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Optimization of Peptide Production from Leg Meat of Yeonsan Ogae
by High Hydrostatic Pressure and Protein Hydrolytic Enzyme and Its
Characteristic Analysis
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Abstract The purpose of this research was the optimization of protein hydrolysate production using a commercial
enzyme bromelain 1200 derived from the leg of Yeonsan Ogae by response surface methodology. Yeonsan Ogae has
long been known as supporting health and high efficacy treatment. In recent days, as the efficacy of functional
peptides becomes more known, optimization of oligopeptide production and its characteristics from Ogae leg meat
has been performed. Response surface methodology was performed for optimization of enzyme hydrolysis. The
process was varied in pressure (30 to 100 MPa), time (1 to 3 h), and substrate concentration (10 to 30%). The degree
of hydrolysis, amino acids, and molecular weight of products were analyzed. The optimum conditions were determined
to be a pressure of 100 Mpa, time of 3 h, and substrate concentration of 20%. Under optimized conditions, degree
of hydrolysis was 34.10%. The average molecular weight of protein hydrolysates was less than 1,000 Da. Major
amino acids were leucine, lysine, alanine, glutamic acid, and phenylalanine.
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ZA7HA] - 20C ol A HA3IATE  trichloroacetic
acid(TCA)A| 2F2} Foli n ciocalteu's phenol(FCP)A] 2F2
Sigma Comp any AKSeoul, Korea)oll Al +%
i
JAKSeoul, Korea)oll A <
a7l 9g dAe FHAIQ

s

13k,

24 bromelain 1200GDU(BM 1200)< EH?‘;‘
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Hepol= A H A3} 34 A HE AFL 370
o] WS vk (MPa), HH3A7Hh), 7129 FE
é, oA TS 50 MPa, 3717}, 20%=

% 17709 A7

i?}gi T4 5%t} Box-Behnken Designe Al 7}4]
o] Fa% Axtel wh Kafo] Hew, AME AL A
%(designed experiment)ol] W} SAA R AHS F
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Y=DBy+ B X +BX, + By Xy + B, X\ Xy 3)
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+ By X5+ By X3

A3 Fol BAE Avse FARAES Des ign
Expert(Couresy: Statease Inc., Statistics Made Easy,
Minneapolis, USA)E AH&-stlth. SHBFTES] e
o] Aol d2 AaEE gl X(WE)E 30
MPa(-1), 50 M Pa(0), 100 MPa(+1)2Z A3}1, Xy(AZh
= 1AIRK-D), 3A13H0) 51+ E AskaL, Xs(7]4 9]
TE)T 10%(-1), 20%(0), 30%(+1)Z 33 tH(Table 1).

Table 1. Levels of independent variables such as reaction
pressure, time, and substrate concentration in
Box-Benken design.

X Independent variables Level

-1 0 +1
X, Pressure (MPa) 30 50 100
X, Time (h) 1 3 5
X3  Substrate concentration (%) 10 20 30

2.4 27 Ct2|g THHE JteEsl

FetE v]A 30 mL PBS £ oA thel&S
10%, 20%, 30%%} 7} ¥ o] Homoge nizerE ©]-&35}4]
w25 AFT Ao 743 | g5y a4
BM 1200 1%%E #7kske] ISE7I(TFS - 2L, Toyoko
Tasu Co., LTD, Hiroshima, Japan)oll ®Hg-AJF T}, &
T 100C2] F520l 302 St ¥ a4hES A
AN 5 s 2stoich Tubedl] 413 2.5 mL9} 0.3
M TCA(trichloroacetic acid) 5 mLE {31 420l 4] 20
W WS 3000 rpmell Al 1087 AR o o A

Fole st A9 wuAS Belsh,

2.5 JtrEele &H
7l s 542 LowryH S st S48
1

[25]. 24 5] JiF vk BalE

NaOH 5 mL, 1 N FCP(Folin-cio calteu's phenol reagent)
1 mLE 93l Voltex= A E9ste] wj7]el 30°Cel
Eot WSkt Wk - A1ES o] #tske] 578
mml A FFEE A9k 2TFEZQ] L-tyrosine ]
° =

DH(%)E A4Fet4

2.6 ool =4t EA

PBSE 30 mLoll oA thE]H 9 g& ol 4lgh
T E2 BMI200E 1% AH&-3He] 500 MPaoll 4] 5413k
HH8-3kaL 3,000 rpmell A 20437 UAlEE she] sl
< FH3A 0.2 um membrane filter
(Millipore Co., MA, USA)Z oj3}slo] ojn|imal 25+
237](Sykam GmbH, S430-H, Germany)®Z o} =2k
S 4319 columne Cation separation column
(LCA KO07/Li)& AHEEF1 AL, F7]% 4.6 x 150 mm, =
T 37~74C, %8903} o-Phthalal aldehyde(OPA)
Al2ke] flow rate= Z}Z} 0.45 mL/min, 0.25 mL/min®]
om, ojuf ghgole] pH W$l= 2.90~7.950]911L,
92 440 nm¥} 570 nmo] Atk

L=N)!e)
3N

2.7 T JieRliE EXE £F

PBS&1 30 mLoll oA thE]S 9 g& ol 4lgh
T 824 BM 1200 1%%E ARE-8to] 50 MPaollA] 5413F
HH8-3kaL 3,000 rpmel| A 2047 AAlEE Bhe] sl
< FHalrk A59e 02 pm membrane filter(Millipore
Co., MA, USA)& o]-&ato] o33t MES AR5
HEpo|= EAF Z4E $18) matrix ™ alpha-cyano 4-hydroxy
-cinnamic acid 1 mg= 0.1 mL 70% acetonitrile, 0.1%
formic acidell &3] & WEJTE MEY FEE 50~
100 ppm AEZ FH[3IH O, matrixA| 59} AlEE
L1H]&2 Atk MS plate$lol] 1| mL AE "ojrg
Az T =3NS He AES FH FFEAY
(MALDI-TOF, Voyager DE-STR, Applied biosystems,
Foster City, CA, USA)Z o]&3}o] #4519
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A3 ol tfste] Box-Behnken Design .2 23S A
Astel defzl A4z &, 7Es| =& Table 201 1
BRIl sl =Y HM 16.70%~34.10%2. %
SAHAL, AN S 7t EHETE 34.10%% B
Z=5

Table 2. Experimental data of degree of hydrolysis of
black body fowl(Yoensan ogae) leg meat.

Pressure  Time Substrate Degree of
(MPa) (h) concentration (g) hydrolysis (%)

1 -1 -1 0 16.70

2 1 -1 0 22.80

3 -1 1 0 18.90

4 1 1 0 28.90

5 -1 0 -1 23.10

6 1 0 -1 26.80

7 -1 0 1 19.80

8 1 0 1 34.10

9 0 -1 -1 19.80

10 0 1 -1 21.50

11 0 -1 1 19.80

12 0 1 1 28.90

13 0 0 0 33.14

14 0 0 0 31.20

15 0 0 0 33.67

16 0 0 0 33.29

17 0 0 0 28.50

APAE o183 FH14 tg BARA Aspe
NS EE Aol o) Sy Bue] YA ofyE o
P tEhe Y H1 sk thee] Mg 47
i Ease] 2dg 2= AL BHow I
[26]. Quadratic 3]7] E@e] £4] A 3}:= Table 30| 1}
BRIt ol5e] Aol mEw Thpdeiert st
AR} 7)1 4o GEFE Withs Zlo] 95% F ol
A A5,

Table 3. Analysis of variance(ANOVA) for fitted
second-order polynomial model and lack of
fit for black body fowl(Ogae) leg meat.

Sum of Squares

Source DF .

DH
Model 9 549.03
Residual 7 21.31
Lack of Fit 3 2.68
Pure Error 4 18.63
Cor Total 16 570.34

* Coefficient of correlation (RZ) for black body fowl(Ogae) leg meat
was 0.96.
" Significant at 5% level.
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28 7 A Al4(determination coefficient) R < 2
& Zk(observed value)$} Zgk(predicted value)y} &
A F(correlation) FEE HoF=dH 7HE % 0.9626
o|BE o] KElE 4% HejolA “U“E]X] °LLE1rL A&
HojFEd A o(lack of fit) HIAE HAANAE F9
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Table 4. Estimated coefficient for the filled second
oder polynomial representing the relationship
between the response and process variables.

Coefficient
Factor DH (%)

Intercept 31.96
Linear

Pressure 4.26

Time 2.39

Substrate concentration 1.43
quadratic

Pressure -3.34

Time -6.79

Substrate concentration -2.67
Interactions

TimexPressure 0.98

Substrate concentrationxPressure 2.65

TimexSubstrate concentration 1.85

Table 5. Polynomial equations calculated by response
surface program.

Response Second oder polynomial equations R

Y = +31.96+4.26X,+2.39X,+1.43X;
334X, 2:6.79X,2-2.67X,2
+0.98X,Xx+2.65X Xs+ .85 XX

Hydrolysis(%) 0.96

X : Pressure (MPa)
X> : Time (h)
X; : Substrate concentration (%)
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Fig. 1. Contour 3D plots of response surface. Effect of
pressure and time on the production of black
body fowl(Ogae) leg meat by enzyme and high
press.

Fig.

)
3
X

32 27% 744
& nolFalr,
o Ay %

Substrate concentration (%)

Degree of hydrolysis (%)

Zo| s=0f mE HEEo|= Yit

o) uhe Pefol= e A

]
S

o} 9% 80 MPax ¥H3- 3l1S o Efo]= AAF
ERSITE 48T Al M 7
wo] A 7|Ae] FREHIHE 94

Aoz Ho 7tk ¢ 30 MPat-H
80 MPaZtA| F7kslthrt 1 o] Foll= 2hAaly] AlAket
= A7E BalFlt) 7|4 v & "~
F7Veltizh 1 ol Foll= A
MR =] WelE 20.46%~34.45%
FEfo] = AYAbEEL- 34.45% 2 Ko] Xt}

3 ¥l 10%
= A3

30

25

10
30

34.45

30.95
27.46
23.96
20.46

Pressure (MPa)

—
52>
e
SIE

34.04
33.19
3.7
30,05
27.82
f I I
40 50 75

100

2. Contour 3D plots of response surface. Effect of
pressure and substrate on the production of
black body fowl(Ogae) leg meat by enzyme and
high press.
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Fig. 3. Contour 3D plots of response surface. Effect of
time and substrate on the production of black

body fowl(Ogae) leg meat by enzyme and high press.

3.6 7I+Edlx £F

Y w3 #2143 /4% (stationary point)©] 3]
o AYEo] oS o) at Ak A
il AUt EEE gEo] B E, WAl B
STE, 7|AYe] Bol AHEETFE JITS W Jlow
et 48 5575 A WA Rt
Us 2 # RS BoFeh A7 3417 98- 31 s
W Ha ngdst R AEE BTzt Agtol
Y AEEE 7wt WolAE As HojEt) 7
Ao FE 10%HT 20%2] FL W LA AL S7F
3 2S BT} 30%2] 4 Wl A8 ZhrEsl
7 Eolee AL B Ak Al 18HskE ol 8%
A9 7H Rl 34.10%01 Atk TFH R B
W AT S uetds) g4kl w2 el
= ol 7 d3s A e AL ol vkl 71E
9] ¥ ] HEAZE 20 2 YEFETHFig. 4). Shon
52712 Ha7] FAkES o]8319] protease(Amano 6)
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Fig. 4. Contour plots of response surface. Effect of
press and time and substrate on the production
of black body fowl(Ogae) leg meat by enzyme
and high press.
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T4l obn| :=AkS- leucine, lysine, alanine, glutamic acid,
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Table 6. Free amino acid composition of protein hydrolysaste
of black body fowl(Ogae) leg meat.

Free amino acid Peptide of Ogae leg meat

(mg/100g)

Phosphoserine 0.727
Taurine 16.775
Phosphoethanolamine N.D.

Urea N.D.
Aspartic acid 5.597
Hydroxyproline N.D.
Threonine 12.225
serine 12.834
Asparagine 6.746

Glutamic acid 21.965
Sarcocine 1.228
a-aminoadipic acid 0.427
Proline 8.181
Glycine 9.151
Alanine 29.021
Citrulline N.D.
a-aminobutyric acid 0.157
Valine 11.688
Cystine 0.543
Methionine 21.144
Cysthathionine 3.072
Isoleucine 15.903
Leucine 52.542
Tyrosine 9.240
phenylalanine 20.661
Homocystine N.D.

[-alanine 0.160
[-aminoisobutyric acid 2.703
y-amino-n-butyric acid 0.937
Histidine 4.824
1-methylhistidine 0.407
3-methylhistidine N.D.

Carnosine N.D.

Anserine 5.352
Tryptopan 9.893
Hydroxylysine 4.762
Ornitine 6.309
Lysine 35.699
Ethanolamine 0.057
Arginine 13.752
Total 344.805

* N.D. : Not Detected

T

ET==

. MALDI-TOF mass spectra of peptides produced
from black body fowl(Ogae) leg meat by
enzyme and high press.
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