J. of Korean Oil Chemists’ Soc., 1
Vol. 33, No. 2. June, 2016. 293~303

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2016.33.2.293

=

WHERHE 8T A WhE WA T
N1 A R AL LB B4 B

Zota’ - T

(20169 69 9¢ Ha 2016L4 6gj 16 43 20169 64 169 A=)

Process Optimization of Meat Protein Hydrolysate of Ogae Wings by
Response Surface Methodology and Its Characteristics Analysis

A Yeon Kim" - Sun Kyun Yoo T

" Department of Food and Biotechnology, Joongbu University.
(Received June 9, 2016, Revised June 16, 2016, Accepted June 16, 2016)

8% AB W 5BA 9 BeelS Fee] B ALRaBe ash wEY 9 AgLE,
ATA% 2 GG 5 AABAYC] Ik JoE Lol gk B AT Ay oA 9A% B
278 bromelain ZECHAE olgate] et Feje] vl sfRe AHZHL Sastn A4
o) B4e wada. 29Ee AL BN I8l e el TY9| UL G5e
 40-60°C, W pH 66, £ES| T 1-ulw/woliek A WKS] Y ) Sk
FAZAL G4 HHSLE 48-50°C, ¥HE pH 7.0-7.2, 849 FL 3%(w/volA AR =it ol &

=)

[e)

M2 ZhEel &2 68-69%C E@' }93\‘—4'. Aite difE ZteEeiEe] RAES AP HWeo
Q9 22k 500-1,200 Daz FZH et 4HE o= Fof| el 7158 HolFe A o
L AHE histidine, proline, methionine, cystein, tyrosine, tryptophan, phenylalanine £°] 43.07%& A}
Z15keet. ERE Ao te] FHF glutamic acidZt HA] Aot kAte] 13.6%% TP W e
215t A% 715 AFLaARA F8 7H7E 2 ACR J|HE St

_4_4

FAo] © G, EREJOFY, FEVRS, XY, TfrEd

Abstract : Protein hydrolysate that shows physiological function such as antioxidant, suppression
of hypertension, immunodulatory, alleviation of pain, and antimicrobial activity has been known as
playing important role like hormone. This study was performed to optimize the hydrolysis of the
wing’s meat of Yosan—-Ogae by a commercial protease. The ranges of processes were the reaction
temperature of 40 to 60°C, pH 6 to 8, and enzyme concentration 1 to 3%(w/v). As a result, the
optimization of process was determined at temperature of 48-50C, pH of 7.0-7.2, and enzyme
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concentration of 3%(w/v), and degree of hydrolysis was 68 to 69% at above conditions. The
molecular weight of hydrolysate was distributed to 500 -1,200 Da and showed typical peptides.

The amino acids of peptides showing presumably

antioxidant activity such as

histidine, proline,

methionine, cystein, tyrosine, tryptophan, phenylalanine comprised about 43.07%. The glutamic acid

was 13.6%. Therefore, we expect that those products are useful as functional food ingredients.

Keywords *

1. M B

0T dzyY WL dPsty AZL
Asle HFoR gl gd, akozt 4@
7o) AR Estel NP EY oy, A,

2 BuEo] YtH1-3]. 1 F =
e 242— 11 A4t oA= 1980d 4¢¥ 2y
2 AAEE 26552 AHE o] FFo] U4t
A HE eAets dd te EFoes 83
ol ¥ 21 A”E Hu Wtk £E 4 A A
o] E4oltH4].

T s=4 e AdeETH 9 TR
sf=ell et 7154 R A= E4 dist I+
7t A B ek olE Fol 9
ol SiibE, §7, @ dor HE tst 9
Ho7|s =2 &5 AgEA #HelolE EAE9]
£e) 34 9 54 wof Luslo] giri5-8].
e 4 Vs WeolEse el s)%A
JYH 54 U= FYNE Ao dezn
[0 A=Y BN SRR T2EAY
EX AR 487]o] ¥rSS st Al )
59 g5l BEA2 SRS 1der o5t W
937, AEASH U Faagel gk Aow ¢
BA glon, 7154 A, ArA, 19u ¥
hgoz AgE 4 ACHI0-11] Ee %ﬂw
aho) T REA Fieesie
A AN B OME}

FHog —‘%—’,\—61 A B drle] TR

als) E40] A9 glow, = dof ¥
L= 7447] ]IH—r‘Oﬂ AlZ 7 HE Astel 7Zlog o]—gq
FoH12l webq 54 whgos AiEE AR
3 Weole5e Aze F2BY 24= o842
13].

7FsAe] Ak SHEEH

2, of oo M
o 9 o

al

ol

10

N

or

o

mlo
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Aol ARgo]l H eASS A4tsY(Nonsan
City, Korea)ollAl Y& = A= AFdoict &
W Be] §4 bromelaine Nobozymes Korea
LTD (Seoul, Korea)ollAd 4= st Folin
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acid(TCA)¥= Sigma Company(Seoul, Korea)At
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Table 1. Reaction temperature, pH, and enzyme concentration levels of independent variables in

Box—Benken design

_ Level
X Independent variables
-1 0 +1
X Reaction temperature (C°) 40 50 60
X5 Reaction pH 6
Xi Enzyme concentration (%) 1 2 3

- 295 -



2 578 nmold FREE ZHSArh et

714Re) A= DH% (degree of hydrolysis) 2]
2 off Ale ol-gste] AltstATh
Dattimeti‘DO
DH= mx 100

2.6. 7t=2sliE2| Fdoto| it 2N

2 AN AiE A dls TeidlE
= 02 pm AR B2 A3E Stk o
H AMEZS 18 ml test tubeo] %5t 6 N
HCl 5 mlE 7tste] 2A¢h 9a(darks )
T 1107CollA 24A1%F o F<t ZhpEel AR
ot IRV 3 AEE Sodium 58 o
2 HA4s o2, ol 1 mlE FHstd 02 gm
2 oMAA ofu|iAt AHEEA7](S433-H,
Sykam GmbH, Germany, Munich)2 £4-& s}
ot ofmiAt AEFEA7] AHL  Cation
separation column(LCA K06/Na)& AH&sIA,
A8 I7]1= 46 X 150 mm, AY 2=
57-74C, &84 OPA A9k flow ratex
Z+Zy 0.45 ml/min, 0.25 ml/min@g o, ojujf <
g9 pH WHIE 345 - 10.850]91%, =
2 440 nm¥} 570 nmo| ATt

2.7. Jte2dliEe EXE BEx BN

7HreRoiEe] A 542 9ol matrixo] &=
H|= @ —cyano—4-hydroxy-cinnamic acid 1 mg
2 0.1 ml 70% acetonitrile, 0.1% formic acid®]|
&of & wEdth. A& sk 50-100 ppm
ALg FH[SIF oW, matrixA| =8t A|RE 1:1
&= A%ich SEolE 9o 1 ml A& "ojx
2] Axg & LA g AES Fo AR
A7](MALDI-TOF, Voyager DE-STR, Applied
biosystems, Foster City, CA, USA)E ©]&35}o]
=45k

3.1, 2A 2K A Jt2sl =X s}
33
oA dge] il gavieRe] A
8189 ¥ 25, pH, &40 3710 A
Zeof| tete] vrA-#A tAeloz APS AA
sto] dojzl TRl (R)E AFZAIIT Table

LBl =g

2014 HogEoh A@Ad JteEoixe] #he
20.48-68.18% HLloA Z73ko] olFith

Table 32 A AdtoAq Uehd 71 2o
of gt FH2e] EAtRAHel A HolEr
Quadratic 2]7] R@9] &4 Ail= REo] A9}
d oRE Yehll=tl, bromelain &4 ot
oA G 59 teEdls ¥R, pH, ¥ &
A9 o] gsto] PEFE W= o= Aol 95%
FF olYellA ool 1 EHeoh BE 24
A4=(determination coefficient) R? 32 A& 7t
(observed value)@t A& Zk(predicted value) 71
31 Ag A (correlation) FEE HolFE=H 7}
ok 0.97 olqich. wheba] o] mee 39
el A=A gethe AE HolErh dg4d
AA(lack of fit) HAE HAAAE Folido] YEt
2] ool 2 Ao AMGEF REo] uje HAdt
< ¢ 4 ok

Table 4= Z2E9 3|HAFE Ues Ao
oA g 9 dwiAl] 54 JHeEsls B4
o] Bhg2k, Bhg pH, ¥ &40 Fkof 254
T = AR YEHTHp0.05). & AY 2
3t Hhe pH, ¥ §249 ke 14} 2
b, 2oo EFE foido] yeht aclEo]

oE F= wsHor IS mAE Zor o
eyttt o]E9] tigt 3742 Table 59 <lrh

T4 bromelainol] o3t oA 97iS &3
Ztraoll 38 W =9 pHO A
T Ae HojFqleh Fig. 12 F
of gt 7teRAllE(%) 2l 3D 29 3 A
HolZth Fig. 12 849 L2 2%= 513
o ¥ 2% HI 40-60Cet ¥ pHE]
HeIRI 6-8ell4 HA 7ol oF 48°Cet pH
72014 AAo] HE HolFErh HA ¥hg 2k
Al H-g pH 69149] ZHEalie oF 48.6%A4]
HAE S7FE Strh pH 72004 HA TR
Sl oF 68.5%& Au HAF HAE She] pH
8ol A= oF 52.5% 712 "ojHeh. Wiz %]
HHg pHollM& ¥HE25% 40CollA oF 58.5% ©]
A7t JA2AS7HE stol A JeEsiE Ad
pH 69149 7}4-Esie oF 48.6%14 HAt=
37V sitzh pH 7.2004 A sisRa=d
oF 68.5%2 Alv HAF AAE Ste] 60TColA=
OF 42.5% 717 Eolgl& HoF3

ofd fol

ox of

rE o
> > flo Lo

tlo o

- 296 -



Vol. 33, No. 2 (2016)

27 @ B Tk A AT 34 IS A2 59 24 5

Table 2. Experimental data of degree of hydrolysis of wing’s meat of Yeonsan Ogae by bromelain

protease
. Degree of hydrolysis(%)
Run Temperature('C) pH Enzyme(%) Observed Prodicred

1 40 6 2 34.2 33.6
2 60 6 2 432 442
3 40 8 2 51.2 50.3
4 60 8 2 19.8 20.4
5 40 7 1 51.2 50.3
6 60 7 1 39.6 37.2
7 40 7 3 59.8 62.2
8 60 7 3 55.2 56.8
9 50 6 1 36.4 37.9
10 50 8 1 33.6 35.4
11 50 6 3 56.2 54.4
12 50 8 3 51.2 49.8
13 50 7 2 67.0 65.1
14 50 7 2 69.2 65.1
15 50 7 2 65.8 65.1
16 50 7 2 62.8 65.1
17 50 7 2 60.9 65.1

Table 3. Analysis of variance(ANOVA) for response surface quadratic model to the degree of
hydrolysis of wing’s meat of Yeonsan Ogae by bromelain protease
Sum of squares -
Source DF Probability) F
Degree of hydrolysis*
Model 9 3051.97 0.0001
Residual 7 70.66
Lack of Fit 3 26.83 0.5483
Pure Error 4 43.83
Cor Total 16 3122.64

@ Coefficient of correlation (R?) for degree of hydrolysis was 0.97
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Table 4. Estimated coefficient for the filled second oder polynomial representing the relationship
between the response and process variables

Factor Coefficient .
Degree of hydrolysis
Intercept 65.14
Linear
Reaction temperature -4.82
Reaction pH -1.77
Enzyme concnetration 7.70
Quadratic
Reaction temperature -10.47
Reaction pH -17.57
Enzyme concentration - 3.22
Interactions
Reaction pH X Temperature -10.10
Reaction pHX Enzyme concentration 1.75
Enzyme concentration X Temperature - 0.55
Table 5. Polynomial equation calculated by response surface program
Response Second oder polynomial equations R?

Degree of protein
hydrolysis (%)

Y= 65.14-4.83X,-1.78 X,+7.70 X5-10.47X,%-17.57.X,°
-3.22X32-10.10. X, X0+ 1.75 X: X5-0.55 X,.X;

0.97

Xi : Reaction temperature('C), X; : Reaction pH, X3 : Enzyme concentration (%)
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Contour and 3D plot of degree of

hydrolysis of wing’s meat of Ogae.
Enzyme reaction was performed at
shaking incubator with conditions of
pH range of 6 to 8 and temperature
of 40 to 60°C.
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enzyme concentration of 1.0 to 3.0%
and temperature of 40 to 60C.
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Fig. 3. Contour and 3D plot of degree of hydrolysis of wing's meat of Ogae. Enzyme reaction was

performed at shaking incubator with conditions of enzyme concentration of 1.0 to 3.0%

and pH 6 to 8.
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Table 6. Estimated coefficient for the filled second oder polynomial representing the relationship

between the response and process variables

Composition of amino acids of peptides

Essential amino acid

(mg/100g)
Aspartic acid 989.65
Threonine 688.32
Serine 303.42
Glutamic acid 1,603.23
Proline 554.82
Glycine 976.98
Alanine 747.89
Cystine 130.17
Valine 581.69
Methionine 266.92
Isoleucine 564.18
Leucine 861.61
Tyrosine 391.39
Phenylalanine 453.36
Histidine 456.52
Lysine 1,009.05
Arginine 757.54
Total 11,336.64

3.5, QA CHHE JI4-EEHE EXI

QAS whlyo] nRHolAE o847t MR
3 A oA it TheRSES] BEAtS
=48ttt Fig. 4= MALDI-TOP A &0tE 1
Holzrh MALDI-TOP®] I#jZojlA] x
EAFm/0E Y YE2 o235t =
B4 Z=g et rEdfdge] 24
Zo] W= 500-1,500 Dadld] tha&E 71-Eaf
2] AFAQ #Helol=ol BxleF 1,200 Da ©]
stolQict. o2 AFGE EWH Mg b FAER
HE 7teRsEe Heolmg F4 2 699
Da o] B+ BAFS 7H Hepo|=rt BaE Q)
o}, PitEt 715 7H HEpols 3747 A
S JIEESERYE Aol HAgEd EARS
77} 1305 Da, 938 Da, 584 DacolgltH15]. &
Hlo|g A §5-8 Hole H7je] ol si4Ea
22 5 KDa ©|QItH16]. o &8 gz g
AR AgEe 7K F8 JMESES 2-5
KDa 2 B1stgloH17].

0 i ol
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Fig. 4. MALDI-TOF mass spectrum of peptides
produced from hydrolysis of wing’s

meat of Ogae by protease bromelain.
Enzyme reaction was performed at
50°C, pH 6, and enzyme concentration
3%(w/v).
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