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Summary

Part 1. Biological activity of enzymatic hydrolysate from

Branchiostegus japonicus scale

Gelatin derived from collagen has been widely used in food, medicine and
photographic industries over the years. However, gelatins from mammalian
resource are limited in utility of processing in functional food, cosmetic and
pharmaceutical products because frequent occurrences of bovine spongiform
encephalopathy(BSE) and foot/mouth diseases(FMD) are to bhe serious
problems for human health.

This study includes extraction of gelatin from B. japonicus scale,
manufacturing of hydrolysate by means of subcritical water and enzyme, and
examination of DH(degree of hydrolysis), antioxidant, antihypertensive,
whitening and antiwinkle effects.

In order to investigate physicochemical characteristics of B. japonicus scale
and gelatin from B. japonicus scale, proximate components, gel strength,
gelling point, amino acid composition were measured.

This study was conducted to investigate the gelatin hydrolysates processed
from B. japonicus scale containing high protein content(about 46.196) has been
the reacitive oxigen species(ROS) scavenging, angiotensin 1 converting
enzyme(ACE) inhibitory activity, tyrosinase inhibitory activity and elastase
inhibitory activity were prepared the enzymatic gelatin hydrolysates by four
proteases (a—chymotrypsin, alcalase, neutrase and trypsin) from B. japonicus
scale gelatin prepared according to different reaction times, substrate/enzyme

ratios and substrate concentrations.

- viii -



The gel strength of B. japonicus scale gelatin was lower than commercial
gelatin(150 and 200bloom) from tilapia scale, while gelling point were lower.

As a result of measuring DH of gelatin hydrolysate by means of four
proteases (a—chymotrypsin, alcalase, neutrase and trypsin), it turned out that
in reaction of B. japonicus scale gelatin for 6 hrs, DH was 50~65%. As the
reaction time of hydrolysis increased, DH increased accordingly. In addition,
the values of alcalase hydrolysate were higher than those of other enzymes
hydrolysate at the each section. Then, its identified that respective gelatin
hydrolysates of neutrase and a-chymotrypsin showed the highest DPPH
radical and H-0- scavenging activities(ICsy value; 9.18mg/m¢ and 9.74mg/mf), but
the activities were not significant. its observed that the four gelatin
hydrolysates significantly increased ACE inhibitory activities from about 2096
to 60% with their hydrolysis degrees. Among them, the alcalase gelatin
hydrolysates showed the higher ACE inhibitory activity(ICso value; 0.73mg/ml).

Almost all of enzyme hydrolyastes of gelatin from B. japonicus scale
showed the inhibitory activities against tyrosinase and elastase. Alcalase
hydrolysate showed more than 70% of the inhibitory activity tyrosinase.
a—chymotrypsin hydrolysate showed more than 90% of the inhibitory activity
elastase.

These results suggest that the enzymatic gelatin hydrolysates prepared
from B. japonicus scale might have a potential function in ACE, tyrosinase
and elastase inhibitory effect. Therefore, B. japonicus scale could be used to

industrial application for functional food materials.
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Part 2. Biological activity of enzymatic hydrolysate from

Tilapia mossambica scale

Recently, fish scale has been reported as a potential material in functional
food industry due to its antioxidant and antihypertensive effects. In this study
were investigated the ACE inhibitory activity of tilapia(7. mossambica) scale.
Enzymatic hydrolysates of the tilapia scale were prepared by the enzymatic
extraction technique using five proteases (a—chymotrypsin, alcalase, kojizyme,
protamex and trypsin) after tilapia scale was applied to the hot water
extraction for 3hr. its identified that the tilapia scale enzymatic hydrolysates
prepared using both hot water and enzymes treatment markedly increased the
hydrolysis degree(from about 25% to 55%), comparing to only enzyme
treatment(from about 159 to 45%). In addition, the enzymatic hydrolysates(1l
mg/ml) prepared by both hot water and enzymes treatment significantly
increased the ACE inhibitory activities from about 209 to 75% and they
consisted of their hydrolysis degree. Especially, the alcalase and
a—chymotrypsin hydrolysates showed the higher ACE inhibitory activities
(ICso values; 0.83mg/m¢ and 0.68mg/m¢, respectively) than the others. In addition,
its identified that the ACE inhibitory effects of a—chymotrypsin hydrolysates
were increased as decreasing their molecular weights. its also showed that
the 5 kDa> fraction has the highest ACE inhibitory activity (about 89.9% and
ICs values; 0.1mg/ml) among three fractions (BkDa>, 10kDa> and 30kDa>
fractions). There results indicated that its could be suggested that the peptide
compounds of enzymatic hydrolysates prepared from tilapia scale induced the
ACE inhibitory activities and might be used as the potential antihypertensive

materials.
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collagen®l #3+ A== bigeye snapper®] A&y} WZFY L7824 Zeb2le
FTE552426), N (Gadus morhua)®l ™, A4 & FAENA collagens F3
(27), = (Pagrus major)3 tilapia®] HlE=Z%5-E F=8 type I collagen® &
g4 54 A 5ol ArH@B).

AP ES gelatin®. 2 o] &3y Y& Be ATI} o]FolA o EF 4
AHE-o] W oy 5 FAMES o] &3ly] 918 we APATrt HaAHo] ghord
(29~31), ol & 213, 4F 2 o kE el A&ty AsA 7+ A Adx
Aol FFHHofof sz, AA= dFALe] VHestal A &HAQ AR FHe] v

ok 3, Edle AR A e WALE Fo B AHAS sA ok
&

+ JMAel =7 7F 2o ™, lumpfish(33), tilapia(34), conger and squid(5) &2 <
Tl HSo]l EEld Aol vha HlEeold =84 AAEE ATV fg A

T7F R AL ATHES).



Bl dd Fepol=o] HAe B A4 A=A ATHE6).
Aedd JElol= Aol e AAk= 1889l Fiere] o] Ao &
Ask= w2 Aol o8 dojdthE Aol 7le] HAe dAlste] A A
Z deHern, 18%dd = HakeA FE2E Tl ddE el
€

= YEhl= 220 FaHol vk Ax S ATHET).

)

o, T3 detas EZ 24 angiotensin® 7FE7F Bl skebd el s
Haslo] o]E IHEelo]|=A T E2EomA Hxo A AL oxytocin(38) 3}
vasopressin(39) o] Atk il 1960 o] sletd oz M43 o] FElo] =
S9o AYEAS A7 A, vasopressine V] oFFR|®E oxytocin®] AL S

SEN LS e en, %3 oxytocine ¢F8HAl vasopressing] @0k

ZdolM Az e o] EAlF 7] WA AL

2
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o
Iz
£
A
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.
]
il

2 o= AP BTl o5 Mepole] BAHG FxoA JAE Ao

Woll 5o ¥H3lrAldy 229 #HE A3t AYSHE- HEel= S
ARG 28 - BH) 3 2 E(thyrotropin releasing hormone, TRH)¥} 3435 2
e

2 (luteinizing horomone releasing hormone, LH-RH)¢] “Zx7} 3

olg} o] QAWM AAxEY e Z= FEro|=A] gz ol &Hs=



i 5-io] Hefol=F Aga F&
Hol gow, ol ALY MEol=E 5314 3o R i ALsta v
aeu @Al FAVIERAE AFAA dekE obrxit 7] 7E 307 o)
2 49 #8710l Bofstry] wiLel otk 7| 7F oF 15~3071 Axe]
Efol =2 AlghE ol Aol

melA] HolE F - AE WA S E E4E o]&3le] JREAR &
A el =E 28 - AAst AEhe HAES #d ATt Eud] gy
ATHA0~44). BA XA 7]5& vepd = Hepo|=o #ek <
Mool g3t Aol A v EH R ew, oo uig @e gt o] Fojxal gt

rir

3. Collagen ¥ Collagen Peptide

Collagen<- MX F Adx49 Fd 74 A& Aadwd=zA A A4 &
WAl 50% ol s AAEH ABA W BHELsHA BEITE HA 19 FH(Type
[ ~XIX) o]%fo] BrslA Slar Aoy 479 we & AA =4 7ss 3
(45), 3] A7 A& W F AFxAe Fo3 744 AFO0=2 A collagen F9

40% = I, 20%

e
=
B
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]
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Ay A 5 Ax wA BEXIa ¢
t 7| ETxE 35 HATRE o223 Qou AZ oF 14~15A, Zo] 2800A

Pt BA5F oF 300kDal 2 tropocollagen®] 71w A3E ez &5 - AESHE O

o

2 oA FXE o] Fal JuH46~47).
Kittiphattanabawon 5 (26)= bigeye snapper® 723 m Z5-¥ acid-soluble
collagen® F%& EAS "3 o Sadowska 5(27)S 7 (Gauds morhua)®5-

B collagens FE=3ct.  Tkoma - 5(28)2  FE(Pagrus  major)3

i
g

tilapia(Oreochromis miloticas)e] W& =Z5F¥ type 1 collagens F%F3}9]

]

Zl EAS wrgl o Kolodziejska 5(48)8 9.A o] 93 Z2H collagens F
sl =84 EAS Wi ol diF& o9 Aoy W Igal HE F
HH A= F9E o] &3l collagens F=3HAT o 7k A HEAE AR



I = oiEF 30% 2 B ol MEA AL glon, o2 F5F collagens

u

3hal JuR25). dukg oz ol F F#H 9 collagens SHEE 9 collageni
o} @e ko] imino acidE 7FA 3 o, Aok w3 vhA el o] o
Ae-S wa vh26). wEkd WMEAE LS ol &Y VEY FHE SAHEE
el collagen® vt A o] HoluA AU 257 HS=3 S 7H o

7 &l collagen &2 9u|7F Avkal & ¢ )

4. Gelatin 2 Gelatin Peptide

Collagen?® €#¥Ae] & FEHE F84 dwAel gelatine glycine(Gly)-

proline(Pro)-hydroxyproline(Hyp)®] o}r]x=4t 27} ¥iEE= EAE& 74A 1

At} Imino acid?! proline¥ hydroxyproline< gelatin®] &l w3l FHS F-

o}8t® Gly-Pro-Hyp 7-%¢ T&F2 Fzhil 44 dAAQ 93-S A= F4
A

291 Fol 3v}o](49), 3 imino acid®] 3ol gelatin®] detA Ao #

Gelatin® collagen® €H¥A 0 &) FEEH= dlAZ =& 2 2 ¢ste] o
oA += type A gelatin¥ ¢35 A13] Hgsle] Ao *+= type B gelatin®.= -
5 (2), gelatine =% &JE4Q) F(sol)-A(geDe] JHist Edo=z Qs A
A, AR g BAES 22 294 54 wet B Fokoll A AREHAL S

ol Az Mg, AAeF, A A T oJefgor AMGH VIR FFH, A EFAbiEof

£

M= el ol§d Bt opyz} ArfAAd, WA, v, BEA, d4d o=

olgstol AT, SE, W vhe= S HEAEE AEHM coatingd,
A4 2NABE 5 AFELAA ABRE A8HE dom e FAA,

ARG BE, ATAEE AR AEHE T OGS 44 SRS AT g



of Wolub Hel AFAY L AL APL AT AFE Hokol® AHgH

GME(Gelatin Manufacturers of Europe, www.gelatin.org) H.aLol 23} 2005
US AA A gelatin A4S 306800019, 71 5 72.1%7F =399} 3= FH
AEE 3 W (4, HA] 5) 59 FAMEERYE 266%, 7B 985 o] &3t AikEf

& 1.3%9 Ao & ey on gelatin A AU vid FUtEE Aoe=
UebLaL Qlvh Ziefuh A8 0% AR HE gelatin® B¢ AL 80%7F =9
2HEH ALHI glom 10%Rte] ¢33 E o]&dhs Ao® WAL ¢
AR RS Aaskal, =98k Ve ge ARl Frhskal glew, oA F4

%94 (Bovine Spongiform Encephalopathy, BSE)ol| 2|3t Aot} 3=

(o,
o
rlo

o] &3 collagen 2 gelatin® #F-$H 59 A|do] Ao thFx i 7] u

Folar =y w3 749 (Foot/Mouth Diseases, FMD) &R x| o] w2 x4
Aak Foz Q4 HAZE o] &3 collagen E gelatione FE&=d A7} LA
HaL JTH2R).

oje} o] ARA Al i anjAY H7F ARl Hor tifso] Hd
o] grddel guE N2 AR UF A7k 7 glon, kAol
gk A7k AGHSIT. 53], 4= W, o]
A77F DAL ATH29).

lo

ol

Hgith wshe] 99 o shibiz Akko] o@ AAH, AaE BES Fate] o
UAE Al FRHES s 5 4P FA40 AWAOE e 204w
i

NA A, A AAAL A B ES A AE



Zx(active owygen)E S dvh 5, @ A, WARA, shekubg,
A HAe Tae] Aol DNA #4d, A4 dakst, @l njgyds o5

ot oF, BnM, HET, eWAs A9y 29, A5d, Wd 5 e A

14
N

A B g A Aet BEA FiskaE-S ST s Al(synergist) B A F

O

St A A S A73F= singlet oxygen quencher 502 EFHAvh gabsiAl=
oAl =ZA 57 2oz ERysd, A primary %=+ chain-breaking
antioxidants &A1 A Az}t 23t whgato] ¢S HAS A= wtE LEd
=4 secondary Wi preventive antioxidants®ZA4 ©E W7 Eo] o8] A-EAk

32 AAN7E 2Foe BRATGL.

o A == superoxide anion, hydroxyl % DPPH #H %, singlet oxygen %
Hx009F 22 &34 (ROS)EC] Axute EAskes X239 Ashste] #4ks)
ES WEoR Qi AAHA HedH, olEe dEwkge] 93le] alchoholit,

aldehyde¥r, ketonet 2 A=A AA oA DNAE E=3AA 48

Primary antioxidant™ tldo =2 <HAgk gojzd-g vEs7] a8 A& f2z
Uz FAUA4E AFTTdoz Aqutso] AFS AR o] AFitstE wh=th
Fefe] dabstA = EE #5338 E 24 a-tocopherol, gallic acid®t L

54|, quercetin, thamnetin, kampferol, rutin, quercitrin % caffeic acid %9
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F dE o9y 7FA 8<21E 7F-H renin-angiotensin-aldosterone L2 &= A
oA dt¥ AdFES xdst=d Fash s vhal ¢EA JTHET~70).
AA Fol A AT BT decapeptide?) angiotensin I angiotensin
I converting enzyme (ACE)el| 2]3lo] C-Zwe] His-Leuo| BoAAH yiFozy
HAYy F=2Fgo| Q+E octapeptide?] angiotensin T2 A=, o]&2 A AL
angiotensin Il A @A o2 RS #5313, MG A aldosteroned] #HE F

TINA Ad s S eR A AerldE Ade FTHT1~72). o # %

Aol o] Fagh Holr}
ACE A&&d 49 e doja dulde] g4% 7teisfa=zsy #¢
3 HME =R AFRAME casein E3E(73), zein(74~75), 337 H(76), thF
(77~78), 818 5(79), 7Feptol(63)3% W 80) T Ao, ol& 7f+E3)
Z5E ACE A3HE =8 23t ofu|xit vjdg ¥

I
=
i, 0% 7z W

b

gv

=5 gty oz 3HAd3tel ACE Adaze] mlxe HE =59 C 2 N
wieake)] kel el Haskan glvk ol#] /1A dipeptideZ st ACE A
g ade vA= FE =5 CEd 9 NEw ofu|xilt 7)o s CEd of

v A 27124 Try, Phe, Tyr @ ProS, N¥¢ olv|=2t #7223+ Valdt lles
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Part 1. &35 (Branchiostegus japonicus)W| =
AV E Y AgEA
Biological activity of enzymatic hydrolysate from

Branchiostegus japonicus scale
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1. 484
1) &% v+
S-%(Branchiostegus japonicas) Y52 AF% AAZEA A3 @CHFAE

bol Aol ALg kst

iV

A AR g 33 FAY & gz

Ol

@) Ao}

gevol WjE Amele kel 91N @ CAIA AEE BujEL gt 2

lid

150Bloom ¥} &) ¢F&2] 200BloomS G- 3Fe] A&l AL&35l ).

3) AR 24
Ao Algd ZeAle calf skin Z&H21(C-97912, EC No 232-673-4, type I

collagen frol calf skin, Sigma, U.S.A)S T3] AF&38}S]T].

(4) 79 2 =y d=d
A

Ao Agd FAFERH daele $3(bovine skin) AFHE(G 9382,

i

225Bloom) ¥ =3 (porcine skin) A#E(G 2500, 300Bloom)-S SigmaiHU.S.A) %
Y T-Yste] ARE3Hth

2. 4383

@, 249 2 3Ee S45Ah AOAC B

4

(96)0] F=3fo] FEITEL 0.003g ©ste FoxE FFoz Fto] 105C Y7t

i

)
(o
f
B
o
o
2
(o
A
BN
i

Z
S
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(2) Hydroxyproline % =3
L% 159 hydroxyproline®] FHE-& ISO97)9] WS 47 FAS Wyo=r

At H il gelatin 2 collagen® 3ES Sato  S(98)9]  wWel| we)

o

hydorxyprolines A @3t v} A G (conversion factor) 11425 #3F gto=
SFETH AlEE9 05meol 722 ke 6N HCIE 7hsle] 130TColAl 6A17E&< 7}
TR F ot L ofols 50TAlA A, xS e SutY FHTFE UF
. 1 T Imles  #HEe  chloramine-TH H(Sodium p-toluenesulfon
chloramide trihydrate 423mg, DW 6mf, 2-methoxyethanol ethylene glycol
monomethyl ether 9m¢, acetate—citrate buffer 15m¢) 0.5mé-2 7}3FaL 30CoA 5
7 w2 A A Y. o] 7]e] p-dimethylbenzaldehyde-& ¢4 (p—dimethylbenzaldehyde
6g, 2-methoxy ethanol 30m¢) 0.5mlS 7}3ted 60Tl A 2083+ w417 & 3
0ColA 1087 W7l EFF=AZ 557TmolA SFZEE SAHIAoH, A8
9] hydroxyprolined#< hydroxyproline ¥5=AoF0 2 ZA sk 7o) o3}

o 73t

3) &3 vEddA 2&d =

BN

SE HEdA AgE FE5L2 Kim 5999 WHeE F&3tHFig 1. A
H SE vES 109v/w)9 1.11IM Ca(OH)-& 7Fste] wnkslwA]l 2417 X g
T s2% Eo FAste o]E 10Mi(v/w)el 05M EDTA-2Nag ¥o] A&
AA s o™, 1.0M acetic acid 2ol H3&dg HAAste o]& A7l == F4

G5 A 107TCAA 705t EF 58 §9& Y4 F2(5300xg, 15min)s}
GES AAs G AEde oA (5A 110mm, Advantec, Japan)E ©]-&3}

AFoats & oE FELALS S0TCAA EFHX7E o] &ste] HdxT

M

FolE 2R 4 & B2y EAS 245 AR AlRE ARSI
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4) A= 9L =

i

Ris

77 %= Hamada(100)¢] el we} A3 A4 =s 667% detsl &<
100meE HlAANA Agrzl = 23 g 5ColA 10mm 27429 3 plunger

& 2em/ming] &= APA T}, olw A W EF plunger’b Ao AYHAE o
o] 3tFo 2 FATH

==L Kolodziejska 5(48)2] Rl wel A, =28 deel &
4 10mE 40ColA BC7HA 25E Hge T ARt 5438 dsdte o
2 3. #@mel AL 667%  Aztel § 10mE  Brookfield

viscometer(LVDVII+, Brookficld, New York, NY, USA)E A}&3}o] =431},

G gx ¢ A
=5 2 AT 2ol vE AgRe] gEE 0.1% A S48 £3REA
(UV-140-02, Shimadzu, Japan)® 660nmeol A =43 F3 =2 el

L

A= Adagsl B O RAE Alm= sl AAARA (ZE-2000, Nippon

=

Denshoku Industries Co., Japan)® L, a 2 b #& SAd s g g5 2

G2 PRI o) EEwde] Lk 96.83, agte 041, bt 0.64%
o}

A

6) 5% =25y A9 =
S5 HEE5YH AUFEA, 2bheAd, #@Erted 294 £ Kimura 5

(1018 WHew F=3FUL

A7keA ZHAe -20CE FAE acetones 5H]FE 713te] 30~60

HD:
o
o
ﬁ,

F 7 gsee M gSeel $3Hd WX acctone AE WEHFHAT
s -

olul e nPEE eolA 1-247 FA, 9A AXAAY. AXA R 200
0

A5M NaCl &8 7}3Fe] 4TolA 244

L
off
rO
=l
rE
_O|L
52
o



2] 0.5M NaClg 7}3te] 4Tl A 242 7F &b wwk 3k Fof 7000xgol A 2083+

A3t A& FE5HE AEEFo(Whatman No.l)

A Aol pepsin 2%E H7Fslar 7CoA 2447 FoF wHSAIZ]
(7,000xg, 1AIZH3l] 3 FHath o] 4& 0.02M NaHPO,

Hake] EAAZAATL,

(M) S35 s 488 A=z
59 Agtel 58 Kim @D Wil os) Ax3taon, S5 v

59 olB7d AAE 95kl 8919 IN NaOH 2@ 8el& o] §3te] 10T A
A7+ e Hyste] N ZEA GRS AAs Ak dAY A F ==

2 FAste] IN HCl2 FeA At F3td S5 vEel 5tiv] 68 (v/w)e

W o

of\

8 kel 60TAIA 3413F 33 wEBslel A% FEBAULG. A5 F2 fole
o]

(8) olv =4 x4
S5 HE9 oln st 24 4L Spackman 5(102)2] WS A A3
Z2As90m, AE 50~100mgs BH 3] ampouleo] ¥ i 6N HCl 2mlE 713}

o 53k & 110TColA 24A 7ot A7l st vh. &39S glass filterZ2 o



Hatar A A s HCle A AS 3 citric acid buffer(pl 2.2)% 25ml% =%
ALt o] T IFE opv| Al ARE-A7](L-8900, Hitachi, Japan)E ©| &

stel =4 kg,

@ S% v Aee 5x 2 Andd AR
AzxEo] Fdstd S5 vE G4 Agele] 4704 @A b 3 &4 a
—chymotrypsin, alcalase, neutrase %2 trypsin(Novozyme Nordisk, Bagsvaerd,

Denmark)-s ©o]g3le] A7tz 7l Eastdth 7hrEslE2 tA] 942

(12000rpm, 15min) #A4-& AA FETHS L8 & 7tedAl s F45Ah
Table 1. Characteristics of proteases used in hydrolysis
Enzymes pH Temperature Origin
Neutrase 6.0 50 B. amyloiquefaciens
Trypsin 76 25 Procine pancreas
Proteases
Alcalase 8.0 50 B. licheniformis
a-Chymotrypsin 7.8 25 Bovine pancreas
(10) &% W& Agee A5es] 22
5 Als Aoge] AH ol&e 9% Beol x2 UteRAxds AAs

iV

7] fskel, 7AW Zadeh VA FEd wel R E At s

Fast7] s, 71d o Z2Avs= 10, 20, 50, 100, 200, 500(wt/wt) % aL, 7] <]

Zw v wd Aude w25 1%, 3%, 5%, 10%39th. 7FeEes folA Al
5

AaA FAEAT. 2, RE R A AEE 98 7}
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a1 7trEes 54

L= s fd Addgdwlel  JeEEF S(degree  of  hydrolysis; DH)E
trichloroacetic acid(TCA)H(103)2.2 =43t} & dhgo] T5Y WS HE
S 9AEE (12000rpm, 15min)3ste] GZEHo=HY 2n0E FH3kaL of 7)ol 20%
TCAE &% 3H7Fske] 9412 2(3500rpm, 10min)3t oh&, & He] dAHFS F
3ol Lowry®H(104) 2.2 10% TCA 7184 AAzS =45l vhaso 2oz
H 7hradl 28 ALk

10% TCA 71874 HdA4F

7]’“?‘5‘3HE(HD, %) — = ﬁﬁ\_%k X 100

G EEEe] EA s 23828 5kDa, 10kDa % 30kDa
¢ whe x}g3l= shelojytut Byl Al Ad" (Ultrafiltration membrane)s ©] &3

o] 5kDa ©]3}, 10kDa ©]3} @ 30kDa ©]3} #8&E58 Z+7 A %315 tH(Fig. 2).

Fig. 1. Mimetic diagram of ultrafiltration membrane system.
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(13) DPPH radical scavenging activity

DPPH At g Zol] thsh S+ vls 3 Add 7tedaEy 28948
A A}F o 5 (electron donating ability, EDA)S ©] &3l Blois(105)9] W&

galo] 2A-3t9t}h 4.0x10° M DPPH (1,1-diphenyl-2-picrylhydrazyl) & <8 100
peell 7y 7hedelE 100 E 2al 523F aRkele] 30#-3F wkE A1zl § ELISA
reader(TECAN, AT/sunrise R/C, Switzerland)Z 517mol A &35 =4 3}Ho]
ol dg FRRe da vem shrdee st d4ds A
Blank® DPPH tAl ethanole AF&3}% 3L, controls =% W= gyl 7¢E
e Al SFFE AHESEA T

il = le OD — Blank OD
DPPH radical scavenging activity(%) = (Sampgorgrol OD ank OD)

100

(14) Hydrogen peroxide scavenging activity

Habsta A AL Miller 5(106)9] el wek =333t =, 01 M
phosphate buffer (pH 5.0) 100xet 73 & 100 E 96 microwell plateol 4]
EgAZIvE thA] 20p09) hydrogen peroxideZE H7FA 7] 37Cel A 58 7F wk&-
A 71tk wk8o] By & 1.25mM ABTS$}F peroxidase (1unit/ml)E Z+zb 30404
A7rste] HFAowm 37CeA  1083F wEAIA  ELISA  reader(TECAN,

AT/sunrise R/C, Switzerland)Z 405mmol A A =& =7A 3k}, Blankys 343t

T Al F=FFEE ALEE AL, controlS 2% ¥E AdtdE e E gl =
8 AbgaT,
i ) . 1 — (Sample OD — Blank OD)
Hydrogen peroxide scavenging activity(%) = Control OD x 100

@ jeju



(15) Angiotensin I-converting enzyme (ACE) &4 A &
Zw He i dgd st ey Fudy S4s SA4sy] st At
ez g9 dgd 7R ES 7FA il ACE A4S =A% Cheung 5
8L)e] Wol Fate] FAsh AEE FEH detd JhEEsE S0ulel
26mU/ml ACE E4 9 50uE 718 =, 37CoA 1083 22 st o 7]
712 A 125mM HHLE9 100utE 713Fe] thA] 37CollA 60F-3F
IN HCI& 0.25mE 7Fste] Al@# &9t7| 2 agbsio] wh3-& AAAZ T Rl
S-gdo) ethyl acetate 350u0E 7}3Fe] Wkgk v}
A A AFZ < (ethyl acetate®) 200E EFH 3R o] E3HHYS 80T =golL
oA A% AXAA FTHF IS 7Fske &8A171 5, 228mol A

Akl Ak Aetdl 7heEEslE9 ACE A#l&S Ve SITh

ACE A3&(%) = 1(_B(S_ _BC)SC) < 100

S : the absorbance in the presence of each sample
Sc 1 the absorbance as S except that enzyme reaction was quenched at zero time

B : the absorbance in the absence of the sample
Be : the absorbance as S except that enzyme reaction was quenched at zero time

(16) Tyrosinase &4 A 3

S HeAdgE 34 JEEEAEY vWEdE Agstr] f8te] Fuller &
(107)9] WS o] &3}o] tyrosinased As|&AS =AYt 0.1M 1A <4

Z R (pH 65) 220108 A FE N 2040 18 3l tyrosinase(sigma)(1500U/ml ~ 20000/
ml)H 20 AR Yi=th o] g9 1.56mM trysine(sigma) ¢ 40uE ¥
37CoA 10~158 F<F WAzl & ELISA reader(TECAN, AT/sunrise R/C,
TAFERO 7 A7

Switzerland)& ©] &3] 490molA FFHEE FHsHAT

Al 0.1MRILHA €52 (pH 6.5)5 AH&3F3itt.



5 =
T |
a', b' : tyrosinase th4! buffer= thAsle] 4% S35

(17) Elastase &4 A &l

v Hedetd 84 vieidee] FEANEAE A Ps] Ao Cannell
5(108)9] W& o] §3lo] elastased] AN E SAH3ATE Elastase A3 €
A £42 7142 A elastase substrate VIIIE AF&-3}o] Ao A 158 7F WF-g-A]
7] p-nitoanilide®] A =S =A32Ac}. 0.2M tris—HClH(pH 8.0) buffer® 3] 4] 3l

ZF Alg g 160u02F 5mM elastase substrate VIIIICALBIOCHEM) &< 2040

|

23l 10pg/ml elastase(sigma) BA 20E cAHE B F 25TolA 15%

o wk& 2171 § ELISA reader(TECAN, AT/sunrise R/C, Switzerland)S ©| &
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ZFES Table 29 Table 39l

4.4% o] At

Fae

hydroxyproline 2]

FETFES 3.81~20.26%

7]

2}

T
-

o
T

20.196°] L T

o}
o
i+
i
N

!

=l

o] %3 53%, W 41%, d

=
=

gl vl

-
1.

Hamada®} Kumagai(109)

(16)& o)
294 Ao wol

-
1.

°f

pe=
(e}

e,
AR

jom 2% HEo

3

6.44% 2}

Ealas

hydroxyproline 2]

s

e,

o] =]

N

7F 7]

3

b2

=l

Eh

hydroxyproline$t# % o}

-
1.

Table 2. Proximate composition of B. japonicus scale

( %)

Moisture Ash Other

Crude protein

Sample

45.0+1 0.4£0.001

85+0.01

46.1+0.02

(Hydroxyproline
14 + 0.17*)

B. japonicus

11.42 x 4.4 = 50.2%

*Content of collagen in crude protein from B. japonicus scale :
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Table 3. Yields of collagen extracts and gelatin from B, japonicu scale
(%)

Collagen
Sample Gelatin
Salt soluble Acid soluble Pepsin soluble

B. japonicus 20.26+£0.48  10.91+0.36 3.81£0.17 20.10£1.21

S Bleel dAYERx) W whE ofvneAil A4S Table 49 2tk &

i

gl
b

U529 F£8 ofv Ak glutamic acid, proline, glycine, arginine®]%l2.9,

A FHAe] 94%-S Fi= imino acid 2L 19.19~19.88%°] At} &% v=S A

5% =9 Fo TGN ZEpale] oln x4l 242 Gly(glycine)-Y-X
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Table 4. Amino acid compositions of B. japonicus scale
(g/100g)

alkali treated over

Amino acid dry frozen dry freezen dry
Aspartic acid 5.59 5.59 2.70
Theronine 2.61 2.49 2.56
Hydroxyproline 9.37 9.49 9.30
Serine 3.81 3.62 3.82
Glutamic acid 20.69 20.81 20.35
Proline 10.51 10.20 9.90
Glycine 11.68 11.21 11.62
Valine 3.85 3.92 3.92
Methionine 2.35 2.47 2.61
Isoleucine 1.17 1.21 1.20
Leucine 22 2.28 2.28
Tyrosine 1.45 1.51 1.49
Phenylalanine .67 2.75 2.75
Lysine Ry 3.78 3.86
Histidine 1.40 1.47 1.40
Arginine 1038 10.63 10.72
Alanine 6.38 6.57 6.52
Total 100 100 100
Imino acids’ 19.88 19.69 19.19

“Imino acids mean proline and hydroxyproline.
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Table 5. Comparison of physicochemical properties of B. japonicus and
commercial tilapia scale gelatins.

Scale gelatin

Components Commercial Commercial
B. japonicus scale tilapia scale tilapia scale
(150B) (200B)
Moisture 8.0+0.6 8.9+0.8 8.9+0.1
Proximate Protein 90.7+0.4 89.5+0.4 90.1+£0.4
composition
(g/100g) Lipid 0.1+0.0 0.91£0.2 0.3£0.2
Ash 0.4+0.1 0.9+£0.1 0.9+0.1
Yield of gelatin (26) 8.8£0.3 — -
Turhidity % (660nm) 1.3£0.1 0.7£0.1 0.5+£0.2
L 83.5+0.08 88.1+0.80 87.8+0.56
jaistter ~0.4+0.80 ~0.1+0.13 ~1.7+0.25
color value
b 27.3£0.36 27.9+0.11 25.4+0.52
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Fig. 2. Gelling temperature of gelatins extracted from B. japonicus and
commercial tilapia fish scales.
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Fig. 3. Gelling temperature of gelatins extracted from various fish scales.
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Table 6. Amino acid compositions of collagen extracts from B. japonicus scale
(g/100g)

B. japonicus scale

Amino acid ) — — - —
Pepsin-solubility  Salt—solubility  Acid-solubility

collagen collagen collagen Calf skin
Aspartic acid 8.95 8.23 661 6.02
Theronine 357 2,88 2.20 167
Hydroxyproline 9,61 741 8,22 8.30
Serine 357 494 3.96 255
Glutamié. acid 11.62 11.93 10.87 1157
Proline 7.05 6.58 1043 11.99
Glycine 2157 19.75 20.85 25.48
Valine 5.34 7.82 8.08 461
Methionine 2.48 1.23 0.73 0.22
Teoléuicine 3.22 3.29 1.32 163
Leucifie 429 5.76 558 3.34
Tyrosine 2.09 2.06 1.32 0.31
Phenylalanine 3.07 2.06 176 2.11
Lysine 4,10 494 3.82 431
Histidine 1.73 2.47 1.17 0.70
Arginine 3.67 494 6.90 857
Alanine 407 371 6.18 6.63
Total 100 100 100 100
Imino acids” 1667 13.99 1865 20.29

“Imino acids mean proline and hydroxyproline.
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Table 7. Amino acid compositions of B. japonicus scale, bovine and porcine skin

gelatins (g/100g)
Amino acid B. japonicus scale Bovine Porcine
Aspartic acid 6.15 6.03 5.72
Theronine 2.50 1.9 1.53
Hydroxyproline 8.73 239 9.39
Serine 3.60 2.50 2.40
Glutamic acid 11.92 12.29 11.74
Proline 11.77 13.44 13.25
Glycine 19.30 20.34 21,89
Valine 4.05 418 4.30
Methionine 2.04 0.62 0.53
Isoleucine i 17 1.58 1.23
Leucine ZSil 3.15 3.04
Tyrosine 0.47 0.41 0.59
Phenylalanine .S, o 2.64
Lysine 4.55 4.45 4.31
Histidine 1.04 0.73 0.72
Arginine 9.93 9.88 10.19
Alanine 7.68 6.87 6.53
Total 100 100 100
Imino acids’ 20.50 22.83 22.64

“Imino acids mean proline and hydroxyproline.
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Fig. 4. Comparison of hydrolysis degrees for enzymatic hydrolysates from
B. japonicus scale. The enzymatic hydrolysates were prepared by
enzymes(protamax, alcalase, kojizyme, a-chymotrypsin, flavourzyme,
trypsin, papain, neutrase) and reaction 6hrs.

“Control ; Comparison of hydrolysis degrees for heating water from
B. japonicus scale.
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Fig. 6. DPPH radical scavenging activities for enzymatic hydrolysates (10mg/
ml) of gelatin from B. japonicus scale.
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Fig. 7. DPPH radical scavenging activities for neutrase hydrolysate of gelatin
from B. japonicus scale by concentrations. The value of ICsy was
expressed as the concentration of neutrase gelatin hydrolysate
inhibiting the 50% of DPPH radical.
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Fig. 9. Hydrogen peroxide(H202) scavenging activities for a-chymotrypsin
hydrolysate of gelatin from B. japonicus scale by concentrations. The
value of ICsy was expressed as the concentration of a-chymotrypsin
hydrolysate of gelatin inhibiting the 50% of hydrogen peroxide.
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Fig. 10. ACE inhibitory activities for enzymatic hydrolysates{1mg/ml) of gelatin
from B. japonicus scale.
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A3, s oJEH o2 ACES 245 °F 70%7H4 AAAsklaL, 1214 1Cx

i
>
O
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o

ghol 0.73mg/meel A& gl 5 AATH(Fig. 14). ol¥ g A}
A g4 sfelo] Adetel sl Ee AXE I sl A gE JpRR
e el FAEATE =, SelA Aed AAY TheEs] Alzbo] 24

g 6471717 SR Add Asrage s ReEst $7895, 2 4

AE o ol FUFeHA @skEdl, oA ACEel wgh Asdgdat Aot
koY), 7MY ¥ VM RIEE B alcalase AEE JhgpRE Eo] s
=2 ACE Asl 845 B o] ZHZEE alcalased) =& 7h4E3 530l
Aetele e Ay=z Jheiade wel ACE A& 28] A vehde

k=l
Aoz gAY, 3, &5 v fd detd JleEd=ol ACE Asl &4+
k=l

$ guAYAS AREA BEF HA Y= Ao B
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Fig. 11. Comparison of hydrolysis degrees for alcalase hydrolysates of gelatin
from B. japonicus scale by substrate/enzyme ratios.  The hydrolysis
degree of alcalase hydrolysates of gelatin were determined by various
substrate/enzyme ratios with 3% substrate (wt/vol) in pH 8.0 at 50T
for 6 hr.
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Fig. 12. Comparison of hydrolysis degrees for alcalase hydrolysates of gelatin
from B. japonicus scale by substrate concentrations.
The hydrolysis degrees of alcalase hydrolysates of gelatin were

determined by various substrate concentrations with substrate/enzyme
ratio(100wt/wt) in pH 8.0 at 50C for 6 hr.
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Fig. 13. ACE inhibitory activities for alcalase hydrolysate of gelatin from B.
japonicus scale. The value of ICsy was expressed as the
concentration of alcalase hydrolysate of gelatin inhibiting the 50% of
ACE.

_53_

Collection @ jeju



12. Alcalase A9 7t #8E9 ACE A4

% "lE AfE alcalase 7HrEE = EA ] wE ACE Asfdds =<l
k7] 9lste]  Sw ¥]E  alcalase VIFRIA =S @Ay A AH
(Ultrafiltration membrane)ell ]3] 5 kDa ©|3}, 10 kDa ©|&F ¥ 30 kDa ©]3} &
F=5s AxsArt 37 EE=s 7HAa e w529E (025 05 1 me/
n)Z ACE Ad&dde& 548 2745 Fig. 160 HefdT & 2859 F
=7F S7Fe 5 ACEY Adl &dol woAd A S7teks AS Felsid

&9 ACEd wWig ICs %ol

H

(Fig. 15). 53], X x4 5 kDa ©|3}
0.663mg/ml 241, 10 kDa(ICsop; 0.726 mg/m¢) 2 30 kDa(ICs; 0.797mg/me)o] 3} H.t}
433 =& ACE A3 248 Bk %8 5 kDa ©|3f #3E9 §&71 0.25
mg/mloll Al Img/mé7bA] S 712 oF 60%°lA 70%7+4 ACE A& &A% Z713)
Ak o] Hg AHREe ool Azl o3 FE Su vE dHgd
alcalase 7F#-8lE2] 5 kDa ©|3F #3&o] ACEe| tist & &4 A 284§

7HA = Aoz e o] AL alcalased] 2 7R o] 2% ujE9

Bagold w, ACE A3 o] AA ZF7letes Ao 2 dAvddr) uels S=

s At Tl Eo] ACE Ad d4ds MRS 2A Az FardsiA ]

dR=2 &8 7PV =2 Aoz oA
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Fig. 14. ACE inhibitory activities for alcalase hydrolysates of gelatin from B.
japonicus by concentrations. The value of ICsy was expressed as
concentration of alcalase hydrolysate inhibiting the 50%
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Table 8 Tyrosinase inhibitory activities for enzymatic hydrolylates of gelatin

from B. japonicus scale

Tyrosinase inhibition(26)

Sample(mg/mé)
a-Chymotrypsin  Alcalase Neutrase Trypsin
1.5 4.8+54 79+2.8 3.4+4.3 0.9+45
3.1 8.5%8.7 16.0£2.5 2.9%6.9 0.1£0.8
6.25 12.4£10.5 20.9£1.2 7576 3.3£4.1
B. japonicus
12.5 18.2£10.1 360.3+4.8 16.8+£9.4 6.4+2.3
25 25.3+109 56.9+1.5 19.1£2.0 15.6+£0.6
50 53.0+7.6 64.7+2.2 28.7+1.9 30.6£2.9
0.25 44.9+2.6
arbutin(ug/m¢)  0.50 62.3£2.3
1.00 77.8+0.7
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FE 7t St = wjine s, HsF, Wuso] hAETk(1381).

oo B Ado|ME 4F] 717] vpE @A JFEEEE A (a-chymotrypsin,
alcalase, neutrase % Trypsin)E& o] &3} A X3 &5 v+ 73 A 7
3= 2] elastase A &S FA4stel 1 A3E Table 90 YeplSIth S5+
AetEl a-chymotrypsin &% 50mg/mlol A 94.29, alcalase 78.5%, neutrase
66.0%6, trypsin 74.0%2] A &4 HATH

AAEA A elastasee] A& AFolA F3X FE=EL dng/mle] &EoA
oF 30%, retinol 0.5mg/m¢ ¢F 509, ursolic acid 1.0mg/m¢ <F 40% 2] &8 H<AY}
L EATH32). SFAIRE olE s HWMYIeAd A= WY A Arecae
Semen)FE =1t AASA L& &4 BoFaL vH(Table 9).
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Table 9. Elastase inhibitory activities for enzymatic hydrolylates of gelatin

form B. japonicus scale

Elastase inhibition(96)

Sample(mg/mé)
a-Chymotrypsin  Alcalase Neutrase Trypsin
15 34.4+4.3 9.6x1.7 12.4+3.4 10.9+0.2
3.1 44.8£3.6 21.6£3.6 20.3£2.1 21.7+14
6.25 55.6+0.7 31.4£2.2 31.3%5.6 37.8+241
B. japonicus

125 68.9£2.5 44.2+0.7 43.0£4.6 49.9£3.0
25 79.2£1.4 60.2+0.5 57.7+0.5 64.4+5
50 94.2+0.4 78.5+0.7 66.0£6.2 74.0£1.9

0.025 36.3+£0.7

Arecae Semen 0.05 56.0£3.8

0.10 71.7£1.3
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o ZbgRatEol 148 Aite] %

5
9%,0.3% 309 %olReH, FiEE S HE54
ghel 98.7%, @ty o} vl& Agsl(150 bloom3} 200 bloom)2] 99.3%, 99.5% ] %}
I, = Su s degs B 885, A5k 04, FAE 273 Dol v
AZE (150 bloom¥} 200 bloom) W% 881, 87.8, A% -0.1, -1.7, 4% 279,
2542 Ald "ol vl ARl 2 xfol& HolX| %

T AWdEE S5 dls AgE 12056g, Al Dol vjs Agro] 27t
156.5g(150 bloom), 182.7g(200 bloom)e|A 3L, =3 =% Hls A= 10T,
Al gebaol vl Aegtelo] 77y 17 T(150 bloom), 19 T(200 bloom)Z e}
H EAS A dayo) v Aepele] vlE tha "olxlih

5% Y59 gelatin ¥ collagen FEE2] ofvjAt A4S A3 Ay S
H]=2] collagen®] glycine®A < %373 collageno] H|3| & A 3}
o™, hydroxyproline Z/d-2 HA7182d collagen 9.61%, =& A& Mo
W, proline< %392 collagen®E .t} AASA <& 2SS HAY. HSE imino
acid =% HA7FEA collagen 16.67%, A7F84 collagen 13.99%, 2784
collagen 18.65% % ¢33 collagen 20.29%H.t} ko S-= W =2 gelatin

FE=E9 4% imino acid ZAo] 2050%= ¥  22.83%, =¥ 22.64%
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gelatin®.t} @A el o glycine FAE 2% HlE gelatin 19.30%% -$-3
20.34% 2 E3 - gelatink vl $& S B L

SE s fU APEe pgEdey] fd 49 @A BdEs (@

—-chymotrypsin, alcalase, neutrase % trypsin)& ©|&3lo] F=3 A7 714
el Ee] Vhradi e 4848 Ba B Uhsiibe 6A1HA A S vt
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DPPH 2 271848 .3, 10 # 2 9.18mg/meol At 2efal spaksber 4
AAEAH LS a-chymotrypsing ARESE Aetel 7=l A 7HE =4 e
o, Ame s&x7t S7kEel wel bt AASAE FUFF A TG #E
9.74 mg/ml).

durd oz 3gle] Qe EAolzta ¢¥ A Angiotensin-1 HI &4

(ACE)e] Asigde duidolu} e o o] e Aoz dyA 3ir

=

A, 4Fe] A TR E A (a-—chymotrypsin, alcalase, neutrase %
trypsin) & o] &3le] Ax3 S5 vl= fH AekEl 7hrRsEe ACEY A&

Be s ARRA weh Axd SE s fd Ao e s
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g Auel of 549 vyt fgadss S

_[Qr
FEIEE YEPRRIT T, detEl o) 249 Hgo] 105-E 100(wt/wt)7HA]

1:;011
B
1o
off
ki
)
o|\
&
5
St
B
flo
N

_61_
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I, SE uE FH AgEe] HArgeEs oA Axd AE MrEIER
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2

A& of 60%7HA AAEL AL, 2] 1Cs #kol 0.73 mg/meo] AT
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@ 7R3 84 (a-chymotrypsin, alcalase, neutrase % trypsin)& ©]
sto] Alxdk S5 vE ] deE b s =9 tyrosinase A& &4 4
At Axd 55 ve wd 4d25E VteEs e
TrAlA = Adldde] de yehA fdstom, 2 FEAM AsfEAdo] HE
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trypsin 74.0%62] A A4S HAAFAC AN o= IpAE Wy e aLA|
AHE NFA(Arecae Semen)FE=EHTG @A 2 A4S BHoFa g}

w2 ATE FI FAtERAE S T dAskeE FAEY AT S5 v
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Part 2. €3] o} (Tilapia mossambica) V] &
A7 EE B A A
Biological activity of enzymatic hydrolysate from 7Tilapia

mossambica scale
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1. 2345
g &3] ol Tilapia mossambica) V)52 Agd 2 7l5eEEE PAS 98 5
ol A st Axd "Efylol nEs FAF AXel A AT AAXAY 9 A5

FFIC Rkl &
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(2) ofv| =M =4

Azxd deyol HlE9 ofn it A F42 AR 50~100mgs A3 3o
ampoule®] 23 6N HCl 2mlE 713t &3k & 110Ce A 244 Hs9t 4H7pr &
skt Eale glass filter? o #abar ZbAskar HClS A A 3 citric
acid buffer(pH 2.2)2 2om( ¥ =2 HE31AT o] & YF-& ofu it AFEA

7)(L-8900, Hitachi)Z o] &30 =439},

(3) detvlol M=2RY B4 VR Ee Ax

o]

Az9 "gyol v &(30kg)S AN EAA (Biofeeda BF-30, Mitsbish,
Kapan)dloll Al B¢ vAE #F2 Bacillus 37]14 312 #F GBg)s <4
Seiwa Atell Al Fdste] 2% 80-90TC el A 6-10 AlZbEet A dast & Ao
AFg3Fd Tl Table 1091 AA1E Aol uwlgl, 5714 @A VSRR EA a

—chymotrypsin, alcalase, kojizyme, protamex % trypsin(Novozyme Nordisk,
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SR 1000 A F, A4 BAE Whs 4 maw F4 pHet Lxo)

A AIRE A (B, 06, 12, 18, 244130l whek Zhet s sl odA W e R e,
i

oF 2xolA AZEAE (3, 6, 12, 18, 24x7hel we} 7pFEd s 7
Hhg 5 100CelA 1083 BFUdozA B vh3s AAAYAL pHE THOE
gt &, d4lEE (3500rpm, 10min)et st dtz2 JE s S8saen, 54
Axsle] A 82 o]&3Sit

Table 10. Characteristics of proteases used in the hydrolysis of 7. mossambica

Enzymes pH Temperature(C) Origin
a—Chymotrypsin 7.8 25 Bovine pancreas
Alcalase 8.0 50 B. licheniformis
Proteases Kojizyme 6.0 40 Bacillus  sp.
Protamex 6.0 40 A. oryzae
Trypsin 7.6 25 Procine pancreas

@ 7trdde 54
gglglol vl i &E44 VR Ee 7R S S(degree of hydrolysis;

DI)+= trichloroacetic acid (TCA)H(103)2.= =43}t Lo

—_

FaH

TETES d4lEe (12000rpm, 15min)she] FEA o2 RE 2 mE FHstal o

Aol 20% TCAE B3 A7bskel A4%el (3500mpm, 10 min)d the, A2 4]
A HFS At LowryH10HS =2 10% TCA 7144 Axzds FAHI S o
o] AlozRY VeI EE AL AT
RS E(HD, %)= 10% TCZA 7}/\; FES 0
o 24
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(5) Angiotensin I-converting enzyme (ACE) &4 A 3]

detgjol vERAY Axd 5ad JheREAEe] Fads @4s FA3
Aste] AztiE R ReE AgE e ES 73 ACE dAlE Z43e
Cheung -5(81)e] ®™el Este] FA AT AdER F=9 dtg 7t
& 50ulel 25mU/mé ACE A 50uE 718k &, 37CoA 1023 &4 g
AT of 7)o 7]HA=ZA 125mM HHLE 9 100w E 71ste] Al 37ColA 60

F REEAIZL 5 IN HCIE 9 0.25mE 7Fste] Aldd E5t7]= wRksto] wkg

o

ity

AA A e}, w-g-golo] ethyl acetate 3504E 7}eke] mwke S 9

>,
Mr
_YE

(4000rpm, 10min)A]1#A A=<l (ethyl acetateZ) 2000 E 233} T} o] £3

&
2
o

80C =dhole oA s PxAA S/ IntE 7Fste] &3 A1Z1 +, 228m

oA FH=E FAS] AU detel Vel Ee] ACE Asfl&a HERS]

e

ACE Aa(%) — LEEEsP < 10

S : the absorbance in the presence of each sample

Sc 1 the absorbance as S except that enzyme reaction was quenched at zero time
B : the absorbance in the absence of the sample

Be : the absorbance as S except that enzyme reaction was quenched at zero time

6) 2etvlol M & A& Jpeede =3
defyjol vE detrlel A o] &S
718t7] flste], 7)Ad man et Vjdsmdd wel sfeEsE s 249
& P37 A8, /1A U &A= 10, 20, 50, 100, 200, 500(wt/wt)d 3, 714
< E5E

3 BEo] J2 VlrEdxds

c)

¢l S%w vl wd doEe = 1%, 3%, 5%, 10%, 20%Att. 7traale 9
oA AAE W FdEA FHFEAT. 2eal, B Vs dEE
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(7) A MR e By B3
Belujol ulE AulEl EavlERERe BAgw 2de  dtejouul Hy
A 2~¥] (Ultrafiltration membrane)2 ©]-&3}¢] 5kDa ©]3}, 10kDa ©]3F 2 30kDa

| rEEse A Az

o
ML

°f

(8) Tyrosinase 24 A 3

et vlE AHE B4 UlewsE] nuadE AgEr] 9ol Fuller
S107e] WS ol&ske tyrosinase?] AsLA S FAsAUT. 0.IM {14t

= (pH 65) 220p09 AlFES 2040 223 tyrosinase(sigma)(1500U/ml ~
2000U/me) < 20pLE A tHE F=t)h o] &H¢] 1.5mM trysine(sigma) < 4040
& il 37TelA 10~158 &9k WAzl & ELISA reader® ©] 83 490mm

N FREE ST sARGOR AR thA 0.1MAA 5 (pH 6.5)

Tyrosinase A NS (%) = ; X 100

j= 1. O [e R
b : A5 HLE & SAT
a', b' : tyrosinase th4l buffer= thAsle] =43 S35

(9) Elastase &4 A 4
T:E'_]Fq_lq O]‘ H]%@ﬂ'% _§_.}J\_ 7]'%:;?_—‘3]4%,(4 .;_,24%_7]4 EL}% }\]é—jfﬂ_7] _?46_]_04

Cannell 5(108)¢] HMH & o] &3}o] elastase?] A &S =A3A vl Elastase

o
o)

A A =L 7]AZA] elastase substrate VIS AFg3to] 2 2oA 1587

-5 A) 7] p-nitoanilide?] A #FHS SAHSA T 0.2M tris-HCl(pH 8.0) buffer®

totr

23 7 Al dg9 16049 5mM elastase substrate VIIIICALBIOCHEM) & <4
2000 1) 3l 10pg/ml elastase(sigma) B2 20E A HE 22 F 25CelA 15
=

oF W& A7l & ELISA readerE o] &3l 410molA &FFE=E =43t

ri
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Table 11. Proximate composition of 7. mossambica scale

(%6)

Crude protein Moisture Ash Others

Sample

97.06+0.1 2.6+0.01 0.3+0.01 0.04+0.01

T. mossambica
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B Abgd delule}l nlES dubdx 9deHHe, adRE @ vE
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Sk
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Table 12. Amino acid compositions of 7. mossambica scale

Amino acid compositions of 7. mossambica scale(g/100g)

Amino acid T. mossambica scale T. mossambica scale

T. mossambica scale treatmented from of solidity
infrared fermentation
Aspartic acid 5.74 5.73 5.60
Theronine 2.82 2.81 2.97
Hydroxyproline 8.17 8.14 8.24
Serine 3.24 3.21 3.15
Glutamic acid 11.48 11.51 11.28
Proline 12.45 12.48 12.14
Glycine 17.25 17.85 19.76
Valine S 3.97 3.84
Methionine 2.02 2.08 1.41
[soleucine 1.40 1.42 1.37
Leucine 2.98 2.97 2.92
Tyrosine 1.60 T.49 1.45
Phenylalanine 2.96 2 0 2.88
Lysine 4.27 3.77 3.69
Histidine g 1.32 1.29
Arginine 11.48 11.44 11.24
Alanine 6.88 6.84 6.77
Imino acids® 20.62 20.62 20.38

Tmino acids mean proline and hydroxyproline.
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Fig. 15. Comparison of hydrolysis degrees for enzymatic hydrolysates from 7.
mossambica scale. The enzymatic hydrolysates were prepared by
enzymes{(a—-chymotrypsin, alcalase, kojizyme, protamex and trypsin)
and reaction times.
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Fig. 16. Comparison of hydrolysis degrees for enzymatic hydrolysates of
gelatin from T. mossambica scale. The enzymatic hydrolysates of
gelatin - were prepared by enzymes(a-chymotrypsin, alcalase,
kojizyme, protamex and trypsin) and reaction times.
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Fig. 17. ACE inhibitory activities for enzymatic hydrolysates(1mg/ml) of gelatin
from 7. mossambica scale.
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Fig. 18. ACE inhibitory activities for a-chymotrypsin and alcalase hydrolysates
of gelatin from 7. mossambica scale by concentrations. The value of
ICs was expressed as concentration of a-chymotrypsin and alcalase
hydrolysate inhibiting the 50% of ACE.
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Fig. 19. Comparison of hydrolysis degrees for a-chymotrypsin hydrolysates of
gelatin  from 7. mossambica scale by substrate/enzyme ratios. The
hydrolysis degree of a-chymotrypsin gelatin  hydrolysates was
determined by various substrate/enzyme ratios with 3% substrate in
pH 7.8 at 25C for 12 hr.
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Fig. 20. Comparison of hydrolysis degrees for a-chymotrypsin hydrolysates of
gelatin from T. mossambica scale by substrate concentrations. The
hydrolysis degrees of a-chymotrypsin hydrolysates of gelatin were
determined by various substrate concentrations with substrate/enzyme
ratio(100wt/wt) in pH 7.8 at 25C for 12 hr.
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6. a—Chymotrypsin &¥l 715838 #3859 ACE A& A

g}y o} ¥]E a-chymotrypsin 7FFa3 &9 A& & ACE A3|gA &
stelslr] ¢all, gty ol ¥lE a-chymotrypsin 7FFEESES ooy By
Al2~®l (Ultrafiltration membrane)ol| 2|3 5kDa ©]3}, 10kDa ©]3} % 30kDa ©]

3 H8=Ee A VA £ &S 7P bdd w2 (025 05 R 1
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ACE A3l @445 wdth L3 5kDa o] £33 &9 F=7F 0.25mg/méoll 4] 1mg/
n7HA S = of 60268 ACE Aall &/do] of 89%7H+ S 7kstaitt. o] ¢ g
A2 Fefoatut A" ofs] Fej¥l "yl HlE a-chymotrypsin 7+

w3l =2 5kDa ©|3} &&= ACEel 3t 2&4dQl As z&s 7= AL
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Fig. 21. ACE inhibitory activities for a-chymotrypsin hydrolysates of gelatin
from 7. mossambica by concentrations. The value of ICsy was
expressed as concentration of a-chymotrypsin hydrolysate inhibiting
the 50% of ACE.
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.9y ol vlE AGY J14EEE 9 Tyrosinase A3 &3

-

Y

Wizl 71988 & A (a—chymotrypsin, alcalase, kojizyme % trypsin)el uwhz}
Az delgol vj59 44 7fFRA=ES 7L Al 149 dstoe
2 A= Table. 139 YeERNSTE d4
o Zhiaf Aol wel Alx® detylo}
HE9 344 7MpRslEEo] AFRAE e tyrosinaseA s E4& HHA
o ol SE mWrIeAd AAYLEFEQ arbutine] VE] HEE] 9w FAHS W

dom & v Agd F# 7Rl =9 tyrosinase A3 EAAE 3LF ol A

Table 13. Tyrosinase inhibitory activities for enzymatic hydrolylates of gelatin

from 7. mossambica scale

Tyrosinase inhibition(%6)

Sample(mg/mé)
a-Chymotrypsin  Alcalase Kojizyme Trypsin
15 -1.4+1.6 -2.0+2.3 -1.8+0.8 -1.0+£0.3
3.1 1.6+5.6 -1.1£3.7 =2.4+1.7 0.0£0.7
6.25 3.8£4.5 0.1£3.8 -6.9+2.0 -1.0£0.3
T. mossambica

12.5 7.3£3.7 7.3£1.8 -6.0+£1.9 2.0+0.6
25 15.3%£1.3 22.9+1.7 4.7£3.0 6.7£1.3
50 30.5+2.4 446£1.5 22.920.7 24.1+1.2

0.25 449+2.6

arbutin 0.50 62.3£2.3

1.00 77.8£0.7
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8. ée}tyo} vHlE AW JtE e E 9 elastase A& &7

A+ Ay &, dwlza JEEE & A (a-chymotrypsin, alcalase, kojizyme %
trypsin)el wel Az doyjol vjse] TAZF VlERAEES 7ML AEg
AR UdBo 2 elastase®] A BN E F4H3t] 1 AIE Table 140 e
i AT

gglglol vl ZAVIFEIES elastase A MBS a-chymotrypsin &

it

50mg/mloll 4] 81.8%, alcalase 74.9%6, kojizyme 68.3%, trypsin 77.2%2] <A 24
& B, &= us AgE § e E] R A 70~90% oA 1)
FrARSHAL  yERtTE ZiE iy S vrleAd A9 s Wlg A Arecae
Semen)F=& Y9 & @4E Hola flof, o M=o FEIUNAAE Ad
o2 #fstax & AF hFEEdEdd fEel= £8 5 ol ik T B

A7 8 €t

Table 14. Elastase inhibitory activities for enzymatic hydrolylates of gelatin

from 1. mossambica scale

Elastase inhibition(%6)

Sample(mg/mé)
a-Chymotrypsin  Alcalase Kojizyme Trypsin
15 15.8+5.1 12.0£2.5 8.6+1.2 12.4+1.8
3.1 30.4+1.4 20.0£2.7 16.6£1.7 22.8+3.7
) 6.25 42.9+2.0 31.9+2.1 28.9+2.6 35.9+1.7
T. mossambica

125 55.8+0.9 44.4+1.6 40.8+1.0 50.4+1.6
25 73.5+0.6 60.0£1.0 55.3+0.7 65.2+1.7
50 81.8+£0.6 74.9+1.1 63.3+0.5 77.2+1.0

0.025 36.3+0.7

Arecae Semen 0.05 56.0£3.8

0.10 71.7+1.3
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& ACE A&iz42 ¥l 12474 a-chymotrypsin®} alcalase 71+ & &
55 7FA A gst % (025 05 ¥ 1mg/ml)olA sx7) F7hgel wet ACE
A gdAde] FIdsl S AS AT 4 Y a-chymotrypsin 7153 &
9] ICs #t2 0.7mg/mle] L 3L, alcalase 7FrFEal&=2] ICs %< 0.83mg/mlo] AT},

a-Chymotrypsin 7FrF&all=& 7k« a0 71" o] &48]E 10, 20, 50, 100, 200,
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