A

AT G RNAREE D BRZ AL SR ¥ A
R -0 @ 2k % collagen powder f$ 0 (57 IR B FEH
% B # f*= bromelain) ~ 4~ /A f#(papain) ~ 7 F-v f#(pepsin) %
BT RO L RE R AR bR T 4 B gL
A2 REY kiR BV R NEREEY FE- X AR
B2 o Rk TEZ KRR IEH @A % A ultraviolet
C wfea 4 &z o H 5 ¥ L3 *F slultraviolet B) > i =
M ANEERE G v frlediiz o HP 5 05% MR kv &
65 Cp# 30 » 45 > £ 2 1964 NpEr-Kfz 1 -] prei 2 0.59%%
Rdv 5 95SCEHR30 4 2 1905 v fa k25 | pFo

FOERE R A o el B ks R AR R B
Mgp A 2 el b R B EERER M o w i

P oo A NFRER T o fgr 2 gt % & emulsifying capacity

PR B0 PR A o ¥ e g R Ao -
v HE ]

AP A SRR R RS i



B RE BEA S HE 0 B9 R Rtz 2 A LR
salicylate ester > PF 1% p&figcinnamate ester  Oxybezone
Avobezone 2 PABA para-aminobenzoic acid #7424 $ & o % ¢}
ME B2 2 AP EE V4 ZnO % - F Y 45TIO, - H MR
B T kg o d W E X PEY A KRS A4
2 :08 8 Huand Wang 1998 - #7171 & KX 2R fuss oF s
ook Rz AR o

BRI L A ERFMR L5

KA L BIRFERAL DR v ﬂxﬂgwf'rvfl”ﬁ A F 2 (oK S R

t swelling  ~ & i it 2 2 = B0 S48 A AR L
Fodrd FHECEFERE CPRBISEIT Y G R

% 1980 ; Asghar and Henrickson, 1982 ; % > 1987 - g4

AR EE KRR - O BAELT ARSI A AW



R LR S R RV RE R R

PR TN R G B Rk R4 e %
19757 32 » 1994 Ex Z A AEHRE Y2 EALH
SRR R ARIFL R EY 2 RAEE R L)“"F’%ﬁi}%
17 Fﬁwm\~%355@%@§¢ﬁad’wﬂﬁﬂﬁ
FOAFE RS 4 2R Ry KRS 0 B RS R R
oA S 2 X ARSBTH h RHR o
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- g Bd bk end Lk epidermis 2 P g HE
£ A& dermis #rlSdie R A K I d gt 1R &
B ian¥s keratinocyte &= v Ea FAF o Bd B poRE K
EIE* hd Jod keratin HE o B4 Ad ¢ gm0
RS Al A
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R 2. 5 ek K reticular layer > A & d PR Fev TS o
EARZTRESAT 2% subcutaneous tissue + Ed H ML
B 2 Eﬁlfx-‘@l & mrﬁ':_,;\, > ] /.\e)g X -E__%’r:’?;] Ly RES 3 3

w32 4% ¢ B Frandson and Spurgeon, 1992 -
R T ENE R

FrEEFE L - A B e HoRA A3 55 569 fe
%¢§§1014/”9§w@mz 9 25~27% ti§
CEafP R e AR GIEH B Fe %Tri T4~76% > @
R LK RIEE 91~929 (% > 1987) s HARP] 5 BB 130

S 3-v elastin 2 & F-v A8 F o d H - w2
BAZFRZEGI2ZYREIY > P AR FAENI AR
Woodhead-Galloway, 1980 -
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Free Merve Endings

Meissners Corpuscle-

Sweat ||
Gland

—

Ruffini Ending

B b2 i o

Nerve Ending around

Tactile Disk
I . ki ‘7/ Sebaceous Gland

Epidermis

Dermis

aubcutaneous
Fat

Hair Fallicle . Pacinian Corpuscle

Fig. 1. Structure of mammalian skin.

(Frandson and Spurgeon, 1992)



By Mok 4 2 B % i Bi¥ 2 & 4 Lehninger,
1970 ; Woodhead- Galloway, 1980 -

- R B LB R

R -0 R iarnzo @ oz k& K oz mesenchymal
star-shaped cell & H #TH & $8 287 @ Ebrg T 4
¥ 2+ P osteblast ~ @it ¥ * ‘wm?2chondroblast £ 4% a2 ‘m
¢ fibroblast - £ & WA= & A E - g0 ¥ B B B KBy
Bodev o w b —*ﬁ At = 4 o5 2 o e léiﬁ R x A Bl
N TE VISR T T IRy
Kl f«k Z_ %k % R v Prince and Schweight, 1971 ;

Woodhead-Galloway, 1980 -

B v xd KR MR £ ehT {7 A ) 4 (parallel linear
boundles) = > d **® 7 & ¢+ Mefil (glycine) ~ *f &fi& (proline)
% zg 9 sk (hydroxyproline) ¢ helix-breaker % & » # o-4% *_
3274 3 4 (Lehninger, 1970) - % — 554|448 E = i B Px4a > =
RIS 2V & 208 2 BRIMAR LSBT R A
I AP A = k5 g+ %= 5 83 Y (triple helix) & H
(Fennema, 1985) °

% 4R

A
\‘\(’M

REFv 3Fd 2/ 14mm-~ £ 529 nm» &+

tf‘”tﬂ

%) 30 # 2 [f1423] & % R (tropocollagen) = + .= » R ¥ 2
=
1P

R e AT R 2RI RECDR YR R E S 5

i
\\v

3

AR F6 A F (40 02 Destagger 7 A E fp HIHS

W«—)

i
o

7



SRR (R k0 1985) 0 R T MR
Pacdas FIE 67nm TR - P a2 F X% - R kv

Ad g8 iE 1 Snom L8P I #KF nm 2B RkEE

Nt

(collagen fibril) e = ¥} Jn 3-v % *2(collagen fiber) & & #cen¥
hod-v Al %# =~ " B kv (B 2)(Prince and
Schweight, 1971 ; % % 4k » 1985) ©

(=) %R v 2 g

L

PR Y e

BRI D R B et E e s
RS Rl T S ERE FEEE LR

-
=y
4
F_&

z3

\§Aﬂ

=

A EHR PR R 2R o R e b d 2 LRk
FOSARSTHE A LG ATE A B T 1S 0 b 2 iR R A R

A 2 Ap R a4l FH Y 7 - ERCNMEIIRA
Pele 3 oo @ gt R R % 0 e vRpk (histidine) ~ R
(valine)#2 & v *&fik(isoleucine) 7 £ Z A = H RIfES op 42
(% 24k 2 1985; 2 » 1994) o 4o L B A & 2 % f 39 & 5

B OE o 48R - iE bl HAFNF OB A [y X TG
[ou( D)oo DA R F9 o g R Fo = ERINMAL = D
AR oy 4BPF > T iR B R ONEY frg s R oRipkz 2R F

%4 s 11 7% B #g3l(% 1)(Pearson et al., 1985) o



Collagen fibril

1 I 1
ko P
67nm : .
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Collagen molecule
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Fig. 2. The microstructure of collagen fibril.
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Whkv 2 fhug s A *v?f‘:.@.f%'i/w\ *

Table 1. Type of collagen and their tissue distribution
Type  Molecular formula Tissue
[oi( )]po2( ) Intramuscular, skin,  bone,
tendon, dentin, cornea
[ai( )]s Cartilage, disc, vitreous humour
[oi( )]s Intramuscular, vascular, skin,
intestine
[oi( )]poa( )t os( ) Basement membranes
[oi( )]po2( ) Intramuscular, embryonic
Flou( )oa( )as( )] tissues, skin
+other combinations
[o( ) aa( )os( )] Vascular system
[oa( )]s Skin, anchoring fibrils,
amniotic membrane
[on( )]s+ [ou( )]po2( ) Aortic endothelium
[on( ) oa( ) as( )] Cartilage
[ai( )]s Cartilage
XI [o1(XT) 0x(XT) a3(XD)] Cartilage

(Pearson et al., 1985)

WR s 2 AR TEE RS A EH R Ry [
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T o B 3 Y ueft Xy 3390 5F MR K 12968 3 = (alanine) -
e deps & 119 0 g8 rseps (hydroxylysine) 196 0 F it 2 % fk
fred hF FffEE Fadiicn j L LR of - SF
0RO MR 0 TR 7 EEHREL o ¥ b s R B

W 4k 2 ¢ Mefg (tryptophan)(# 2)( Peterson and Johnson, 1978)°

Bhe AFaiaglEi fED B fg_;%“é i
D] BT AR Bed AR s o A o 9
SRS TR R T L R
(post-translational chemical modification) * J& » * 45 it 7K 517%25’

TEAATHA R EEFRLT 5 A AR R 0

g i ah% it (Woodhead-Galloway, 1980) o
(Z) B R do 23 248%

Woodhead-Galloway(1980)#-i¢ =& % i v & + ¥R S
2 g 77 i 2. R A B(R-group)sii& 2 27 14 T J
M F A RS NEE(F 3) e % - NE A HUREE P OVRER IR S
Iq“—EFL E*ﬁ;i - 5&7#%. » B R v A F 22 ERPX
&é?f BES - KRR BB FP T#
(intramolecular hydrogen bond ) o % = #f 5 — 8 5 gn- K|+
(strongly hydrophobic)’=ffass — - & F jm e« f = Jm 2 "4k
a7 = ek = [ p 2 fedt(self-assembly bond) » 7* T =
%R v il i D-stagger Sz gty o F = 4 d HUIRRL S

) 2AEAR R Fev 2 MR B
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Table 2. Amino acid compositions of the component chains of various

collagens

Amino acid o )Y o )N o )P () ()P
3- Hydroxyproline 1 - 2 - 11
4-Hydroxyproline 93 86 99 121 130
Aspartic acid 43 48 42 48 51
Threonine 16 17 20 15 23
Serine 31 34 27 41 37
Glutamic acid 75 72 89 71 84
Proline 133 116 121 102 61
Glycine 332 330 333 355 310
Alanine 121 102 100 92 33
Cystiene - - --- 2 8
Valine 17 31 18 16 29
Methionine 7 4 9 7 10
Isoleucine 8 16 9 13 30
Leucine 20 32 26 21 54
Tyrosine 2 3 1 2 6
Phenylalanine 13 14 13 8 27
Hydroxylysine 5 9 14 5 44
Lysine 31 23 22 36 10
Histine 2 8 2 6 10
Arginine 50 55 51 46 33
Total amino acid 1000 1000 1000 1000 1000
residues
(A) Calf skin (B) Human cartilage (C) Human skin

(D) Human basement membraneS

(Peterson and Johnson, 1978)

%03 MR o AT 2 vt
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Table 3. Known bonding functions of some amino acid in the collagen

molecular
Yk e R-A 15 G
Amino acid R-group character Bonding function
Glycine
Alanine RS R A =
£ It
Proline
Hydroxyproline
Valine
Leucine
Isoleucine 9 E K \
Methionine
Phenylalanine
Aspartic acid I?-stagger
¥R R p oA K pest

Glutamic acid
Arginine
Lysine + c IS J

Hydrolysine
Lysine+ =2 AIEER R &2

Hydrolysine

bt

yo g eht i lysyl oxidase fELft A= FE AR

(Woodhead-Galloway, 1980)

2z

s A

ARz AT A hAs IR
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(intermolecular covalent cross-link) o L4 x &3 F] » H - %

Schiffs bases 4] :

H H H H H
HOOC —C —(CH,),— C—C=N—C—(CH,),— C—COOH
NH, OH OH NH,

» b AERWIEE B3R R B EREZ W R Y 5 ¥V - Bl :

Ketoimine #

H H H
HOOC—C—(CH,),— C—CH,—NH—C—(CH,),— C—COOH
NH, g OH NH,

s gr AL o do® 252 W R v (% > 1987) o
(2) %R 35 2 - AL

2R B0 B R KoL Ed M S E AL ¢ 4
B A R RO 4k E P EBEIRAR o K,/Tf 1A N fE s
Bfpr~& %% v fF 2 k4 5% R -9 f*(collagenase)
o BT g R AT ed B A fEfE A 2 18 * (Prince and
Schweight, 1971) o ¥ Jp F-v $30 1L B 5 52 f&K4uldx &g
L eds B EFELTH RN R FD AT T
W LR AR 0 B H aFud A% (Hill, 1966) 0 7% i R
F-v 2 B 4 % "] (Langmaier et al., 2001a) o

AVURER B2 R Ben B OWB B Bk T
,';F,
iR

BFEE T AAPM o2t pH 25 2 125 BV A B4

RN
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B P REREOTRTHA] 48 ERRGFETF A=
- (Glicksman, 1969 ; % > 1987) - @ A {&=3 e pH & > B3
FERH ST IFORF ] §ERWERRL RS o v
MBAARY 3 F3 oo Faaf REEARRL G e i
Aeghiwz B aE B oA RR D o d @A 42k 4
s oom e R e o F B3 a4 cna 4t (Ward and
Courts, 1977) o E 13 F $t R 30 2 Wi 4 A BT
Ca” >Sr* >Ba” " >Mg” " >Na" K" » £3g+ CNS >I'>Br>
ClI'>S04” 7 # 7|(Veis, 1964) -

A 0 AREOR R 0 BRAT AR M 2 (acid
fuchsin) % = k= d > @ R R F o e fre A = # 2k ps (picric
acid)% = % ¢ (Prince and Schweight, 1971) -

I W R F-v 2 % |+ 1% Wenaturation) % 4R & i *

(renaturation)

ERLEY QIR R e 2 ARERF LR o B R

% 1L & denaturation temperature)!? % £ Jc¥giE A& (shrinkage
temperature) 2 R v A F R L RS EZ AR 0 U E
H P o i fose ki eny £ & 1 4p B (Woodhead-Galloway,
1980) « ¥ 3 2% o - 2 A d B frade 2 (40 )7
w0 P ERHTEL GEEDETH o B3V RES R R
% Eolded B F e B g

B g i & sk ende 32 14 JT i physical shrinkage o 5k
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WIEEZ AR v 3t 60 C Ak Y B = Sl fg
AR TR Bk R B WS

P % Glicksman, 1969 ; ~v > 1981 ; % > 1983 o e " ¥ if §
LIRS %#%@%’m*?”m%ﬂﬁ“
v 2 EFR EEAFERZRES R R Y Z R
{ % B L Langmaier et al., 2001b ; Langmaier et al., 2002 -

i FenR B S B0 A BT 2 B R RN 0 A
"R —Ei’ﬁ B p d s (free energy) b 1873 & F-0 B
gilris o BB TR 2 F-v '}.‘u}-:uf“’é?]:\ w4pH X
MO0 R ZRAGN 2 EARPIFL G ARMETEY o R F-v 3t pH 4

2 ), P 24 2]
AR R TITRE RIS R RE

F_k
o

2

.
(w
IS
i
be
Oy
4@

(R R

I
—
»“A

"% R $# 41 (Prince and Schweight, 1971 ; % > 1987) o
FI* B R e B E2Z I > FHEUST G R Fe Gk
(edible collagen casing) ~ %] €_i* f%¥ % 4 #8 (immobilized enzyme
carrier) ~ 4 i# ﬂ_? ~ A AR S 4%1? A R O

® B EA &(F 0 1987 ; Miyata etal., 1992) -

ENRNE ¥ 0 S W N A= e

16



- I SR

KRR S - R YBRE O KRR -G
200 400 Lﬁi@%} » @ ok £200~290nm & EA K b A
UVCO)» Eii E5 3+ WA R DFTE L c p L E

BOEA;T A IMA €45 5% & ozonosphere ifEim
ﬁ’@“¥&ﬁﬁﬁiii$% LM AR RAR S el
AR R R IR A G ok £ A 200 320nm L ¢k 4F A

d 3 L& 7 LR RNAR2Z AL R wER
FRFEIT FodFF s » UVB 7~ ¢ #r4] DNA ~ RNA
2 F-v FzZ &= o A& 320~400nm & A% PR
ultraviolet A; UVA) » B A L & v £33 » I RF ¢ = ¢
3R ke S RE o EDBER @S
TR K X2 4 F Fari ¥ Pathak, 1982 ; Santos et al.,
1999 o gtk P kW FF T E A o S e R
BTET RSB S AT HARIE o T KRB A
F v P24y V7 AQF B IEEfrE S Y& pF ) £ Lavker,
1979 M KRB AR R LA SR

pro-inflammatory mediators =& = 2 41 EAL A SR L

=

GEREAE S 2R 2 A SR A RB E T2 BN Pilla

etal., 2005 -

= E AU ¥ -l N SR i
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FALARNB RIS B gt R4 He B
975) » @ © B A% e ok £ 240 280nm 2 % ‘b % (Ward
and Courts, 1977) o+ *t » § &=+ 25 B8 L FS T &
oo om B g sjedithbamz G4 o ikm BR- L FBE D
BT 0 de s F N2 o F g 4% 4 Kaminska and
Sionkowska, 1996 ; £ » 1998 3 #3451 BRE Y TS
HORBHEILZ L o411 » Bl Fp N e SuERY R
A P B Wsﬂ*"ﬁ % = % Ishizaki et al., 1993 - ¥ ¢t :Mclaren
F A (1964)7 3 Maep ¢ g BRIREL cystine  YR4EZ F R %
ek B aromatic amino acids ¥ > 4oft iefiktyrosine % F p %
f4 phenylalanine = € M A Fv FAF ¥ P PIEE PARA
H sz g - Mittal et al. 1973 Fydd o d 4

decarboxylation 7 I > F %=L Bk FPk ek § it i
( photo-oxidation )o yt T * E F|H T jm ¢ o > 4 A H 1 2 4

carboxyl group _} o

= ERERR RY 2 B

Kato et al. 1992 p IR R R R PR RS g AR

—_—

MALRFE S RE o HPIT A G R e ¢ R 4§

SERRLVE SRES R L S

SRR 2 (A ALY R A OB 2 o A
TAh o B AR B0 BIEE R PR T

4 k% §2 iv % ( photodegradaion ) % £ % i i¥ * Fujimori,
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1985 MR Ed A G BRGNS 2 A Tl
2P g A 4 ATeng it o 4o fRo%pe (dityrosine )
( Sionkowska 1999 Sionkowska 2001 ) ¥ #F > ¥ F-6 ¢ =
€ 17 Fi'ft methionine ~ FEARL - F P OVRpE 2 S IRpL T
EEERARPBHD P PR TRPYR B P D
vie l BE ¥ ch a2 TR 4 Katoetal, 1992 o

WY LY FEFRA R AT AT L
2RI R kBT TR B 2 SRR 0
R T H 2 1‘# g & & 4 (Weadock et al., 1995) -
Sionkowska and Wess (2004) 45 &) » ¥ R -9 % ¢h SR 5D
R HEBRE 2 B B MRy gad
b SRR A R W R A R F R PR B EER
fed Rt o R S BRI SR PR B o B a2
G A4 ST 2 348k % 4a it (photocrosslinking) %
Yoo I KA 0 B A ihdw FORFEEMZ B Y vl
b 2 B (extracellular matrix)2 ## R % 2 L 2 R v 2 &
PR TR R e o g g LR A S e e odh 4
Pillai et al., 2005 -

() # BB % PSA 2 A5

d 4 = #
- R gk 38 g 3| 9 T 8 SPEF Sun protection
factor et 0 A B FF WL N AP 2UVB g 4
e o SPF R A 2f £ Ve AN PART A ARG o apE R 2 B2
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Beo#r1l »SPF %3 » A7 vV N R A R F PR - &
IR RGP E B B o PR PR RET TRHA K E
TRl > 7 F U 4k k R 2 spectrophotometer ¥ P A &
el H- TP R H G A FE 2 R
A RE A B W A b R

1999 AT ABEAE SRR o WP RS WS

Ramos et al., 1996 Santos et al.

v
#=
(w
o3

—=\
=k
gk
>
2=
&
r;

- HPREA SRSV e G FEE SRS

Lo¥ b o] CERPPpE  EBEECE AT AT

P B GRS TS B i%’#iﬁﬁﬁﬁﬁ’ﬁﬁ

Fafin 2 PABA ji72 4~ & » } i =0 & 7 it v& 2 UVB » Oxybezone

% Avobezone % P E 3 Bfr L A K P UVA 240 4 o iV B

Wﬁ%%*i@ﬁ%%’ajﬁﬁ B FERET 22
H

o
=
o
z
=]
agQ
[E—
\O
\O
o0

2R RE SHH PEMBE IR A G RBRIHE E
B WEN > blhed 5P 4o 2 §F M4 ZnO ~ 2 F Y4
TiIO, W FHERAPREF VIFT 2 EEH P DR L AR
UVB 2 284 UVA #7088 F 80 ki DB Frcdk o M1
R R e R b Sl AsiE AT > R B OFT R G RE

s BB WenEEE 3 4
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R RS IS ¥ 3 DRI RS U IR SR g
TALELRBBERE RS L EHEE R GG T2 R
TS R ARM(CY 01987 Fv FiEFREFBAL AL
o (i o A P aORAp R AR B ¥
Fm A g o e ERNE SRR ey TR A
(X FE > 1981); &1 * px 3 :t!@‘»n FULES ESEN A A
gk W HEEE KR > g @ H AR L EEE R

BErEEBA Y PRt BRLEF B2 g
feo S Ed X 2 aEg 0 F AR RICEZA LN E
Pl ezl o - S E 39 FenpE R B AT NT 2 7
g (T o B - B EHAR R M e kR g

L

ﬂ*%ﬁ‘ﬁﬁﬁﬁ?/ﬁi’ﬂé%?%?*%g:
AR 2 R 1984) 0 v TR R kR R F R L

oA U R E 2R B TR ORAR G

Zofe b R P 52 G ;p’%’@i it & f= peroxidase &

DS
A
o

3
L

y-transglutaminase ¥ & F-v B % 2 <4aF B a L ER
2 % M (Ikura et al., 1980 ; Tkura et al., 1981 ; % > 1987) - %

N

By R ﬁ-’!;',% {7 877 & J(plastein reaction) > #-F-v F
PORARE B T RUREL ~ BOREL S SO VREL 0 B e
B o~ 2T RVA M~ 4 B M (expansion) & AR5E 14 (Arai et al.,
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1975 ; Sukan and Andrews, 1982 ; % % % > 1984) o 4 A A fis %
- fEEFR R o AP AR RN kR
AT dg g BN R R Ao B transesterase 2 LI FRit K g2
=1 (Glazer 1966) ° F 3 5 AT F A1 gt % i agn ok T £
1k ¢ fig (methionine ethyl ester)% v *%f& = 2k fin (leucine alkyl
ester) ¥~ LA F0 F o Aot d 7 Fv F2 8 (Arai et al,,
1979 ; Yamashita et al., 1979 ; Watanabe et al., 1981 ; % > 1987) -

S ORI LA B

R F-0 B R LEIRRE S RORM S £ S
?)f@;?f*v':“"}ﬁif, %‘4 ﬁ;)%\&w&*giuhLﬁ‘w(Stenzelet
al., 1975 ; Burke and Yannas, 1981) » & # 1| * f£ % 3 &F c7™ 2
BABGH P Ao B3R E AP LR 2 L
A EEMALEFE RE o ¥ b d 30 @7§.n.4f#ﬂ 77 -

O BCZE 2 55 4E A 20 ¥ K (telopeptide)(Dufour et al.,

1996) » 7 it $ A RS ASBACE A XF b o hif B gD b

B~ By J’Zm"é? SR B - o AREEET Y R

v (pepsin) @ 5 H = 0 P MIERT LA AR RJE(RF 2 g
pep ;

* > 1985) > Rlpgi=st -CO-NH- =< 3Ro 4 Kfgdm %14 > 7~
tropocollagen = 3 % = xR %#}i;ﬂ’% A4 N RA MR S R
R0 o SRV BBy Ry > HizhR kg
FORYT IS ARE BT TEFLEE 2 FH
B T R A M g Rz R (S ¥ 0 1998) - A Y



[N
=¥
=
AN
B
i
T
™
4.\-
i

RN SRR N S X
R R TR R KRGS > T REEFRLTLERE AR 2

MR e 3 E R

¥

v K f2 4~ Langmaier et al.,
2001b ; Langmaier et al., 2002 -

@ p%E e Mok (tenderness) i & X ¢ R F-v ol
BH 36 3 Bl Ap o1 P pld 4> s kel p
2, H

4R i o A R R

B RH AL AACL Y 2 EE T R T IE
GER R B KL A REEE 0 R H KRR A A S 1

#4712 - EE(3 > 1994)

L 41 v A

Bd-e  F 01976 HEFiv* FR 532~50 > &3 pH
5 58~7.0> 1 58CTr ¢ 4 2 %1+ Kangand Rice, 1970 -
(2) * g
A NpELSFEH 21,000 ~ 30,000 > ¥ A% & Fr £k
(sulfhydryl) %2 & i* 4= (cyanide) % B i & #73 75 » i & * 30 A

TR

PSPEE TSR G L Bk ieps ~ I Fipe B 2 R R o0 glutathione ¥ o

A ob A E R AR EI(R 0 1994) 0 B E G R < - B T E
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37 " 3-v p& collagenase % |+ A F-vfi= elastase 2 &
Mo ¥ By £ Ged B2 A 7 g 1988 o
HEp bt g pH 5 50~70> g 2 F R 5 32~
60 (Rattrie and Regenstein, 1977 ; Brooks et al., 1985) -

(3) kB # p* bromelain

B H a2z »F+ £ 5 5 23,800(Vanhoof and Cooreman,
1997) »  dfFurdig o FE L HPHEFE » BHEEFF o
= ROREH A {01976 o 5 - B FHEE RS T
(glucoprotein) » & 7 7% 142 £ifg & thiol groups ¥ &cit g >
BT R e 1T S S AR R0 o B K
2 B bR e o VoK RN REL g A 2 RIRAR 0 &% B0 fis
trypsin ek e g in o H B (7% B A 60C 0 EiipH A
6.0~7.0(f > 1988 ; Choi et al., 1992) -

tH o fAE e iR o4 N PEE R DI P2
SR M T E o R R LT R Y Ap it b oo

C B S pE R

PLEEY O O PR R by REFBRB 2B ER A o &
+ £ % 533,000~39,200 - H &% 22 it > HO0CHE 7 RE 2
£ 5 A o #3024 39 (native protein)# ¥ % F-v (denatured
protein) % fj H *x3oi (7% o H & - PB4 > £ iRA Az
BE G FHRIRAMAEES D T RERORM S 9 et %
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AL T TAREL SRR R 4 R o 2Bl (£ 7 pH S |
~4z_FF > *pH 62+ B E i £ (Konigsberg et al., 1963 ;
Sachdev and Fruton, 1970 ; &t » 1988) o

SRS iR
(< ) i g2 )

AL A B T A AR R M A
(emulsifiers) ~ % Z_#|(stabilizers)® *t 4 2_ % > @ H ¢ - f
A5 = ] JF KR (droplets) A fr e ¥ - Y T A 4 R HAARR
2% Mo gt IR % fE2 5 1 (emulsification) (Dickinson and
Stainsby, 1982) o d Ftit (&% #5582 R & P fz 2501 F
(emulsions) > f# 4 F +F B3 - A7 % 2ok i o A H4p
(dispersed phase)® 2 | jF KR e 3R E - ARt &
i 5 49 (continuous phase)4&ff 2. & ## > M i ac A § Ao £
m A F 4 & bR g 2k ok A 3k s (Das and Kinsella,
1990 ; 3% > 2001) o @ jé R A Brerpdk fs 3 & AR = AR % F
754 (creaming) ~ #& & (flocculation) %2 #+ & (coalescence) ° #_fx

S A AN S R E IR

Foo UL AL E G SRR KIEE BB )P P T ik
F2_Fm A T AP A ES RN R B2 A G E
'ri’szé?;éfﬁz“vkiﬁiai@ifﬂ » B8 - A2W R ﬁ

Kif 2 wﬁw%’ﬁ%%ﬂﬁfwm%&’u A
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B2 XA KRR IO X AHEIAFRFRLT IR D
i i# (Tesch and Schubert, 2002) - 35 % eh3-v B ¥ L 3 3
VA 2 & A 2 (T (3R > 2001) 4o ¥ 2 faden A58 - K

B AN F A RBFRIFESIOURBRY 3 R

p
'F_*
|
fe

(Z) Fv Freasgien

v F % T A (protein-stabilized) ¥ it & 2. #r4E E_&4g B

B AL o od ELRERIAAE BT Fw oA AREA K € R
¥okdp o Flt e R R B ORA KA A F L T
(Dalgleish, 1997) » fr 't #p & v B € sxgH X X ;&ﬁ » 25
ENERE N7 Vi S ’Fﬁ’z\m’fr’ﬁ e A B RIAAR Er oK ent 30
o Wk TN - REWH B A F LA > RAFRFZ
BECT R 0 R f R o A o PURENE SR (R A
kM S o - BAF gt ic B R L e H o AF S RESR
Bgititip e I PREZ I 24 XH L MAEAE A
I E b o v ’E’T’ 28 IT%’«I—\ ARPARE T S IR el | s 2B

B 4ot fit d-v & %A casein-stabilized §U ViR P 0 MEEGEE

™

—

phosphatidyl choline 2 % '} § & = it -0 B b g ¥
Fang and Dalgleish, 1993 FALARD LA TR e E
TR EERP N FlemegmAgd LT 0% > 20 4T
R ik A PF(Dalgleish et al., 1995 » — 4@ 3 o 1 RBR S

fL,?.‘ﬂJl—}:aerB/Fl] r/} 2L L.,%‘.ﬂ ig Ll ]'),,“g‘/;'% ?ﬂé\-fﬁlfﬂﬂ”gﬂ] s _ﬁ;g
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- ~F &R
- BAR
PRp B BA R INIEIMZF AL FEL “,f*i A F g
B R T 20~25 okt 24l EEISH o
- REHREE
s R R
Ay 4 5 3.0 units/mg solid (25°C » pH 6.2)1
N-benzoyl-L-arginine ethyl ester = 28 & (Sigma, P 3375
Higl: 4 % 2.84 units/mg solid (25°C > pH 4.6)
No-Z-; -lysine p-nitrophenyl ester = 28 & Sigma, B 4882 -
i 3w 4 W% Slunits mg solid(37°C > pH2.0)
hemoglobin & A & (Sigma, P 7125 -
NE AL
S R B ARG P .
CSfd o SR
P F Rk 1 A& 2 4 @ctyl methoxycinnamate
7% ~ Benzophenond-3 2.59% ~ Butyl methoxy-dibenzoylmethane
296 > 9 4B s SPF30 2 PA++H(FE 4 £ 141 fu 0 &%)

i# 9 Weutrogena Fine Fairness UV Block @3 & =
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& % TiO, 496% Octyl methoxycinnamate 59 ° # B i #c &

SPF30 % PA-+( Neutrogena Crop., U.S.A.)

~ R Rk iF  FIRSTEK model:B602D, Taiwan ~ ©

+ B % ik 4518 Heidolph VV2000/WB2000, Germany

B B B39 F 8 Ystral Drive X 40/38, West-Germany — ©
B Bk 325 8 Ystral Drive X 1020, West-Germany) e

~ ek w RSk 4 kB R 2asco VB-530, Japan o

& 33k B 2 Mettler Toledo MP-225, U.S.A o

» = * 7 &% Yu Fung YF-370N, Taiwan -
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Aok ok IPETRCESTH- B uN-AE & G IR

[ ik 5 7g 20C*F A fkiEE S~7T 28 7¢
l 3~d = o B {0

C ANl 0

N« 32y
- + R °

ol

FpkE 7 4e RO F 4Gk 0
l pH % 2.0~2.55 25
4~6 % > 3§ AL AT RGIK 1S o
R 11 ¥ YistraliEgive X 40/38 -
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$C ¥ B TR TR
Bo§Z o
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R O B k2 KA S E e Red A W 2
A.O.A.C.(1980) ;=B %> & 2. § % Hc(nitrogen factor) = 5.62
(O’Flaherty and Roddr, 1977) -

'

7R R e % RS 4 2 B

ZAEE I 1995 2.3 F B AR T o fEB0lg A R R
bk U EAK TR D 20mL SRR E0 ko iellok
wmit 2 0592 R kv Ak B2 o g HEF s AAfEE
RV RS A E Rk - BREZRSREX 3BT
FoKfapr 2. F 8 2o BT 7|0 R o
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Aetl 0.596" & -9 3R (W) > M et 2R R
6580 & 95 AL 30 A4 FUNAHKIATF L HDERR
3fEEF B2 pH 1l 0 F e 196(FE A /R T (wiw))2 ok
fapE# 0 A w3t 35 ToRf2 60~ 120 - 180 A 4
S AVGR B XA TR oK FEPERF 20 33 45 ]S 2 k3t - B &
0.5% %k F=v AR (W)U F b ende 08 B A
95 RJEL 30 A4z BRSHE > NIRRT F CHADERR
DA R 2 pH 1l F m A i de 153 & 5%6(A % £(g
KA E ()2 kfEpEZ > 2 35CT kfiz 60 ~45 > @ = 3x3
A FF 2K o LA RSRR R S F Btk 3 e

50 m A e

w
o
9]
P
o0
S
W3

‘-h

I FPRB R} ERZPEE
el 72 F &% 1.0% 1.5%2Z % h kv 3% > o
w3 yE = T TEZ BCERFREETRE  PHARE
200~400nm 2_ ¥ & 7 o
= ;}L L ,t;];;é.ﬁg
FLiv 3 £ Bwiftetal. 1961 2 2 B AF4cT > 205
96" | F-v -k 2R 40mL > 3t 200mL B B ) ) EERE A
=% 4% Yu Fung YF-370N> 2% 23t AFHTE
WE AR B * B2 Ystral Drive X 1020 - West-Germany
-G TAE T T - e L HEF) 0.5mL 2 ‘Ei?fjﬁtfﬁf
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Wi o F R TIERA LS L TRAR I d o/w
A ap = wio B redrE AP BT L B R o S FE R
E S e RS ot B emL Bt B

-~
z

Z_[+ : Acton and Saffle(1970) > i ip| T_o B~
0.5%% J =9 %% 32.5mL > 4c 17.5mL & - b+ 23035
BT E TR ] Ak &5 SmL % r A iR

=R P~KE 25mL BT oRkA 7 EMo%) s ¥ - BT 25 #F

B30 4TS 0 kR BRI kA FR MG o A%
%14 (96) = (100 — Mt)/(100 —Mo)x100 -

= AR R B KRR & S SRR

~HREFAPREAST HRERLIIBEITH O FTAYS
R i * a8 7 RIE# o & Santos et al.(1999 2 = 2 i & de
TR REAEC BT I RR 0.0S%ﬁr"? it
2.OmL’%i§,’]:4c‘f‘§‘_95C Ffs N Fv faRfRES | PR R

Fod ckjRie 0.5mL R §353 o 4 SR R e 180K
200~400nm 2 7% % & o

25 4 2 =)
V% % g B
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Ao v AL E RS Pp P BATE R AL TS W
BREFG O FEAREAR I L AL E R R EER K
fRis BoKfay s b ssjr 2 i 4 o FOL R R B kR
RGP IR FRA S Y B RAY

Roded kRS 1T 5 R RS AL T g

(cross-linkage) > i# ?f B2 = SRR R sE S ¥ (1987)% 4p
NERAUEEZ AR 0 2 60CHERY B = ST
g—f;a::zkiﬁz; od MF IR Ty TR AE 60C I AoEis o R
e H 2 SRR TR A IR kR
FAhBERM R R0 RSP PRS- R
Foijgesrio- > 5 Hea Feaz 540300 £ 2 B
H o 3 (1994)dy &1 P WAt IR B T F B AR g 0 A 0
FIEY > I AFE T AT 2 M o gt b TR R A
v A+ & d 23 E 5 30 3 2 Fl4L3] & %% & (tropocollagen) 4
éﬁﬁ’@@?jlg?éﬂéﬁak’ﬁ@
Langmaier % % (2001)F 7 %7 > >t § 2 B2 L 38 {7 fif
ZokRTEEALSFERC BRI OREF > T JPTAR
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ZREEKSE - HEZEAMR R BER B =
A7 E kA 13.69% 0 dE F-v H 81.295 Nx5.62 % e #g %5

38 FuFHR>ZE = EZELERR IV RES G

oh kgt £ 200~400nm # iR H Bk B > F IR ;mq 4R
e B2 R B KR YL £ 200~280nm 2 4 v sLE
F OB E Ty 4 0 N b ke £ 200~225nm 2wk B
M r R BB 4.A) 0 @ T b kY £ 250~280nm X F
2k R A3 03 3] 0.6 2 F (B 4B) tptHRE AN
kiR o SR HERRY IR R 2 T R

R
%&w

4o fkfR 60~ 120 2 180 4Bz KFRIAE 2 HY
Bl 5 % R F-v _““#\}\ﬁL&’J\}? 7?\—:'5:]’:]9&19’-,—\’J‘ﬁ;’}

o)

To ¥ ok R 4 ;%%o%%ﬁﬁ’@%ﬂﬁ¢ﬁ%@i%@

Foo kR ek b ARS oz P o BBl AR KR R B
v KR AR I 0 YL E 200~280nm 2o ¥ P ALE F o id

SR Ty 4 0 3N R 200~230nm 2 e sk (E AT i BE( )

5.A)> @ 3£ 250~280nm 2.k 5 A 0.6 3 0.9 2 B §
5B oo@m A ERREZ R B0 kiR > Beojnk b
RN S E i R
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Fig. 3. Pig skin collagen powder.
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B4 BREzo SHEKED FREFSZ R TR o
Fig. 4. UV spectra of collagenous hydrolysate after bromelain treatment
with various times.

Control: collagen solution after heating 30 min at 65°C.
Collagen: collagen solution without any treatment.

A and B mean spectra of wavelength from 200nm to 400nm and 250nm
to 400nm, respectively.
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Fig. 5. UV spectra of collagenous hydrolysate after papain treatment with

various times.

Control: collagen solution after heating 30 min at 65°C.
Collagen: collagen solution without any treatment.

A and B mean spectra of wavelength from 200nm to 400nm and 250nm
to 400nm, respectively.
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PGS Hokfaies e bR 4 L APEALR > AT E
B2 ok fRie B b ae kB Y ok A pE e o

ARG AR B0 65T s 0 L B Ak fEA P
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Fig. 6. UV spectra of collagen hydrolysate after pepsin treatment with
various times.

Control: collagen solution after heating 30 min at 65°C.

Collagen: collagen solution without any treatment.

A and B mean spectra of wavelength from 200nm to 400nm and 250nm
to 400nm, respectively.

Bl7 av i@ hdke ShHps ARFFE 5 Fv fa-kfz

F fe PRI E 275nm 2 v ki@ > Sionkowska(2001)4; )
Bt At R 275nm B B X mfcin 4 ¥ BRI
BRG0P ORRIORFE B R T & o Ao Bl YT 0 KR

B AR EREE ORI E o R B A A iR

cBE FEE ORI AAT R EM R Y AR VIAMRE



» REAEIT R R0 5V RMINARRSD o A H AR

SN R L ¥ NS e

—E
|

g

AAFEEE R EREE R E R 4en T 0 3 v fe
ez Bk R EFORBER A P2 VR AR R S
7S EOKfRS TR R RP BT TR A G A R
ZIEY R HM AT o R REREKY 0 A AR

260~ BT RfRY 2 AR R L BB 0 kR

-

&
3
Jrt.
7“_.
=
Y
EAY
Q@
=
1l
_\_1\
RS\
NI
|
Eii
g‘?‘
e
i
-
c
EEJ
._E1
[balN
*\
Py

. L™ 2 -» [
I EF CE TN

=0
OT T

Abs. at 275nm

0.0 ' ' '

0 60 120 180
Minutes

43

30w

o — —

- 3 5



B7 ShikvShfes-ARAprE 5 Fv pe-kfE7 PR 1S 2. 275nm
YR K B o
Fig. 7. The absorbance at 275 nm of collagen hydrolysate after various

hydrolysis times of bromelain, papain and pepsin.

* Collagen without heating and hydrolyzing by enzyme.
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ARG A TR B2 - Bo@ A RNER Y 65C # Uk

WLz oA Vi RRRT R EY 202 95C R 30
AT T2 AV R AER B BV A B

v ﬁa’ﬂ A 95 ’klbl;‘ 9T 2wk | %Eﬁaﬁ:ﬁﬂ?%ﬁ%?ﬁ.

® R FlL - o

% 4 PR BE R E G REEEEE R B9 KRS T 275nm
138 Jr: 1B ‘,? fg's
Table 4. Effect of various heat temperatures and enzymatic hydrolysis on

the absorbance at 275 nm of collagen hydrolysate

Heat temperature( )

65 80 95

Bromelain  0.484+0.004%°  0.492+0.040® 0.573+0.017“°
Papain 0.786+0.017** 0.746+0.058** 0.739+0.013"

Pepsin 0.552+0.025%°  0.629+0.005"° 0.972+0.009"*
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A B CDifferent letters in the same column indicate significant difference

(p<0.05).

25.¢ Different letters in the same row indicate significant difference

(p<0.05).
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Fig. 8. Effect of various heat temperatures and papain hydrolysis times on

the absorbance at 275 nm of collagen hydrolysate.

* The 275nm absorbance of collagen without heating and hydrolyzing.
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Fig. 9. Effect of various heat temperatures and pepsin hydrolysis times on

the absorbance at 275 nm of collagen hydrolysate.

* The 275nm absorbance of collagen without heating and hydrolyzing.
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Fig. 10. Effect of hydrolysis time for pepsin on the absorbance at 275nm of
collagen hydrolysate.

* The 275nm absorbance of collagen without heating and hydrolyzing.
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%5 ZRNFERE APIERER R 0 KfEF AL 275nm
ok R
Table 5. Effect of various heat temperatures and papain concentration on

the absorbance at 275nm of collagen hydrolysate

Heat Concentrate of papain(%)
temperature( )
1 3 5
65 0.786+0.017%* 0.601+0.022"°  0.577+0.0034°

80 0.746+0.058** 0.557+0.035*° 0.486+0.0295¢

95 0.739+0.013%% 0.589+0.028*° 0.509+0.029"¢

AandB Dyifferent letters in the same column indicate significant difference

(p<0.05).

b ¢ Different letters in the same row indicate significant difference

(p<0.05).
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Table 6 Effects of various hydrolysis times and pepsin concentration on

the absorbance at 275nm of collagen hydrolysate

Concentrate of pepsin(%)

Hydrolysis

time (hours) . 3 >

4 1.25040.046%°  1.213+0.040%°  1.332+0.053%°
5 1.423+0.046™*  1.246+0.0635°  1.220+0.0335°

6 1.42140.029%  1.315+0.057*°  1.217+0.0425¢

A B.C Different letters in the same column indicate significant difference

(p<0.05).

b ¢ Different letters in the same row indicate significant difference

(p<0.05).
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Fig. 11. UV spectra of various concentration collagen hydrolysate after

papain(A) and pepsin(B) treatment.
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Table 7. Effect of various heat temperatures on emulsifying capacity and

emulsion stability of collagen hydrolysate (papain treatment)

Emulsifying capacity Emulsion stability

A,B,C

(mL oil/g protein) (%)
65 115.042.5% 10.59+1.86"
80 107.542.5° 11.92+42.01°
95 102.5+2.5¢ 24.2043.26"
Control* 100.8+1.4° 5.3240.96°

* Collagen solution without heating and hydrolyzing only adjusted the
pH to 6.0.

Different letters in the same column indicate significant difference
(p<0.05).
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Table 8. Effect of various pH value on emulsifying capacity and emulsion

stability of collagen hydrolysate (papain treatment)

Emulsifying capacity Emulsion stability
(mL oil/g protein) (%)

pH 5 95.8+5.2° 19.6743.11%

pH 6 115.0+2.5° 10.59+1.86"

pH 7 135.0+2.5% 9.50+2.43"

Control* 100.8+1.4° 5.3240.96°

* Collagen solution without heating and hydrolyzing only adjusted the
pH to 6.0.

A B.C Different letters in the same column indicate significant difference

(p<0.05).
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Table 9. Effect of various pH value on emulsifying capacity and emulsion

stability of collagen hydrolysate (pepsin treatment)

Emulsifying capacity Emulsion stability
(mL oil/g protein) (%)
pH5 225.0+5.0° 20.93+2.36"
pH6 256.7+2.9" 19.89+2.12%
pH7 296.7+15.2% 21.82+5.73%
Control* 100.8+1.4° 5.3240.96"

* Collagen solution without heating and hydrolyzing only adjusted the
pH to 6.0.

A~P Different letters in the same column indicate significant difference

(p<0.05).
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Fig. 12.Comparison of UV spectra of synthetic sunscreen before and after

adding collagen hydrolysate.

Sunscreen A: Active ingredient Octyl Methoxycinnamate, SPF 30 PA+++

Sunscreen B: Active ingredient TiO, and Octyl Methoxycinnamate,

SPF 30 PA+.
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The Functionality of Porcine Skin Collagen Hydrolysate on
Absorption of UV radiation

Zhi-Hao Chen
Abstract

This research relates to a method for preparing a natural
UV radiation protection material from porcine skin which is
plentiful and low-cost by-product in Taiwan. The collagen
powder was extracted from porcine skin and followed by
enzymatic treatment. Finally the hydrolysates were to determine
the absorptive ability of UV radiation and emulsifying ability.
The results showed that collagen solution preheated with various
temperatures and then hydrolyzed with various times by
bromelain, papain or pepsin, both the hydrolysates were most
effective absorption in ultraviolet C(200~290nm) and next
was ultraviolet B(290~320nm). However, papain and pepsin
treatments were better than the other in three enzymes treatment.
0.5% collagen solution with preheating on 65°C for 30 min and
then hydrolyzing by 1% papain for 1 hour or preheating on 95°C
for 30 min and then hydrolyzing by 1% pepsin for 5 hours could
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obtain the best absorptive ability of UV radiation. Increase of
collagen concentration would increase absorptive ability of UV
radiation but increase of enzyme concentration would not. In
emulsifying ability test, emulsifying capacity of hydrolysates
from papain and pepsin treatment would increase with
increasing the pH value and both the maximum emulsifying
capacity were at pH 7. The increase of emulsion stability of
papain treatment was followed by decreasing the pH value and
pepsin treatment was no significant difference. The emulsifying
ability of collagen hydrolysate with papain was worse than
pepsin treatment. When collagen hydrolysate added into
commercial sunscreen, it could cover absence of ultraviolet C

absorption obviously.
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