Ogae meat slurry and 2%(w/v) protein enzyme into the enzyme reactor for 2 h at a pH of 6 and
a temperature of 60°C. The degree of hydrolysis(%) after the reaction ranged from 36.65+4.10% to
70.75+5.29%. The highest degree of hydrolysis of protamex was 46.3%, and the highest value of
papain hydrolysate was 70.75+5.29%. On the other hand, alcalase hydrolysate showed the lowest
value of 36.65 * 4.10%. Bromelain—treated low molecular weight peptides showed the highest
DPPH radical scavenging activity and the lowest scavenging activity of alcalase—treated peptides.
Superoxide radical scavenging activity showed that bromelain treated low molecular peptide showed
the highest radical scavenging activity of 50% or more. Hydroxyl radical scavenging activity ranged
from about 16.73 to 69.16%, the highest among bromelain—treated low molecular peptides. Fe?*
chelation abilities showed a distribution between about 17.85 to 47.84%. The chelation capacity of
the hydrolysates was not significantly different without any difference to the enzymes used. The
results of amino acid analysis showed differences between hydrolysates of alcalase, bromelain,
flavourzyme, neutrase, papain, and protamex enzymes. The most amino acid was glutamic acid.
The molecular weight distribution of the enzyme hydrolyzates was in the range of 300-2,000 Da,
although the molecular weight distribution differed according to the treated enzymes.

Keywords : Yoensan Ogae, Low molecular weight peptides, Antioxidant activity, Amino acid,
Molecular weight
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2. M2 U 4

21, Tz U A|ef

oz Bai alcalase, bromelain,
flavourzyme, neutrase, papain®} protamex+
T/ HSeoul, Korea)=HE Fdstyet. o
hydrolysate &%l  AM8%E  Bicinchoninic
Acid(BCA) Protein Assay Kitss= Thermo Fisher
Scientific(Seoul, Korea)ollAl st A
AHEE @ASE Aol AA" HdHE AT =
gotel  ded  AdHiz A4EdNonsan,
Choongnam, Korea) 225 ¥ A|-gHForct,

2.2, QA THHE Ji=E2al

Bed ASE 40T FFxoA 2083
Sfsote] WE AASHE F2 ASS |7
Zol 17127 (Kenwood, Seoul, Korea)E ©o|-&
sto] Z1E ol & FAs @ AS 50 goll
alcalase,
papain®} protamex TWA JtREojaAE 27t
2%(v/v)B H7tste] 60C WHS-719A 2417 7}
FEFstA 7S $o 54 ¥SEES 90T
o] Fg4xo| 1083 7FEste] 84FES AH|
ANATE AE2A Hepo|E8 34ctr] $lote] a4
HHSBEE9 9,000 rpm x 2089 Aocg A4
& ot A5 Hottt Al&siA 0.3 M
TCA(Trichloroacetic acid)® THA-& A AIZ]
of 3,000 rpm x 1082 27Ao2 HEEE 5}
o AedE FHstlt A& Hepo|lEE 345t
7] 1A 10 kDa grejofutars ket ghelo
I71(Amicon 8100,  bedford, = USA)ojA
permeate® 2|45ttt AEAF HEpo|E o2
4 Axote] oy A AT w7ix] BE

soact.

ol

bromelain, flavourzyme, neutrase,

2.3. A A JIaEEls £H
HEEE 532 BCA Wl wet a5tk
0.3

tt. A hydrolysate 2.5 mLel 0.3 M
TCA(Trichloroacetic acid) 5 mLE il A9
A 2087 2Ed JHE AlA AP ES AASH

a1 3000 rpmeflA 10 FF ddZEste] AT
S AT o A5H 1 mLel IN NaOH
Aetoz pH7t 5-70] HEs ezt Fot
A1Z1 hydrolysate®] A5 0.1 mL ©of 2 mL
BCA Alofe &gtstylnt. 2/t=2 37ClA 30
B ¥1§ ARl & spectrophotometerg A5}

n2goly $59 42 olg

QA 0A% B ERY ofuliat 9 ABY 54 3

o 562 nmofA FFE=E SAsIAH. 72l
T (DH, degree of hydrolysis)= ofefiel 722 4]
S5 ALtEc

DH(%)=(A/B) x 100
A RS W R oAS BuAs) SRR
B: ZMeE W 5 0% guue B

I

2.4. DPPH 2iC|Zt AEM

DPPH &tz £AZ/42 Blois®] < WE
st ZAoticH10]. DPPH i £2ALAS
AL 10%= SRl 4% @84 hydrolysate
2 mL2} DPPH radical(0.2 mM) €9 0.5 mLE
2atsto] ARgSHlh. EE2 3087 A2ofA
A RHISE T spectrophotometers ]850
517 nmell A FF=E SAsteith. DPPH 2ty
Z aAGGL o9 2o sl FE AFESHA

ct.

DPPH-radical scavenging activity(%)
=[(B—A)/B]x 100
A AR AP
B: Alm 7 7MY FBE

2.5 SI0|EEA| 2iC|Zt A7{EtM

sfol=2A] efrize] ogt 2424 £3L Fan
o e wgstel ZHatACH11). Srol =S4

g 2AZY E4S YA dixt= 0.1 M
sodium phosphate buffer(pH 7.4)& AH&5FIch
10%2 FF5ol 3% @¥d hydrolysate 300
ul ¢+ 300 ul. 3 mM 1,10-phenanthroline, 300
ul, 3 mM FeSOs; 300 uL 0.01% hydrogen
peroxides Z3tstgit. &3t 37TCoA 14]
7+ B9 "8 & spectrophotometers A8-5H4]
536 nmollX FFEE SASHHT. Stol=FA|
2z AAGEE 2o gk AR FFE
£ H|wsto] offjet Z-2 Aoz ALlstTh

Hydroxyl radical scavenging activity(%)
={[(4A/min)b—(4 A/min)s]/(AA/min)b} x 100.
btz st S

AM/min ;W F ERE WS A BY=

2.6. ATSANIE Btciz A7y
FMSARlS SR i 2ASS Yuel
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gz a2AZd A4S f9dA gz 50
mM Tris-HCI buffer(pH 8.3)-882 AL&35tLt.
10%2 F7ol 3148 @l hydrolysate 500
uL & 50 mM TrissHCl buffer(pH 8.3)-8-<4
500 pLet 400 pL 1.5 mM pyrogallol &<l
At T A4 42 T WREAFAT HhE
spectrophotometergs AFHE5F 420 nm of A4
BrE ST fHEAelE o AA
22tz it Al=o] FFEE Hwsto]
gt e 2oz AAstct.

O, o ok o rfo

Superoxide scavenging activity(%) ={[(4
A/min)b—(4A/min)s]/(4A/min)b} x 100.
b: iz, st AlE

AM/min : 9 F FHE WS A FHE

2.7. Fe** oM &M
Al =gl metal chelating effect= Gulcin®]

old &4 AL A tixF=  ethylene
diamine tetra acetic acid(EDTA)SHS A}gs
Ak 10%2 3145 @A hydrolysate 500 uL
¢} 100 pL FeCly(0.6 mM), 900 ul methanol
& 41 =P =PEEL SE B AR
A HES A1Z1 & 100 uL ferrozine(5 mM)S A
7kste] 108 B9t Ad2ollA shAIATE §He
spectrophotometerE AFHE5F 562 nmollA] &3
T2 2431k Fe?' ZAdo]lAd FAL o
et Age] SFEE Hlwste] offel 2 A4
o2 ALstart

Iron chelation activity(%)=(1—A/B)x 100
A AR AN BE
B: Al 7 H7HA 9] 53

2.8. 74 ofo|it BN

242 ANm 1 mg& 1 mlo =%
membrane filter 0.2 gmMillipore Co., MA,
USA)Z ATA|A ofu|iit AHEEA7](S433-H,
Sykam GmbH, Germany, Munich)& ZX35}%]
tf. oAl AFEAY] AP Cation
separation column(LCA K06/Na)& AH&5HAL,
A4 A71E 46x150 mm, Y LEE 57-7
4T, &= OPA Ak flow rate:= Zt
0.45 mL/min, 0.25 mL/min o™, oo <+
Sho] pH WHele 3.45-10.85°1%1, =%

-IOll

rlo ofe 1%
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440 nm¥ 570 nm ©]Ath.

2.9. MALDI-TOFOf| oJ8t 22X &3

52714z @A hydrolysate 0.002 g F 5]
0.1% TFA/H,O 1mLe]l =<9 ¥ 02 um
membrane filter(Millipore Co. MA, USA)o=
ofmAI7 st Belols BAe 242 9
ofl matrix= alpha—cyano—4-hydroxy— cinnamic
acid 1 mg= 0.1 mL 70% acetonitrile, 0.1%
formic acidel 8sfl & TEUT AES T
50-100 ppm ALERE FH|SIH ST, matrix A=
¢t NmE 1:11HE= Atk MS platesie] 1
mlL A% Wolma Az ¢ LHE Hi Al
2 FHdl AFEA7IMALDI-TOF, Voyager
DE-STR, Applied biosystems, Foster City, CA,
USA)E Z2hd2 S5kl

3. Zm ¥ %
3.1. 2|8 A hydrolysate &

a4 oAS oA hydrolysated] A4
< 7H]= HEo|=EE Alxstaat gutEgoR At
SE= Add ol JteEciad alcalase,
bromelain, flavourzyme, neutrase, papain,
protamexS AFESR] TpRalstch, ma HhS
% ARA} Welo|=E et HSRAE Table

1A HolEot, ARES Ao FRe wet 7}

SEAEst ohEAl UeRdth MRess
papaian, protamex, neutrase, flavourzyme,

bromelain alcalase 2% UYEFGF O™, papain
hydrolysate©] 70.75+5.29%2 7}¥ w2 3=
Hojzz9lom ulmof alcalase”} 36.65+4.10%2
7P S e BT AR B= Sara
S14]dFolM= Bromelaing olgste] &F7
SHids JeEeietde W M w2 TR

s HAFES
3.2. & =70 = hydrolysate?| &Atst

Fitet & B7Kst=dl AMEE= DPPH+ &
g = HlwA HAE {FA5H7]

el M=o ghukge] de] Argo] il
H G40 FRol whet At

A2t getel= O] Tl hydrolysates9]
DPPH #ttjZe] 4750 folHor taA
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Table 1. Yields of protein hydrolysates produced from Yeonsan Ogye meat using
different commercial enzymes. Enzyme reaction was performed at optimal
conditions supplied from company
Name of hydrolysate Yield of hydrolysis(%)
Alcalase hydrolysate 36.65+4.10°
Bromelain hydrolysate 43.92+3.85
Flavourzyme hydrolysate 49.50+3.93®
Neutrase hydrolysate 55.01+4.82°
Papain hydrolysate 70.75+5.29
Protamex hydrolysate 62.94+4.67¢
100.00 100.00
A g B
- 8000 £ 00
E’ i ab ;;". ~ 2
a 60.00 b b b ; 60.00
E 2
g 40.00 ‘g 40.00 be b be
E 20,00 < g 0.00 ;
]| 5
0.00 0.00
Akaise Bromesmin  Fevourzyme  Neutrase Papain Protamex Akalase Bromewin  Flvouzyme  Newtrase Papain Protamex
Name of proteases (5 mg/ml) Name of protease
z C z D
g £80.00 a ab 3 80,04
T =
;. b be 2
S 60.00 £ 6000 a
é 40.00 g 40.00 od be
H d F I I d d
g 2000 3 2000
g Sl 11

Alcaiase Bromelin  Fevouzyme  Neutrase Papain Protamex

Name of protease

Alcaimse Bromelin  Fiavourzyme Neutrase Papain Protamex

Name of protease

Fig. 1. The degree of antioxidant activity of Yeonsan Ogae meat protein hydrolysates.
A! DPPH-radical scavenging activity(%), B: hydroxyl radical scavenging activity(%),
C: superoxide scavenging activity(%), D: iron chelation activity(%).

gt @AS hydrolysateS9] DPPH 4ts}

see oF 186104 64.83% Afolo] BEES H
o] F9+=d bromelain®] A7%0] 7V &4 b

Eht 1, alcalase®] A7%0] 71 @7 vrepdet,
flavourzyme, papain®] 47| H|&5HA LEL
3!, protamex ¥ neutrase®] &A5 ETH H|S
SHA Yehgt o Hlw A wetth(Figure 1A). &
A7aT) W2 BeolSEel Jus HAe
D FAota| At FoflA w24 9 HIgFRE ofn]
AL, ) BARo] HEhE AT Ho L

Aoz o8 Hrt

Ao E 2] (superoxide radical)2 3
B3] §=a ez Epecioold Bigt A
2 Zgold A4HELh 1eln AEE ARHoR
aa AEpERAY] It o] A 2F
reactive oxygen species/reactive nitrogen species
(ROS/NOSE Fofizt 2Asx HeHTH17].
I 71AE % superoxide dismutase(SOD)&= Al
el Al EA5HE superoxide anion(0;)E 0,2}
H,0,2 A%ste] superoxideE A7 shH= &4 2
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A Alzef, DNA, ©hafd Fof &4 oigh 1
282 Q18] Figure 1B &= A2 o2 =2
ofAlE  AREStY]  A4tE eAlS o™
hydrolysate®] superanion &7 F4tst 53 &
Ais  HAFEg 2A4S  hydrolysate®]
superanion A&7 PASE FH2 ALE G40 F
ol we JdFE e AeE UEHEth
hydrolysate®] superanion A7 T4tst 582 oF
18.14014 58.87% Atolo] E2EE Ko F=H
DPPH 47 4tst 533 55 bromelain
M= 50% oldel aitet 5& HolFgla o
2= 18%1A 35%Ate|= H|3 REE Hoj
Tk ol A= AMS 8AES HE|E
Agel ot g F97h w271 wiwol
hydrolysate®] HEeto|= F87} th27] wjiel A
o7 AtmEth E3F hydrolysateo] wahd A7
k= 2toZe] FR7F th27] hiEgel o= A
=ETh

AE 5ol Tolsh= H(Fe?)ol T4
A Yol A5 H,0,9F HEALS} vh-g-of
sto] ezl 9 DNA 4Fe}, Az 3te} Al
of ¥gle o= ATt slo|EEA] TS
AAEH19]. I8 B2 Stol=EA] g AlA
= olagt gl os) FiEe ARtAEY A
g2 Qs A= oY 7Hx] ARES dud &
th. Figure 1C & Q@A A hydrolysate2]
Slo|EEA] 2HZd A75S HolEh 2dd &
FAret Y2 AHE BAY] TRl ok g
Hh= Aoz e hydrolysate®] H4FsH
22 x| DPPH 16.73 |4 1 69.16% At
ol9] BxE Hol F9ed =2 TS HAF
bromelain ¥} neutrase®F= GAFSFGLL, ©]olA
ge 53 HAE  alcalase, flavourzyme,
protamexsi= +o]A o2 Zrt ol A=
AME AaE0 Hetelt Ade] digt 28 79
7} ©t27] W&o hydrolysate®] HElo|= FR77}
t27] W2l ZAo® AtmErh

a4 o]2& ZAY°|E3R} of= hydrolysated] &
Z& Figure 1D oA HEo|ET} hydrolysate®] &
Aol S82 of 17.85 oAl 47.84% Atole] £x
£ Ho] = hydrolysate®] Aol 532
AHE BAEo At glo] A Zolel ¢l
hydrolysate®] Zelo]d 532 Hwa W2 gfo
veigth o=t Ade &4 wE
hydrolysate®] DPPH, #rH2Atol= )zt 47
5 9 slolEFA HHd 475 He|] EA U

1o @ Q

1o rlo

)

0

s

or o M

—
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A= 28 olqrt, Alcalase 7H=E5]
pepsin—pancreation 7[R AFEHC}
% Zdeo]d s=o] dAs] o &8k, o]

_]
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7t maold ARE WelE FR7} e
R

o

al

S B 2 oAe o ol 2
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dold w2 HE= 2717 S7rd o A4
omj, o] fml= w2 EAFY HEIF 35

El

delo|Este] H

A e fHeAelE dhrg
2451 e, Cu*' 5o 0§t Aftsol &
48 we gAst B4 Uerark2ll 34

ol
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olr

l.ﬂ
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3.3. 24 =70 = hydrolysate2| OjO|i=4t
= A

Alcalase, bromelain, flavourzyme, neutrase,
papain, protamex EAZ JIEES] A7l QAS
hydrolysate®] /4 ofu|iAts =4 ofu|iih
H|F/A] opu|iAl, QFol2 ofm|icgl, Fo]2 o]
Arog HRste] Table 2 o Yepfidth =4
ot Ato] ke alcalase AR JHpEF| A
A< W serineo] 7MY HL FFE HOFI,
papain 42 7t5E5)] AFS djofl& glycine©]
7V =8 ke HolFEm) bromelain, neutrase,
AR JeES AFHE dde
tyrosineo] 7FE =& FEFE  HAF,
flavourzyme #®AZ 7FpEI AFHES doe=
threonine®| 7} =2 gFo g Hol ok H=
A otm|Ate] SHFS BE glcalase, bromelain,
flavourzyme, neutrase, papain, protamex Ao
A ZHeEs) ARE W leucineo] 7HE E2 AF
oz Ho Aty ol opmi4te]  JF
bromelain, flavourzyme &E4ZE 7heES| A
o lysineo] 7P =2 dFoezR Ho 21
alcalase, neutrase, papain, protamex &AZ 7}

protamex

S83) AZe U hisidineo] 7 e de
o= Mol Hom, Lol ofnliito] e u
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Zzeopy] FRo whE olgdt At eAS A JedeiEd okt o

484

A
ox
~J

Table 2. Characteristics of amino acids of protein hydrolysates produced from Yeonsan Ogye meat

using various proteases

Amino acids

Composition of percent of amino acids (%)

Alcalase Bromeline  Flavourzyme  Neutrase Papain Protamex
Proline 0.25+0.09° 1.75£0.41°  1.36%£0.54° 1914034 0.39+0.19° 1.3140.25°
Alanine 476+0.73°  9.43+0.50" 5.83+0.34>  4.22+0.78° 4.15+0.82° 5.76+0.41°
Valine 6.60+0.68  3.66+£0.85" 6.72+£0.67° 7.27+0.85 3.13£0.71>  6.73+1.22°
Methionine 7.01£0.48"  6.32£0.79  3.84%036° 7.37+0.80  5.64+0.54>  3.84+0.93¢
Isoleucine 1.56+0.42°  2.93+0.79°  6.29+0.73* 592+0.89° 0.96+0.11¢  6.23+0.81°
Leucine 10.81+1.05¢ 14.30£1.11° 11.61£1.00° 17.56+0.74* 10.55+1.26° 11.71+1.54
Phenylalanine ~ 5.57+0.70®  6.24+0.81°  5.38+0.30° 6.60+0.52° 2.92+0.74° 532%1.01°
Threonine 2.98+1.29° 3.70+1.34> 6.87+£1.26° 276+1.14° 3.58+1.19° 6.49+1.02°
Serine 490+1.24® 473123  6.16£1.06° 245099 4.26+£1.03°  6.16+0.90°
Glycine 1.04+0.52°  2.30£0.79°  2.21£0.71® 0.84+0.29° 4.20+1.26° 222+0.43°
Cystine 2.12+0.77° N. D. 0.63£0.28°  1.19£0.34* 0.75+£0.20  0.61+0.33¢
Tyrosine 473+1.02°  6.73+1.05  3.14+0.92° 3.11£0.95 2.75+0.61° 3.16%0.67°
Histidine 1245+1.17°  1.72£0.36  6.65£0.56° 27.46£1.52* 27.34+1.40°  6.60£0.95
Lysine 6.71+0.52° 15.61£0.98° 10.00+1.11"> 3.16+0.35¢ 10.17£0.87° 9.90+0.63
Arginine 7.60+0.67° 12.40+0.74*  779+0.62¢ 3.71%£0.54% 10.91+0.66°  7.86%0.29°
Aspartic acid ~ 4.96+£0.49°  3.25+0.56°  5.50+0.41° 1.15%£0.31¢  2.04+0.90° 5.13%0.37°
Glutamic acid 16.07+0.71*  4.78+0.46° 10.28+0.39" 3.31+0.71° 6.46+0.41° 10.41+0.79°

=

= alcalase, bromelain, flavourzyme, neutrase,

@ 2w 104 9a8 sAskad. Y gl
o3& HolF alcalase 49

papain, protamex EAF 7R3 AFHS wof
+ glutamic acid’t 7P &2 dFoE Ho
oh A AFAde] ofstd A HEO|ES &
42 Az JIAd SO Faete ®A AH
of =gst7] o] st7] Mzl 71540l & A
o5 dEACH23]. et 7sS UEidE 2ol
A3t Bo| 24l MRS AlSske A 5| AF
g omE Fx= A% dyd aAFYe
A9 Zlog wastlei24, 25

3.4.

th3 Figure 2& 67129 & o] @
ALE 7HpEs] ¢ S RxnE 77t yEt
W I9olt}. Bromelaing o]-83dte] 2ASE 7t
g+ 4% 2,000 Da wiRte] Exjfoz

AH 5 H
TEOH iy
Zxo] Q1o chromatogram 9] T3 E E4

HefolE= 3,000
Da mgte] EAFER IUT 2 HolgloH,
chromatogram®] m3& B4 A3} 20719 1

i
St ) 0] o]
=

aE g4 4 ™. Flavourzyme
protamex, papain< Z}Zb 14, 16, 16719 maz
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Fig. 2. The chromatogram of MALDI-TOF represents the molecular weight distribution of protein
hydrolysates of Yoensan Ogae meat using alcalase, bromelain, flavourzyme, neutrase,

papain, and protamex, respectively.
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