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SUMMARY

I. Project Title

Study of Functional Food Resource<Peptide, Chondroithin> Development

from Low Quality Meat Sources

II. Objectives and Importance of the Project

The objective of this project was to develope technology of
physiologically active peptides production and chondroithin from low
quality meat sources such as meat by-products and spent hen and
identify their function and evaluate potentiality of functional food
production using them. Not a few studies have been conducted and these
bioactive compounds will be used as components of high value added
products. Thus there is need for development of functional compounds

from the low quality meat sources and production of safe functional foods

M. Contents and Scope of the Project

Section 1. The production of functional peptide from low quality

meat and offal

In order to extract and separate physiologically active peptide from low
quality meat and offal, various enzymes were used. The separrated

peptides were screened for ACE inhibition activity, -cytotoxity,



antimicrobial activity, NO(nitric oxide) production activity and determined
biological safety through in vivo experiment(SHR, Spontaneously
Hypertensive Rat) as well as changes of ACE inhibition activity on the
basis of heat treatment(60,70,80,90,100C) and different pH condition for

2months storage at 4C.

1. The establishment of optimum hydrolysis condition with commercial
enzymes

2. Verification of ACE inhibition activity of separated peptides from low
quality meat protein by in vivo experiment

3. Identification of high ACE inhibition activity peptides sequence from
low quality meat hydrolysates by 7 enzymes

4. Screening of physiologically active peptides

5. Change of ACE inhibition activity on heat treatment and various pH

condition for 2months storage at 4C

Section 2. Study of meat peptide using spent hen.
Studies were carried out to investigate optimum condition for the
isolation and purification of carnosine, anserine and homocarnosine
from spent layer breast muscle using various enzyme and to
evaluate safety of purified carnosine, anserine and homocarnosine.

1. Evaluation of peptide separation technology from spent hen

2. Verification of peptide’s function(In vitro, In vivo)

3. Production of functional cosmetics using peptides

Section 3. Development of chondroitin sulfate materials from the
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meat by-products.

Meat by-products were used for screening of chondroitin sulfate
materials and effective extraction methods were developed in
selected samples such as liver, trachea of bovine and pork. Crude
chondroitin sulfates was lyophilized and estimated functional
properties such as ACE inhibition and MTT cytotoxicity to

application of commercial products.

1. The screening of meat by-products for chondroitin sulfate
materials.
A. Samples
1) Domestic cattles
A) Bovine B) Pork C) Chick

2) By-products

A) Liver B) Trachea C) Small Intestine
D) Large Intestine E) Stomach F) Tripe

G) Reticulum H) Gizzard I) Heart

J) Spleen K) Lung L) Cartilage

M) Kidney

B. Sample preparation

2. Development of liquefaction techniques for preparation of
chondroitin sulfate materials
A. Physicochemical methods
1) Hot water extraction by autoclave
B. Enzymatic hydrolysis

1) Alcalase 2) Trypsin 3) Bromelain

_11_



C. Establishment of optimal liquefaction parameters
1) Heat treatment conditions
2) Optimal enzyme selection

3) Selection of optimal enzyme reaction condition

3. Development of techniques for preparation and estimation
functional properties of crude chondroitin sulfate

A. Lyophilization

B. General composition of extracted chondroitin sulfate

C. Functional properties test

1) ACE inhibition 2) MTT assay

IV. results of the Project and Their Applications

1. Results of the project

of

Section 1. The production of functional peptides from low quality

meat and offal

1. The ACE inhibition activity of peptides, hydrolized by enzyme
thermolysin+Protease A for 4hours at 37°C was 53.36% and IC50 value
was 7.50ug/100ul. Peptide sequnce of this hydrolysates was
V-L-A-Q-Y-K.

2.Separated peptides(VLAQYK) was orally supplemented to the SHR

for 8weeks to verify ACE inhibition activity. Concentrations of the

peptide was 200mg/kg B.W, 500mg/kg B.W, 1000mg/kg B.W. The

_12_



lowest blood pressure was showed on the 3rd week at 100mg/kg B.W
treated group. Content of LDL-cholesterol of the SHR was dose
dependently decreased.(p<0.001) In fact, its content of control group
was 61.3mg/100ml but decreased to 36.4mg/100ml at 1000mg/100ml

treatment group.

3. Seven commercial enzymes, Thermolysin+Prtease A, Trypsin,
Protease K, Tyrosinase, Pepsin, Papain, Protease were used to

hydrolize beef rump protein and separate peptides.

4. Separated peptides synthesized and used to determine antimicrobial
activity, cytotxic activity and machrophage stimulation activity. Peptide
GFHI was shown low antimicrobial activity on E.Coli and P.aeruginosa.
However, peptide FHG showed low antimicrobial activity on P.
aeruginosa. In terms of cytotoxicity of synthesized peptide, 400ug/ml
of peptide GFHI showed 20% cytotoxicity on breast cancer cell and
ca.30% cytotoxicity on stomach cancer cell. Also, 400ug/ml of peptide
GLSDGEWQ showed 80% cytotoxicity on stomach cancer cell.
However, there was no peptide showed cytotoxicity activity on lung
cancer cell. eptide GFHI, which showed the highest cytotoxicity on
stomach cancer, didin't change nitric oxide content. It means that
peptide GFHI has not immune stimulation activity but cytotoxicity of

breast cancer and stomach cancer cell.

5. ACE nhibition activity of separated peptide(0.lmg/ml) stored for
2months at 4C was evaluated on various pH level(pH 6.0,6.5,7.0,7.5,8.0)
and heat treatment.(60,70,80,90,100°C) ACE inhibition activity of peptide

714, 325 during storage was not changed compare to control group.

_13_



However, ACE inhibition activity of peptide 1155,1152,1134 changed at
60C heat treatment and showed different retention time on HPLC

chromatogram from control’s.

Section 2. Study of meat peptide using spent hen.

1. Sarcoplasmic protein(water soluble) and myofibrillar protein (salt
soluble) of breast meat were extracted from spent layer aged more
than 80 weeks. The extracts were treated with a 10 commercial
enzymes under different pH, temperature, and time. Optimum
conditions of enzymes for carnosine, anserine and homocarnosine
production were determined depending on yield. Acute toxicity of
peptides produced by selected enzymes, such as neutrase, papain,
alcalase were conducted to evaluate safety with mouse and rabbits.
The concentrations of carnosine, anserine and homocarnosine
extracted from sarcoplasmic protein at optimum conditions of ten
enzymes were ranged from 11.2 to 84.8, 18.0 to 365.2 and 10.1 to
29.9mg/100g, respectively. The concentrations of the dipeptides
extracted from myofibrillar protein were higher, which were ranged
from 158 to 2220, 241 to 2875 and 135 to 29.7mg/100g,
respectively.

Neutrase was the best in terms of yields of three peptides
following papain, alcalase, flavourzyme, protease, trypsin,

carboxypeptidase A, protamex, aminopeptidase. takadiasetase.

2. There were no observed acute toxicity, side effect induction, specific

induced symptoms in Single Dose General Toxicity Test, Primary Skin

Irritation Test, and Eye Irritation Test.

_14_



The peroxide value, TBARS(thio barbituric acid reactive
substances), electron donating activity, nitrite-scavenging effect
and SOD enzyme like activity were conducted to evaluate
antioxidant activity of carnosine, anserine and homocarnosine
extracted from spent hen. All peptide treatment samples were
more effective than the blank sample. Peptides were indicated
different response depend on the analysis method and metal type.
Carnosine was the best effect in terms of electron donating
activity, nitrite-scavenging effect and SOD enzyme like activity.

3. The clinical assessment was conducted to evaluate wrinkle care
effects of peptide using test sample cream containing 0.19
carnosine. The eye winkle area of 20 subjects were spread by
test sample and placebo for 4 weeks. The analysis method, skin
replicas of representative area of winkle were evaluated by using
image—analysis computer software that reflects wrinkle and depth.
The rate of winkle decrease on test area were higher than
placebo area but not significantly. In the survey that ask winkle
improvement effect, 7 subjects responded that it is effect test
area than placebo, and 13 subjects were similar to placebo. There

was no observed side effect in clinical assessment.

Section 3. Development of chondroitin sulfate materials from the

meat by-products.

1. The screening of meat by-products for chondroitin sulfate
materials.
For the screening chondroitin sulfate materials, yields and

chondroitin sulfate contents were estimated in various meat
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by-products such as liver, trachea, intestine, heart etc. of bovine,
pork and chick. Liver, trachea, intestine of bovine and pork had
higher levels of yields and chondroitin sulfates than others. They

were good sources for preparation of chondroitin sulfate materials.

2. Development of liquefaction techniques for preparation of
chondroitin sulfate materials.

Effective liquefaction conditions for chondroitin sulfate materials
were studied from selected samples. Extraction methods included
physical method using heat and pressure, and enzymatic method
using various proteases. When compared those methods, 2%
alcalase treatment in parallel with 1lhrs autoclave was best
conditions in every respects of economical, efficiency and
convenience, resulted in higher levels of yields and chondroitin
sulfate contents. In case of bovine liver, chondroitin sulfate contents

was the highest in among selected samples.

3. Development of techniques for preparation and estimation of
functional properties of crude chondroitin sulfate

Hydrolysates of selected samples were filtered by centrifuge,
concentrated under vacuum, freeze dried and ground to a fine
powder for preparation of crude chondroitin sulfates. From results
of general composition analysis, protein and ash contents in crude
chondroitin sulfates of all selected samples were < 40%, < 5%
respectiviely, which is suggest that crude chondroitin sulfates
would to be good source for food materials. Crude chondroitin
sulfates of 1mM inhibited ACE activity above 60%, especially

bovine liver and pork liver 70%. Furthermore, extracted chondroitin

_16_



sulfates had strong cytotoxic effect on tumor cells such as HepG2
and SNU-16 cell. Above results suggest that extracted chondroitin
sulfates would be used to materials for health promoting and/or

medical foods.

2. The Proposed Applications for Results

Extraction and separation method of physiologically active(ACE
inhibition and anti-oxidation-like ) peptide from low quality meat and
meat by-products was established. Moreover, analysis methods making
higher yield of chondroitin from liver and esophagus of cows and swine
were developed and their safety was determined. According to this
results, production of functional meat products which possess these
peptides and chondroitin will be possible. This established technology
may be applied for industry, which can make bulk production inducing

added-value to producer and contribution to human health.
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<3 di e AFHE AAS Ao 200mle] 20mM phosphate
buffer(pH 7.4)E 7}ett}. 0.1%¢] Triton-X-100= 200ml ¥ 7Fstd. 2&
For A ok YAEEE 10000xgZ 20 FeF 4ToA AAEa
o] HAHE AW wHEItE o 7)o 200mle] 0.1M phosphate buffer$}
LIM KI(pH 74)% #7ksta 2% <t #dst dvh 7)o Asas

0.45ume] dH 2 ZX A7 dude] FE=2 o &3k

AqpadsolAl Aefolme YaxAe Bha] A6 AR feol=
= Thermolysin, Protease A, Protease type XIII fungal °]it}. 181
olze] ERAle ETE o} wr9s 2Azte EaE goo W&
st ol gatgitt 2 Eael Wi @A TheRaE e FS 12mlo]

At

Tablel. The names and ratio of enzymes either alone or mixed to

hydrolyse protein.

ad FF EFdELY &
Thermolysin 60ul
Protease type XIII fungal 1500ul
Protease A 1500ul
Thermolysin+ Protease type XIII fungal 750ul + 1500ul
Protease A+ Protease type XIII fungal 1500ul + 1500ul
Thermolysin + Protease A 750ul + 1500ul
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ACE <Al 4% = (1-

S : Sample?] FF=
Sc : Sample 9] Z&T (HCLO 93 MSAAT g405 ¥ )9 4%
B : Blank (sample 4l THSE ¥ H)9 T4%

Bc : Blank &9 F4%

Ab . 39]o] 3} (Ultra filtration)+ 2]
gl gaREdE] A @Al AAE A 2 g4
o] ¥=5 938 3o ¥} ( Amicon Co., Beverly, MA,USA) "3
ST WHEH A MW cut off 10,000 Da ¢! PM-10S °]&3}% o

4Tl A 318

o

F

ol

o} . Gel filtration 2]
shelojaty whld shR e E AL 0.45um filter(Millipore membrane) 2
oA A1 71 & shephadex G-25 resin®] ZHE AHE Edto] E5Y
o}, o]&¥® AHAHLE XK 26mmxlm (Amersham pharmacia)e] 3t
20mM phosphate buffer(pH 7.0)0 WA ES] FAS ]9
0.05%(w/v) sodium azide® #H7}ate] AR&3stth fF<%52 1.6ml/min®]

Jom BEAEe A24AE EFE A ZE Bovine serum albumin(68kDa),
ChymotrypsinogenA(25kDa), CytochromeC(12.5kDa), Aprotinin(6.5kDa),
Ristocetin A sulphate(2.5kDa), Pepstatin(686Da)©] 31 t}.

Z} . RP-HPLC (Reverse phase HPLC) &2
Sephadex G-25 columnol A ¥ojd &A FES HPLCE o] &3}
stz AASIY. 2 2AL Table 29 72t}

Shs
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Table 2. Analysis conditions of reversed Phase HPLC to separate of

ACE inhibition activity fraction.

Instrument Young-Lin M930, M925 LC pump
Column& size C18 symetry 150X2.1mm
Sol A:0.1%TFA/DW,
Eluent o
Sol B: 0.07%TFA/Aetonitrile
Flow rate 0.08ml/min

5min-A(%):B(%)=100:0
15min-A(%):B(%)=80:20
Gradient condition 30min-A(%):B(%)=60:40
40min-A(%):B(%)=100:0
42min-A(%):B(%)=100:0

Detecter UV absorbance (214nm)
Sample size 100
) et

ACE A& &40¢] 714 =& @d 23L& RP-HPLCE #E¥a 1 o}
Jw2b 249 248 98] RP-HPLCE thA] 8 o] &35ttt ¢oA]
ACE A3l &4o] =2 85 6N-HCLS 7}sete] 24417 714
& F FE3 AAA AdeAet 2 HPLC 71718 o] &3taer

Pico + Tag column(waters, 3.8x150mm)< ©]-835} 2™ detecter?] &%

j=|

ne
rlo

Eh
o,

H

= 254nmo| 2 flow ratex= 0.7ml/min®] it}
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Ll
e
(o]
o
L3
N
o
ggl

Toldra et al(1992)2] ¥ < o]
12%9°] polyacrylamide A& o]&stiom @ild FFEZLZE Bovine
Serum albumin(68KDa), Chymotrypsinogen A(25KDa), Cytochrome
C(125KDa), Aprotinin(6.5KDa), Ristocetin A  sulphate(2.5KDa),

Pepstatin(686Da) ©] 1 t}.

S
AP Y EX8 Edman degradation WS ©]

9] o}y
&5te] dlA/SElol = A E A 7] E(Model 491(Perkin Elmer, USA)
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Table. 3. Chemical compositions of beef rump (%)

Moisture C. Protein C. Fat C. Ash
74.3 21.67 2.20 1.0
Table 32 T539 S5 7Yt AR =54 Z23E YeEd #
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Figure. 1. Degree of hydrolysis of beef Sarcoplasmic protein during 0,

4, 8, 12, 24hrs incubation with various enzyme treatment

All values are significantly different(p<0.001)
T: Thermolysin , P: Protease type XIII, A: Protease A
AP: A+P, TP: T+P, TA: T+A
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Figure 2. Degree of hydrolysis of beef Myofibrillar protein during O,

4, 8, 12, 24hrs incubation with various enzyme treatment
All values were significantly different(p<0.001)

T: Thermolysin , P: Protease type XIII, A: Proteinase A

AP: A+P, TP: T+P, TA: T+A

Figure 2= T94F 992 FEE ahxgE 3 & 37CoA 0, 4,
8, 12, 24hrs®] W FAIZF Fo @i g Jppal e E yERH 1™t T,
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. ACE SAZ¥H(%)

Table 4. ACE inhibition activity of sarcoplasmic protein hydrolysates

during 0, 4, 8 12, 24hrs incubation with various enzyme treatment (%)

hrs
0 4 8 12 24
Treatm

T - 48.2+0.001 - - -

P - - - - 32.7+£0.003

A - 58.4+0.001 - - 0.51+0.001
AP - 66.0+0.001 - - -
TP - - - - 0.63+0.001
TA - 66.4+0.001 - - -

- ! Not detected
T: Thermolysin , P: Protease type XIII, A: Proteinase A
AP: A+P, TP: T+P, TA: T+A

Table 4= <82 Wz FE5d @4x8E 3 & 37CoA 0, 4, 8§,
12, 24hrse] BjAIZF Fo] ACE 9A A5 ekl ot} vk & 0

Azt =t ) ACE oAl &5 HeEhlA] kA vt 4N 3 Foll= 7}
72t T, A, AP, TAS] &4 A sl A 48.2%, 58.38%, 65.96%, 66.42% 9
ACE Al &5 dvepigdoh. 2o 2 5o #jgAztel = oA &
HG7b RATIE 2443k v F F ACEQ oAl 242 PEAO

32.72%, Al A5-ol= 05%, TP
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Table 5. ACE inhibition activity of Myofibrilar protein hydrolysates

during 0, 4, 8, 12, 24hrs incubation with various enzyme treatment
(%)

hrs

Treatments

T — — — — —

P - - 68.7+0.002 - -

A - - 73.2%20.010]66.2+0.005 -

AP - |26.8£0.002| - - -

TP - - - - -

TA - - - - 17.3+£0.001

- ! Not detected
T: Thermolysin , P: Protease type XIII, A: Protease A
AP: A+P, TP: T+P, TA: T+A
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2} . SDS-PAGE electrophoregramsZ o] &3k dwlz g4 R
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Figure. 4. SDS-PAGE electrophoregrams of sarcoplasmic proteins at
4hrs incubation of 37C with enzymes

A; Thermolysin, B; Proteinase A, C; Proteinase A+Protease type XII fungal. D;
Thermolysin + Proteinase A, S; Sarcoplasmic protein

Figure 45 284 vz &89 75 ARS dolry] 935+
SDS-PAGEE AAlet dxjelry, 7p7be] sheiel] =22 ACE &4 ]
=AW T, A, PA, TA A2ld Eal=

=
39S w, Proteinase A &4 @A 3496Da ©]&}2] A&-AF#e] ul

=

=0 w7l w2 Aor wWol A "ol Z& HAew 19 T, AP,

TA®] Aol v H=7 23 435 Bides &+ ATk
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Figure 5. SDS-PAGE electrophoregrams of Myofibrillar proteins at 8h

rs incubation of 37C with enzymes
A; Protease type XIII fungal, B; Protease A
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up o gelojat FejE JlEte]=9] ACE Al &+

Table 6. ACE inhibitory activity of Ultra filtrated aqueous fractions
of sarcplasmic protein and Myofibrillar protein extracts.(sarcoplasmic
enzyme hydrolysis extracts was incubated for 4hrs, Myofibrillar

protein were incubated for 8hrs at 37C (%)

S41 543 S44 546 M82 M83

ACE inhibition
activity%

3.07 32 31 69.84 | 65.1 | 37.61
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vl | Gel filtrationS o] &3] 1
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Sarcoplasmic protein
(Protease type XlIl + Protease A, 4hrs)

Abs(280nm)

1 5 91317212529 3337 41 45 4953 57 61 6569 73 77 81 85 89 93
Fraction Number

Sarcoplasmic protein(Thermolysin + Protease A, 4hrs)

Abs(28¢
©O O o oo oo o o

I I

o = N W A~ 00O N o © =
T

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91
Fraction Number

Figure 6. Chromatography and ACE inhibitory activity of fractions
from sarcoplasmic protein on Sephadex G-25 column of filtrated from

PM-10 membrane.

(A; S41 enzymatic protein hydrolysates, B; S43 enzymatic protein hydrolysates, C; S44
enzymatic protein hydrolysates, D;S46 enzymatic protein hydrolysates)
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Myofibrillar protein(Protease type XIII, 8hrs )

0.2 r

Abs(280nm)

Lo e et e e
6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91
Fraction Number

1

Myofibrillar protein(Protease A, 8hrs)

11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91
Fraction Number

1 6

Figure 7. Chromatography and ACE inhibitory activity of fractions

from sarcoplasmic protein on Sephadex G-25 column of filtrated from

PM-10 membrane.
(A; M&2 enzymatic protein hydrolysates, B; M&3 enzymatic protein hydrolysates)

_51_



o)
=

%
o

flo

Myofibrillar proteins& oJe] 74 &&= 7hFisgh &9
o7 s Ba Ad Sy A(MW 10,0000 AAsH o] F gel filtration
= S 2 oY Heol=E EAFd we  ZYeiith
Myofibrillar protein?} TAE9 35 7MY =& ACESA €48 H
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2o Ax= of7he] zlo]lE BT AE myofibrillar proteinE Protease
type X2 #3135 ®£3IE gel filtration®® B3 Aoli BE
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A} . Gel filtratione S3l £2l¥ £8<9 ACE oA a3

A

Table 7. ACE inhibitory activity of gel filtrated fractions from

Sarcoplasmic protein on Sephadex G-25 column (%)

Fractifnnszymes T(S41) | A(S43) | AP(S44) | TA(S46)

1 - 7.7190.007 |15.609+0.002

9 3.608+0.010 |10.71120.004|11.620+1.002| 4.581+0.008
3 20.2630.045|21.020£0.008| 5.938+0.006 |52.8350.007
4 8.408+0.007 | 16.818+0.006|18.912+0.002| 1.544%0.001
5 18.7350.010| 11.2550.012| 16.649+0.006| 14.574%0.005
6 - - - 12.0720.005
7 - - - 5.114+0.002

-! not detected

All values are significantly different(p<0.001)

T: Thermolysin , P: Protease type XIII, A: Protease A
AP: A+P, TP: T+P, TA: T+A

Sarcoplasmic proteing oA F7F2 42 ®33 A3 71 ACE o
A Aol & 3AE FolYal o]E EIES T o3t T &9

ermolysin® Protease AE 3| A7l S460] A th. ]

X2 69~79 fraction® = 52.84%2] A&

Bt 53] o&

w3e] w grykel vAx Zge et weA Sdee) Al
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Table 8. ACE inhibitory activity of gel filtrated fractions from
myofibrillar protein on Sephadex G-25 column(%)

Enzymes
< P(8hrs) A(8hrs)
Fractions

1 3.163+0.017 12.971+0.005
2 18.525+0.007 13.327+0.004
3 0.190+0.008 -
4 - 0.873+0.007
5 - 12.229+0.010

-1 Not Detected
All values are significantly different(p<0.001)

T: Thermolysin , P: Protease type XIII, A: Protease A

Myofibrillar proteinl A &AENEZ A EAA 714 ACE &4
o] =2 £35 FejojHsto] =EH peaks®] ACEZA S XA A3
7} Table 8o # uyEly  Ar}. Myofibrillar protein® A$E&
sarcoplasmic protein® = ¥ EFIALARUE ©E G490 Ao =
A YEFSE Y Table 6914 & 5 1% o] myofibrillar protein®l] A+ t&
&4 HT} Protease type XIMI9} Protease A7F =2 &AL el =
AW ACE A &Aool P @49 45t peak 20| ddsts Ao=
18525%0°l X1 It} o] L sarcoplasmic peoteinsol A TA&Z A

(Thermolysin+Protease A)7} FHdl &4 H52%E Hole= Zol H3|

%
il
rlo
o
©

myofibrillar protein &4+

3
vk el B wgel ¥4E AR £F ACE A BHE o} F
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o} . Reversed-Phase HPLCZ o] -&3}¢]
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Figure. 8. Reverse-phase HPLC chromatograms of peaks from gel
filtrated fractions possessing high ACE inhibition activity of protein
hydrolyzates( fractions from $46)
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Table 9. ACE inhibitory activity of RP-HPLC fraction has the
highest ACE inhibitor like peptides, third fraction S46 protein
hydrolysis

Peak no.1 Peak no. 2 Peak no. 3

ACE inhibition

o 39.24 53.36 0.15
activity(%)

RP-HPLCE ©o]&3te #e 3 S46 Al /M9 peak® Yol H =l 7t
d E2 JA &= pake 224 53.36%E5 LERN AL peak 1°] 39.24%,
peak 3°] 0.15%¢<] A &35 Rt o] A &¥= RP-HPLCE #
2lsl7] el S460] 52%9] A E et Hlsze FEolJAS B R peak 29
peak 1, peak 32 A& olu]=qt BAS Fdlo] dol A= Table

103 2o

_57_



Table 10. Amino acid composition of ACE-inhibitor like peptides from
RP-HPLC (%)

Peak no.1 Peak no.2 Peak no.3
Asp 1.66 1.93 -
Glu 1.17 - -
Ser 3.70 5.14 2.51
Gly 5.71 3.53 2.27
His 5.55 1.39 2.23
Arg 6.27 0.79 -
Thr 1.89 0.57 -
Ala 8.90 3.41 -
Pro 2.63 7.26 -
Tyr 5.84 1.17 1.92
Val 3.31 1.40 -
Met 7.0 1.33 2.05
Cys 6.42 0.93 -
Ile 2.8 - -
Leu - - -
Phe 7.72 - -
Lys 26.44 70.64 81.76

RP-HPLCE EalA 29 Al /M9 peakd o}n| =4txAE Table 83
2t} Table 10.914 & 4 Ax°] 71 ACE 94 237F =39 peak
29] F8 olu| A HE LS Lysine 22 70.64% 5 JYEIHA L YR F

peak®] F& ofn A FRE 2644%9f 81.76% % ol Hom o Fak

o

Btk B3] peak 28 1 99| % Pro, Ser, Gly, Alad] +£0o02 =&
shekS Yelar o] A3 ACE A Zdo] dubxy oz AHEAR
dH 1 A FAsAT T 1Fo] 25 @A Ut ESlE T ACE

A FEepe] =l A Asp, Glu, Lys, Leu, Val, Ala®] &3] =drtes B

29 peak 29] obml=al Aol ol AASAT Telw A @A
o Aol ACEAS E3hg tehlle fetol=g gaste el 84
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Table 11. Changes ICsy of ACE inhibition activity of sarcoplasmic and

myofibrillar protein from beef rump with purification step.:

ICs0(ug/100ul)

A. ACE inhibition activity through step of purification

Proton Steps Enzymatic UF aqueous Gel filt.rated

hydrolysates hydrolyzates extract fraction
S41 259.34 81.39 38.80
543 206.60 30.36 26.64
S44 248.99 50.66 34.40
S46 163.08 37.89 9.08
M82 230.20 13.82 43.48
M83 218.46 24.91 67.52

B. Purification on RP-HPLC (ug/100ul)

Peak no.1 Peak no.2 Peak no.3

S46 8.87 7.50 21.66

S46 : Hydrolysates with Thermolysin + Protease A for 4hrs

A7) Gl wvda B4 Edstel Rasn ACE A% LnE

2 Wepol =g Besht BgelA ACE A3l #4€ Z3sgied 1

1
=

yofibrillar protein

= H = L= = O
ErEE EHES

- 60

gl

Table 11 ¥ 2t} Z} Sarcoplasmic protein

72} gel Afiltraion,



RP-HPLCHA S AAXE & ICx value’/t #HA4TS EATZ Gel
filtration®. 2 2% S462 ICs 9.08¢g/100uls HAAA 7HE 2o F&

h

2 50%° ACE A3 &3s BHounz Hue 45 zes 9o
daE AT o= o] AFARA S46 EEo] ACE A3 &t
52%el ol2m A F M =& FEE BAY Aot dxsdnh 1
il S46w ¢S5 RP-HPLC® ##lst3ls Wl 5336%9 A3 &34& H
old peak 29 IC59 F+< 750ug/100ulez 714 % As ad=
Ut S JFstah A7 e EeHgS wEste] S46 P2 3 Elo]

=(S46: 8 9] peak 2)5 AASt] @t wFAZIY thEFAtte] 7he st

Table 12.. Peptide sequence of S46-P2

Protein sequence IC50 value

S546-P2 VLAQYK 7.501g/100ul
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Figure 1. Degree of hydrolysis of beef heart during 0, 4, § 12, 24hrs
incubation with various enzyme treatment

T : Thermolysin, P : Protease type XII, A : Proteinase A, AP:A +P, TP:T+P,
TA: T+ A

AT 9 ELe 0, 4, 8, 12, 2443 F<F Thermolysin, Protease type XIII,
Proteinase A, Thermolysin + Protease type XIII, Thermolysin +
Proteinase A, Protease type XII+Proteinase A2l 2 A5S 3 7}3to] w4
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Figure 2. Degree of hydrolysis of beef spleen during 0, 4, 8 12, 24hrs

incubation with various enzyme treatment

T : Thermolysin, P : Protease type XIII, A: Proteinase A, AP:A +P, TP: T+P, TA:T
+A

A%< ACE A8 &3+ Table 149 0A13F wlol= ACE A3 &3
2 A B F7F g a2y 47719 sl F o= Thermolysin,
Thermolysin + Proteinase A, Thermolysin + Protease type XIII ol A
54.61%, 43.30%, 42.63% ACE A3 &3& B At} 1241 7F Thermolysin
+ Proteinase AZ Aelgt 48 Aol Al 7} 2 ACE A3l &35 Ho5
At
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Table 2. ACE inhibitory activity of enzymatic hydrolysates from beef

spleen at different incubation hours at 37C (%)

hrs
Treame: 0 4 8 12 24
T 4.84 26.78 34.41 - 22.14
A 10.97  25.63 20.09 25.63 30.28
p 22.17  34.06 31.52 35.79 19.56
TA 1778  34.98 27.71 33.14 35.65
TP 0.8 28.63 29.79 - 39.12
AP 13.51 19.28 24.71 15.70 29.69

- 1 Not Detected

T: Thermolysin, P: Protease type XIII A: Proteinase A, AP: A +P, TP:T+P, TA
TT+A

z2te] ACE A&l &3+ Table 24, Thermolysine 8A]7Huf %,
Protease type XII &= 12 #l%, Proteinase A, Thermolysin +
Proteinase A, Thermolysin + Protease type XIII, Protease type XII
+ Proteinase A & 24A17F ol A ACEZA o] 71 =gt 2 Fol
A& 2477 wieF 3 Thermolysin + Protease type XI7} A 2e+=

Ao A 7Hd £2 ACE Al &35 Bt
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Figure 3. Sephadex G-25 gel-chromatography of the filtrates obtained
by ultrafiltration of beef heart (Thermolysin + Proteinase A, 12hrs)

Peveeseed | | |11 | Pet L OEREDNOOAE TN TR E TN EREREN AENENRRE
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Figure 4. Sephadex G-25 gel-chromatography of the filtrates obtained
by ultrafiltration of beef spleen (Thermolysin +Protease type XII, 24hrs)
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Table 3. ACE inhibitory property of each fraction obtained from
RP-HPLC

Fractions peak-1 peak-2 peak-3 peak—-4

1Cs0(mg/me) 0.28 0.26 0.25 0.35

ICs: Defined as the concentration which inhibitors 50% angiotension— I
converting enzyme activity

Table 4. Amino acid composition of ACE inhibitor from RP-HPLC(%)

peak-1 peak-2 peak-3 peak—-4
Ser - - - 1.907
Gly 73.979 4.169 - 2.524
His - 0.114 - 0.075
Arg 0.593 - - 0.472
Thr 0.058 1.695 - 8.794
Ala 0.765 2.908 - 19.901
Pro 0.916 17.952 58.445 6.695
Cys 9.023 28.738 19.665 8.131
Tyr 0.499 0.928 19.160 1.101
Met 10.640 36.512 2.730 24.062
Lys 1.045 1.819 - 2.137
lle 0.124 - - 1.075
Leu 1.513 3.781 - 21.447
Phe 0.845 1.382 - 1.680

Table 1°]4 Thermolysin + Proteinase AZ 12A17F &4 A7 9%
b= ACE A8 &Aool 71 Fske=dl, ol & oo A2l
&3l 10000Da°c]st= o] 73t T} Gel filtration AZPFEIHZE S35
233 AxE B (Figure 3) 5719 & fraction(F11, F36, F51, F63,

F72)& 9A == olE fractionE9 ACE A& A& =443
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F720 4 ICs%kel 0.37mg/mb= ACE A3 &/do] 7H¢ F3kth
Figure 4= Figure 3% % Table 2914 Thermolysin + Protease type X
ME 24730 a2wei )zl A2 7teEalee] ACE A @4do] 7H
T, ols oo Al&dE S8 10,000Daclste] A2 o 3k
o2 Gel filtration ZZvlEIHZE S 3 Ay, 2 A3 4
Mol & fraction(F30, F55, F71, FO1)E A =AU, o]E fractions
ACE A3 &A4s A2, F30A4 ICsatel 1.84mg/mi=Z ACE A3
gdo] 7HE F gk

Figure 5= 2|74 &4 A2d ez FoA ACEA & &40l 71
aff &

ol 7+

-
jus)

Nge o 7t

o

< Thermolysin + Proteinase AZ 124 7t

Ultrafiltration® Gel o] 3= 3 & £ & &4, ACE A3 3

mﬂ all
M

=

2 ¥ E(Fraction 72)& 7Fxx, RP-HPLC(peptide&protein C18
column)& Ab&ste] thAl E2f 31 GAlesitt ol & 9 =ZE9] Retention
Time(RT) 2.747, 3.038, 3.300, 12.162min. ¢]Sith. ©] I AES 23 b3
7}zk o] R =9 ACEA 4S5 54t

Table 32 Figure 5914 92 ¥aE5s B3 1S ZHzhe B3I E 9
ACEA 8] A4S =AH3A Y. peak-1, peak-2, peak-3, peak-4¢| Z}7}
ICso%k= 0.28, 0.26, 0.25, 0.35mg/ml#t= L=  AATH.  ©] 4789 peak
= Atololl A o] FElgh ACEA & Al &/do] AFol= gldth

Table 4= RP-HPLC(peptide&protein C18 column)EdA & FIE

ol

(peak-1, peak-2, peak-3, peak-4)S  AccQ-Tag o 2
RP-HPLC(AccQ-Tag Amino Acid Analysis Column)E Al-&3te] o &
g=9 opmxAt A4S AT Adolth. o] w peak-1e4 =
glycine(74.0%)and methionine((10.6%), peak-2+= proline (18.0%),
cystine(28.7%), methionine(36.5%), peak-3% proline (58.5%), peak—4
+ alanine(19.9%), methionine(24.1%)and Leucine (24.5%)¢] +8 4

3 obv] e atol ik,
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A2 @AY feel=e BB AYL(SHR,
Spontaneously Hypertensive Rat) %
3t ACE 9A &3¢9 HA

0.5g/kg weight Fol*, 1lg/kg
weight Fo o2 BEFIAL M2t Im A5 &3 SulE o &3}
o] Felol=2 85 FoF vjd o 104 Fo5ta AFSEATh Alg o
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(1.47¢g—1.36g), H&2 dizxzatHot
0.68g), 1%% dxaHot Ao wet FFHY F7HE HAtH1.44g—
1.60g)

Table 1. Effect of antihypertensive-like peptide on the amount of
feeding SHR(g)

1wk 2wk 3wk 4wk 5wk 6wk Twk 8wk

control | 167.9+1.3" | 154.625.17 | 143.3£0.4° | 169.1+1.8" | 150.7x1.8" | 125.7+1.3" [ 176.3+15.9" [ 149.8+11.5"

A 163.1+2.1% | 152.0£0.6" | 145.3+3.2° | 159.2£3.4" [ 150.9£0.5 | 148.1£13.8* [ 172.7+16.0* | 117.6+8.0°

B 161.4+45% | 158.247.3% [ 161.9+4.0° | 155.2+5.2" | 158.145.2" | 185.3+29.7* [ 152.5£16.2* | 117.046.5"

C 161.3£3.7" | 152.3+2.1" | 153.124.6" | 150.7+6.4" [152.1+2.5"| 167.6+50.3" | 174.5+45.8" | 114.5+19.3°

At 200mg/kg B.W. B: 500mg/kg B.W. C:1000mg/kg B.W.

Table 2. Effect of antihypertensive-like peptide on the amount of

drinking water of SHR(g)

1wk 2wk 3wk 4wk Swk 6wk Twk 8wk

control | 889.0+1.4 | 785.0+21.2" |1135.0£7.1%| 750.0£0.0" [410.0+14.1%[465.049.4| 750.00.0° | 500.0+42.4"

A |5133+75.2°| 533.3+22.5" |983.350.3°|536.6+11.5"|376.6+15.3"| 403.3+5.8" [548.3+37.5"|556.6+37.9"

B [4183+16.1°| 380.0+54.1° |560.0£20.0°[306.7+30.6°| 256.7+5.8" |383.3+15.3°|436.6+23.1¢| 596.7+5.8"

C | 405.0£5.0° |446.6+70.2™ |676.7+61.1°|363.3£70.2°| 306.6+15.3°| 383.3+5.8" [573.3+51.3"|551.7+12.6™

A: 200mg/kg B.W. B: 500mg/kg B.W. C:1000mg/kg B.W.
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Table 3. Effect of antihypertensive-like peptide on the body weight of
SHR(g)

1wk 2wk 3wk 4wk Swk 6wk Twk 8wk

control | 266.5+9.2" | 287.0£85" | 300.0+7.07" | 303.0£1.4" | 317.0£35" |299.0+1.4"| 296.5+2.1" |342.510.6

A 278.0£2.0" | 297.0+2.6" |307.0£2.64 | 319.6+0.5" | 324.3£5.7" | 325.6+4.9"|331.0£14.2°| 356.3+7.1"

B 279.0£6.1" | 298.0£2.6" [ 311.0£6.08" | 318.6+6.1" |320.3+16.7"|329.6+2.1" | 338.6+5.5" | 362.3+6.50"

C 2706485 | 287.6£0.6" | 298.3£1.5" | 306.3+3.2° | 320.3+5.7" |324.3+357 | 341.3t14" | 355.6+3.8"

A: 200mg/kg B.W. B: 500mg/kg B.W. C:1000mg/kg B.W.

Table 4. Effect of antihypertensive-like peptide on the weight of
organ of SHR(g)

Liver Heart Kidney:#s#x Spleensx Testig#*

Control | 13.62+0.6 1.44+0.1 1.47+0.0* | 0.58+0.0° 1.44+0.1°

A 14.23+0.5 1.52+0.0 1.36%0.0° 0.65+0.0" 1.51+0.0°

B 13.58+0.5 1.47+0.0 1.36%0.0° 0.65+0.0° 1.5140.0°

C 13.40+0.3 1.53+0.0 1.41+0.0° 0.68+0.0° 1.60+0.1"

A: 200mg/kg B.W. B: 500mg/kg B.W. C:1000mg/kg B.W.
w0kl P<0.001, **: P<0.05
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2 (p<0.001) 7 A ste] 2ol A 61.3mg/100mle] &
T E 364mg/100mle] StFow FZo g

2ut7

Z o] 1000mg A &
YER QLT

(low density lipoprotien,

O

=) [eJe)
R e

e

o AR ARE A e

LDL)& ol A ARHE FeA2e1S2 7 o9 Aol et 9

g stm @y LDL 2e2ugd F/be n4d33 2 A 9
7] wiol A Aol A b uiebzte] LDL ZEl2HEY T
Fo] 743 A& ACE 94l Fetol=rl LDLEZe 2 =2 As] &=
ik Ag Alabe) Fa gl
Table 5. Effect of antihypertensive-like peptide on the change of
blood pressure of SHR(mmHg)
1wk 2wk 3wk 4wk Swk 6wk Twk 8wk
control | 1549+0.7" | 203.2¢5.2" | 223.4+15.1*| 221.8+18.2| 207.3+0.6" 241.35+24.7°221.15+14.1%| 223.50+8 5"
A |191.3+11.7*|187.1£13.9*|201.03£5.5"|218.9+16.9* [ 198.1£8.6™ | 205.2+5.4" | 213.6£1.9* | 217.946.1*
B [1936+23.8°| 2035:2.1% | 198.4=1.3" [217.16+4.9°| 192.4+5.7° | 232.6+12.2| 215.8+11.3° | 220,245 4°
C | 191.3:69° | 198.3+2.2* | 167.5:66.9°|199.66:6.2°[205.66:3.9?| 2085:10.1" | 224.2+1.4* |220.4+14.0°

A: 200mg/kg B.W. B: 500mg/kg B.W. C:1000mg/kg B.W.

Table 6. Effect of antihypertensive-like peptide on the

serum lipids of

SHR(mg/100ml)
Total Cholesterol=#x*| Triglyceride*** [HDL-Cholesterol*:*|LDL-Cholesterols::
Control 95.0+1.0" 113.3+1.5° 55.0+4.0% 61.3+1.7*
A 68.6+0.6" 98.3£1.5° 436+0.6” 40.3+0.6”
B 69.0£0.0° 93.6+2.5 46.6+1.2° 40.90.6°
C 67.0£15° 108.3+1.5° 48.0+5.2° 36.4%1.4c

At 200mg/kg B.W. B: 500mg/kg B.W. C:1000mg/kg B.W.

skl P<0O.001, = P<0.05
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A3 A dF A ELRE o
23 ACE9Al &4

(o]
4%

1=)
RN

ol A

7. A8 2 FExA
TUAANN ALde=Ho A FY3t g FFol A sarcoplasmic T2
S FE5to] gl o] & w 74A] -40ToA AAstant. dE<
A dEtel=e] AARAESE FHerl s AFEE fEol=e=
Thermolysin+Protease, Trypsin, Proteinase K, Tyrosinase, Pepsin,
Papain, Protease¢| Tt ZF &4d gk owld 7p5-EalEe] Hl &2
1:1002. 2 stgla A4 pHe} &% Tablelol Yebl A,
Tablel. The names of enzymes to hydrolyse protein.
249 FTH 249 A pHY 2%
Thermolysin+Protease A pH7.5, 37T
Trypsin pH7.6, 25T
Proteinase K pH7.5, 37C
Tyrosinase pH6.5, 25T
Pepsin pH3.0, 37T
Papain pH6.2, 25C
Protease(alcalase) pH75, 37C
HAgstel A7) W ARHF 95T BF

=29 pHE AAFTTOR
2]

goll A 53t
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1} . Reversed-Phase Liquid Chromatography S ©]&3F | E}o] = 9]
]

He

Table 2. Analysis conditions of reversed Phase HPLC to separate of

ACE inhibition activity fraction.

Instrument Hewlet Packard 1100
Column& Size C18 Zorbaks 150X2.1mm
Sol A:0.1%TFA/DW
Eluent _
Sol B: 0.08%TFA/Acetonitrile
Flow rate 1.0ml/min
Detecter UV absorbance (214nm)

5min-A(%):B(%)=100:0
15min-A(%):B(%)=80:20
Gradient condition 30min-A(%):B(%)=60:40
40min-A(%):B(%)=100:0
42min-A(%):B(%)=100:0

Sample size 100
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2. A% ¢ 1%

7} . Ultrafiltraion #} Gel filtrationS ©]&3 @z aAEFE 9

DH(Degree of Hydrolysis)?} &3l &l

Aol %9 sarcoplasmic protein®] ©ulzA o] Bzz=7]9} o5 7}
2 e dLe ueo BHLEE dolr 7| Ys) ultrafiltarted
FEIES 12%9 acrylamide gels ©]&3lo] 100v, 40mAof

= 23 2rh ML markero]l i SE g8 847 A

X
Sh
A
ot
i
:Jd

9] sarcoplasmic protein 18] Z}zte] 42 AHElH welld A e A3}t
A g A Boihdd A e do] vebubA] gFal EA
10,0000]ate]  =7]el  ofgk WlE=rE Hof  Adidwido] A AW AL
polypeptide HAx2 ®#&o] A= HoZ HYTE 53] Proteinase Kot
Protease®] 7%= 79 s Ad @ide e H0EE& HoF

.

220kDa
170kDa
116kDa

76kDa

53kDa

Figure 2. Protein hydrolysis pattern of beef protein with various
enzymes on SDS-PAGE profile (M: marker, S: untreated protein, 1:
Thermolysin+Protease, 2: Trypsin, 3: Proteinase K, 4: Tyrosinase, 5: Pepsin,

6: Papain, 7: Protease)
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filtration #}4& 7A ZAFe] A& 722 do] FHsdir 1
T oAz 25 9Fte] freeze dryingg AFHT. |1, EAE
10,000Da ©]3}¢] fractiong 3%t}

Gel filtration®ol loading & Wo] AF 79 AMZe] T+ Table 39 #
=3

Table 3. Protein concentration of hydrolysates on Gel filtration

i

oA R S F = (mg/ml)
0.8
0.6
0.8
4.0
29
4.2
4.9

N | |0 ] WD |-

=

1: Thermolysin+Protease, 2: Trypsin, 3: Proteinase K, 4: Tyrosinase, 5 Pepsin, 6:

Papain, 7: Protease

olE EANIAES gel filtrations F3 TAFEE AHE peakd A=

ulfy

nfE 2 Figure 13 2ok 43 749 aao o 77 F8lld =2
ZufEa#eld] ZE 31-51 fractiono] FU3 peak’} Hol:= AL &
T AT o' H 2 BEAE 2®g= B wmzel vuse]S o

e 80000l 8ol FE o AzbE
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OD value(2801
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41 51 61 71 81 91
Fraction No.

OD value(280n
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0.16
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Fraction No.

OD value(280n
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0.35
0.3
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0.2
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Fraction No.

_78_




OD value(280i
Oooooo oo o
OC=LNMNWAOO N®O =

1 11 21 31 41 51 61 71 81 91
Fraction No.

Figure 1. Gel-filtrated chromatogram of ultra filtrated hydrolysates
with various enzyme (1: Thermolysin+Protease, 2: Trypsin, 3: Proteinase

K, 4: Tyrosinase, 5: Pepsin, 6: Papain, 7: Protease)
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. Gel filtraions ©]&3sto] &gk #2 ACE 9A a7

A

Table 4. ACE inhibition activity of Gel filtrated hydrolysates

Enzyme hydrolysates |Fraction No. | ACE inhibition activity (%)
Thermolysin+Protease A 9~11 82.3
17~19 57.8
29~30 ND
37~38 ND
43~44 ND
Trypsin 15~16 21.1
20~21 8.0
25~27 16.5
36~38 14.8
42~44 21.0
Protease K 16~17 10.5
19~21 279
40~42 12.2
Tyrosinase 14~16 0.8
26~28 45
34~36 ND
Pepsin 13~15 26.9
25~27 4.7
33~35 17.1
39 10.6
Papain 14~16 28.8
27~29 13.2
36~38 21.4
42 12.3
Protease 18~19 48.0
38~39 21.1

Q)
=

o

7FA g &el 93] Azl g vk RElEF gel filtrated ¥

flo

fractions ¥ 3to] ACE 245 <ot 23 vd=3 2 24 A

i
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50ule] @l ZhEEElEd ol o] AyE H|Fo] Eul RP-HPLCE
o]-gste] ACE <Al &A4o] =& FEol=9 #EE fsiAE
Thermolysin+Protease A% Ea¥ 32 9~117 17~19H1 IS
Trypsinit & &el| A= 15~167 42~44% 32, Protease K &2 E
e 19~21¥H 23S, Tyrosinase EaflEolAE 26~28W H3S
Pepsin 8| &0 A+ 13~15% 32, Papain Fal &&= 14~163 36~
38 #3 &, Protease® 3l Eol A= 18~193 38~39% 2 & A€},

ol F 71 ACE 94 &37F =g AL ThermolysintProtease A
B EF Gel filtration FEWHE7F 9-11Hl s d3dt= FEo|qdct. 7+
Faof o] FalE =29 E8E $13 RP-HPLCE ¢ &% F AEH

oo FEE EAAZ WHS ol gete] HHato] AR
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Figure 1. Chromatogram of Thermolysin+tProtease A hydrolysates on

HPLC( 9~11 fraction of Gel filtrated hydrolysates)

Figure 2. Chromatogram of Trypsin hydrolysates on HPLC( 15~16

fraction of Gel filtrated hydrolysates
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Figure 3. Chromatogram of Trypsin hydrolysates on HPLC( 42~44

fraction of Gel filtrated hydrolysates)

Figure 4. Chromatogram of Protease K hydrolysates on HPLC( 19~
21 fraction of Gel filtrated hydrolysates)
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Figure 5. Chromatogram of Tyrosinase hydrolysates on HPLC( 26~28

fraction of Gel filtrated hydrolysates)

Figure 6. Chromatogram of Pepsin hydrolysates on HPLC(13~15

fraction of Gel filtrated hydrolysates)
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Figure 7. Chromatogram of Papain hydrolysates on HPLC(14~16

fraction of Gel filtrated hydrolysates)

Figure 8. Chromatogram of Papain hydrolysates on HPLC(36~38

fraction of Gel filtrated hydrolysates

_85_



Figure 9. Chromatogram of Protease hydrolysates on HPLC(18~19

fraction of Gel filtrated hydrolysates)

Figure 10. Chromatogram of Protease hydrolysates on HPLC(38~39

fraction of Gel filtrated hydrolysat)
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2} . RP-HPLCE &3l &3k #89 ACE 9A &4 23

Table 5. ACE inhibition activity and sequence of peptide from
RP-HPLC separation(1151-1156 peaks: re-separated from peak 115 )

Peak ACE inhibition ICso values Peak ACE inhibition ICs value: Peptide

no. activity (%) (ug/ml) = no. activity (%) (ug/ml) = sequence
111 0 0 31151 0.33 2356

112 0 0 : 1152 25.09 5292 FHG
113 0.76 0 : 1153 11.71 126.34 =

114 5.19 144596 1 1154 2.45 656.72 =

115 7.31 731.64 11185 14.64 117.27 :GLSDGEWQ
211 0 0 : 1156 0 0

212 0 0 : :

213 0 0 : :

214 0 0

215 0 0

216 0 0

221 8.47 206.30 = :

222 10.38 125.76 &

321 9.83 12853 3

322 9.78 20342 = :

323 10.39 15259 = :

324 24.08 129.94 : :

325 34.77 64.27 1 : GFHI
421 21.0 55.63 &

422 16.80 69.54 1 Y
423 21.07 5296 = Y
424 17.26 62.88 s F
511 411 274.08 = :

512 2.94 383.16 =

611 43.77 2910 : A
612 22.31 5866 s

631 86.47 1525 &

632 74.35 20.75 %

711 4.48 1123 1 :

712 4.68 2451 % :

713 10.72 651 =

714 31.66 50.53 & : DFHINQ
715 5.26 543 i :

721 8.73 315.74 = :

722 12.75 364.76 1

723 9.42 19431 :
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ol wel¥ FEol=¢ FAES 1152% ¥ A7} 395Da, 1255W ¥4
+ 1135Da, 714¥ 3] =+= 862Da, 32560 ¥ == 526Dao 2 A A Ao
Hetol== dre A o5 HfAeol=F 7 ACE A1 337t =34
A2 3200 ¥ A=A 526Dall wAES ZHAIHA 3477%°] ACE A
FA7F AJE Aem vyt o fEte]=2o] ACE Al & do] 9=
e AYad Jes &add s ol fEol=E Jdedoem

FAdsto] Aol =nHlskh
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A 42 2gg® ACEAA Helol=o 1 9
g2 A 847159 2384

1. 4348 2 ¥H

7b . HEpol=
oju] Ez|¥o] ojmizit o] FH FEfol= (F)FEFAA A2
a Aol o457 744 milli-Q water® &df3te] 50Tl A 43}
Aot Melol=o] it FIo} ATH IH= ) Ebe] =714, 325, 1155,
1152, 11345 o] &3l 3 a3 AAS A% Jeel= Aae F

EEE) oA A£T BEhol = 325% AL§aHed v,

ox
fo
_- HU

2
18

v 2eE ez ddgd SAH (YA W)

AEY fHE 87x16mm, BZHAaE A7 8mmE Agdtgied 2
IO A ARE Aol 121T, 1683 19 Hit & F38] ARAIAA
Ao ALEstAT o FEAES WETV] 9 AL MAEE Tryptic
soy agar(Difco)E AF-&3} 31t}

g dAdo] o]g% FF+E= Salmonella typhimurium(KFRI 00251), E.
Coli OIl157(ATCC 43894), Staphylococuus aureus(KFRI  0018%)
Pseudomonas aeruginosa(KFRI 00100), Bacillus cereus(KFRI 00181),
Listeria monocytogenes(KFRI 00719)¢] 1t} BE #F= 37ColA wj
Huprh AAg w2 Al wjgste] o]&stith

o} . HAelol =9 A E] W3 cytotoxicity EA
Agoistal 4= st A v w2 MCF-7 cell(Breast cancer cell),
LLC(Lung cancer cell), AGS cell( Advanced gastric cel)= A3x2] A
e el AT B E inverted microscope® WA #FI T 5% CO,,
37T vlFE7] ol A vl kAT
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o A GAEES Zzbe] v A wgFsltirl 2x10" cells/well
of WER 2dwelld] 53tk 2 F oA 7HA 9 flElel=E sEEE
(125ug, 25ug, 50ug, 100ug, 200ug, 400ug) * &3kl 37C, 5% CO, i
Gl T2ARE e wgFRY 2 & 7 welll MTT(3-
(4,5-dimethylthiazol-2-y1)2,5-diphenyl tetrazolium bromide, sigma)&
S0ulA glakal 4A1F F7F wiFS ST g & S Hds AlAskL

150ul®] DMSOE Y3 # 4oFt}h. o]E ELISA leaderE ©] &3

31

570nmeol A =33k

Macrophage cell line Sh=r2]E 7Aoo A B2l RAW 264.7
S HoFuto}l AL-&3}3 ). Macrophage RAW 2647 AEFE A4
A AW AE3] dled v, =88 F2 DMEM(Dulbecco’s Modified
Eagle’s Mediumol] #53}o] 5% CO2 wj&E7]olA 37?2, 243 wj st
th 33 whE Algjujtete] AlEe ZEE SAAA HFAHORE 15 x

107/ml 9] =2 wE ohd A3 AEE 96 well plated] 180u%
Fotal, w2 (Img/ml ¥ 300ug/ml, 100pg/ml) 31413k ebo] = 325
5 20pH T COx w7l A 37T, 293 wige v, 7
welldl A 5 ANS 50 Fdte] 22 &3] Griess AloFS ¥ A2
oA 10&87F ¥Fr3AZHTH. ELISA reader(Molecular Device, USA)Z
540nm A9l FRFEE FAFAIL, HREFHAE o] &ste] st

FEE s,

_90_



Figure 1. Antimicrobial activity of peptide 1152 on Pseudomonas

aeruginosa

Table 1. Antimicrobial activity of peptide 1155

S.typhmuri .| L.monocyto .
B.cereus E.coli X S.aureus |P.aeruginosa
um genesis

10048 + + + + ND ND
200ug + + + + ND ND
400ug + + + + ND ND
DMSO ND ND + + ND ND
2% CA” ++ +++ ++ ++ ND +++

" 2% CA: 2% citric acid
+++ A =&

w1 Al W

+ A3 mloF

ND: A&l s+

Peptide 1155: GLSDGEWQ
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Table 2. Antimicrobial activity of peptide 325

S.typhmuri .| L.monocyto .
B.cereus E.coli : S.aureus |P.aeruginosa
um genesis
100ug ND ND + ND ND ++
20018 ND ND ++ ND ND ++
400pg ND ND ++ ND ND ++
DMSO ND ND ND ND ND ND
2% CA'| ++ ++ + ND ND ++
© 2% CA: 2% citric acid
+++ AT =&
s AT e
A o
ND: A3 sls
Peptide 325: GFHI
Table 3. Antimicrobial activity of peptide 1152
S-typhmuri B.cereus E.coli Lom onoc‘yto S.aureus |P.aeruginosa
um genesis
100ug ND ND ND ND ND +
200ug ND ND ND ND ND ++
400pu8 ND ND ND ND ND ++
DMSO ND ND ND ND ND ND
2% CA*| ++ ++ + ND ND ++

" 2% CA: 2% citric acid
+++ AT =L

e Qe g

v A Het

ND: #3l5 i<
Peptide 1152: FHG
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Table 4. Antimicrobial activity of peptide 714

S.typhmuri .| L.monocyto .
B.cereus E.coli : S.aureus |P.aeruginosa
um genesis

10018 ND ND + ND ND ND
2008 ND ND + ND ND ND

400ug ND + + ND ND +
DMSO ND ND ND ND ND ND
2% CA'| ++ ++ + ND ND ++

s

= =0
S ETH

++ A3E Ee

=]

o AsE vlo

ND: A&lls &

Peptide 714: DFHINQ

2% CA: 2% citric acid

+++1 A 3f
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w2 g JEel=e] Axsad 55

B9 fele]l =9 (1152, 1155, 325, 714, 1134) AE=A 35 dolr
7] S8 AZEA A EFE(AGS, MCF-7, LLC) £H]atdth o5 oAl
EFe gk Hele|=o] Axsgdants ogd 2

MCF-7 celloll diste] 54S 7HA& fEpo] =+ 3252 YERRTE A &
2o wel 100ug A2 AlelE 10%, 400ug 2 Aol oF 20%9] Al E %
AL BYth(Fig2) w3 Heol= 714% JA AE5Ao] F7ste 4

TS BHAoY 10%9 A& = vx]#] Euh
1) Breast cancer celll MCF-7 cell) o w3l &3}

100-: E: E/./E\E\i
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80
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50
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Cell viability(% of untreated)

20

T T T T T T T
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714(ug/ml,72hrs)

o -

Figure 1. Cytotoxicity of petide 714 on MCF-7 cell
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Figure 2. Cytotoxicity of petide 325 on MCF-7 cell
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Figure 3 Cytotoxicity of petide 1155 on MCF-7 cell

_95_



110
100_- %j'i/.\%/.\i
90
80
70
60 |
50
40 -
30

20+

Cell viability(% of untreated)

10

T T T
200 300 400

1152(ug/ml,72hrs)

0 1(I)0
Figure 4. Cytotoxicity of petide 1152 on MCF-7 cell
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Figure 5. Cytotoxicity of petide 1134 on MCF-7 cell
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2) Stomach cancer cello] 3t AEX=A &3
HEfol= 3259 A § HElol= A ¥ =7t F7HEe wel AGS celldl
g AEEAE F718te A8 B9om 400uge] 4 -$-ole 28.8%9]

45 B el = 1156% 77.6%9] 43k Alx54dS B3l

110 4
100
90
80 -
70
60—- — &
50 /
B i/
40

30

Cell viablity(% of untreated)

20

T T T T T T T
100 200 300 400
714(ug/ml,72hrs)

o -

Figure 6. Cytotoxicity of peptide 714 on AGS cell
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Figure 7. Cytotoxicity of peptide 325 on AGS cell
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Figure 8. Cytotoxicity of peptide 1155 on AGS cell
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Figure 9. Cytotoxicity of peptide 1152 on AGS cell
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Figure 10. Cytotoxicity of petide 1134 on AGS cell
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3) g3 Helo] =9 Lung cancer celld] W3 AExE5A &3
w8 gk FEFol =9 Lung cancer celld] thgh MX5AdS A3 Ay &

€ Helol=vt HuE A &35 HolA Fsdrh on MCF-73% AGS

celldl 54& BHYd FElol= 325% & 37F fIA T

] LN
) T YE—

Cell viability(% of untreated)
<
PR

104

T T T T T T T
100 200 300 400
714(ug/ml,72hrs)

o -

Figure 11 Cytotoxicity of petide 714 on LLC cell
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Figure 12. Cytotoxicity of petide 325 on LLC cell
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Figure 13 Cytotoxicity of petide 1155 on LLC cell
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Figure 14. Cytotoxicity of petide 1152 on LLC cell
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Figure 15. Cytotoxicity of petide 1134 on LLC cell

BARE AT A3 fEtol= 3250 0] A

N RAE F2 4G Goldow At EHE mo] o HMerol=

Sodium nitriteE X AIRE oA A & giF FHEE
540nmell A A sttt

2) #HEpol= 3259 A EHA
MEelol = 3255 100, 300, 1000ug/mlZ AT stR S W EH]EH = NO9
FTRE FXHA %o, Macrophage®] EAoE FFS FA 42
Aow FAHHAG
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05
y = 00053x + 00418
R? = 09991 /
04 /
03 /
02 /
0.1
v’

0

ABS

0 20 40 60 80 100
uM (NO)

Figure 16. Standard curve of sodium nitrite concentration at 540nm

Table. 5 NO(Nitric Oxide) concentration induced from peptide 325 on

machrophage activation

Sample
0 100 300 1,000
Conc.(ug/ml)
ABS 0.06 0.05 0.05 0.06
NO conc. 3.4pM 1.5uM 1.5uM 3.4uM

Peptide 325; GFHI
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Al 54 2% HFAEtol=9 AR 73k pH

il
sto] W& ACE A &4 7|59 ¥

1. A8 & WY

2. 2% %

7F . 0de =%, pH 4ol A AA717HsQHTC) ACE A &4 W Elo]

Table 1. ACE inhibition activity of peptides on various pH condition after
2 months storage at 4T (%)

peptide
— 714 325 1155 1152 1134
pH
6.0 31.4+0.7 |34.0£0.0 |14.3+0.2 ]25.9£0.8 |52.9+0.0
6.5 31.3£0.3 [34.0£0.4 (14.3%£0.2 |25.2£0.4 |53.5£0.4
7.0 30.7£0.4 |33.6x0.6 [13.9+0.5 |25.0%£0.3 |53.2%+0.4
7.5 30.9£0.3 |34.5+0.4 |14.0£0.1 |25.2%0.1 |53.5%0.5
8.0 31.2£0.2 |34.1£0.4 ([14.2+0.3 |25.0£0.3 |53.5%0.5
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Table 2. ACE inhibition activity of peptides on various temperature

condition after 2months storage at 4C(96)

peptide
o 714 325 1155 1152%xx 1134 %%
60 31.5+£1.1 |34.5£0.5 |15.5%£1.2 |18.2%+0.4 |37.1£0.4
70 32.4+0.8 [34.2+0.8 |14.2£0.5 |24.6%1.3 [53.4%£0.6
80 31.2+1.2 |35.2+1.5 |14.8£0.6 |25.4%*1.4 |[53.7£1.5
90 31.2+40.6 |34.8%+1.7 [14.6+x0.4 |24.6+0.6 |53.9%£0.6
100 30.9£0.4 |34.5£1.0 |15.7x£1.7 |24.8£0.8 |53.5%+0.4
sk p<(0.001
. thEsk e xo A9 peptide®] RP-HPLC ZLEwlE 1)

Figure 1. Chromatogram of peptides 325 after heating treatment at

60,70,80,90,100C
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Figure 2. Chromatogram of peptides 7143 after heating treatment at
60,70,80,90,100C

Figure 3. Chromatogram of peptides 1155 after heating treatment at
60,70,80,90,100C
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Figure 4. Chromatogram of peptides 1152 after heating treatment at
60,70,80,90,100C

Figure 5. Chromatogram of peptides 1134 after heating treatment at
60,70,80,90,100°C

{

d4E e =S 60,70,80,90,100C 2] &XolA 20minE et A=
sl RP-HPLCE &3le] olE59 Aie wWstsE FAsAT. Heol=
325, 714 60, 70, 80, 90,100TC¢] = g

&tz vlaste] ®F wdstrh gl shAINE 1155, 1152, 1134
ol & E3| 60T WAool o] retention time? Z}o]=
BT & 115511521134 FEfo] =+ 70,80,90,100CH 2 & slFAS ul
27} 20.640min, 15.469min, 17.674min¢] L3 RTES B oy #5 6

fl
e

huict)
o
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o

0CoAT 242y 17.702min, 20626min, 15.412mine] RTE Ho] Eo]A
YeERfATE ol EAZd we wAdd M HElol=+w

A5k
2 BHEA FEA ot A

]
fols

thermolysin ¥} proteinase A% &

S5 WAL obx WA ggkeh Fo ole] Be A7t o B8
strba gztan

714
1155

1152

1134

Figure 6. Chromatogram of peptides without treatment

g fletol=ol oW 7be ek A @il RP-HPLCS] #¢

of & Zzte Fetol= FHE dEha sloev o5& pH6.0, 65

7.0, 75, 8.0 373 & wWFo|%E retention time®] Tl & BF =

HAdo] wA] 2SS vebllth(Data not shown) ©] A& o5 HE}

I~
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1. A5 $F2| Sarcoplasmic @& 9] 7 9= Thermolysin + Protease
A BAF o] &ste] 4AkEr W EalE 5 HPLCE Elg 99
7.50pg/100ule] §l o.w | o} m] =4k

2. $xolA FE3 duddA FElo] =9 Spontaneously Hypertensive
Ratoll oist d¢tAst a9& ASst7] skl kg body weight &
200mg, 500mg, 1000mg®] $-EellAl F&e V-L-A-Q-Y-K& A+Fo
o Ay AeFEe] dge 3574 1000mg/kg BWE gk o] 7}t
e AYFAE B M A d9 AsES B LDL Fd
2HE FEFS o Bt A wel {94 02 (p<0.001) 3 Akl thx
oA 61.3mg/100mle]| F & Aol 1000mg ATl A = 36.4mg/100mle]

3. Aw i @l He] AT A E 420 Thermolysin+Protease,
Trypsin, Proteinase K, Tyrosinase, Pepsin, Papain, Proteases ©]&3}¢]
2k HEfo] =] M d2 FHGS GLSDGEWQ, GFHI, DFHINQo] %1 ©
W ACE A& &2 z+zh 25.09, 14.64, 34.77, 31.66% 5 YEFH T

4. ofr] =4k Aol FlE fElol=F vk st dHEd S S8
Az Z4zro] fefo| = whet v okt nAE A SAHE B o FE)=
GFHI= E.coli®t P.aeruginosa® 2 3 288 H$ow FHGE
P.aeruginosa®l S+ A28 BT €43 HEelol=o NESA &3
= A B ™ 400ug/mle] HEfo] = GFHIZF F-19 Al EZTFol oF 20%, 9%
A EZF = oF 30%9] AlEZ=4dES Bt gk FElo]= GLSDGEWQ+
400ug/mle] A& FwollA oF 80%2°] =4 &35 HAvh gk #H et Al ZFo
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= o3 Heloler EUE g3E Holx gt a3y o AlXEF
A FAo] =g FElol= GFHIE machropage &< 93] A=

NOS| el &7k glof W B e gl Ao et

5 Fetol == 4T oA Tt W AdsHA 0.1mg/mle sx& =435t
o] pHe| W82 (pH6.0,6.5,7.0,7.58.0)F 1 4 2] £(60,70,80,90,100C) &=
S wel A1z 9] 714, 325 FEfe]=9] ACE A & & Asks
Holz] gkgton} 53] 1155, 1152, 1134 FEfo] == 60T 2] 2= 2] 7ol A
ACE oA 3% tha "ejg on HPLC AzwtEa7le A% ti279 RT
s} O RTES B3t
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A2 AR (FEFA) w=dAS o438 4%
HAetol =] AT

Al1A =AAE o8& 7lsH ASHEol=
g

B D 753
1. 23A=8

A5 FL Oid F7edFaolA 8078 ol AdA F9Hs 79

Lol A Wiae] ¥a vtsds A AR&skth
Alcalase, neutrase, flavourzyme, protamex= Novo enzyme(Bagsvaerd,
Denmark)oll A trypsin, carboxypeptidase A, protease, aminopeptidase+
Sigma chemical(St. Louis, MO, USA)°|A] takadiastase™= Fluka
chemical(Switzerland) ol] 4] papain<  Merck  chemical(Darmstadt,
Germany)ol A 7939 S, carnosine, anserine % homocarnosine?]
E+¥L Sigma chemical(St. Louis, MO, USA)oll A T3t A&

o] AR A 1y 10] aostol =43k

T4 9id FE22 T JhEA oF 100gS A o] 2vje] TR
= 7F8F t}g blenderdl A 30%% 23 Ze ¥ homoginizer(AM-11,
Nihonseiki Kaisha, Japan)E& ©]-83}lo] 100rpmoll A 30%3F 23] o A g}s}

al

Refrigerated superspeed centrifuge(Dupont, USA)elA4 10T,

’

7000xgell A 1523 AT ste] deds HI F 4AN-HCl ==
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AN-NaOHE o] &ste] 7 axeol 2 pHE =43 ts axs
0.5(w/w)% 7}3t
ok ZhERE & 8TelA 10w E4AE EFA4siA7I Bl 10T,

000xgl A 1087 A RT F FEAS A Poho

fl
BN
ax
o 4
=8
N
L
2
o
‘}—‘
“N
w
>~
>,
)
ot
r o]
N
N
&
g
:.OL_',
ol
R

=
Qe 258 FH5 4 09% NaClg ALgatdon], ofF #4e

a4 Bl 2209 YA AU
U sleel=e) 22 A4z WA
fefol= Bal AAYY F Giel o Bl AANAel F2 AL

® 3% ZH ol T 2 A Hx=ZE<

dipeptide carnosine(B-Ala-L-His)¥} anserine(f-Ala-L-1-methyl-His)S-

rir
fol
[
1o
o\
|
rr
B
dlo

<l

A7) feiA gE G249 HolAd F Ala-His bonddll 7|&A 5048 7zt
A ¢+ trypsin, carboxypeptidase A, protease, takadiastase, neutrase,
alcalaseE A &3lo] 7t slEsS A7I=2 ZAASAT T3 dA G
Ealas2 AEF A= flavourzyme, protamex, aminopeptidase,

papainte &7 HESATE

9. masteRE A4z g4

Carnosine, anserine @ hormocarnosine®] AAbstako] & FAE HAA
7] Yate] FAAR(E 1 #3)13013D)= 7|22 % 29 39 =1&

% g35ho] 2ALehglth,
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Table 1 . List of proteases for protein hydrolysis

Typical | Typical |A pplied
Type of proteases Common name Temp. pH enzymes in
(C) range |[this study
Serine protease Trypsin 25 7.0~9.0 O
Serine protease Chymotrypsin 37 8.0~9.0 -
Aspartic protease Pepsin, pepsin A 37 1.0~4.0 -
Mixture of ﬁrypsin,
g?%?a%té?/psm' Pancreatin 25 7.0~9.0 -
carboxypeptidase A,B
Peptidyl-L-amino Carboxypeptidase A, 25 70~85 O
acid hydrolase Carboxypeptidase B ' : -
Aspartic protease
with some Protease 37 2.0~5.0 O
carboxypeptidase
Aspartic protease Rennilase 37 3.0~6.0 -
Aspartic protease Emporase 37 3.0~6.0 -
Metalloprotease Neutrase 45~55 | 6.0~8.0 O
Metalloprotease Thermolysin 55 7.0~9.0 -
. Substilisin carlsberg, _ o
Serine protease Alcalase 55~70 | 6.5~8.5 O
. . 7.0~12.
Serine protease Esperase, Savinase 60 0 -
Mixture of alkaline,
neutral protease, . — _
aminopeptidase, Pronase 37 7.0~9.0
carboxypeptidase
Mixture of protease,
metalloprotease, Takadiastase, L ar
serine protease, Fungal protease 37 7.0~8.5 O
carboxypeptidase
Aspartic protease,
mixed with Aspergillopeptidase A 40 2.5~5.0 -
carboxypeptidase
Cysteine protease Papain 55 5.0~7.0 O
Cysteine protease Bromelain 55 5.0~8.0 -
Cysteine protease Ficin 55 5.0~8.0 -
Mixture of protease
with endo-proteases, | Flavourzyme 35~60 | 4.0~6.0 O
exo—peptidases
Mixture of protease _ _
with endo-proteases | | rotamex 35~60 | 5.0~7.0 O
Mixture of protease Aminopeptidase 30~50 | 7.0~9.0 O
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Table 2. Temperature hydrolysis condition of chicken breast muscle

protein by different enzyme at recommended optimal pH condition

Hydrolysis condition
Enzyme system . Recommended optimal
Temperature(C)

pH
Alcalase 30, 50, 70 7.0
Neutrase 30, 50, 70 6.0
Flavourzyme 30, 50, 70 6.0
Protamex 30, 50, 70 6.0
Carboxypeptidase A 30, 40, 50 7.0
Protease 30, 40, 50 4.0
Takadiastase 30, 40, 50 7.0
Aminopeptidase 30, 40, 50 8.0
Papain 30, 40, 50 6.0
Trypsin 30, 40, 50 8.0

Inactivation condition : 85C 10min
Reaction time @ 4hr
Enzyme concentration for substrate : 0.5(w/w)%

Table 3. Hydrolysis pH condition of chicken breast muscle protein by

different enzyme at optimal temperature condition

Hydrolysis condition
Enzyme system Optimal
temperature(C) pH
Alcalase 70 6.0, 8.0
Neutrase 50 5.0, 7.0
Flavourzyme 50 5.0, 7.0
Protamex 50 5.0, 7.0
Carboxypeptidase A 30 6.0, 8.0
Protease 40 3.0, 5.0
Takadiastase 40 6.0, 8.0
Aminopeptidase 40 7.0 9.0
Papain 40 5.0 7.0
Trypsin 30 7.0, 9.0

Inactivation condition : 85C 10min
Reaction time : 4hr
Enzyme concentration for substrate : 0.5(w/w)%
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. AEo=e AA AA2A B4

D fAazvtEady] 23
g og AL 7RI EZHE gel permeation chromatography
(GPCO)E  Ag3e]  EHeAY. APLS superdex peptide HR
10/30(10x300mm, Pharmacia Biotech Co., Ltd.)& A}€ 5 on, &nje=
50mM sodium phosphate buffer(pH 7.0), %< 2ml/min®] %t}

2) HPLCe| 2]3 &g

GPCZHH e Heol= o] Rels sshe] # 49 ®AzAow

reverse phase chromatography(RPC)7} a5t &% 543 #
A AIZEe] FE =S 23] HHEste] R & FHoto] FAAXRSAH

Table 4. The gradient condition for HPLC analysis of peptides

‘HPLC system Model Waters™ 600pump (Waters, Millipore, USA)

‘Injector Model 7725 (Rheodyne, Cotati, California, USA)

-Column Jupiter Cig (4.6<250mm, 5um)(phenomenex)

Detector Model Waters™ 996 Photodiode array detector
UV at 214nm (Waters, Millipore, USA)

A-0.1% TFA in water : Acetonitrile = 95 : 5

‘Mobile Phase B-0.1% TFA in water : Acetonitrile = 25 : 75

O min - A(%) : B(%) = 95 : 5
Gradientcondition 60 min - A(%) : B(%) = 70 : 30
70 min - A(%) : B(%) = 95 : 5

‘Flow rate 1.0m¢/min
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3) LC/MSell o3t AA=de] 32l
HPLCE %3 HE AAF 243 LC/MS(Agilent 1100 Series LC/MSD
Alient, Co, Ltd)& ¢]&3ate] &agS grlstt). o] s4e Water/ACN
/MeOH=35/30/35(4mM  AF, pH 26)& A+&sigla, ZAHLS

Symmetry(150x3.9mm, 5um, 1m¢/min)S ©]-&3} o).

reFs] =2 stelW the Figure. 13 2t}

o

ol el v
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Chicken Breast Tissue 100g + Water 200m{

v Grinding (30sec, 2times)
\ Homogenize(30sec, 2times) <—
Vv Centrifuge(7,000gx15min, 10°C)

| ]
Supernatants pellets + 0.9% saline 200m¢

I pH control

" Add enzymes
Incubate for 1, 2, 3, 4hr

Hydrolysates
v Centrifuge(7,000gx15min,10°C)

Supernatants

l Filtration
Filtrates
l Gel permeation chromatography

Fractionates
¥ Reversed phase chromatography

Fractionates

¢ Concentration
Concentrates

{ Dissolution in Water

Identification of peptides (LC/MS)

Figure 1. Flow chart of purification and identification of dipeptides

from spent hen protein
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vh . fEkel = @arsls B

2] dipeptides®] Aol dlgk ditstaaE glstr] 93ko] linoleic
acid(Fluka chemical, Switzerland)E& 7|22 &Z3 dipeptidesE
0.01%(w/v)¢] F%=7F H %% H7Fgk § 50Tl 743 AFstHA 3
A3 &7 (peroxide  value)$t  TBARS(thiobarbituric  acid reactive
substance) 84 olAe] AAIAQl wWstE FAsEdvh w3k ZEg
dipeptides & %o W& A3y %5(Electron donating activity), SOD-F
A& (SOD like activity), %< pHZEZA o o AMNA AAF
(Nitrite-scavenging effect)S F43tAom, 7|& AtsA ete] a3&
Hlaslr] 9ste] g4 g4bkskAl9l BHT(Buthylated hydroxytoluene),
L-ascorbic acid % erythorbic acid®} < &2F3}A]el a-tocopherolS
AHESE AL, A AEakstE XAV E FEol 2o dd AdadE
ZAFsE7] Y3t 2ppm X9 Fe3+(FeCl3), Fe2+(FeCl2), Cu2+(CuCl2),

Zn2+(ZnCI2)E H7Fe 5 oo wa& JF= =AsATh

1) ¥}4t&tE 7} (Peroxide value)
Linoleic acid& 712 = 3dfof AW 4bste] S AA =2 Aitst=7
AOCSH132)el upe} A3ttt 50ml test tubel linoleic acid 1g, ©ll €
< 20m¢, 0.2M JAkdE o 25mlE WS dof FEH 3714 dipeptides <}
A7VA] vlal kst AlE 0.01%(w/v)el s 2 ke AS Ao
skAth AbstE Fx18t7] flste] 50TolA 74

= AikstE e AAAQ WstE S48 AdEdd FREX
&

i

~
2
N,
ol
ol
)
x
[\]
e
~
I
o

:
3l SR AR e FHS 0mE b B, 1% AR 1

o] 0.0IN Na2S203& 4o & #A4a gt w2 FA3
& sl mAge L e Ao wel HaAsEE AEa.
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(a—b)xfx10

H4F8HE 7Hmeg/kg) =
Aol AHHg)
a: 0.0IN Na2S203 &oie] Zu] 2 (nl)
b FAIH00IN-X B AYEF &Ae] 4H]F(ml)

f: 0.01N Na2S203 &4¢] <7}

2) Thiobarbitubic reactive substances(TBARS) A4 Al
TBARS+E Mitsudal33)¢t Sidwell®] ®#134)o wheh =438kt 0.03M
9] linoleic acidZ 0.IM phosphate buffer(pH 7.0)¢} ethanol®] & &8 v
(41, v/v2 N1A8NE ZAsATE Test tubedl 7144 20m¢et 0.1M
phosphate buffer 19.2m¢, Al &-&<4 0.8m(0.01% w/v)E &3%3F 5 50T
oA 7AZF AT T AAEste] FAA S WstE S48k A 2
mell  35%  TCA  (trichloroacetic  acid)&<  1.0m¢<}  0.75%
TBA(Thiobarbitubic acid)Al2F 2.0mbE 7}ste] &3s & 90Tl A 404
7F w8 A 7l s Wz A7), acetic acid 1.0ml, chloroform 2.0m(Z 7}
g 5, 3000xgoll A 37 AAE ko] 532nmelld FEE=E S5
tomE 22 FAFEste] BAsal, ARE HUbshA 2 &5 dx
T2 3t T 2ol mek tixFo] digk TBARS A4 AT H(%)S
AhEst et

A
Inhibition of TBARS(%) = [ 1- — ] x 100
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3) A AF3 o) %5 (Electron donating activity)

ARFF6] 58 Takaol3s)9F Moonl36) 5¢ UH o= 11-diphenyl-2-picrylhydrazyl (DPPH,
Sigma, USA)E At&3te] 489t AdEAE 3714 dipeptideset 4714 FAtstAIE 1]
AR Fke] 242 20, 50, 150, 250, 500ug/mlZE Z A8 th Test tubeddl Zh2-e] Al
49 10009 DPPH(100uM, 44mg/ ¢ ol &F2) 90005 ¥ 1L voltex mixer® &3
0, gaolA 1022 WAzl $ 51mellA $HEE A58 eH, &
dose-response &= 5B 50%¢] DPPH AHfrebtlZt 27]%5(50%  scavenging
concentration; SC50)& T3t th W= AlgEd tjal B2 FAFste] BASIaL,
ARE A7betA ¥ 845 dx72 o] bg Ay we dRegds
(EDA)(%)E AF&atitt.

d

E‘l
o

o
i,

A
EDA(%) = [ 1- —] x 100
B
A AETE FRE

B:ozTe F3n

4) o}dArY 7] (Nitrite-scavenging effect)

Gray 9} Duganl37)e] Wy oz 33ttt Ald & He 3714 dipeptides
St 47bA] FArsAlE wlat R ske] Zbzh 50, 100, 250, 500pg/meE A
3t th Test tubedl Z+zbe] AlgE<H 2meet ImM NaNO2 1mlE 2l
0.IN- HCI®# 02M 944t ¢Z8&d(pH 6002 w&&AS pH 1.2,
42, 6002 243 g HFFIE 10m=E skl 37CAA 117 whE
A7 e AFLEA Imlol] 29% acetic acid&H 5Sml, GrissA (1%
sulfanilic acid : 1% napthylamine = 1:1 in 30% acetic acid) 0.4mlE 7}
gk & Ao A 157 HHEAI 7] 520nmoll A FHEE SASAY W
2 A& il E& HUES AS iz = Sto] v AL el whet
ol Ak AAF(NSE)%)S AFEshadth
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A-C

NSE(%) = [ 1- —— 1 x 100
B
A ART FYE
B:ojETe FR

AR A FHE

5) SOD FAF&A(SOD like activity)
SOD FAIEAEZ =AHL& Marklund®t Marklundl138)¢] W= o ulz}

50, 100, 250, 500pg/m¢ ¥%=d Z+ A= 02mlel tris-HCl buffer(50mM

tris+ 10mM EDTA, pH 85) 3.0mle} 7.2x10-3M pyrogallol 0.2mlE 7}3}

i 25TCelA 10%7F HAg & IN-HClI 1.0m=E ¥&S ZAAZ %

2mmA A FREE A B APg] hA T e A2

etz shel the AAel whel SOD AR (%)S AHE gt

A
SOD AR (%) = [ 1- — 1 x 100

6) S AA =
= AR FAAEE SASEA ZE19139)S °

-

(oneway ANOVA)o & 3o EAXoZE FA4S veld Fhol o

3t AZL ¢=0.05 £ A4 Duncan’s multiple range test® ¥413}%t}.

R - E
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a3 gz
HOAIHS 2% 23£2(T), Ad5E 50£10(%), 71315 10-12(3] /A 7h),
Z AJZH08:00-17:30), 2% 150-300(lux)e.2 A FEAT oA 2

2877 2 Ag77r & wp$x= Polycarbonate  AFSAFA
(26Wx42Lx18H(cm), 81 7]71)ell 5mte] 4 Ab5-aF3i o,
c. g H 55 FolH
AtRE w2 BFARGFWALIRE(F))E AFEA A ES

dgon, £5E ASESE Afzo] AAAAT,

® FoF A4 2 AT A

,000mg/kg body wt.& T2 Foste] AdE2dy} #

A Aol vEhbA Evhd $3uslE 43 Bert YonzIs)

Ao A tFEost &3S 2000mg/kg body wt.o.2 A3 t)

Aol e va & 59 2tk o] w Fwel AAAEE 4
mj 2oz st
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Table 5. @3 Fo5AdA e AT T4

Al At g TET TEHS
Control w* Male 5 175
Carnosine o Male 5 6710
Anserine o] Male 5 11715
Homocarnosine o+ Male 5 16~ 20

@ 7z e] SASHA A

Hhe 2 A (LD50)e] AHES 913Fe] Computer program pharmacologic
calculation system(ver. 4.1)& ©]-€3}4 Litchfield-Wilcoxon® ol 23t A
AT A o] ek 94 A S 2 one-way analysis of variance
(ANOVA)OIA o277t 1A == Fatel #&d v dx2a3 AdE

A FoS vwsr] 935Fe] Dunnett’s t-testE sFA T

3) 12} ¥ F2}=A] & (Primary Skin Irritation)
O AgA
a. - 2 A%

New Zealand White Rabbit

(F)eIEIFE2AMEA M7 $dF 13-8)
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Table 9. o+& 9 A =x%

I} E L.A.O.I M.I.O.I

Rl 0-5 0 (48A1%F %)
AT 5-15 <5 (48712 %)

A5 15-30 <5 (4d %)
T EATE 30-60 <20 (7¢ %)
THEA=TE 60-80 <40 (7¢ %)
AP RS 80-110

P EAE obelst 2 AAE D A o st

A NE
W) 20-5041 Abele] o]
th AN gEE A%

) 5 =4
2) AL 7E

7H AR 2w dge] e A (Fx, ndY, A, nd, o

AIDS &)
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S 45 Ao Al 89} Placebod] =FER oA dojd FE
A& S Paired t-testE S3to] Hlweta AMFE 95% FodA SAA
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3. 479 4%

7F . HAgtel= A =4
Carnosine AJ4beaFe] ®=& 45 AAsH7] 98 & 4o AAE =3
o= ouAFS HAS A= x 129 2oh 2o e 7 g4
9] carnosine AArHEHS  carboxypeptidase A, trypsine 30T,
takadiastase, protease, aminopeptidase, papain< 40Tl 4], neutrase,
flavourzyme, protamexi= 50Col A, acalasex= 70ColA Hd Arrzs
el oW carnosine AAFE E & papain, neutrase, protamex, protease,
flavourzyme, trypsin, takadiastase, carboxypeptidase A, alcalase,
aminopeptidase o]tk H, ¥ 1227 AL HZ =7 A
pH =& deste] duadds AAg A3+ 1 133 2t pH =3
of W& Z} &4 9] carnosine AAFHELS protease= pH 5.0° 4], neutrase,
flavourzyme, protamex, takadiastase, papain< pH 6.0°]4], trypsin,
carboxypeptidase A= pH 7.0° 4], alcalase, aminopeptidase= pH 8.0
A Ao AAFEES UERWTE Protease, takadiastase, alcalase, trypsing]
A9 AzAe] A pHS 40, 7.0, 7.0, 80 Xt} 50, 6.0, 80, 7.0¢
Aol A UES oW carnosine AAMEEE T 129 Ay A

.
sar. BMdzry Weolg Restd 488 nhe FRE 4

O

)
g2 A EA wet vl gt O F 7led HAEel =y JheE
e FEA AL AHHZE 21 Aol =JW &he
alcalasel45-148)F o™, 73X AS MAE EHoz ALE&dH de

papain, flavourzyme©o| o 3% % o] 3]t}
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Table 12. Contents of carnosine concentration produced from chicken

muscle protein by different enzyme under different temperature

condition at recommended optimal pH condition

Enzyme system

Contents of Carnosine (mg/100g)

Temperature (T)

pH
20 30 40 50 60 70 80
ﬁlecjtlf:; 7.0 - - i I i R 118.4°
Flavourzyme 6.0 - - 230.1° ] 329.1% 250.8| - -
Protamex 6.0 - - 148.5C‘ 268.2° 173.3; - -
Carboxypeptidase 6.0 - ‘ - , 128.0; 323.77 | 251.4 - -
A 7.0 141.1° 213.8? 159.6 - . - - -
Papain 6.0 - 21O.C5L 331.1:l 290.:)1 - - -
Aminopeptidase 8.0 - 5'2? 18'9:3 8.8 b - - -
Protease 4.0 - 175.2‘ 279.5 201.5b - - -
Takadiastase 7.0 - 151.5° 216.8: 170.9 - - -
. 8.0 122.2° | 252.87 | 195.2 - - -
Trypsin

ab,c Means(n=3) in the same row with different

significantly different at p<0.05 by Duncan’s multiple

- 137 -
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Table 13. Contents of carnosine concentration produced from chicken
muscle protein by different enzyme under different pH condition at

recommended optimal temperature condition

Contents of Carnosine (mg/100g)
Enzyme system [Temp. pH

() 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Alcalase 70 - - - 125.8¢ | 177.6%b | 185.5a -

Neutrase 50 - - 220.1c | 329.1#a| 280.8b - -

Flavourzyme 50 - - 198.8¢c | 268.2+a| 250.5b - -

Protamex 50 - - 230.2c | 323.7*a| 295.4b - -

Carboxypeptidase A| 30 - - - 208.9b | 213.8*a| 207.5¢ -

Papain 40 - - 195.4b | 331.1*a| 188.4c - -

Protease 40 185.2¢c | 279.5b* | 285.5a - - - -

takadiastase 40 - - - 235.9a [216.8«b| 199.1c -
Aminopeptidase 40 - - - - 10.1c | 18.9%a | 11.2b
Trypsin 30 - - - - 262.9a | 252.8%b| 200.1c

* Data was obtained from table 12
a,b,c Means(n=3) in the same row with different superscripts are significantly different

at p<0.05 by Duncan’s multiple range test
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papapin, protamex, protease$1 2™, 2A|ZMA|d= carboxypeptidase A,
neutrase, trypsin, takadiastase, 3A]ZFAoll+= flavourzyme, 4434 =
T a4 Aol fAste AEE YEEUT. 484 FE=EC

ZbEEEl 1A AHAl FHol AAkES YERd A2 aminopeptidase,

t

neutrase, papapin, protamex, takadiastase@ o™, @ 2A] 7ROl =
flavourzyme, 3AZFAlol= carboxypeptidase A, alcalase, protease,

trypsin, 4A1ZHAldl = BE G40 Aol fadte AE¢S YERTh
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T84 FEFEFNA carnosine AArHEo] =W F A4 E alcalase, papain,
flavourzyme, , protamex, neutrase, protease, trypsin, carboxypeptidase
A, takadiasetase, aminopeptidase <=ojon, ALA FEZEAE=
neutrase, papain, alcalase, flavourzyme, protease, trypsin,
carboxypeptidase A, protamex, , aminopeptidase takadiasetases=©]%it}.

Helol = ALt FE T84 FEES H$ carnosine, anserine,
homocarnosine Z}Z} 11.2~84.8, 18.0~365.2, 10.1~29.9mg/100ge] ¥ =
Uetwon, 9484 FE5E9 4§ 158~222.0, 24.1~2875, 13.5~29.7mg
/100g2] x5 e Dipeptidese] AWHAQ & 84 F5
o] =3ttt

23 2S5 LC/MSE gl Axt= 19 2, 3, 49 e

i

Total ion chromatogram(TIC)¥} extracted ion chromatogram(EIC) %

w Aol S A
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Table 14. Concentrations of anserine, carnosine and homocarnosine
extracted from water soluble protein of chicken breast muscle by
different enzyme under different reaction time condition at optimal

temperature and pH condition

. . |Concentrations(mg/100g) Ratio of
Enzyme system Reaction - .
. _ i . Homocarnosin|Carnosine/
(Optimal temp(‘C)/pH) |time(hr) |Anserine |Carnosine )
Anserine
1 75.8 20.9 16.5 0.28
Carboxypeptidase A 2 90.5 32.1 21.4 0.35
(30/7.0) 3 69.3 18.2 23.3 0.26
4 59.2 23.3 22.2 0.39
1 74.5 49.9 13.6 0.67
Trypsin 2 94.1 57.8 20.8 0.61
(30/7.0) 3 75.2 57.5 16.3 0.76
4 70.1 54.5 12.3 0.78
1 85.2 13.7 16.3 0.16
Takadiastase 2 91.6 25.4 20.6 0.28
(30/6.0) 3 81.3 17.9 20.4 0.22
4 65.6 18.6 27.0 0.28
1 169.9 61.6 29.5 0.36
Protease 2 160.0 39.1 24 .4 0.24
(40/4.0) 3 152.8 27.1 22.3 0.18
4 84.5 25.6 20.2 0.30
1 43.6 19.5 18.0 0.45
Aminopeptidase 2 18.7 17.6 23.3 0.94
(40/8.0) 3 18.2 15.0 25.9 0.82
4 18.0 12.0 10.1 0.67
1 273.8 81.2 18.0 0.30
Papain 2 213.5 75.8 19.1 0.36
(40/6.0) 3 187.1 71.5 18.8 0.38
4 143.9 65.4 13.9 0.45
1 104.9 61.5 15.3 0.59
Neutrase 2 365.2 62.4 24.2 0.71
(50/6.0) 3 234.8 55.1 22.6 0.23
4 250.1 48.8 24.9 0.20
1 72.9 50.1 25.4 0.69
Flavourzyme 2 98.3 68.3 24.3 0.69
(50/6.0) 3 174.9 78.9 29.6 0.45
4 57.7 70.7 29.0 0.82
1 192.9 76.0 29.9 0.39
Protamex 2 82.7 11.2 18.1 0.14
(50/6.0) 3 68.8 18.5 22.6 0.27
4 52.5 26.2 24.6 0.50
1 198.8 84.8 26.3 0.43
Alcalase 2 177.2 73.6 26.7 0.42
(70/8.0) 3 183.0 79.9 19.8 0.44
4 81.6 74.1 18.6 0.91

Inactivation condition : 85C 10min
Enzyme concentration for substrate : 0.5(w/w)%
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Table 15. Concentrations of anserine, carnosine and homocarnosine

extracted from salt soluble protein of chicken breast muscle by

different enzyme under different reaction time condition at optimal

temperature and pH condition

. Reactio|Concentrations(mg/100g) Ratio of
Enzyme system - - . .
. . Carnosin|Homocarnosi|Carnosine/Anserin
(Optimal temp(C)/pH) | . Anserine
time(hr) ne e
1 93.7 24 .4 22.4 0.26
Carboxypeptidase A 2 99.4 20.1 22.3 0.20
(30/7.0) 3 107.0 25.9 26.1 0.24
4 99.8 24.8 13.5 0.25
1 94.5 74.7 23.9 0.79
Trypsin 2 108.6 65.4 21.9 0.60
(30/7.0) 3 168.8 87.7 24.0 0.52
4 107.5 76.8 23.7 0.71
1 166.2 22.2 27.2 0.13
Takadiastase 2 110.7 18.6 25.6 0.17
(30/6.0) 3 144.8 16.1 20.2 0.11
4 140.2 15.8 19.2 0.11
1 133.1 69.5 26.0 0.52
Protease 2 160.8 93.0 19.8 0.58
(40/4.0) 3 185.3 118.8 27.0 0.64
4 84.6 35.1 26.9 041
1 100.1 22.4 24.8 0.22
Aminopeptidase 2 87.5 22.1 20.5 0.25
(40/8.0) 3 25.0 17.5 21.6 0.70
4 24.1 18.0 17.4 0.75
1 281.8 178.4 26.9 0.63
Papain 2 244.6 177.4 26.5 0.73
(40/6.0) 3 238.6 161.4 21.9 0.68
4 1274 97.0 25.6 0.76
1 244.8 222.0 27.8 0.91
Neutrase 2 241.9 161.6 22.5 0.67
(50/6.0) 3 197.5 125.9 22.2 0.64
4 191.0 88.8 27.4 0.46
1 1414 109.2 27.3 0.77
Flavourzyme 2 170.3 132.6 28.6 0.78
(50/6.0) 3 157.8 87.5 28.0 0.55
4 80.4 75.0 23.1 0.93
1 112.2 23.2 25.8 0.21
Protamex 2 55.5 20.8 20.1 0.37
(50/6.0) 3 60.0 18.5 24.8 0.31
4 74.4 18.1 22.7 0.24
1 164.7 129.0 26.2 0.78
Alcalase 2 199.7 69.5 26.0 0.35
(70/8.0) 3 287.5 132.7 29.7 0.46
4 175.5 128.9 27.0 0.73
Inactivation condition : 85C 10min
Enzyme concentration for substrate : 0.5(w/w)%
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Figure 2. LC/MS chromatogram of carnosine purified from spent hen
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Figure 3. LC/MS chromatogram of anserine purified from spent hen
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1) #4kskE7HPeroxide value)

37HAl fEtol =8} 47FA] MlaL AEstAlE H7FEE linoleic acid®] 7%
AhstEzbel WiskE o' 7ol UErde A 79 F<t linoleic acidel
st =] IstETRE A 2718k 34ulE F7hs vhd, BHT, a-
EFNE, ofxmENa B oz Hlake] 4744 HlalgtE 27758 =
o] Feor HuA bAZ kst yetilth £e2l3 37HA 3Eo]
o] Ae= A% 3LdATA 271gke] 33-38u1e] Tt HjnlA uEe
& Yetdloy A 7dAd s A etk 27wk 2728 =
SFAth ol vz Rt w2 grel sidebA Rk, Blalgtel] HlsjA

© ARHE ol mE FAkst A EHAge] b2 Ao Yt
oo tig dipeptides®] AHE
= F 160 YEHAT Fe(ll) H7He 7w 25 232 3
UeEtl gt e Aow vEuth 4704 vlalgts 37HA el
ERY BE AR p<0.05) EaE UEllew, 3744 flEle] =it =
anserine®] AtEA7F 7HF wEekout frol Al Abel= Atk Fe(Il)
7hrel A BHTE Al9lg ywA A4 2% dizxz=79 Fo271 8l
Av Z37F gle Aom yEigon, Cu(lel taixs 47k Hlu T
B g0l Adads UeHou(p<0.0n), 37H fEtol=s tixT
oF fFoa7t fle o= yergth ey Zn(I) el tidiAl & anserines
Ao BE H7bl A A a st Yt o] A3z RE el
H gEol e wheA S FATTH, 374 HEtel == Fe(Ill), Zn(1I)
o diside 2% wHEPAY Fe(ll)$he= B5F wH&shA] eiokal, Cu(ll)
of taiA = carnosine¥re] WHEA S YERH o g Als € Bg e
o]=8] FHol AdEIE HEol=rt FHol FESlA FA o A
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Figure 5. Comparison of peroxide value of carnosine, anserine and
homocarnosine with various antioxidants in linoleic acid stored at 5
0C for 7 days
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Table 16. Comparison of peroxide value of carnosine, anserine and
homocarnosine with various antioxidants on 2ppm Fe(Ill), Fe(Il), Cu
(II), Zn(II) ion-catalyzed peroxidation of linoleic acid incubated at 5
0C for 7 days

Peroxide value(meq/kg)

Ions  Control Homo

Carnosine Anserine -carnosin  BHT
e

a Ascorbic Erythorb
Tocopherol  acid ic acid

Fe(Il) 07+001"% 04+001° 055+001° 035+001" 01001 01+001° 01x001° 0.25+0.01%

Fe(Il) 10£001" 27+001° 135001 17+001° 0.15+001° 12+001" 24001° 21+001°

Cu(Il) 142001 10001 30:001° 33:001° 005:001° 0.1£001° 02:001" 0.25:001"

Zn(I) 14#001° 07001 135+001° 085001 01x001" 024001 02+001® 04+0.01°

D
Mean+SD

¢ Mean value(n=3) with the different letters in a row are significantly different by
Duncan’s multiple range test(p<0.05)

2) Thiobarbitubic reactive substances(TBARS) A4 <] #l&

37FA] FErol =9} 4714 Hla FAS A S H 713 linoleic acid9]
TBARS A7d%sts 19 60 Heplith. TBARS 42 A4 7|3kl
uet w5 A Frkske AEE WEkHd b B2 S7E dEd A

L -EZ@ZHEY BHToIowW, IFHEelo]l= FoA]i= homocarnosine,
carnosine, anserined] ¢O 2 ofAmEHA @ o g AR WNAT FALE A

glzTol oE TiEel TBARS AAAH (e Wk T 174
tehiith A =% TBARS A4 A5 vtk 4714
£ e oAEEE vehd AL a-EzslE, BHT,

g mzRt,  ofxmENIelglon,  37bA] JlEol= FoA =

MnT F hY

homocarnosine, carnosine, anserine 2 %(p<0.05), BHT, ac-EZHE

oy 22 WAt th= A5 o] Y9k o}t homocarnosine® carnosine<-
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obrmENbY fAR AT Uehdth £ o EndES A9E RE
4279 TBARS 44 oAl A% 3UAAAE Fsrhrt 524

B zZrasks A4dS dehisd), oleld #4e el Laleye 59 A%
of A Wkak3lel 23] malonaldehyde (MA)7F v AA A9 AA
AZE B3 Fell= MAAA o]l s AY #3] Ei= histidine 59| obv]=
Abh Agtsle] TBARS#tol #adtia wmd up glow, Gokalp 5"
= wkgAol e MAVF 7tE2rY 3§E ofwxsl, 84 T3 wHE3)
of TBARS#tol #hadstttar Bk vp dvt,

AAe AEAEE FAAI) = FEold tld dipeptidese] A}
oA EE TBARS(%)Z =A% AxE F 189 YeERYATH Fe(I)
A7} 9 749 hormocarnosine®] ofAFEHI ALY F-A}3E ALsld A 5
UER oM, Fe(ll) 7o A¢ EE 3AstAle] oAls o] =odth
Cu(I)¢ Zn(ID)oll el 943 FFS Holx= Fgkor), HEol=

Zo| A= carnosine®] 47FA B)AL{ Fo| A= BHTY Atglelazo] =7

ol

debgth ol ge] AntziE Weelsw Faoleste] wede FA5
W, 37h fEre|Et R Fe(I)she] wgAel 744 ¥a, 1 thge
Fe(I, Zn(1D), Cu(IDe] %42 Aow dZwrh olsh g Avh= Fe

(IDell Wk whg-Ado] 7Hg WA vepd 3ibsl=7r 54 daebs dold
<= YEbdeHE, o= FastEd AR mE Aold Aor oA
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Figure 6. TBARS(absorbance) of the carnosine, anserine and
homocarnosine with various antioxidants in linoleic acid stored at
50C for 7 days
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Table 17. Comparison of inhibition of TBARS(%) for carnosine,
anserine and homocarnosine with various antioxidants in linoleic
acid stored at 50C for 7 days

Inhibition of TBARS(%)

bays Carnosine Anserine —cHa(rjrrllz)%in BHT Toc((l)pher Ascorbic  Erythorbi
e ol acid ¢ acid

1 18.98+0.55 12.61+0. 45.25%0.2 45.58+1.0 48.00%£0.3 21.10£0.6 9.51£0.6
1d 15e 5b Ob Oa Oc 5f

9 23.65+1.35 13.66x0. 49.70+0.5 56.99+£1.0 72.68+0.8 38.42+0.2 18.37+0.5
e 20e Oc Ob Oa Od Of

3 42.36£1.50 33.98+1. 44.84+0.1 82.11+0.2 83.01£0.3 44.50£0.4 66.80%£0.8
¢ 20 0 5 0} 5¢ 5

5 34.25+£0.55 16.09£0. 34.524+0.3 80.98+0.5 83.79+0.3 38.20%+0.4 40.77£0.2
e 85f Oe Ob Oa Od Oc

30.70x£0.45 11.02=0. . 45.27+0.6 83.12%£0.3 7.46+0.50 31.53%0.3
J o0 9.78+0.15 o o « o

Y Mean#SD
% Mean value(n=3) with the different letters in a row are significantly
different by Duncan's multiple range test(p<0.05)

Table 18. Antioxidative effect of carnosine, anserine andhomocarnosine
with various antioxidants on 2ppm Fe(ll), Fe(ll), Cu(l), Zn(I)
lon-catalyzed peroxidation of linoleic acid incubated at 50C for 7 days

Inhibition of TBARS(%)

Ions a-

. . Homo Ascorbic  Erythorbic
Carnosine  Anserine —carnosine BHT Tocophero acid acid

Fe(lll) 29.58+0.30"" 30.75£0.10° 56.82+0.10° 29.6240.20° 23.03£0.10° 58.18+0.40" 38.07£0.10"

Fe(Il) 46.71+0.20° 53.32+0.10° 51.51£0.10" 83.2340.20" 71.58+0.08° 71.50+0.08% 71.45+0.10°

Cu(Il) 30.674+0.20° 17.32+0.08" 22.68+0.08° 59.78+0.20° 8.85+0.10° 44.7620.30" 25.69+0.10"

Zn(I) 27.49+0.08° 22.17+0.40° 5.58+0.10* 71.8240.20° 40.57+0.20° 69.15+0.10" 53.18+0.08°

Y Mean#SD
% Mean value(n=3) with the different letters in a row are significantly
different by Duncan's multiple range test(p<0.05)
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3) A A 5 (Electron donating activity)

37HA Setel=oF 47hA] wlul kst s tixTtel oig A
Asodss AT A= £ 199 o EE AT dAeode F
T F7tel weh Fksklth 47FA Wit A F
o~z 2RI o FAZHA o-EFZHE 77} 13.0~99.1%, 28.8~95.4%,

&

1_,

182~954%, 98~71.6%=  F7Fst e,  carnosine, anserine,
homocarnosines 27z} 45~21.4%, 1.1~3.2%, 0.3~24%%2 ®$E e
ok 500pg/mee]  FEolA  50% DPPH AfettlZd &A% %(50%
scavenging concentration; SCs)E 4F&3 A3+ carnosine, anserine,
homocarnosine Z+z} 1,170, 7,861, 10,504pg/méol$l e, BHT, of~x=
HIAE g 22815 o-EFZWES 252, 262, 262, 349ug/mlo] AT},
Carnosine®] #ztgols3 47F4 vluditstAlel SCso = HlulshH  of
215~29.8%0l 33t
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Table 19. Comparison of electron donating activity of the carnosine,

anserine and homocarnosine with various antioxidants on different

concentrations
Cone. Electron Donating Activity(%)
(ug/ml) . . Homo a- Ascorbic Erythorbic
Carnosine Anserine —-carnosine BHT tocopherol acid acid

4.5440.50" 1.14£0.2 0.33£0.25
e g

925 12.96+£0.3 9.76%£0.35 28.80+£0.4 18.23%+0.4
0 0° ¢ 0 0"

4.93+0.50 1.48%0.5 0.48£0.20 29.33%£0.2 14.60%x0.2 58.49+£0.4 52.74%+0.2
50 e f g c d a b
0 0 0 0 0

12.34+£0.35 1.98+£0.3 0.56+0.45 56.45+£2.0 24.36+0.0 90.74+0.3 89.42+0.5
100 e f g c d a b
5 0 8 0 5

c 15.03+0.60 3.07£0.1 1.05%£0.40 98.29+0.4 48.20+0.4 95.02+0.2 94.87%0.1
250 e f g a d b c
0 0 5 5 5

21.36£0.30 3.18%0.3 2.38+0.35 99.12+0.0 71.58£0.9 95.42+0.3 95.38%0.1
500 e f g a d b c
5 1 0 0 5

Y Mean+SD

% Mean value(n=3) with the different letters in a row are significantly
different by Duncan's multiple range test(p<0.05)
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g} . o}AAY A7) % (Nitrite-scavenging effect)

37HAl fEtol=ef 4744 wlaL FAbskA| o] e pH Wsto] wE ofA
A A2ATES FAS A= ® 20, 21, 229 2 pH 1.2 2731l A
carnosine, anserine, homocarnosine®| o}d4d AATL F= Z7}d
wgl 47 157%~59.0%, 152~231%, 14.0~21.0%Z ZF7}sF5on
BHT, a-E3d &, ofA2a2R2 &7 5s UehlA] edghal, delas=
HIAbe 250, 500ug/ml F =M 22t 59, 9.8%2] 4715 S e pH
42 = % F7}o] wg} carnosine, anserine, homocarnosine Z}Z}
9.0~232%, 8.8~22.8%, 123~182%°] F+&< YeEbW oy, pH 1.220 4
S KU 426760.6%, 14~422%, 125~136% HAE FToldor,
BHT, a-E&d &, o}=m=20be 27155 YA &gk, degi=
WA 250, 500ug/ml &=l A Z+2y 1.87, 461%2 A~A5S YERG
pH 6.0914 = carnosine©] 250, 500ug/m¢ &=olA 1.8 51%E e
AS At BE AdolA 2AZEo] YERA eFsk

pHS} sol me 37b4 el fetol=e] o}y 27 aibe 1
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Table 20. Comparison of nitrite scavenging effect of the carnosine,
anserine and homocarnosine with various antioxidants with 2m¢ of pH
1.2 ImM sodium nitrite at 37°C for lhr under different concentrations

Nitrite scavenging effect(%)

Conc.
(ug/me) Carnosine Anserine —cal:lr(r)lrgsine BHT Tocag%her Acsca(();gi Eryetlgiodrbic
50 15.68+0.30Y¢ 15.24+0.15" 14.01£0.10° - - - -

100 23.04+0.15* 16.84%0.15" 16.76+£0.05" - - - -
250 47.08+0.40" 18.68+0.05" 18.28+0.20° - - - 5.91£0.15°
500 58.90+0.30% 23.11+0.20° 21.03+0.20° - - - 9.81£0.10¢

Y Mean+SD
4 Mean value(n=3) with the different letters in a row are significantly different by
Duncan’s multiple range test(p<0.05)

Table 21. Comparison of nitrite scavenging effect of the carnosine,
anserine and homocarnosine with various antioxidants with 2m¢ of pH
4.2 ImM sodium nitrite at 37°C for lhr under different concentrations

Nitrite Scavenging Effect(%)

Conc.

(ug/mt) Carnosine Anserine *Ci%rc?é)ine BHT Tocag%her ACSCa(éli”gi Ery;g)drbic
50 8.99+0.20"° 8.81£0.25° 12.26£0.30° - - - -
100 11.84+0.10° 12.82+0.20° 15.25+0.15° - - - -

250 15.89+0.05° 16.95+0.20° 17.17+0.20* - - - 1.87+0.35¢
500 23.234+0.01° 22.79+0.20" 18.18+0.25° - - - 4.61%0.10"

Y Mean+SD
a4 Mean value(n=3) with the different letters in a row are significantly
different by Duncan's multiple range test(p<0.05)
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Table 22. Comparison of nitrite scavenging effect of the carnosine,
anserine and homocarnosine with various antioxidants with 2m¢ of pH
6.0 ImM sodium nitrite at 37°C for lhr under different concentrations

Conc. Nitrite Scavenging Effect(%)

Homo Ascorbic Erythor

(ug/mb) : . a
Carnosine  Anserine —carnosine BHT Tocopherol acid  bic acid

50 - - - - - - -

100 - - - - - - _

250  1.80+0.20" - - - - _ _

500  5.14+0.40 - - - - - _

Y Mean+SD

H & 2|

Mitrite-zcawenging & fiact (%)

H

[

<y

3
2 2
=

2

1 T

=
E!
—_
=
=2

*=

o

pH1.2 42 &0 12 42 &0 1.2 42 640

Homocarnosine anserine carmosine
Figure 7. Nitrite-scavenging effect of carnosine, anserine and

homocarnosine with various antioxidants under different condition
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vl . SOD A& (SOD like activity)

3712 #Etol =9} 47FA] Bl TE Ao R LW SOD SAEA S %
Abgh AdE i 239 Ao 47FA] BlaTte] A P =8 @48 UE
A AL olx~mEWMAL BHT, ol 24242 -ERZW 2] ¢o=g 7tz
26.2~79.3, 146~79.7, 23~143, 10~28%< WHE YElWeoH
carnosine, anserine, homocarnosine< 14.2~25.3%, 89~18.1%, 10.8~
334%¢ A4S YEWt. EE E %A carnosine, anserine,
homocarnosine< BHT, o}~ 22X tH = vhe 3412 ey o a-&E
ZHE, A2 RTE 1 84S vET 53], carnosines &
TR o-EFHEY 91~14.0W, g =2rAke] 1.8~6.3w =2 &4
& e

Table 23. Comparison of SOD like activity of the carnosine, anserine

and homocarnosine with various antioxidants under different concentrations

S
Cone. SOD like activity (%)

(pg/me) Homo BHT a- Ascorbic  Erythorbic

Carnosine Anserine - . !
—carnosine Tocopherol acid acid

50  1417+015" 8.89+0.30° 10.75+0.35" 14.59+0.25° 1.01+0.25° 26.19+0.45" 2.28+0.20°

100 1699+0.30° 11.2640.20° 17.41+0.15° 19.44+0.20" 1.30£0.45% 29.82+0.30" 1151+0.25'

250 2396+0.30° 1577x0.20° 17.760.30" 21.72+0.05° 1.47+0.25° 62.42+020" 12.82+0.25'

500 2526+0.35" 1813+050° 3340+£0.65° 79.71x1.95" 2.78+0.05° 79.33+0.25" 14.26+0.30"

Y Mean+SD
% Mean value(n=3) with the different letters in a row are significantly different by
Duncan’s multiple range test(p<0.05)
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I R - E

1) @3] F o] 5 A A9l (Single dose general toxicity dose)

A= AT Wshe BEEA FATHE 2437 x).

Table 24. @3 FA=AAA G| T2 74 &+ A5

Days after Carnosine Anserine |Homocarnosine
.. Control = =~ _
application ol Eol gt Eoj gt

0 28.240.98" | 27.8+0.78 | 28.2+1.11 | 27.9+0.82

7 30.5+1.03 30.4%+1.12 29.8+1.08 30.0%1.11
14 34.2%£1.78 | 35.0£1.21 | 34.0£1.90 33.6%x1.43
Y Mean+SD(n=5)

2) 1z 3 FAF A" (Primary Skin Irritation)

7 A

b 4dE

AW AN Bate] APERY Hold d4Tde nANA @
sket.

o AW s
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Table 25. 12} I F-2A=A18 S 7zt o+ AFHs}

Days after Contro] Carnosine Anserine |Homocarnosine
application = Fol Fol Fo] T

0 2231.8457.4V(2246.2463.5|2254.5+52.2| 2247.14+70.2

3 2305.5+66.4 |2308.7£70.4|2315.6£63.5| 2305.2+72.1

Y Mean+SD(n=3)

=

&

o) mEEel
Carnosine, anserine, homocarnosine =X5F9joA Zul 2 7}y H
T 59 AFAFRES BFEsto] At AFASE(PLDO] carnosine
¥} anserine 0.5, homocarnosine 0.25%2 WEFZTHIE 263 3). o= 3714

AQgd Bt AT 249L sk Aol

Table 26. 2t v¥ JFAT&

Erythma and Eschar Edema
Intact Abraded | Intact | Abraded
Groups Site Site | Site | Site | 0wl P
24hr |72hr|24hr|72hr|24hr|72hr|24hr|72hr
Control(n=3) 0 0 0 0 0 0 0 0 0 0

Carnosine(n=3) | 0 o212 (10|01 1 6 0.5

Anserine(n=3) 0 0 2 2 0 0 1 1 6 05

Homocarnosine

(n=3)

0 0]1}1]10]0|0]1 3 0.25
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Fole] AP EE AMY o= A3 BEEHA o
b A
Al A7130& Bt A sEo Bold ddFLe #FHA &
%kt
) AFWst
Alg A713rs S8t AdsE 72 vt FoA de ATHse
A=A FdTH(E 273 )
Table 27. tH=IA=SAIF T 24 E ATt
Days after Control - Carnosine Anserine | Homocarnosine
application v FoT FoT Folat
0 22387+64.7V | 223424675 | 2241.2+62.2 | 2252.1+69.2
3 2321.5%73.2 2326.7£70.9 | 2333.6x73.1 | 2308.3+78.2

Y Mean+SD(n=3)

eh Hersle wa

Carnosine, anserine, homocarnosine A¢r2-ol A &z, 22

o)
Ty 57 A4w A AL T 28 Yrhiow, fzE
3oulad W AgEde] A%ow AF S/ RN ojge He BB

w2 et
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Table 28. 7t 4

RS

A &

Tissue Days after application
Group
Inspected 1 2 3 4 7
Cornea 0 0 0 0 0
Control(n=3) Iris 0 0 0 0 0
Conjunctiva 0 0 0 0 0
Cornea 0 0 0 0 0
Carnosine(n=3) Iris 0 0 0 0 0
Conjunctiva 0 0 0 0 0
Cornea 0 0 0 0 0
Anserine(n=3) Iris 0 0 0 0 0
Conjunctiva 0 0 0 0 0
. Cornea 0 0 0 0 0
Homocarnosine .
(1=3) Iris 0 0 0 0 0
- Conjunctival 0 0 0 0 0
Ab . HEfe] =(carnosine) & T ROE St V| SA(FESSHSFE
o 9477}
1 95 F5 Zolo ¥}
NE =¥ 5 4540 A& 9 Placebo =X F-YolA AXNd FE2048
S YU tEFAE EASHE E 299} 7}
Table 29. Al &%} Placebo EZH oA FE4428 (%)
EXE7)IZF
SEEIERT 4
A& 0.11 + 6.90
Placebo -465 + 813

No statistically significant difference (p>0.05)

A @A = (n=20)
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Rash

L #F&4d 97 (=X 4 5F5)
D) o= #-91¢] FFo] Brh Agsfuge ?
O 2% w7} ] 9% =7} [ w=3atct
2. BASS THW WA Bt (EE 4FF)
Items 1
Day weeks
L 957F A s S8 U
Burning
2. 9 %7k Fhel £7h82
Itching
3. 9327k BEALE 246l dgUn
Stinging
4. 957} Holhar
Redness
5. 9%7 WAAE Sl Ye
Peeling
6. MR Az AL
Dryness
7. 9%9) Hxrt ASYESEA WA ehe?
Discoloration
8. T ol ¥hgo]l Azta?

71E} BAE FAo] 9o Y EE A4 L.
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AzxF o5 dAaACl"Hel &A 3023 Bsty FFste =4S Wb
K]

sto] ke FRT{W2I
Wi, - Wy
s-B gk = W1 = W2
T 0 (%) W1 _ WO X 100
2) A AF
Azl A AFS Soxhlet M(D)S o83 HEAGFEZAE AHE3)

AR Yo Asgld #AAEE Y HEFEZFA9 rod
holderol] 7] &ttt Ze~=aE AZXAA HA(glass bead)d} o] A
°F 70ml®] etherg 7Fgtth. W79 jointi-iol] Hoh2=aE
ZtE 524 ¥ ¥ heaters Fet~A o] F=th Heater
o] &% & ether’l v w7px] ST YFoX = A5 wet Hx
°] 20 ~ 403+ ethersol 25 ©7F ¥&olal 2L ¥ rod holders &1
3 PAEAgAE Ei e ether TW Yol &7 ol 40 ~ 50%3H
etheroll 9% SFFFS A} oW Wz7|olA HojA = ether W&

of dEolx e AgFol WoAEE dto] [FF AWFIo FHIU

3R 7193 etherE 3 5A 71 AY heaterdl Al E5F FEA 71T
Z&~aE A7 UE A FH Wl

ZAEE (%) = w x 100
1
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Age duld g W3t Lowry HQ2)o wat AASAT &, d4A
stAl 8] Algk A5 109t Lowry AleF 3ml& &3tshal A4 10~60
B7F A A o] % 0.3mle] IN Folin Ciocalteu A °Fg &3tata 4
2ol A 457 A ATE o] E 600nmel A AlFS tERE st FEE
£ 439t 43 ¥ =% bovine serum albuming Al-&-3te] #}
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AlFe] M5 2HoR g asrs o&sdr 28 HAH pHe &
=7} Z7] ©E Al proteaseZ A alcalase 0.6L(Novo Nordish-Denmark,
pH 9.0, 55C), trypsin(Sigma Co., pH 7.5, 25C) % bromelain(Sigma
Co., pH 45, 45C)& AAstATh A5 Alse &4 2%(w/w, dry
basis)2} 10Ml(w/v)e]l E4E HA buffers 713 F, vjg] HH2==2
setting® d-27]o| A shaking incubationd}th. AZFHERZ ARE A
ol Hle FolM WS TAA7a, 942 (1,400%g, 30min)s}o]

SR AEdS ol Fgak BAS 98 Al AFEsTh

dstxAs FEAT7] A deFE 2 vk E WAt
TAstE Az 108 (w/v)e] &4 A buffers H7bstal A dEt

71(120C, 1.5mmHg)E ©]-&3to] lhrs ¢t autoclaveE 3tttk Wy dh
A B A 2%(w/w, dry basis)E F7bsta 7} @A HAH2moA
247 %t incubationdt T, HIG G FolA wFES FAAIF AL, AR
(1,400xg, 30min)ste] FHE Fede T=Rolx 3k BA45 §gk A

22 Agakach
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1) ACE Allgd F44)
7} 0.4M Borate-NaCl #l|x
0.2M H:;BOz$t 0.05M Na:BiO; &% 55 @ 459 W&z &3¢ ¥ pHE
830z x4} o] fdo= 04M NaCle Ax3+9 04M borate-NaCl
buffers #4343
W) 714 Az
0.4M borate-NaCl bufferell Hippuryl-His-LeuE 125mM3Y Al £3fA]7]
i pHE 8322 xA33H
th) ACE 49 Az
Rabbit lung acetone powder 1lg@ 10ml®] 0.4M borate-NaCl buffer&
A 7hete] 4TolA 24213 ARtk o] % 12,000rpmell A 30237 €

N sl AEAS Bsta BANMA YERAG

d3tAl 8] 3ste] 0.0omls A [Al(FAEES] HF A
g 9 SHFFE 0.05m7FeeHBD 0.1mle] 125mM  Hippuryl-His-Leu<}t
Coll A 30%7F WA Y. of7]o] ACE &49< 0.15ml

BN
o,
>
il
Ll
O
>4

%
7hste]l thAl 37Tol A 1A17F &t WA Z 3 0.25mle] 05N HClS 7hsh
o] W& FAAARCHHETS] AF ACE Zade 7hetr]xde] HCl
S WA H7MED]). 1.5mle ethyl acetate (Sigma Co.)E #7pstth 15
Z27F vortexing3dti 2500rpmel A 1087F YA EYANA AT HES

ko) 3 A5 AL 120CY oil bathth water batholl A 15

r—{u:

)

e 4
Lt
ol

AxA 7 F IM9 NaCls 3ml7hete] &afAlATh o]l ZS 228nmoll A &3

ACE Inhibition (%) = | - o= ZADFHE
nhibition (%) = 1 BC &3%% - BD 34+
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2) MTT assay

7 Al ek
RPMI 1640, fetal bovine serum 52 ®EAX ¢S 93 Aok Life
Technologies Inc.(USA)lA FYhsAeH, AExsA =AHS 3
3-(4,5-dimethylthiazol-2-y1)2,5-diphenyl tetrazolium bromide(MTT)
Sigma Co.(USA)°IA T3t

W) sEAE
MEEA S84S5 S8l AHES sEAEFE SxAlZzFE&golr FYst
HepPG2 (Hepatocellular carcinoma, human, ATCC HB-8065) %
SNU-16(Stomach carcinoma, human, KCLB 00016)°] 1 t}.

) sEAE Y
SEAMEE 56Tl A 3087 EA ek fetal bovine serum(FBS)< 10%
A7Fe RPMI 1640 w®iA]el 100units/ml®] penicillin/streptomycin®}
20mM HEPES bufferg #7tsted 37C, 5% CO. vl g7]ol A vl &3t 3
o},

) AlxEd 54

SEAE e FEmo|HY AEFHAFE FA4st7] flste] Carmichael

s(6)] el et MTT assays 24
platesol 1x10°cells/wello] ¥7] 180wt ¥F38ta AN EE AAFER A=
sto] 200 H7bete] 37°C, 5% COz vl F71ol A 9641t vl Fskaith. PBS
of bmg/ml TE=2 MTTE &322 * F o 7(0.22um)A 7131, 7+

o
ol
2
i)
4N
>
ud)
==
£
i
do)
o)
=
@,

wello] MTT €9 20uZ 7}8H(1x10"cells/100ul/well) & CO, incubator
ol 51 37°C, bhrs incubation 3+t FAH] E medias A AL, 2 well
o] DMSO 2005 7}3F & pipettingdte] 245 =4t} o] & 37T, 5min
7t incubation ¥+ ¥ ELISA reader(Molecular Device Co.)ol &% %
570nmel A &35S =Aste]  AFAAEH(growth  inhibitory

effect[%6]=[th =79 FF=-Al8A4e 79 FBFE]X100/HE=T2] F35)
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Table 1. Proximate compositions of beef by-products(%)

Moisture Protein Lipid Ash Carbohydrate”
Trachea 5558 + 0.27° 8.66 + 0.17 826 + 1.66 6.38 + 0.21 21.12
Large
. 6593 £ 061 1029 + 018 2.14 + 0.59 0.83 = 0.01 30.81
Intestine
Liver 71.86 + 0.26 1469 = 040  1.70 = 0.40 1.80 + 0.05 9.95
Pancreas 6049 + 047  7.31 + 0.20 1.23 + 0.12 1.13 = 0.01 29.84
Heart 78.35 = 0.23 9.07 £ 1.50 222 + 031 1.11 + 0.09 9.25
Small
. 8375 £ 0.30 1263 + 0.61 1.06 = 0.07 1.13 £ 0.12 1.43
Intestine
Lung 80.41 + 0.84 15.38 = 1.07 0.50 + 0.26 1.01 £ 0.02 2.7
“Carbohydrate = 100 —-[moisture + protein + lipid + mineral]
"Mean + S. D.
Table 2. Proximate compositions of pork by-products(%)
Moisture Protein Lipid Ash Carbohydrate®
Trachea 62.22 + 053" 6.93 + 0.20 855 + 0.33 593 + 0.01 16.37
Kidney 4746 + 0.45 15.24 + 0.33 1.54 £ 0.19 1.35 £ 0.05 34.41
Liver 69.77 = 0.01 16.86 + 2.24 148 + 0.13 156 = 0.05 10.33
Heart 77779 £ 0.33 1455 + 0.70 245 £ 0.19 1.55 £ 0.12 3.66
Spleen 7770 + 0.32 13.69 + 3.88 053 = 0.03 1.39 + 0.03 6.69
Tripe 80.28 + 1.14 9.16 * 293 + 0.08 1.29 + 0.02 6.34
Cartilage 67.96 + 0.36 563 * 2020 £ 0.89 257 £ 0.24 3.64
Large Intestine 55.86 = 1.00 583 = 0.85 30.23 = 0.95 0.49 £ 0.02 7.59
Small Intestine 79.17 = 0.13 13.21 £ 048 220 = 0.32 494 + 0.46 0.49
Lung 7381 + 0.21 17.28 + 0.42 3.80 £ 0.32 454 + 0.03 0.57
Reticulum 82.23 + 0.23 12.32 + 1.09 048 + 0.10 1.19 + 0.65 3.78

“Carbohydrate = 100

"Mean + S. D.
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Table 3. Proximate compositions of chick by-products(%)

Moisture Protein Lipid Ash Carbohydrate®

Liver 7493 + 006" 17.86 = 038 154 + 010 151 = 0.25 4.16

Spleen 7765 £ 019 1338 £ 1.17 247 £ 059 151 + 0.07 4.99

Lung 7694 £ 058 1054 £ 013 264 £ 038 1.12 = 0.04 8.76

Gizzard 80.75 £ 3.8 1438 + 033 094 + 0.27 1.18 = 0.06 3.75
Small

. 80.03 £ 0.27 1255 £ 035 398 £ 057 1.46 + 0.06 1.98
Intestine
Large

. 7049 £ 035 1194 + 1.07 1274 + 026 1.12 = 0.04 3.71
Intestine

Heart 7065 £ 1.07 1196 £ 018 555 £ 014 1.34 £ 0.05 10.5

“Carbohydrate = 100 -[moisture + protein + lipid + mineral]

"Mean + S. D.

Table 4. Chondroitin sulfate(ChS) contents of beef by-products(%)

Chs* Moisture ChS [Dry basis]”

Trachea 1.86 = 1.04° 62.22 + 0.53 492 + 0.89
Kidney 0 4746 + 0.45 0

Liver 4.37 + 0.01 69.77 + 0.01 13.83 £ 0.01
Heart 143 + 017 7779 + 0.33 6.44 £ 0.25
Spleen 0.97 + 0.02 7770 + 0.32 4.35 £ 0.17
Tripe 4.45 + 0.53 80.28 + 1.14 22.57 + 0.84
Cartilage 2.21 + 0.003 67.96 + 0.36 6.90 £ 0.09
Large Intestine 1.55 £ 0.09 55.86 + 1.00 351 = 0.56
Small Intestine 0 7917 + 0.13 0

Lung 0 7381 + 0.21 0

Reticulum 1.49 + 0.13 82.23 £ 0.23 838 £ 0.18

“Chondroitin sulfate contents(%) of wet weight of sample

"Chondroitin sulfate contents(%) of dry weight of sample
‘Mean = S. D.
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Table 5. Chondroitin sulfate(ChS) contents of pork by-product(%)

Chs* Moisture ChS [Dry basis]”

Trachea 1.86 + 1.04° 62.22 + 0.53 492 + 0.89
Kidney 0 47.46 + 0.45 0

Liver 4.37 £ 0.01 69.77 + 0.01 13.83 = 0.01
Heart 143 + 017 7779 + 0.33 6.44 £ 0.25
Spleen 0.97 + 0.02 7770 + 0.32 435 + 017
Tripe 445 + 0.53 80.28 + 1.14 2257 + 0.84
Cartilage 2.21 + 0.003 67.96 £ 0.36 6.90 £ 0.09
Large Intestine 1.55 £ 0.09 55.86 + 1.00 351 = 0.56
Small Intestine 0 7917 + 0.13 0

Lung 0 7381 + 0.21 0

Reticulum 149 + 0.13 82.23 + 0.23 8.38 £ 0.18

“Chondroitin sulfate contents(%) of wet weight of sample
"Chondroitin sulfate contents(%) of dry weight of sample
‘Mean = S. D.

Table 6. Chondroitin sulfate(ChS) contents of chick by-product(%)

ChSs* Moisture ChS [Dry basis]”
Trachea 9.7 £ 0.21° 55.58 + 0.27 21.8 + 0.29
Large Intestine 1.22 + 0.002 65.93 + 0.61 3.58 £ 0.40
Liver 0.73 + 0.08 71.86 + 0.26 259 + 0.31
Spleen 0 60.49 + 0.47 0
Heart 0.62 £+ 0.05 7835 + 0.23 2.86 £ 0.19
Small Intestine 0 83.75 + 0.30 0
Lung 0 80.41 + 0.84 0

“Chondroitin sulfate contents(%) of wet weight of sample
PChondroitin sulfate contents(%) of dry weight of sample
‘Mean = S. D.
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Table 7. Yields and chondroitin sulfate(ChS) contents of hydrolysates
of meat by-products by 2% proteases (%)

) ChS [Max. Enzyme
Protease Yield ] )
time, hrs] Price
BLY 86.54 16.80 [24] 8.6$/kg
BT? 85.96 12.71 [48]
Alcalase 0.6L BS? 89.21 3.89 [48]
caase VoL prw 83.00 7.34 [12]
pT” 89.74 4.85 [48]
PLI® 68.05 4.05 [24]
BL 84.13 16.80 [12] | 441.5%/kg
BT 65.32 11.56 [24]
5 . BS 74.07 3.71 [24]
romelain
PL 87.06 13.92 [6]
PT 71.43 4.85 [48]
PLI 66.56 4.64 [6]
BL 84.13 14.42 [24] |542.4$/10g
BT 65.32 8.53 [48]
S BS 68.44 1.94 [12]
r
ypstl PL 84.66 9.41 [24]
PT 67.46 4.56 [24]
PLI 70.52 3.03 [24]

1)BL*beef liver, YBT-beef trachea, YBS-beef stomach, 4)PL*pork liver, 5)P’I‘*pork
trachea, 6)PLI*pork large intestine. [ ]: Incubation Time(hrs.)
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Table 8. Yields and chondroitin sulfate(ChS) contents in hydrolysates

of meat by-products by 2% proteases after 30min autoclaving (%)

Alcalase Bromelain Trypsin

Yeild [ChS] Yeild [ChS] Yeild [ChS]

Liver 75.8 [53.68] 73.4 [44.34] 67.4 [48.23]

Beef Trachea 68.3 [35.011] 70.9 [39.41] 62.8 [27.75]
Stomach 71.4 [9.33] 69.1 [16.08] 68.5 [6.74]

Liver 77.8 [42.27] 78.8 [47.45] 75.5 [28.78]

Pork Trachea  71.3 [32.41] 60.1 [27.23] 63.2 [27.75]
Stomach  63.3 [28.26] 65.5 [33.711] 60.2 [24.63]

Table 9. Yields and chondroitin sulfate(ChS) contents in hydrolysates

of meat by-products by 2% proteases after Ihrs autoclaving (96)

Alcalase Bromelain Trypsin

Yeild [ChS] Yeild [ChS] Yeild [ChS]

Liver 69.1 [66.90] 69.1 [81.94] 67.3 [70.53]

Beef Trachea  76.4 [51.86] 67.3 [37.34] 61.8 [27.75]
Stomach  71.8 [10.89] 66.4 [27.49] 65.5 [3.11]

Liver 76.4 [42.27] 71.8 [46.41] 76.4 [28.78]

Pork Trachea  81.8 [56.53] 50.9 [25.41] 68.2 [25.15]
Stomach  59.1 [41.49] 65.5 [28.52] 58.2 [19.45]
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Table 10. Yields and chondroitin sulfate(ChS) contents
hydrolysates of meat by-products by 2% proteases after Zhrs
autoclaving(%)
Alcalase Bromelain Trypsin
Yeild [ChS] Yeild [ChS] Yeild [ChS]
Liver 77.7 [69.49] 74.2 [66.90] 69.8 [68.71]
Beef Trachea  85.3 [50.56] 63.9 [39.93] 64.4 [29.04]
Stomach 69.7 [6.74] 64.2 [29.04] 61.0 [7.78]
Liver 78.4 [47.71] 70.5 [47.97] 74.8 [32.15]
Pork Trachea  79.6 [41.23] 60.2 [25.67] 70.1 [23.08]
Stomach  63.1 [24.89] 64.9 [29.56] 60.3 [17.11]
Table 11. Yields and chondroitin  sulfate(ChS) contents
hydrolysates of meat by-products by 6% proteases after Ihrs
autoclaving (%)
Alcalase Bromelain Trypsin
Yeild [ChS] Yeild [ChS] Yeild [ChS]
Liver 72.7 [79.86]  69.1 [68.20] 67.3 [62.75]
Beef Trachea  86.4 [32.67] 67.3 [37.34] 61.8 [27.75]
Stomach  86.4 [16.60] 66.4 [27.49] 65.5 [3.111]
Liver 61.8 [26.71] 71.8 [46.41] 76.4 [28.78]
Pork Trachea  81.8 [42.27] 509 [25.41] 68.2 [25.15]
Stomach  68.2 [46.41] 65.5 [28.52] 58.2 [19.45]
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Fig. 2. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef liver by alcalase. Tissue homogenates were
hydrolysed in 10 volumes(v/w) of buffer(pH 9.0) contained 2%(dry
basis) alcalase 0.6L for 48hrs at 55TC.
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Fig. 3. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef stomach by alcalase. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 9.0) contained
2%(dry basis) alcalase 0.6L for 48hrs at 55C.
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Fig. 4. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef trachea by alcalase. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 9.0) contained
2%(dry basis) alcalase 0.6L for 48hrs at 55C.
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Fig. 5. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of pork liver by alcalase. Tissue homogenates were
hydrolysed in 10 volumes(v/w) of buffer(pH 9.0) contained 2%
(dry basis) alcalase 0.6L for 48hrs at 55C.
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Fig. 6. Yields and chondroitin sulfate(ChS) contents of

hydrolysates of pork trachea by alcalase.

Tissue homogenates

were hydrolysed in 10 volumes(v/w) of buffer(pH 9.0) contained
2%(dry basis) alcalase 0.6L for 48hrs at 55C.
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Fig. 7. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of pork large intestine by alcalase. Tissue

homogenates were hydrolysed in 10 volumes(v/w) of buffer(pH
9.0) contained 2%(dry basis) alcalase 0.6L for 48hrs at 55TC.
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Fig. 8. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef liver by bromelain. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 4.5) contained
2%(dry basis) bromelain for 48hrs at 45T
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Fig. 9. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef stomach by bromelain. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 4.5) contained
2%(dry basis) bromelain for 48hrs at 45TC.
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Fig. 10. Yields and chondroitin
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Fig. 11. Yields and chondroitin sulfate(ChS) contents of

hydrolysates of pork liver by bromelain.

Tissue homogenates

were hydrolysed in 10 volumes(v/w) of buffer(pH 4.5) contained

2%(dry basis) bromelain for 48hrs at 45T.
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Fig. 12. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of pork trachea by bromelain. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 4.5) contained
2%(dry basis) bromelain for 48hrs at 45TC.
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Fig. 13. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of pork large intestine by bromelain. Tissue
homogenates were hydrolysed in 10 volumes(v/w) of buffer(pH
4.5) contained 2%(dry basis) bromelain for 48hrs at 45TC.
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Fig. 14. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef liver by trypsin. Tissue homogenates were
hydrolysed in 10 volumes(v/w) of buffer(pH 7.5) contained 2%(dry
basis) trypsin for 48hrs at 25TC.
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Fig. 15. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of beef stomach by trypsin. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 7.5) contained
2%(dry basis) trypsin for 48hrs at 25T.
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Fig. 16. Yields and chondroitin sulfate(ChS) contents of

hydrolysates of beef trachea by trypsin.

Tissue homogenates

were hydrolysed in 10 volumes(v/w) of buffer(pH 7.5) contained

2%(dry basis) trypsin for 48hrs at 25T
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Fig. 17. Yields and chondroitin sulfate(ChS) contents of

hydrolysates of pork liver by trypsin.

Tissue homogenates were

hydrolysed in 10 volumes(v/w) of buffer(pH 7.5) contained 2%(dry

basis) trypsin for 48hrs at 25T.
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Fig. 18. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of pork trachea by trypsin. Tissue homogenates
were hydrolysed in 10 volumes(v/w) of buffer(pH 7.5) contained
2%(dry basis) trypsin for 48hrs at 25T.
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Fig. 19. Yields and chondroitin sulfate(ChS) contents of
hydrolysates of pork large intestine by trypsin. Tissue
homogenates were hydrolysed in 10 volumes(v/w) of buffer(pH
7.5) contained 2%(dry basis) trypsin for 48hrs at 25T
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Table 12. Yeild, moisture, protein and ash contents in lyophillized

powder of enzyme hydrolysate of meat by-products(%6)

Yeild Moisture Protein Ash
Beef Liver 2.9 18.5 31.0 4.1
Beef Trachea 3.2 3.2 39.2 4.8
Pork Liver 2.5 11.2 33.7 4.2
Pork Trachea 2.0 7.2 34.4 4.3
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Fig. 20. Inhibition of ACE by chondroitin sulfate(ChS) extracts” from

meat by-products. YThe concentration of the extracts was 1mM.
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Table 13. Comparison of inhibitory effect of extracts from meat

by-products on the growth of HepG2 and SNU-16 cells using MTT

assay

Growth Inhibition Rate (%)

Extracts”

SNU-16

HepG2

31.5 44.6

Beef Liver

29.4 36.4

Beef Trachea

28.6 33.2

Pork Liver

21.0 27.7

Pork Trachea

YThe concentration of the extracts was 500ug/ml
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