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SUMMARY

I. Title

New technique for production of pigskin oligopeptides by irradiation

and high pressure

II. Purpose and Significance of Research

This project scheduled to develop the new technique environmentally
friendly for the conversion of insoluble high molecular weight proteins into
low molecular weight peptides by irradiation and high pressure. To achieve
the purpose of this project, low value added pigskin were used for the study
of processing technique of oligopeptides derived from collagen. And studied
the physiological activity of oligopeptides in order to suggest the practical use

of new processing technique that utilizes the irradiation and high pressure.

M. Scope and Contents of Research

This project were studied for two years. At the first year, the
preparation conditions of collagen hydrolysates by irradiation or high pressure
were established. At the second year, studied the physiological activity of
peptides isolated from collagen hydrolysates and set up the new processing

model for producing of oligopeptides by irradiation.



IV. Results and Recommendation

1. Crushing process by chopper was more simple and made a good efficiency
than that of hammer mill.

2. Recovery ratios of the salt soluble and acid soluble collagen were 6.0% and
7.9%, respectively.

3. Viscosity and turbidity of the salt soluble and acid soluble collagen treated
with papain were decreased according to become longer the reaction time
of papain.

4. Solubility of water soluble proteins was increased according to increase of
irradiation doses, which showed the more than 60% of solubility at 300
kGy although showed 2% of solubility at 0 kGy.

5. Viscosity of water soluble proteins was decreased according to increase of
irradiation doses, and turbidity showed similar trend also.

6. SDS-PAGE showed the low molecules, especially below 24 kDa, degraded
from the collagen 0-chains, [F-components and %-components, which
increased according to increase of irradiation doses.

7. Effect of high pressure on the degradation of protein was insignificant
although increased the pressure up to 600 MPa.

8. Treatment of papain on pigskin proteins not irradiated showed 55% of
solubility of water soluble compounds, on the other hand, in case of
irradiated at 300 kGy followed by papain treatment showed more than 909
of solubility.

9. According to band patterns of SDS-PAGE on soluble compounds of pigskin
protein, showed that the treatments of irradiation and papain successively
were the good methods for the degradation process of pig skin protein.

10. Recovery ratios of collagen hydrolysates showed 64.1% incase of papain



treatment, on the other hand, showed 98.0% through the irradiation at 300
kGy followed by papain.

11. ACE inhibition of collagen hydrolysates showed 72.9% at more than 10,000
Da, 92.9% at 10,000 ~ 5,000 Da, 91.8% at 5000 ~3,000 Da, and then
91.5% at 3,000 ~ 1,000 Da. IC50 of collagen hydrolysates were 410ug/u0,
380ug/ b, 370ug/ul, and 890ug/ul, respectively.

12. Antioxidative activity of collagen hydrolysates did not appear almost.

13. Fibrinolytic activity of collagen hydrolysates compared with plasmin
lunit/ml showed 89.8%¢ at more than 10,000 Da, 29.2% at 10,000 ~ 5,000
Da, 20.3% at 5000 ~3,000 Da, and then 24.3% at 3,000 ~ 1,000 Da,
respectively.

13. Desmutagenic effect of collagen hydrolysates confirmed the safety of
irradiation process for production of oligopeptides.

14. In vivo test of SHR, the systolic blood pressure of SHR dieted collagen
hydrolysates decreased significantly after 2 weeks.

15. In vivo test of SD rat, the blood clotting times of SDR dieted collagen
hydrolysates(more than 10,000 Da) increased significantly after 2 weeks.

16. Through gel permeation chromatography, the molecular weight of collagen
peptides were 12,000 Da, 8,000 Da, and 5,000 Da.

17. The amino acids sequencing showed that the peptides produced by
irradiation process were grouped with a large percent of Gly-Pro-X,
Gly-Pro series.

18. As a results of these studies, it was suggested that the irradiation
process for production of oligopeptides from insoluble high molecular
protein will be good process in the near future because of the short

processing time and strong increase of recovery ratio.

_10_
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FZepAel ofnest FEE (Gly-X-Y),o 24 o]F Xi proline, Y&
hydroxyproline®. & ¥ 797} 1/3 AXola, Yw =z 2/3= thE oju|wilo g
EAlste Aoz dnkd oz dyAa Ed(o]F3, 1988, Piez, 1966),
Gross(1974)+= 0-3% YA 724 Gly-Pro-Y, Gly-X-Hyp Jel7} 27}t 21.4%
¢ 21.2%0°]31, 10.1%7}F Gly-Pro-Hyp FE|9& R gk vp gl=dl, < Togashi
5(2002)& <1zF Ej¥F FEEC] kst aHE #Este T HYE FEEC =4
st =Y afigel=rr Ad FAkst @de THAedH, Fo 84 2
Glycine-X-Y &®jo] 242 freg Selasigtel=gtar ®Wasta oy ®E3
Samonia 5(2002)< glyproline peptide family (Pro-Gly, Gly-Pro, Pro-Gly-Pro,
Hyp-Gly, Gly-Hyp, cycloPro-Gly)7} A A& S 7lAE Aoz ®Hast
%31, glyproline peptide familye] A@l&A a3+= AEHZE AT H T

=, 2878 &3 (Samonina %, 2002; Ashimarin, 1998), morphin analgesia #
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3 2L 7198 S (cycloPro-Gly) & 3(Ashimarin, 1998; Samonina %5, 2000;
Gudasheva 5, 1996) ¢ d ©]&]3} glyproline peptide family2] 7Fg¢ &
S AAd o7F gaHel e &

2002). olshgel Fekal fol L@lugetel=e] Aelsgel WA HAAUA 2

k)

A Aoz wa A QT (Samonina 5,

el fEfol=s= 4 e d7tgE Adste] ERHlle Axd Fo ks

WAPA AL ol x|k 7FE ol Aol o3 A EAdEe] W)
v ¥ 1% Zo(e]# &, 1998). 50 kGy oldke] WAM A= 100T B+ Eol
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datAgE AAstAew, dstA o]l A 7oA

WA ALY 23t AEE ste] ZEbl JElol=F A x8t7] st I3t
Aol AAY 559 AAE 239 hammer mill == choppergE o] &3to] &

A% ohE, BA%S A B L1, PAURAG ZAHAAR A A

7H) Hammer mille] &3t 52 22
=3 e Zebd 2 Zebal HEelol=o] FES& oAl 7] Y3t

o] hammer mills ©o]&3le] £ YIE ZE A FsA|Fe] AAH =

dl

Y& 25 cm x 25 cmY AR HAWE I dry iceE o] &35t &5 TASR L
), ~40C W&ol 24X 7F 2t A F hammer mills ©]-&3te] 2433
o B e AXAS] 40T WEaold Adstds WA ZAF ZA19HA
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o] AFE3 hammer mille] A} 2 EX LS Table 13 #Zot
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Table 1. Mechanical characteristic of hammer mill.

Main motor 55 Kw, 7.5 HP, 60 Hz
r.p.m 1,740
Sieve size Each 8mm hole, round type
Standard capacity 250 Kg/hr
Weight 200 Kg

W) Z3(chopper)E o] &3 2

H=3 gl el AAE =9E 25 cm x 25 cmd AV|E AdEe]

Hm

-20C WsaLol A 24A13F b A5 =9 E Est7] dol =IH(AALEN
W-114-T -80451-1, Germany)Z 0C=Z %3] WdZAAH o -20C=2 52%
=3E -3C=E slEAA A4 12 mm sieved 13 ZEH3 & A4 3 mm
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Zu4AHE HIsAT. udAHHAAE FAS autoclave  systems(CIP-42260,
G2 =95 AFEFSE] 0 MPa, 300 MPa, 400 MPa, 500

oA 1023 2087 AAstgith 9, FeAl kR e F
=

= F&% =071 #8300 kGy 7HA WA ZARSE DA A F ol 600 MPa®] St
=

7.pH 2 ZetA g =4
WA ZA el o8t =39 pH $4& ¢&) 24 =9 09 gdl S/
100 mLE #H7bselo] 2087F wwkst 1S pH meterE o] &3] =43ttt g7t

$4 9 A7k NE A 2AL ARe] 2 FFe 7 AR 001 g B
atar o719l 6 N HCl 4 mLE 7Fstel d4 7F2% purgingste]l 2&3 ths 110C
oA 12 ~ 24X ZF 9k 7b4RE AA Jamalle] W o2 hydroxyproline &<

Zgstel BAAS 155 ol Fod FFS AN O, gAET 2any

WA ZARSE gAA R 02 gol 0.1 M NaCl, 20 mM Tris-HCI(pH7.0)-& <}
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Fig. 2. Standard curve of albumin for calculation of protein concentration by biuret

method.
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2 mg/ml7h MES 249 F BT FerAN FEE ST AR AR

WA ZAL & G448 d AJ8+= 01 M NaCl, 20 mM Tris-HCI(pH 7.0) -8 <]

ol Z
= -
gy F27h 1 ~ 2 mg/ml7t HEE 2AS § 25T gz SAHA
10. = =4
A ZANY sdaA ANEE ZASAL 97184 ZFeAe 05 M
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NaCle] &do A7F8A Fe}AS 05 M citrate buffer(pH 3.6) &0 g@uwld s
1 ~ 2 mg/mL7F A =5 zdslon, YA AL A5 8 AN Z2AL & 5442
st AlE% 01 M NaCl, 20 mM Tris-HCI(pH 7.0) & @wld FE7 1 ~ 2
mg/mL7}F HEE Z43e 340 nmolAM 9 &% =(Spectrophotometer, JASCO

UVIDEC-610, Japan)® =74 3}1t}.

11. SDS-PAGE®] 2% wuld o] subunit &4

SDS-PAGEE o] &ste] 22 &4 A&, WA A A=

_YE

, 2AA

>

|5, 3438 Als 59 @¥E sub-unit M3tE HESAT. 449 A8
Wz =27t 2 mg/mLel HEE 8 M urea, 2% mercaptoethanol, 2% SDS, 20

mM Tris-HCl (pH 8.0)& S H7lste] 100TCol A 283F 7193 3 2443F A

=l

=

A wdkelAA] 7rEsskth JhestE AR 10%9 polyacrylamide gelS
ol 43kl Laemmlio] W™ wel SDS-PAGES Faetqitt. 3t Zabal 7}
T = WSS vlusty] 98 WA AR GAAE 0.2 goll HA T
9] 1%7} HE=F papaine ¥7Fe & 01 M NaCl, 20mM Tris-HCI(pH 7.0)
buffer 7.8 mLell &3] 3 F 25TCeA 1 ~ 4A]3F WA A A2 ¢ o
Fede Fste] SDS-PAGEE Fd3sivh 247 #+ed2 205 kDa ~ 24

kDa ¥$¢12 TA % Sigmarl A#(M4038)S AFE-3FA

el Tk Ed=e =40
300 kGy= WA zEAN & =3 50 g& 01 M NaCl, 20 mM

Tris-HCI(pH 7.0) 2000 mLel] HAAIZ o HA FHEF] 1%7F ¥ %=% papain
ThERESEAE HUEse] 25Tl A 1AIZE Bt JhEs] AR dA 75
o] of 5%7F ¥%=% 1 mM idoacetic acid& 110 mL #H7}ste] g Azl &

4CoA 30mintt YA (7,000 rpm) ARG A5 AS FH3Fe] QuixStand
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Benchtop Systems(Amersham Biosciences, UK)el]l Xampler Cartridge FilterS
FAste] UF-10 (MWCO 10,0000]7%), UF-5 (10,000 ~ 5,000), UF-3 (5,000 ~
3,0000 zg]3x UF-1 (3,000 ~ 1,0000 o2 &F/F3te] 12psi &= 3hell Al 500
mL/min & ® el &t el o3 Alm= §d dxdte] FES

Altsk st

13. ACE Asj& 574
ghelof et AL TAAX FEESES ofdlet 2ol ACE Afay 4o
A& 3ol ACE Adlles 712 gis A 2t Fe2H 7t sl E Als
= 10 mg/mLE A %3t 1 AJZHe A 50 uLE FH
@ Buffer (300 mM Sodium borate) : 0.3 M NaCl, 0.1 M Boric acid®} 0.3 M
NaCl, 0.1 M Sodium borates &3 3ste] pH 8302 A 3tAT).
@ 714 Ax : HEoA pbuffers o] &3] 0.3% Hip-His-LeuZ A Z3F3th
® &4 %A ¢ ACE 1 unitel 27k DDW 3 mL& #7Fste] 033 unit/mL &
L7t Hes skt
@ =74 WY ¢ Cushmans® WHA977) &8t S48kt 10 mg/mLE A
3t Alg9 50 pLel 0.3% Hip-His-Leu 200 pLE 7Fst & 37ColA 10+
ZF Wx)3}e] preincubation 3FRTE ol 7|0l ACE &4 50 uLE 7}sta 37C
I M HCl= 250 pL 7pshe] wke-& AAAZG. &

2> 50 uLE AFE3sl ey gz

acetate 2 mL<S #H7}sle] 60%7F ¥ 3 3000 rpmol A 287 fAlET A

A A5Ne 1 mL AT A5 100CA 080 A% F 2 oles
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ACE inhibition activity (%) = (é - g x 100

-2%13 o) B
T: F&5 3=

C : Control &3#%=
B : Blank &3%%=

ACE Adlse] 7M1 =2 seddaE9 ICHuL/mL) 42 AI8E o
o] ACE &4% 50% Aslated Dos mLyes did <

< Lowry® (1951l F3le] A3 ).

o
fr
T
o,
=
32
=
AU
=
i
oot
ot

@O DPPH radical scavenging =% : DPPH 3+dl 2|3} free radical &7 &4
}9ck. 1000 uM  DPPH

ol

S Abes 9] W (2000) = o]-&
(1,1-diphenyl-2-picrylhydrazyl, Sigma) ethanol €<} 900 pLe] 8 mg/mL &
T2 FAG ZA JteiElE AEE89Y 100 pLs 7k vortexing $FaL,
e Al 1027 HESAIZL % 517nm oA FHEE S43AT

@ Superoxide anion scavenging =74 : Xanthine-Xanthine oxidase°l| <¢]3F

NBT &9 (Togashi &, 2002)& ©]&3tth. 0.8 mM xanthine 0.5 mL, 0.48

ik

mM nitrobluetetrazolium 0.5 mL, Z2H4 7F4&38 10 mg/mLe] T2 %

Ask Alggd 01 mLS 37C, 108237 ¥vkg A7l g 0.049 units/mL XOD
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15. Fibrin plateE o] &3 3

m?i

a8l 2

i:]

A\

3
Astrup®} Mullertz®] Fibrin plate® (1952)2 W&sle] AdsgT. #HA
fibrinogen< 0.5%(w/v)7} ¥ %% 10 mM potassium phosphate buffer(pH 8.0)l
ol & fibrinogen &9 10 mL-& thrombin 100 pl3} 414:3] petridisholl 4 &%
AT 2o A 2417F W] sle] fibrin®e] A =™ 8 mm paper diskE fibrin
d= Als & 50 uLE AAs 37C = 3
% incubatorel A 12A1%F Wzl & &3¥o] Yehve o] WAHS FAsSIH

Hz72 dd8s] 349 plasmin(l unitymL)S ARSI, Al&59] &3

m {
o,
rlo
=
N
-4
1o
ojo
o,

WA g AR §3 WA JoAL v Bael

16. WA AL o8 Aol A A (Ames test)

WAL A ZAL ofte] Alxd bl Selageto] =9 bdAdSs ZASH
7] $18te] Maron® Ames®] W (1983)0] F3dte] E7 EAWo] APS 514
Ao AgH  wFE= Salmonella typhimurium LT2E ZFE 3= S
typhimurium T98 % TA100 ©]%liL, o5 wF+& AR&ol oA #F9 FHAH
3kelS 98 histidine £74 o5, UVel th3at A% (yurB 9 0)), rfa 54
WHolo] fFA]ojX = R-factoroll 23 ampicillin &+ tetracycline A 59
AdAs gl F Aol A&k 2 Aol AEE 5= Molecular
Toxicology Inc(Boone. NC. USA)ol A FLsle] A4S 3ldl & = 3tstd -+
a2 A kA ATARA A Sl RS Al ARESHATH FH P Aol
golwl 5=+ nutrient broth No. 2(Oxoid Ltd., Hampshire. England)ol % %3}
o] 37ColA 200 rpme 2 ¢k 10A17F Z&uj Ak (Vision Scientific Co., Korea)3t
& Ao AbgslgTt. 7+ A HA(SY fraction)S Sprague-Dawley ratd] 7o =

BE #gg Ao 2 Oriental Yeast Co.(Tokyo, Japan)olA F4(ckulz &k

_44_



225 mg/mL ) st o™, 5%(v/v)e] S9 mixtureE A F2st] ALESATE A

A

FTE+E 05 mL/plate® 3R oW, S9 mixe] AL 2-AAQ EHAMHo] FHE

golstdtt. YA HEEZEE sodium azide( Sigma-Aldrich Chemie GmbH. Inc.,

1%

Steinheim. Germany)©= S HT9  £3392H, Sigma-Aldrich  Chemie
(Steinheim.  Germany)Atell Al F+4 3+ 4-nitroquinoline-1-oxide(4-NQO) H
2-aminoanthracene(2-AA)E FHFF T+  dimethylsulfoxide(DMSO. Aldrich
Chemical Co., Milwaukee. USA)°ll &3llste] 7} A9 Ao 5o AFE
ST

29 EdWo] A

=1

e ANAEHd ZF w2 9 27 plateE AFEEHS]

i

direct plate incorporation WHOZ AAEAY. = S typhimurium T

nutrient brothel 3F&4¥ Eob nj<kste] tl47](2x10° cell/mL) AEHlo o] 2%

Ju

gk wjeFe 100 pL, AlPEESY] HdSHT dgd 100 pL 2 S-9 mixture(HE+=

0.2 M Na-Phosphate buffer) 500 uL& &

agar 20 mLo] 4& % o]Z= mineral glucose agar Hj#]ol] {o] 13A7 t}&

37CoA A 48A13F Ft wigst & 57 EdAwe] HErE ATt SA4Ux

T2 AFdEZ Al buffer 100 pLE H7slgod, S g2 U
SA

2 4-NQOZ, A €44 A8 A 2-AAS Z+zF 100 uL & 713}

O FEAFS ¥ 2o]xA : SHR rats o] &3 2

i)

0,
o
ol
o
i
jue)
o
ol
ol
N
Ao
o
o
£
4

Z=7] ¥ (Systolic blood pressure, SBP)°] 170mm Hg ©]AF¢l = o] HElA

18 FH(spontaneously hypertensive rat: SHR, 8F%)2 (F)TUY4AISER
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Table 2. Composition of experimental diets

Contents(%)

Ingredients

<0

22.1 ©]

Protein
Fat

—_—— — — —

Crude fiber
Crude ash
Calcium

phosphorus

18. Sprague-Dawley rat< ©]
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@

19.

gl

FEALS E HolzA : AT 6539 Sprague-DawleyE 3 # 3078 =

t Az A 3FRE Aol & gske] A
$Fd AHY AIFE gz (Control: 7, n=100% I EF(M 10,000
7, n=10/ M5,000: 7, n=10)2. 2 7o steel cageol A 3+ wlE|¥ A&
i, 2% 22T, ¥% 50%, 282 124k F7]2 2dstgich aAw 2o

A U =EHE 1%, A 105%E Yk 2old H7lsto] F 15%9] A%

il

& FHHAES SF90m, 35/ A F Feba AFRARS 10 mgked 5
w2 37Fe g AFe 47U pAe 4
AYLIAY £ ¢ FASS MHAOR ANHIA AP HA

(Clotting time)& 4593t dFY Aoz AT APl FAs3AT
il

Heparinized capillary tube& ©]-&3}o] F o] wollAl XS AHs AL, AN

%
%01‘

A 1 mLS FElAgdel ¥ A 1.7% CaCly - H.O 200 pl< 7}
kel HolE H, delo] CaCl - 0% 718 AR £37h 42 w074
sgch.
b o,

A\
o

=¥ SAIAZFE SAS programe ©]&3te] a=0.05

Lo

SEis=y

Jm

ol M 1%

Ay
O_|.4
ol

Fast Protein Liquid Chromatography& ©]&3t &2 ag]elo]= ¢

=3 2epl Lo ueo|=s 28] 95k superdex 200, 10/300 GL

212 AKTAexplorer chromatography(AMERSHAM BIOSCIENCES, UK)ell

Zzsle] Table 39 Aoz E AHAl dRer, EFELS molecular weight

calibration kitE ©]-&3sto] &A&FS 4 5k3H
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Table 3. Gel permeation chromatographic conditions for separation of collagen

hydrolysates
Conditions
Instrument Fast protein purification system (Amersham Biosciences)
Column Superdex 200, 10/300
Wavelength 280nm
Flow rate 0.4ml/min
Eluent 0.IM NaCl, 20mM Tris-HCl (pH 7.0)

20. RP-HPLCE ol 88 24 Aele|=9 23 27
obuliedt MARAe] AgHE AEel=e] FEE kel $lshol

RP-HPLCE o] &3to] 22 w2 AAE it &8 AA= 7]sAdo] g2l

1

L

i

g JheRsEe]  GPC  fractions HElO|=E FAHoz  d9en  01%
TFA(Trifluoroacetic acid)® H &3} Azl Vydac 218TP1010 column< AF-&-3F
HPLC(JASCO PU 980, JAPAN)ell 60% acetonitrile®] $r¥ 0.1% TFAE o] &
3l linear gradient® 103t 2|38t oW (Table 4), ©o] &= 7} =2 JaE

HQl fractions A3t £% 9 ofu| =t NEEA Al52 st

21. RP-HPLCE °] &3 el 329 ¢ 31l

e

Vydac 218TP1010 column®.2 HPLC(JASCO PU 980, JAPAN)elA &
3t FMelol=o & dQlsty] fste] Vydac 218TP54 columns AR-&38}¢]
RP-HPLC(JASCO PU 980, JAPAN) 418 3&FSth(Table 5). o]wf eluent=
0.1% TFAS} 100% acetonitriles ©]-83}] linear gradient3}$th. Detectore

220nm UV detector® AFE3tH 1, 23 £ ¥ Z84 FHElo|=& 30 ul Yot

o]
AA
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Table 4. Separation conditions for oligopeptides derived from GPC fractions

by RP-HPLC
Column Vydac 218TP1010(Cyg, 10 pm, 10 x 250 mm)
Detector UV/VIS
Wavelenth 220 nm
Column Temp. 30C
Flow rate 2.0 mL/min

A 1 01%(w/v) TFA in water

Mobile ph
obrie phase B : 0.1%(w/v) TFA in 60% acetonitrile

Time(min) A(%) B(%)
Gradient 0~5 100 0
condition 50 0 100
50 100 0

Table 5. Identification conditions for collagen peptide by RP-HPLC.

Column Vydac 218TP54 (Cis, 5 pm, 4.6 x 250 mm)
Detector UV/VIS

Wavelength 220 nm

Column Temp. 30C

Flow rate 2.0 mL/min

A : 0.1%(w/v) TFA in water

Mobile ph
obile phase B : 100% Acetonitrile

Time(min) A(%) B(%)
Gradient 0 100 0
dits 0~1 100 0
condition 50 0 100
60 100 0
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22. HEPO| = ofu| A Ad 4
RP-HPLCZ o] &3t o+ peak® 23k 222 12000 2 5000 <7
aEfol =] ofn| At AES B4 Hste vl 2R dA T A LAl

Elo] SZ2Ax EZA4gE o3&t PTH anlysis column 2.1 x 220 mm©]

ML

2= Procise 491 HT protein sequencer(Applied Biosystems, USA)S o] &3}
gdom 01% TFA/ 60% acetonitrileoll 1lpg/mle] T2 AEE =9 g 1040

£ FUstAtHTable 6).

Table 6. Sequencing conditions of oligopeptide prepared by RP-HPLC

Column PTH anlysis column(2.1 x 220 mm)
A : 35% TFA(tetrahydrofurane) in water

Mobile phase ) ) o
B 1 129 isopropanol in acetonitrile

Step Time(min) B(%) Flow rate(yl/min)
1 0.0 8 325
2 0.2 11 325
Gradient 3 0.4 14 325
condition 4 18.0 46 325
5 185 90 325
6 19.0 90 325
7 22.0 90 325
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chopper= 96%% e
Rboopue AAHoRE FEA0

0]
A

hammer mill¥#} chopper+= Fig. 33 7t}

Table 7. The yield ratio of grinding pigskin

chopperg ©] &3}

Baste Aol B4l 4wF B
Ao® UEdnh B A% AR

of hammer mill to chopper.

Hammer mill Chopper
=4 A d5 =9 5 Kg 5 Kg
=4 3¢ =9 38 Kg 48 Kg
IR 76% 96%

Fig. 3. Inner structure of hammer mill and front picture

pigskin
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Table 8. The chemical composition of grinded pigskin.

FE(%) Z (%) A (%) 3] % (%)
48.1"+3.0 36.1 £ 19 149 + 05 07 + 02

YAll values are mean + SE (n=3)

Table 9. The chemical composition of defatted pigskin.

T (%) 2= (%) 24" (%) 3] 2(%)

150" £ 0.8 795 + 0.6 25 + 0.7 05+ 0.1

YAll values are mean + SE (n=3)

o gA=99 47184 R A EFA 5

D 978 2 e
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Table 10. Percent of total collagen to the crude protein of pigskin

Irradiation dose

20 40 60 100 150 200 250 300
(kGy)

91.3" 904 892 898 897 900 934 930 913

collagen %
£+ 35 £38 £49 +12 £34 £31 22 +32 =35

YAll values are mean + SE (n=3)

Table 11. Content of salt- and acid soluble collagen from defatted pigskin. (%)

EXL A7+84

ik

el e a el il

795" + 0.6 6.0 + 3.3 79 + 38

YAll values are mean + SE (n=3)
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Fig. 4. Viscosity of salt-soluble and acid-soluble collagen according to enzymatic

reaction time.
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Table 12. Changes in pH of the defatted pigskin according to irradiation dose.

Irradiation dose

20 40 60 100 150 200 250 300
(kGy)

654" 646 643 637 649 661 671 696 694

H
P +0.07 +0.12 +0.08 £0.27 +0.03 +0.04 +0.06 =0.04 *0.07

YAll values are mean + SE (n=3)

A =95 WA AR e wheb ZARSE & 01 M NaCl, 20 mM
Tris-HCl (pH 7.0) €9z &&3 584 dldo] & =5 Fig 60 Yepdo &
APAZALE BFA] e BAEY 9 84 dAe] Ll 2% oo, WAL

Az ge] 4855 £84 Buds §AEE F7hte] 300 kGyol ZAMA Fol
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Fig. 9. SDS-PAGE pattern of pigskin proteins according to irradiation doses.
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Fig. 100 YeRd vle} Zo] 2a¢ATE 34 &2 ETFB)ANA 4= 100 kDa
~ 300 kDa Z7]¢] Z&4 a-chains, [i-components %+ %- components, 123 66
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$ BN ol el Ay WALAEAA e Faa e gk e
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200 kGy ©°]/de wWAbd zARd e aAE A #AAIgle] 10%
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Fig. 15. SDS-PAGE pattern of pigskin proteins according to irradiation doses

and papain treatments.
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T2k 300 kGy &= ZAFEE =9o A 4
g gl gavtEiRdel o AxFeEs YEbUtHTable 12). 7FFEafo] ARS&
Fae Addo F 44 9 dF ZF feol= AxA HESAY  papain,
bromelain, HT-proteolytic, GC-710 oA Eslszt 7140 53 Aoz Yehd
papaing AHESIGITE A ATFERH N & AR Ee] AxzE UF-10 (MWCO
10,000°]4), UF-5 (10,000 ~ 5,000), UF-3 (5,000 ~ 3,000) z2]3 UF-1 (3,000
~ 1,0000 2 FiEste] gheloldt sglom, gheloy =S T4 )
A F8 % FE&5 Atstnh gejolatel] o3k FepAl vt ES] F
=

< Table 13°] utebdl wRel o] thx=7ol M= 64.1%, 300 kGy

L
I
ol
o

S~
(o

DRES

Aol 98.0%2A WA ZAL oldhe] 4% ol ge] AsRa el F7h5d

o
kzl

rl

ol AR ALl oste] Fehal wuide] iz wgo] dofit papain B

=2

slstel 410 sl AR By WEoR AZAAL. Feh AR
BB RAPUR TR, PAAZA o Reh BoAgle]l BT 10,000 o]

hrEslEoel Al ZbeEsl=el 50% olds AASAAL, A 10,000 ~

5,000 > 5000 ~ 3,000 > 3,000 ~ 1,000 ¢ =M= 7lFaiEo] A3 =AU
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Table 13. Yields of collagen hydrolysates from pigskin

Not irradiated Irradated at 300 kGy
MWCO

Dry wt(g) Yield(%) Dry wt(g) Yield(%)
> 10000 Da 185 37.0 31.0 59.3
10,000 Da - 5,000 Da 6.5 12.9 99 189
5,000 Da - 3,000 Da 4.1 8.2 6.9 13.2
3,000 Da - 1,000 Da 3.0 6.0 34 6.6
Al 32.1 64.1 51.2 98

. =39 24 /AFEANEL In vitro 7154

Zop T o] vkl Al, IR sl A, e 53 Aol 3l
AL, el Zelagleel=e] el se] WA HA 2 SelafEel=
o uFIMASE AT AEE Tisol Vs AAE ok Fa A didel H
I gtk = 2 aFElol= Fo| A Glycine-X-Y #H EE glyproline peptide

family (Pro-Gly, Gly-Pro, Pro-Gly-Pro, Hyp-Gly, Gly-Hyp, cycloPro-Gly) &
e ZebA F2 ST aFelo]l=o A dAaksl &4 (Togashi &, 2002), & 783
ZHg A B3 7]%(Samonina 5, 2002; Ashimarin, 1998) ¢ &7} U=
AR R gloeng Z o] WARNZRAE I &4 WA ofs)

o9 il ditst d FHES aHE In vitrool A

1) ACE A&

g et& renin—angiotensin systemol] 93 FAF W (William %, 1995),
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o] ¥4 A angiotensin I - converting enzyme(ACE)o] =83 &S 3o}
ACE:= 2178 WARAl AlxolA EH|H = renin®] ZHEel o8 A=
decapeptide?] angiotensin I o] #-&3}e] carboxy Lo 2ZHE dipeptide’} %
A dgAso £83% HI8S d= octapeptide?! angiotensin IS AJA sho}.
s Eo

ACE9 ¢& A% angiotensin I+ #AFFHFS o7y AF oo Na/a#

[¢]

k
o
>
@)
ey
ol
el
2
ol
p‘L
,d
)

_4

=2l bradykinin®] E&A43}E ZZA 7t

o AEFE ZF7HA7) 2L, FAlo A9 aldosterone EH|S X 3le] AgHor &

PS AsA7l= FES v mebd ACES SolA o Adfshs 2de a9y

o[)'

AA s THALA HER, Axd heddE(Eeagiee] =)o ACE Adlls

fijo

A B 312} in vitrooll 41 9] angiotensin 1 2] BAZ7IE A= 235 4
Ao w zAreFATE Peptide® ACE A#iAl= Z7]o] W] oA s glow, o
E342 Glu-Lys-Try-Ala-Pro W€& 7}#| = pentapeptide?] ROZZ HuHi gle
] (Cushman %, 1979), o]l gelatin, 23], A, A, Aoy, #FHA, 7 5 &

A 5 RaAEZAY peptide’t ACE A4l 4% Aom wnsa g

L

(ZAE % 1998). Table 149 300 kGy= WAL ZASE AJEE papain &4 7}

Fidfste] 4 el e EAFE ACE Adle&S yedllth. ACE A&
= ZAF 10,000 ool FrEalEol A 729%E, w4 10,000 ~ 5000 R4
o] Zh sl =l A 929%, A 5000 ~ 3,000 M ThEa =l A 91.8%,
e EAE 3,000 ~ 1,000 Mo AEA bl Eel A 91.5%9] ACE A 8
&5 2o oA TRl ACE A& 4% 10,000 ~ 5000 ® ¢l A
7P e Zlew yuut ol =3 Zekdl JhrEdl=e ACE A& A

FATN(F5E 5, 2002) BAZE 7000 FEel F AQ 2k Wehol=olx 58%e]

il

ACE Asl&ol ysiths dadEng dutdos =& Zoz yeylt. @38, ACE A
&S 50%7HA A g e fEel= FEQl ICx< Table 159 UeRd

npel Zro]l F2keF 10,000 o]l ksl Eol A 410 pg/mls, 10,000 ~ 5,000 ol



A Al 380 pg/mls, 5000 ~ 3,00000A4 370 pg/ml<, ZL2]3 3,000 ©]ske] A& Aol
A 890 pg/mls YEFHAT A=74A &elZl peptide ACE A8 Al ¢] ICs0<> peptide]
TH EAFo weE g2 Ao Rusam Ed, A, A 59 s E
& 720 ~ 750, ¥ 7HEEIAES 68 ~ 2930, 24919 54 peptidet 7.5 ~
600.0 183 chitosan oligosacchride®™= 05 ~ 120321 Aoz W% W (EZAL
5, 1998), ol¥ g ACE A& 2 &A=k 1,000 o]t A&A feto] = 7t
g o RuHu el 2 dAelA s EAF 3,000 olste] A&EAL peptide
oA @3l ICx°] & Ao Yety 7o A+ A3l Afol& Hola )
o} ol s A= ACE Aol wX= 574 peptidee] dAeto|ut ofnj=ib Z17]

WA WARZEAE MR Gepe] Ak

rr

As AR 43T + At

Table 14. ACE inhibition rate of collagen hydrolysates

MW ACE inhibition rate(%)"
> 10.000 729 + 149
10,000 ~ 5,000 929 + 2.0
5,000 ~ 3,000 91.2 + 2.8
3,000 ~ 1,000 916 + 0.6
¥ Concentration=10 mg/mL, n=3

Y Mean+S.E.

Table 15. Concentration of collagen hydrolysates for ICs

MW IC50(|-Ig/ml)D
> 10,000 410
10,000 ~ 5,000 380
5,000 ~ 3,000 370
3,000 ~ 1,000” 890

¥ Concentration=2 mg/mL " Concentration=1 mg/mL
Y The Concentration of peptide needed to 509 decrease of the ACE inhibition
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dutH oz AFoM o] &Hal gl <

o
oH

8F2ks} Al = phenolic compounds &
A BHA(butylated hydroxyanisole), BHT(butylated hydroxytoluene), TBHQ(tertiary
butyl hydroquinone), B]E}%l C 2 ESo] HA o2 F&5o] &= (Giese, 2005 A&

A7, 2005), ol5 A AASHAlE hHAl =7l Sl

B>

Hlzpe] 71 5-zho] Al
ol wel AN Hojgd FAERRE kst g e BES £ o
St = AETE o] FolA AL gt o]E Fole HMAAA B HAF de ExHo
91 ascorbic acid, tocopherol, carotenoids, flavonoids S©o] glom wuld s} el=3l &
of g5 wrgol 9ste] A E maillard ¥HS AP =AM E ksl a7 glgo] g
A1 JrtHEvans &, 1958; Lee, 1992). 33 A4 vl d 71453 & I (Pratt

22 285249 dipeptide?! carnosine &F FEZo|AE FAsiA o] W
2 vl dtH(Chan 5, 1993). T3k Glycine-X-Y dEjol ==t 3 22 a3 Elo]
oA 73 ksl Aol &A= AS Hal(Togashi 5, 2002)3 ¥} lox
2 2 ATdAE S F bR E e kst a9E Ay Edth
@D DPPH radical scavenging =74

DPPHE 4o AAE Az F= dAgolAdst whgsiA wd Az
1} hydrogen radicalS %o} phenoxy radicalS AAsHA 35 band% AMgFA
Al Ha Fge B Ak B3 Fojd dAAde vt A ow Agety, oo
of wlelete] XxepAe] DPPH AMZe AA doAAA Hi FHEE A}
Hr} o]yt dglE o]&3slo] DPPH radical scavengingS A ste] o1 AdE
Fig. 16°] YEFH ). Ascorbic acid®] 74 -$-ol+ 200 pg/mL ©]A2 F XA 90%
o] Fel AARNE YEtd W, FeAl TheEs e Agoe EAEe] 274
Aol 8000 pg/mLe FEolAE Aol Ao YEhA gt B A
A Ap= A 3,000 ok A&EA FebaAl gEtol=ol A kst &S T

sloy, & A7dy 2l Tkl eelM s Fakst Aol yEhbA edgkar
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Fig. 16. The radical scavenging effect of L-ascorbic acid and collagen hydrolysates

on DPPH radical
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@ Superoxide anion scavenging =74

DPPH radical scavenging =7AolA ZHAl 7teEdE9 aAEAHol AY
UER}A] ol xanthine-xanthine oxidase®] <]% NBT &dHS o] &35}
superoxide anion scavenging 35 AH BT} UHbH 0 F xanthine oxidase
I,

o] ] MA W superoxide anion®] NBTE #dAI#A 560nmolAx &3S el

+ xanthines uronic acid® AFstAl7]aL F-4b= 2 superoxide anions W=+

Hr} Fig. 1701 27 7152381 & 2] superoxide anion scavenging 27 e}

Wttt DPPH radical scavenging A3} wpx7}A] &2 ascorbic acid® 7ol =

=

200 pg/mL °]de] Fr=olA 80% o4 A7 EI}E yEkd vkd, FZeA vk

a2l A$olE 10000 pg/mLe HLEEAAE 4% ool 27 4L W]
ZA bR EEe] sk a3t wvsitE S UEhda ok
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Fig. 17. Superoxide radical-scavenging activities of L-ascorbic acid and collagen

hydrolysates on xanthine-xanthine oxidase system by the NBT method.
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3) Fibrin plates ©]-&3 dd&a 244 =4

Al A dxdel AR AN Hd FHAAA 7] A (blood cascade
mechanism)ol ©]3) &AstE EFHlo] ofste] srgiedle] vyHdo R Adro &
2% EEAY SHAE wEUA FAET 5 I A EFE HE] Aol
BaE =, 49 Saek &3 289 Aol AA FART Fol EafHA %
g oA dH o ks el et

oM Hed, AR, A2, ¥

dolup Foguzny oy Hehol

(1

(opioid peptides), &%  3E}O] = (tumor
suppressing peptides), ®4] 2§52 ] Efo] =(phagocytic peptides), ZHEEFFEH A
E}o] = (caseinophospho peptides), 8% ZFa#l2elE 74 3 Efo] = (hypocholesterolemic
peptides) —1#]al FAE3] FE}o] = (antithrombotic peptides) &3 HFHH¥ A A
Hetol=of] g A7F B vk M85 Fetol== RGDS & RDG A2+
Zte Fetol=olA daw S B el ol AEAS UBdle Ao oy
Z 9 tHD’'Souza 5, 1991). oo tiFe Mz F#¢ DEGLPR # Elo]=(Kanazawa,
1996), 974 fralel 9714 HMelel= 8 (Shon &, 1996) SolA d4ad &3 A&

e el Ao® RuHw gk B AT E 288 Feha AeraEe @

Aga BYL 2437 skl $AHOR B4R 1FE(10 mg/ml, Sme/mbel
% BHES) FAL ZAGYA(Table 15), 1 Ave] weh AAgs) FAo] we
BAge Adstel W dA8d YL ADERGT 2 AeRaBe da

&3 g48 A% s teEFES 10 mM potassium buffer(pH 8.0)9l
gt AP EA o wpel 2 ~ 10 mg/mLe T2 2E3 2, 8 mm paper
diskel A #3}e] fibrin plate® ol olg dH &) A4S FHst] b 7
e &3lWAI plasmin(l unit/mL)o] &3 WS WMESZ e
Table 160 ‘tepet wpe} o] ZEpal 7h4=323) ]

2
ga BAFl wek 2 olE nArh BAF 10000 o9 AFRHBANE 8



mg/ml, 10 mg/mle] FollA Z}7t 51.6%, 89.8% 5 el W] ExgFo] Hojd 4
= A& d4S 3438 AstE o 10 mg/mle F=lA4 A= 10,000 ~ 500001
e 29.2%, 5000 ~ 3,000914= 20.3% 13 3,000 ~ 1,000 A= 243%E HA
o 2 AFARE EQE FF invvo APAAE T EC] BouA AL &4

W9l Fepdl Tt ES

o]-§-stSith. Fig. 18] &2k 10,000 ol/&¥} 10,000 ~ 50009 7t et &

o HluA #& A 10,000 ]2 10,000 ~ 5,000

wd dA88 245 vedth A-plates B 10,000 o) Are] FtEE S o
&

& FAgd B4 ehd A0EA 2 mg/ml oY FEA BALH B
of ehgou], AsRaEe] ¥Est woldss FAgd YL T 7

3] 10 mg/mlol A& plasmin lunit/mle] 90%e°l] A @3atE AL Bt wd
o] B-platedl A<} o] EAF=F 5000 ~ 10,0009 7I4E3&E] 4L A
of Hlste]l FA 38 AstE i S HolFa Uk

o] }e]l AuE Tt bl iR S BAEY] A7l w7

4 540 gel dehim 98e & 5 ATk F, Febd A5RAE 9@
=]
=

olr

Qe Evbe BA 5000 ~ 100009 EHBoIA, WAL BHL BAD
10000 ol ge] RHFNA Felshl vehgon, Gust ave 2ok s
BolAE gl Ao ek

Table 16. Fibrinolytic activity of collagen hydrolysates

N A - . . o a)
MW Ratio of fibrinolytic activity(%)

8 mg/ml 10 mg/ml
> 10.000 51.6 89.8
10,000 ~ 5,000 20.1 29.2
5,000 ~ 3,000 16.8 20.3
3,000 ~ 1,000 18.6 24.3

a)Fibriolytic activity ratio of collagen hydrolysates to the 1 unit of plasmin
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Fig. 18. Fibrinolytic activity of plasmin and collagen hydrolysates.
A MW >10,000, B : MW 5,000 ~ 10,000

a) plasmin 1 unit/ml b) 10 mg/ml ¢) 8 mg/ml, d) 6 mg/ml e) 4 mg/ml {) 2 mg/ml
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Table 17. Desmutagenic effect of the collagen hydrolysates from gel filtration
chromatography in S. typhimurium TA 98 and TA 100

Dose Number of revertant colonies (His+) per plate
Sample (ug/plate) TA9B(-S9)  TA9R(+S9)  TAI00(-S9)  TA100(+S9)
1 3812 27+1 194+15 211+1
2 38+1 166 175%12 195+13
M:1,000 Fr-10 3 3148 21+6 182+25 2038
4 24+1 1945 178+6 186+1
5 30+13 21+1 134+17 117+15
1 31+6 171 269+1 266+48
2 26+6 155 246157 252125
M: 1,000 Fr-11 3 176 187 20418 226128
4 163 194 208+20 238120
5 13+1 21+4 252+11 274%8
1 371 21+3 264+26 245135
2 29+2 152 192+11 216t4
M: 3,000 Fr-10 3 28+3 2016 17542 227136
4 339 22+2 182+1 251+19
5 23+3 1916 2156 238+3
1 32+3 14+1 333+69 341+46
2 3446 16+1 280+28 304+42
M: 3,000 Fr-11 3 35%1 156 255+1 343+41
4 3445 17+6 2266 367+28
5 186 21+1 255+8 296+19
1 33+4 2246 220+14 258123
2 2845 26+7 20718 2196
M: 5,000 Fr-10 3 27+10 21+4 215135 214411
4 34+3 15+3 182+19 228+15
5 3249 20+3 191423 270142
1 31+7 2043 258+57 321+13
2 25+4 18411 283+14 313+13
M: 5,000 Fr-11 3 19+2 216 259+48 324+38
4 17+1 21+1 249167 361£18
5 15+1 19+5 233+41 287+18
1 26+3 21+9 299+15 264+2
M: 10,000 2 226 168 2757 230+8
3 23+3 215 259+1 236114
Fr-10 4 1846 1445 955427 2491
5 17+1 13+1 232+14 195+22
Negative control  buffer 2614 185 327+35 340+28
4-NQO 05 536+283
Positive — 2-AA 2 693+123
control SA 0.5 721+57
2-AA 2 811+56

4-NQO, 4-Nitroquinoline-1-oxide/ SA, Sodium azide/ 2-AA, 2-Aminoanthracene.
% Values are the Mean+=SD (p<0.05).
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Table 18. Body weight in SHR for 6 weeks.

Week Control M 10,000 > > M 5,000
0 211.1+4.2 210.7£6.2 215.8+5.0
1 246.5+5.2 246.1+8.7 252.5%6.5
2 266.0+3.9 266.0+10.8 269.4+6.3
3 289.0+7 280.9+11.9 285.3+9.4
4 303.0£54 297.4+9.8 299.849.3
5 302.6£5.3 300.2+10.2 313.5+9.0
6 313.0£75 318.1+115 313.849.6

* Values are Mean+SD

Table 19. Systolic blood pressure in SHR for 6 weeks.

Week Control M 10,000 > > M 5,000
0 195.3+15 188.3+12.7 185.6+9.4
1 192.6+7.6 182.3+16.6 180.849.9
2 192.6+8.5 172.3+7.3" 169.1+5.0”
3 192.6+4.4" 170.5=4.2" 170.0+4.1"
4 191.1+4.3" 172.34.4 170.1+3.7"
5 192.4+3.07 173.0+3.1" 170.6+2.6"
6 190.9+2.0” 171.1+2.5" 170.4%1.5"

* All values are Mean+SD
* Values within the same row with different alphabets are significantly different
(p<0.01)
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Table 20. Body weight in Sprague-Dawley rats for 4 weeks.

157 &0l o8 7S At

[e3}
AT

Week Control M 10,000 > > M 5,000
0 389.0+4.8 382.2+89 402.0£14.5
1 409.1+12.7 407.2+10.8 424.4+23 .8
2 429.9+14.8"" 412.6+9.8" 444.8+22.6”
3 463.4%9.7 439.0+11.1 456.9+20.1
4 476.8+11.5 479.0+20.4 495.0+22.8

* All values are Mean=SD
* Values within the same row with different letters are significantly different

(p<0.05)
Table 21. Blood clotting times of Sprague-Dawley rats for 4 weeks
Week Control M 10,000 > > M 5,000
0 504.5+56.2 484.2+63.1 486.6+28.8
1 446.8+42.6 502.0+63.1 437.0+37.6
2 436.5+35.9”" 497.6+55.77 393.4+46.7"
3 352.0+22.8” 394.2+18.07 333.8+27.3"
4 352.0+31.0” 401.6+46.0” 335.0+15.3”

x All values are Mean=SD
* Values within the same row with different letters are significantly different
(p<0.05)
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7}. Fast Protein Liquid Chromatography S ©]&3% Z g4 7lF-E &9 £ ¢
A% g
dedde 9 ddds a3 yehd deloy BEES EE A A

#3l gel permeation chromatographyE 33} th. & 43 10,000 |43} 10,000

~ 50009 #¥A5E 727 01 M NaCl, 20 mM Tris-HCI(pH 7.0) bufferdl =

i)

o] 10 mg/mLe T2 Z4d3 S superdex 200 column= ©]-&3fe] Hzdh
A3}E Fig. 199 veEbdch E21% 10,000 o) Are] EE &= 3 /e peak7’}
€252, 10,000 ~ 5000 3o = shoulder Aol A= 2709 peak’} &

EHY. &&5%Y peake ®AH FHS 98] molecular weight calibration

standard® £Z3% A3 ExA#S 4 9+ Albumin, Ovalbumin, Ribonuclease
A9 elution volumee 7}z 1491, 1558, 18.8 mL ©] 3L, Lo EFPEEL

< 19.28 mL, &A% 10,000 ~

i

elution volume A& 10,000 ©]d< +2
5000 =8 &2 20.15 2133 mLZ SAHHAL. HHFAS o] &3ty EAHS =

A Ay 2 TheRd e A% 12

o

00, 8,000, 5000 Da Z7]<¢1 FHOo=

g3t A HH(Fig. 20).
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Fig. 19. Separation of collagen hydrolysates by superdex 200 using FPLC
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Fig. 20. Standard curve for the determining of molecular weight of collagen

hydrolysates
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Y. RP-HPLCol 93 23 £

Fast Protein Liquid Chromatography& ©]-83}¢] #el¥ &4 HEloj=9] &

bt

2 = ofu| 4t G EA o o] &37] Yl Vydac 218TP1010 columne o] &

o

RP-HPLCOl A 22} &gttt Fig. 212 RP-HPLCol ¢&te] 89 peakS UHE}

W Aoz FPLCO 93te] #olwl H-xkzF 12,000 fraction(A)2 retention time 7.6 min.

2

|4 @Y peak® H#H AL, B2 5000 fraction(C)2 retention time 7.8 min.ol A

9 peakE T 4 dAh 28y EAF=F 8000 fraction(B)2 Cig columns ©]-&

T oo

g RP-HPLCOlA &e2|7F Aldatict. whebd 2247 8,000 fraction(B)e] #2lE at
of AlmAd&ol st} olFmel wet £t 7he gt AW A719E W (CE, capillary

electrophoresis) S ©]&3l= Woto] T A ojof g},
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Fig. 21. Separation of collagen peptide by RP-HPLC on Vydac 218TP1010 column

A MW 12,000
B : MW 8,000
C MW 5,000

o 239 234 Hegol=9 ¢E F<
Vydac 218TP1010 columns ©]83te] RP-HPLCOA #2lst b 3
Elol=9] 2= sy Y3t Vydac 218TP54 column® ® RP-HPLC(JASCO
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PU 980, JAPAN) 45 &ttt fetel= £l S skl 01% TFAS
100% acetonitril® linear gradient elution 3F$1.2.™, Fig. 220 yeld wfe} o] Bz}
@ 12,000 fraction®} &AF=F 5000 fraction®] © ¥ peak® YEIU I S AT

ARem, FeH fractione] F2 ofw]iAt A A o] &3ttt

fat

. T T

Fig. 22. Identification of collagen peptides by RP-HPLC on Vydac 218TP54 column
A MW 12,000

B : MW 8,000
C MW 5,000
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2. LY uFelo|=e F o ojmxat T E uwld

2 AFdAx = RP-HPLCE o]&3le ©Y peakz E23 EAF
12,000 2 5000 <@ nFelo]=S FASE FR ofuw=aky G BEAS 9E

o /) 2AAAQATA ALl e, Fx obu st WAL el

Atz Ao, A7 Aol BAF 10000 o4 @ EAL 10000 ~
5000 o Ze7l Aswa oy Atde 2 Wdgs] 5o £¥F e W
#7b ERA eke} 3,000

;
84E A g, 4

BatEk 3000 o]3e] AEA #HMelo|mo] = o]

.
oste] A Aetoleg AxAAY 25 $G B
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FAQAA 7154 AFOR ol galrlol BApE 5000 ol 4he] el = yho

rot

= gegy 2 AAgelA S5

;
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ks o] RP-HPLCO| ¢]ste] #8
WA 12,000 2 5,000 HEFe]=9] ofr| =ik vidS ARSI T 12,000 Da®l 4
% 10 Z7](residues)E w435 =d Rl = Gly, Ala, Leu, Lys; R2 = Pro,
unknown; R3 =Gly; R4 =Pro; R5 =Ala, Lys; R6 = Gly; R7 = Pro; R8 =

unknown; R9 = Gly; R10 = pro® YERT 2 AyE A& o 227 12,000

=
a2
o,

fraction®] A5 T GY peptide2 A vt & & AT A
ofu] =2k BlE-& Gly-Pro-X, Gly-Pro Aldo] &<l Aoz ey} v o

25 50009 4 $-9l+= Rl = Gly, Leu, Ala; R2 = Pro, uknown; R3 = Gly?]

F9 oluxAto @ HEHo] oy oflu Ao & A HE peptide’t EAIE O] gtk
© As & F AT BAF 12,0009 499 nhzrbA R Gly-Pro-Xo] Al e]
2 AS A4 = AT oldd A= AF7HA Glycine-X-Y @ H,

glyproline peptide family(Pro-Gly, Gly-Pro, Pro-Gly-Pro, Hyp-Gly, Gly-Hyp,

cycloPro-Gly) FEje] ezl 3 fetol=7t oy AYPEAH S 7= Aoz
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S, 2000; Gudasheva &, 1996)¢} FAFSh glyproline peptide family® 43 & ]

AAFAE Yoz 9ee & & A

i
1,
i)
=
=
=
[\
w
Mo
ot
o
b
T
oE
=
o,
ot
il
)
2
sty
Au)
o
[
2
BN
of
ox,
k1
ftl
B
jutes
=
>,
=

= FAe] AFHmz A Agte] Wk AAAA FFI)ER ]8T & 9

_94_



gt

2
(-207C, 24h)
12} &4 (chopper)
=9 35(-3C)
(12 mm sieve)
22} &4 (chopper)

3 mm sieve

v

gl
(-20C ©}A|E, 4°C, 60min)

v
Az
(18tc, #7)
v
FA

(0.15 M NaCl, 4C, 24h)

v

£
(20,000rpm, 90min)

l

_95_




9 7Hes
(0.5 M NaCl, 4C, 24h)

4AE
(7,000rpm, 30min)

v

A5 A7
(Nol filter paper)

v

24, ¥%

(MWCO 10,000)

v

4 7184 234

v

At 783
(0.5 M Sodium citrate(pH 3.6), 4C, 24h)

LA ET
(7,000g, 30min)

A5d o3
(Nol filter paper)

v
4, 5%

(MWCO 10,000)

v
=4, 5%

(MWCO 10,000)

v

d 7184 24

v

34 M EAE
(1% papain, 28C, 1h)

v

4, 5%
(MWCO 10,000)

v

E4 HAetol=

_96_



2. PAAZALE 0§ A Helol= A=FYE

g
(25 x2.5 cm)
52
(-20C, 24h)
12} &4 (chopper)
=3 35(-3C)
(12 mm sieve)
22 ¥4 (chopper)
3 mm sieve
|
(-20C oFAIE, 4T, 60min)

v

Z
SL
o

A

)

(18T,

v

AL 2 A}
(100 ~ 300 kGy)

v

2844 i E
(0.1 M NaCl, 20 mM Tris—HCI(pH 7.0), 1% papain, 1h)

LAES
(7000rpm, 30min)
CLE!
(UF-10, UF-5)

Fig. 24. WA ZALE o] &

e
i
i)
2
i)
o
o
(1
Y
BN
ofd
o,
ki

_97_



A gl ¢

A

g3 JFeolE AxTAH A R LW S HE

=
71&9] 3}

Rl

3.

glagleto]l = Aat7]

o

ol

Apell <)

il

= odEdnh Az 7L 458,54 7H(194) el

g e

o

N

Al A HE 31054 2F

=

(=¥ bkg 7IE)dl= & 206%=2A 1,248g5 A4t

7F7F YERS

o] At

=
[¢)

R

4

A 2,582 ¢

o

A%
bol guf olgel g

©

ol AR AL SIF g
o ]

1
=2l
H

gul

)

=]
[e}

H,

=

I

(13¢) 292

7

KX
T

AHl g D)

!
4

2, 7157 ¢ o]

H,

o,

| BFa gk 2y

oj7h= Ao YEwTh

Mo

N
No

Nd

_98_

Frhul gl =

Az L7 A=



1) 71€9 7143 B o3 P AHEo|= AR7|& (£ 5kg 7|1FE)

TE& | AR

27 ) 2;/)) (;r)] EEED CE

=Ry 5.0kg 1

=4 4.8kg 96 1 chopper

=2 90 2,500,000 | 45,00091/18L acetone

=z 1.3kg 28 24

TA 24 2,000 8,000¢) /kg NaCl
A= 15
473k 24 6,500 8,000 /kg NaCl
A 0.5

o] 3} 2
FAES 24

TAAR(Y)| 26¢g 2 72
a5 o4 65,000 22,000%/ kg sodium
citrate

A 0.5

o] 3} 1
FAES 24

TAAZEMAE)| 113g 9 72
A 100 1 3,400 150,000¢!/10kg papain
FANx 139¢g 72
Al 139g 3 4585 2,581,900
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WAL AL 93 S ugPeol= Ax7|<(EY bkg 71F)
=9 AN 7
24 A o | (‘Lrl R EYEY EE
Ak 5.0kg 1
=3 4.8kg 96 1 chopper
12 90 2,500,000 | 45,0009/18L acetone
nzx 1.3kg 28 24
AR 22 A} 72 200,000
A 96 1 15,000 150,000€1/10kg papain
A E = 0.5
of 7} 1
FEE 48
Al 1,248g 25 310.5 2,715,000
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- Advances in gamma, e-beam, and x-ray technologies;

- Regulation of irradiated foods and packaging used for irradiation

- Technological safety of irradiated foods

- Marketing and consumer acceptance of irradiated foods

— Palatability of irradiated ground beef for the national school lunch
program

- Controlling off-flavor and color changes due to irradiation in meat
and meat products

- New developments in the irradiation of fresh-cut fruits and

vegetables

@O Advances in gamma, e-beam, and x-ray technologies - M. R. Cleland, Ion

Beam Applications -

olgxlu Ao, WALA FAHS o]&3 ET4 benefitse solvent-free ink<}
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coating® 73 curing), A A (electric wires)o| ol &&= ZgtAgH3 uFHEA
(rubber insulation)®] 7}3l(cross linking), A}& 2} Elol]oje] R I 7iu Z2 ¥

A EZF AR 7w So] v} 384 benefitsS At3 2ol U o= sulfurst
nitrogen oxides®] extracting, (25, waste eater)®} L HH EY e =
AEA9 degrading S°] vt WEE A benefitsS 13§ 928 7] 7 (device)

o] At (sterilizing), ¢ % (foreign) %52 F¢ WA, AA FAFo AAA77F A

A, AlAE 7)) b 2 oAb E (seafood) o] FEA So] ) o] 23y =
AN B9 o EEE oA QA ApEs]d A geE oyxE 4 A

Ad, agar AuAE 7R AApel A Felsks XA 5 37EA7F ol &F A It

% olesluAE FEY Ael Ay WRe] vhee 54 =

)
o
Ho

of
ol

o] z}z} A¥(choice)¥ i At} =, A E(products)e] F7, W= = T QT
&5 #F(absorbed dose requirement) 2 A7 U4 Y] E&(dose uniformity
ratio), # & &2 (materia)¥} %% (conveying method), 7}& 1] & (processing
ratio), A dolA 9l AF Azt AF 2= =4, AR PG Sl uet
2] Ag=E 4= 9lt} Radiation processing®] A& 7% 7 (practical aspects)°ll A
EQHa, M2 & WAba e 71 540 =9H3dn
@ Regulation of irradiated foods and packaging used for irradiation - G. H.
Pouli, Center for food safety & applied nutrition, FDA -

WAL Z ARl o] 5= 2]#F 3 E A (packaging)E HUHOE AMES)
7] Aol bHstthE Aol Y5EIL FDAY A& dojof g} 2F9 AR
AL SRl BN dA g Axpel whekeof shar, A Sl WA AEH
ZEAFxE tollA o] Fo]d F lth(packaging approval may be achieved
under the food contact substance notification provisions of law).

@ Technological safety of irradiated foods - C. H. Sommers, Food safety

intervention technologies research unit, USDA-ARS-Eastern regional research

- 105 -



center —
A&l A ZRANE AESHE Qkdd 31, sl A, s AdA, T

of oA, A 717 A& 5L Sl At 45 Fok Hus] Ayso] sivh
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doz d7|Hed A5t Aok A7)2 < gAY (multigeneration)
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Fol A7 5 AR Bagol guks AL YFF ¥ PANEAE HES

pus

2n)3HA He} o]l FE Ao E4FE (fertility rate), 718 7t 2 o+
3 H7F Fo] AEHT. Eok QS U R WARA AN ES] oA S H

Z < WAL E5) (radiolysis) ® palmitic acidell A A} &
A wl= WAL E alkyleyclobutanones?)  2-dodecylcyclobutanone(2-DCB) 7}
Comet assay°lA <F3F genotoxicity7} T TE o9 7F A=A 28y &
A AL Comet assay= weak genotoxing #HA|3E Wy oz AL HS

k2] B5l9l oW non-genotoxic cell deathell 7]¢18 ZEE A AT (false

=

positive results)7} YEE 4 A3, =421 9= (international regulatory
agencies) S 2 HEH L 5wz Esla 9t} 2-DCBe] genotoxicityES A &3]
7Val7l $13te] E.coli TRP reverse mutation assay, Salmonella Mutagenicity
test, Yeast DEL assayolA test® It} 2-DCB= E.coli TRP reverse mutation
assayll A point mutation®] X% A %9kil, Salmonella Mutagenicity testoll A
+ point mutation H+& frameshift mutation®] F=% A &%, I Yeast
DEL assay°lAl+ chromosomal recombination®] =% A Ut} o] 9fzko]
short-term genetic toxicology testsolA 2-DCB”} mutation®]4Y} genomic
rearrangments S ©F7| 8t FAlo] glude Ay WA ZARES TE F9
3l o3k long-term genetic toxicologyoll M %® U3 AE Ho|al o],

ARd AR RS HA S A S AA s T
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@ Marketing and consumer acceptance of irradiated foods - R. F. Eustice,
Minnesota beef council -

n o} EZ 2] ~ 2 A Huisken Meats of Sauk Rapids’} 4% 71322
M el A A5 o2 Ecoli O157H73 #2 WHAAMA= Ayomiy
A7l flske] WA ZARE o] &3k Zlo] 2000 5¥olA=T, A ole 8479
FACA dviHEE Aol FEHE=R AFshe] Huisken® WA AL AlF dvi=
THdMe AEE Eo]wtl. International Dairy Queeno] 3 A= E]9] <A S
BAgst7] flate] v ol A WARAS o] &3 3 WA fast food chaine] %

o} HZol= mu&Eet o E Fol AAEE 1007] o] Aol Dairy Queen A 1%

k=l
30,
o
=)
ol
2
o|\
)

(franchise)oll A HWFARA ZALEl 248 (ground beef)o] &F
a3 Aqok 20023 5¥olE wE, wAA, @AYol 657 HEE 7R

A%l FEA AAPE He Hzel Ay

A

Wegmans©] WA ZALE
(retailer)o] H At} 213 Fo] Wegmans irradiated fresh ground beef+= ZE &
2 59

A= A 10% ol Fo

solytal, ol A i 3%7F S7Fe Aol vk W
AP ZALE B S-S (fresh or frozen) 8000712l F3wkAl 2500709 @l ~E#,
Z1¥]30maha SteaksE F3dto] 7Fgo= widsal vk AA v AErt WAL
AxAtd B gite] 54 428 et e, o= AR (facts) ¥ 414
A2 (solid science)S WF ol Al Al&at7] wfzolth ARk wsgo] tig “mu4
B 2”2 AP AR SRS niAE gke] ZujAlE v]ofstar, &uHAE A E
7HE b d E245 B uE AEe] AleEHES =es T Utk

(® Palatability of irradiated ground beef for the national school lunch program

- X, Fan, Food safety intervention technologies research unit,
USDA-ARS-Eastern regional research center —

2002 Farm Bill2 AFEu] 2 2 73 (commodity purchase programs)<

+o]

o|

A 2 FE<HH 7% (approved food safety technology)e] °]&& 853}

ol

_ﬂ
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3 Qlrh 2002 Farm Billel t-&3l7] 91ste], USDA Agricultural Marketing
Service(AMS)o] A += National School Lunch Program(NSLP)ol A}-£3%+= HHA}

MzAbE B8 223E W AAM (procurement specifications) S 27k th W

Nutrition Service= 23 WAMAZALeL WA ZALE & g ARE &
£ g ¥4 G (school district)oll A 2-3FGch el gw FH G Y
(desire)ell ©]ate] WA ZALE EH 59 FiES 2@ & vt AW ug
X 2 T (federal school lunch program)¥} #HE 2] AW o] W wg o
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A 7FE(cook)FF ther AH|ALE e R ARk = ] sl x# gl st
(after taste)o] FAIEA+=d, A= 3.0kGy7FA HAFHA ZALS slol e WAL X
A B %ol Aulolt o] ft Aow vehy
® Controlling off-flavor and color changes due to irradiation in meat and
meat products - D. U. Ahn, Dept. Anim. Sci., lowa State Univ. —
WAAZAR AN 2 £8P AL T8O EAA4E o)
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