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Extraction, Characterization of Fish Skin Collagen from the Nile
Tilapia (Oreochromis niloticus) and the Farmed Giant Catfish
(Pangasianodon gigas) for Cosmetic Application.
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(MWBINOH) Extraction, Characterization of Fish Skin Collagen from the

Nile Tilapia (Oreochromis niloticus) and the Farmed Giant
Catfish (Pangasianodon gigas) for Cosmetic Application.
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Title Extraction and characterization of fish skin collagen from
the Nile tilapia (Oreochromis niloticus) and the farmed
Giant catfish (Pangasianodon gigas) for cosmetic

application.
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Assit. Prof. Dr. Saroat Rawdkuen
Fund Annual Fund of Mae Fah Luang University for year 2011

Abstract

This study aimed to investigate the extraction and characterization of fish
skin collagen from the Nile tilapia (NT; Oreochromis niloticus) and the farmed Giant
catfish (GC; Pangasianodon gigas) for cosmetic application and also to prepare the
hydrolyzed collagen from these NT and GC collagens. The results showed that
collagen could be extracted from NT and GC skins by using acid solubilization
process. The yields of collagen from NT and GC skin were 26.5% and 5.96%,
respectively (wet weight basis). Electrophoretic patterns of these collagens showed
high band intensity for the major compositions, especially a- and B-components as
the type I collagen without disulfide bond. Morecover, both NT and GC collagens
mainly composed of Glycine and Proline, but the GC collagen had the higher
hydroxyproline content than those of NT collagen. The temperature, at which the
change in viscosity was half completed in the collagen solution (Tg), was about 30°C
and 17°C for NT and GC, respectively. UV-visible spectra of both collagens showed
the same peak at around 230 nm. Collagen hydrolysates (CH) were hydrolyzed by
using 4 proteases (bromelain, papain, trypsin, and protease from Calotropic procera
latex) (ratio of collagen to enzyme, 1:1000 g/unit) at 37°C for 0.5, 1, 2 and 3 hours.
The hydrolysates obtained by using these enzymes showed the disappearance of the
three major protein bands of collagen. DPPH radical-scavenging activity of NT and
GC collagen hydrolysates was significantly difference among the hydrolysis
conditions (p<0.05). The significantly highest activity was found on bromelain-
treated CH at 2 hours for NT collagen (12.38 mg TEAC g/dry weight) whereas, for
GC collagen, occurred with protease from Calatropic procera latex-treated CH at |
hour (7.46 mg TEAC g/ dry weight). The results suggested that the NT and GC fish
skins could be used as an alternative source for collagen extraction and it is possible
for obtaining bioactive peptides from these collagens hydrolyzed with the proteolytic
enzymes.

Keywords:  Collagen, Collagen hydrolysates, Farmed Giant catfish, Fish skin,
Nile tilapia
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1.5  Yaulmaniiag

ANFNURAN 129RAANAUMANLIY milawazUmiindsludmingeens
TogafauazAnuniSinanasaavianaldnnuinamssauasfiouiisun umnia
mesuaiimemweasaam@unnuialansdas snnaeieaiuassaaulalasla
innAaaaEurslaEes i lignamaEimw (qngﬁma%aﬁa‘n)



Ui 2

UHIAAN B UaZIIUIBNLN 8T

1
= =4 o

apaaaululusiudulandiuunnlusumelagiilszanusasas 30 29
Tsdunanua ﬁy’qfﬁuagjﬁwﬁﬂﬂmﬁmi (Muyonga uazaniz 2004) Fewulavlumandu
nszQn nszanaau Wu dadaieniu uaslasmmnsiinmiiilasaniaulssanu 500
yaenaamaunnnalusane (Li Lazane 2005) ApaauiiyIaluanalszanm 285
kDa uazdsznausmeTuaUlng 3 seiiienwenehiui 300 dadwas Tagnauas

wulluinden (O helix) (Teglia war Secchi 1999) AaaaI@UlANNSANHILAZAATILUN
eathaias 26 #iia lasasaanauiinuinnluiladaieniu nuﬁy'miz@ﬂuaxﬁmﬁ'qﬁa
ARAMAUETAT 1 (Muyonga UAZAME 2004; Sato UazAMy 2002) iaatunaaanaugn
ihlluszgndlamandsnisuuaziaissdaneduninenadasmndumsildan
§33NMBTTANNTEALABIGE TN BN (low immunogenicity) (Swatschek WazAUE
2002, Zhuang WazAME 2009) T.m'agﬂiﬁlfﬂuemamqw%ﬁmﬁﬁﬂﬁ'ﬁamzﬁu (firmness)
Nenuiavieu (viscoelastic Wag fixibility) Ltauﬁmmwﬁu%ﬂﬁudﬁ’; (hydration) 52
ﬁiaﬁm‘%‘yﬁsaa (anti-wrinkle) (azANINYIIWAIEND (skin aging) mstﬁﬂ%saﬂua:mmmw
aasinduniuiiuuannnmsanawasSinansamavluin ftlhseiinadanisanas
Jaenaamuiinansadomimeonany s UVA was UVB Tuuseuas wazilasomelu
Wy N1I2E UWaEMSNAFs NN laawzignnaUseiday (Verdier-Sevrain Uaz
AQlE 2005; Pugliese 2006; Zhuang WazAdz 2009) ﬁ'ﬁﬂy’uﬂ%ﬁumﬂ'l_,u'[aﬁmwmw‘lu
msauliauiisasuazanussalEnwissiinsldasamauiuilumadaniinavas
unwsuaremanils Tasiinsinwlasnisdansamaudhlaiom nmsfulssmunaam
wu mstheesanauldiilvasdlsznavuesndafnsiiaisedons Judy (Tegia uas
Secchi 1999; Pugliese 2006; Zhuang LazAgue 2009)
aaaauiaflundnnansssldiiiyadiganniasiogiumdsislulssy
aadwmnssuulssd dmsihasasuainanlddsslamiadianineanslugasmmnnssy
215 (ndEnssN uazaIasdas daiuiRatudeinsdnwuaswannismssnanaaa
RusImdnauENiiaaauaNdaiumavaazie aaamaulutsnmadlng
gnasenndadidssgnameulasmmenniiuazuy udilasnndamidadlsassunaly

o o

dodidpagndrsundy Tsaiih Tsathnuiidas Faarademaainguuudld sams
dodnasuma wumanasaudanslnaudafuimaraniiy dewaliiimsassm
Jagduunasluidmiumswdoasaniaudienaunuuvasingdudaing maudaneam
uNNiagAwuaaNnaeammnIsuUszn lawn wivar asudar uaznszgaian Jadlu
wamaniiildsuanuaulanasdimsisasaunsuane il iaqimumdannms

wlsguualugasunssuiivsmnanhsaess: 30 laadudiunszqn (20-25%) wazmia



(5-79%) (Gomez-Guillen UazAaz 2002) i‘]a@ﬂ’uﬁmsﬁﬂmuazﬁmmLﬁ'mﬁmaammu
Pnufalamanuaasiio Fsurtamsdnuismsade qudnvar uazmslssandld
ApaaltauINlal (Muyonga WazAms 2004; Jongjareonrak wazAz  2005;
Kittipahttanabawon WazAtMz 2005; Woo Uazams 2008) lasaaaaauainmisuuuuy
saslsiurudimduaasamunndadiasandisuniveaddldhinaauiamilauiu

wiheaaaaudamzaiusnansaasiily hydroxyprolin Wasniludaiiaasgndraun

k4

e lirsaaiauanndadanuamainsonuanusaulddasnidaddasgndraus

9
<2 ]

(Easton, 1955) uanmnf’fﬂ%mmﬂaammumnwﬁ'qﬂmmau,@mﬁmﬁuwuagﬁ'wﬁmwm
Uan 1wy eaaauaInyls bigeye snapper tasua) Brownstripe red snapper gaﬁﬁaﬂ
ar 10.94 waz 9 lpguiuinuiamuardy (Jongjareonrak UazAme 2005;
Kittipahttanabawon WazAe 2005) ugadialsiaunuisediulvaazlianudmaniu
Faquamudannmsulspdlamealumsldiduingdulumsananasaauiunan wu
Bigeye sanpper, Baltic cod, Browstripe red snapper, Tuna, Squid, Shark (ueu
(Kittiphattanabawon waz@gdz 2005; Jongjareonrak WazAMMy 2005, 2006a, b; Nagai way
Suzuki 2000; Cho wazame 2004) dwsululsunalnsnudseidnnmsanauas
auaniazasaasaaunUanihdadedibiuwdvansanidn wihanaddnsadssaust
2550 azuaaslifiuUssmalneimsmns@aslanhdausnamnnia 489,100 du Aa
Wuyad 21,122 Suum %ﬁﬂmﬁuﬁﬂﬁﬁnmmmgﬂqmnﬁq@ﬁa Umila (Nile tilapia ¥a
INENENaN3 Oreochromis niloticus ) HUFaaNnde 213,800 Gu waziiyaaile 7,779.9
duuwludl 2550 waglumeawmilorawsunalng Saniadaenaduuvandsanihie
snalvai ldiinandaladauinanalesamzumiia (@ddmsuszus nsuusea,
20102) wannnUariiaud lunauduuiihlasrunssawiodasnadiivanihian
ﬁwauiaﬁnﬁﬁwﬁq Aadariin (Giant catfish -‘B’a%mmam{ Pangasianodon gigas) %mﬂu
Yanhiafifawalnaiiige aueladauioendszana 3 wes fdwininnni 250
Alandu wihdardinezgnimulaaiiefiisnuiaslndgyiug uansulszausld
wenguddiumswsaanaiusaulszauanudiiansausnlull 2526 Tasilhatumanse
inzzenewusUminlddisa wasnsznawandagnlarinluamaudwannszaaiio
w4 mamdsznalaglumamilafisiuiadessnsuasweien Lﬁ:aﬂéaﬂéjlméﬂﬁ"l
555%1&Ltax{hwmﬂﬁuifﬂmﬁn‘lﬁmwsmﬁﬂﬂLgﬂq1uL%qw1ﬁ‘mzf (nsuuszag, 2010b)
agtuiinuasnsiiauladsminsnnunnuaziiunlivnndsdwilasnansnually
samd auemiansgs FailiunlivemegamvnssuwlsyUsdasusinnlmin
fanndu Fuluiaquamuienngenvnssuulssunansarinnlmiauasmbnii
an ‘?}ﬁmLﬂugmﬁiﬁmqﬁu’lwﬂﬁﬁwﬁmu,azﬁﬂ‘%mmmﬂLméwﬁqém%'u"lﬁlﬂui’mqau'l.ums
aranaasay uannnidudumsifisyaduerldsdaminniaaaumaeldsndaes an
msanmiunlumsataeaaaaunnuiilamuhivansds uwimsafansaaiauan

WiUMe835 acid-solubilised collagen (9% Aaaaau) hinaudafiginiinsanaaigis



pepsin-solubilised collagen (4.7% @@aa1au) (¥uUal Brownstripe red snapper
(Jongjareonrak azAMT 2005) AINUNMIANYIATIHINIANIARaIRUIINWITUa A
wazUardndesinrsideslud@andaduinludaniadessaa1eisnsanauuy acid-

solubilised uasﬁn1:nqmﬂuﬁ'ﬁmamaamwuﬁaﬁ’mlﬁmﬂ‘ﬁﬁ’mmﬁ’qaaa



3.1 nsdnmlassahaiiadevesmisyariiauazdariin
dhnifaanfiauazmiadardndesnwududuidn 9 9u1e 0.5 x 0.5 LHUHINAS
NN HENMNAIBEazaE  Neutral buffer formalin $a892 10 ¥ASLOS0N
MIBENEINSUNMSANEIN paraffin section MNID2BY Bancroft wax Gamble (2002) lag
i fisnnanwudInn dehydration @IBETaTANE ethanol iANTNTUIRNTY
nntduililame Xylene udailaiioioadly paraffin wax ¥msdaiiaifadiowiasly
Taslaw (rotary microtome) fieavin 6 lulaswns daxdiiiaiodaddan heamatoxylin
UaY eosin - (AMANUIN N) ﬁ”lalaﬁmtia%i"mﬂﬁ'ma;amsﬂﬁw%’auﬁmmmﬁaﬁﬂm

Tassaaiiawaviauamagay

3.2 MsanamaaatauInyalan

MIaNAADAANAUIMHIGUDY Kittiphattanabawon wazame (2005) lagiaiadia
wiwaiawazUartnnisaldsauilildeasmaulesldmsarmalndsnlansanlyd
nnuidaluiusandsmnsazmeiinmuss sewislaildindeiniu afanaamiau
Togldmsazanensaosdndudu 0.5 Tumd figumgil 4 ssemados Hunm 48 Hlu
nsssansanadlameraniune nntanihualasdsuduie ladetspaasauilddviu

AMsAnE luauaauea L

3.3 msAnwasfdIznay uay qmauﬁﬁmamﬁmﬂmwwmﬂaamnm
= o o =l
3.3.1 Apzvasadsznaumaai

Sianzduinaanniy TWsiu i waslodu Tudredraaaduaudives
A.0.AC. (2005) TaamusinaulusduluaingredrsiBuns Kjeldahl  dwmsuilSuna
anuduludiagemilesldismsaudaislugdaviigumgil 105 £ 2 sseizaides
wnszldinvingasiaadeasi munand lasmsunlumeniaamai 550 asen
waded  aunsznahwinesi UsinaluiuludiagamTagl1s3s Soxhlet  Extraction

System



3.3.2 MInUSuae hydroxyproline

M3 IaUSaIns hydroxyproline Tuasamaunnmitdanidss aaudasaindsvas
Bergman Waz Loxley (1963) maaaiauinaragluarsararanso lalanassnaudy 6
Tuahs fiammgd 110 ssmwaides Wunm 24 Flus uazihasasaisraasan 0.1
finddns i ldlelalnwiueadudu 0.2 Tuas fifia1suduyas chloromine T $asiay 7
min/USInes uat acetate 618 citrate bufferludasaiu 1:4 US1n635/05:005 %8970
1iuld Ehrlich’s reagent solution 1.3 fiadans thansazansnanluliennuiouil 60 s
waded (Junm 25 wit einduin iy wesdvasararslaTslvwuea 5 fadaas
wdinhlufammsganiuuasii 558 nluwas@Iein3as spectrophotoneter wanNA NG 1

commercial ABAMRUNINIIINWTBULTHBUINONFIU

3.3.3. StAszraaadsznaunina s lu

InnzvriauazUsSinmeasnseaziluludagasaaraulaeiSmstsaamene
nsafmusalnin Wudu 4 Tuand isznauludsaziluesadiulnadatudasay 0.2 i
aunaill 115 asmuadsaiiunm 24 Hlue Nadumahdenasasmedldais
Fnesnivoad wadu 0.2 Tuans fitey 2.2 fauiiavthlunesaudlei@3as Amino acid
analyzer 8. USENY¥aUfuANsna1e(Usznalneg)ding WiadmNzimUSnmas

o o Qs (]
papUsznavaziiluludasenaamiau

3.3.4 mylanzngUuuuaalusiiuaag Electrophoresis

Aenesvigduuureslsduvasasaaiaulegldinaiin SDS-PAGE anisnmsuas
Laemmli (1970) lasihdnadianaamiaudishumsazmasiesnsazangiodi s iy
Sovar 1 usrasarasgdodudy 3.5 ludd Aaamgiives idred witldluusaiu
twlasludandiu 1:1 Felsznaulude nialolasaansn 0.5 Tuansii oy 6.8 1aadias
SDHAY 4 NAIYI93888Y 20 WAY Beta-mercaptocthanol  388@r 10 wazlnaalusiu
datn 20 luTasniuadly SDS-PAGE wafita3aaanemnaduduues sacking gel o8
82 5 WAy running gel 3988z 7.5 Wasnmsuenlusiuuaninnisdendediazarddan

DANNAUNILNY

3.3.5. IATIZTHHIAINHIA

A31FDUANNYHAYDIESALTAILADARIY ‘ﬁ"’&qqqmwgﬁ 4-50 anenEaLBedae
1A384 Brookfield viscometer 338015384 Cho WazaAmz (2006) Tagasanamaamiauis
anadududanar 0.03 1wl Usinaslumsazanensaazdan 0.1 lumd udlvany
SouunasazaaIngungil 4 8 50 aveEaLied GaauauviEeraRIRE19E



duiusiugaumniidialsunsuluiaies Brookfield Viscometer Fafinaeeduuas 1
(Model RVT) @8a3t53 100 rpm

3.3.6 MINATIEH Spectra absorption

ihesaanaunazaglusmsazaensaazddnuiu 0.5 Tuarsildanadniu
ARaMAY 1 Hadnsuaaiadans MU lIansgandutaeus 220-600 WTULNAT

1
Vv

805137 50 nluwasaawni faaumgiivas

3.4 mMsesaxmaaanaulalaslawmn (Collagen hydrolysate) Aiataulasi 4 wie

msedsunaaaiaulaloslanaeulasunannmsaneues Yang  uazane
(2008) waz Thitipramote Wazaniz (2010) Tostaulusilusdwaiildil 4 wia do wulyl
Bromelain (NdUU9, enzyme activity (EA)=44.68 giin/dadn3u solid) taulyal
Papain (NENNEsND, EA= 143.1810/518805% solid) taulaal Trypsin (NGuUBaY
28477, EA=63.7 gila/Hadniu solid) waztaulodainew@snsn Calotropic  procera
(EA=326 giia/dadn3u solid) Wnsazageaasaunnmialarilauawiiaumiing
analaands acid  solubilization process  U3N1aL 0.25 NN Tu 0.1 Twa15 Sodium
phosphate buffer W18 7.0 Usmm 50 fiaddns nnuldeulsiudazaiiasesasndiu
poaaauaeulyy 1 e 1000 (ﬁmﬁnsiagﬁm) ﬁwmsﬂmﬂﬁﬁ%mﬁ’ 37 aseuaLded i
0.5, 1, 2 udy 3 1 lus MM 100 saudan? tiaasuimuaUifzn ngaANIg
nuraaulmidremabasaraeluudludiud 4 aseswades Huszozom 5 ni
nnthuhssazmedlaludumied 1000 saudawniiiiunm 5 17 7 4 semizaidsd

LAY Supernatants i 4 asena@aFNaldMsAnhaa LU

3.4.1 nsaszdjduvuzaslisiuzasmaaaranlalaslatandag

Electrophoresis

Annezsduuvasalisiuzasnaaaaulasldinaiia SDS-PAGE lazhéiadia
aaamaulalaslawniildaduansazans sample buffer igas1dW 1 68 1 (v/v) nalu
aameiifiuaz i s3and draghegnivanaslu SDS-PAGE wafie3sunnanuudu
294 stacking gel 3988¥ 5 WAY running gel 5988 7.5 BAIINMSUENTUIAULAIINNS

v = Y ¥ U o Vv
HoufnduazaNddannannauULyg



10

£ @ = v oo
3.4.2 msﬁnmqnﬁmmaqgaaa'iswaaﬂaammulafmﬂamnmmﬁma DPPH

radical scavenging activity

nagaugnsmuauysdasvuasnaaaaulalaslammannieuluii 4 siiadeds
DPPH radical scavenging activity %ﬁﬁmuﬂaammﬂmiﬁﬂmﬂm Khantaphant (8¢
Benjakul  (2008) iindsazargnaaanaulalaslawnusning 1.5 1adans udu
S3araeANNENTL 0.1 Fadlua9ya9 1,1-diphenyl-2-picrylhydrazy (DPPH) fiazans
Tu 95% amusa USines 1.5 fiadans nntuxanmsazansnedasliighiugie vortex

¥
= aa = =

mixer warUinUiseniiguugiivias Tunie Wune 30 wil Waesumwuaamhinia

MMsganauuaan 517 wluwes Toaldas wolox uasmnasgivlunmswIsuiisy

4 v L4 1 ] m
UBTULAMNNEMIENUBYNABATZAIBAI lunE [ Imol trolox equivalents (TEAC)/ mg

protein

3.5 MFIATITHNEDH

wWisugunamsnadauanaNUfee (zeereaaaunriyalauazUadn
MIEMSIALY Student’s 1 test wozilTouriisugnamsthuayysdaszaainamiay
laTaslawmnaranIsie1e9 Analysis of Variance (ANOVA) Tulusunsy SPSS Version
11.5 for Window fissauanuidaiu 95%
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uNn 4

HanIsIBUazasUs1ga

4.1 msAnmlanahailadasamislaiiauazUariin
wamaﬁnuﬂmﬁaﬁﬁammﬁaLéaiwﬂ"lﬁ"mnﬁaﬁgamiﬂﬁ' (Light microscope: LM)
LLazﬂﬁﬂﬁi‘l_aﬂiiﬂﬁatgﬂGﬁau (Scanning electron microscope: SEM) 2asviauaiiauas
ﬂﬁqﬂmﬁm,gmuamﬁqgﬂﬁ 1 ToswladandiauazwislandinUsznaudaailade 2 Fuia
W epidermis WaTHY dermis 395U epidermis Lﬂu%guuaﬂqmmmﬂuﬁguﬁmq TogTumisla
Invndszanm 20 lulaswas duludariia epidermis uasnnuazlifaiau (gﬂﬁ la,c)
ATNMEBITY epidermis zuanaiulumafugiaa Nuniaawazdnadaniia
adead (Elliot, 2000) wanNNiiTY dermis (Huruaiaanuaziiuduiivin Tosluds
#5e0aUaIniie (0.6-20 lulaswues) wulaans smalandn (~0.94 lalaswas)
(gﬂﬁ' 1c) aienunu2ad dermis 3nnnhdaiinge (<0.2 lulaswas) Wy Uaila
(31]“7‘; 1a) Uan Zebrafish (Guellec et al., 2004). meluniagu dermis saalmingansa
il 2 sudaslaFanu wdlinusudnanluminlania Tasfudos dermis 23m
in @o ’ifzu stratum  sponginosum (%v'uuuaﬂﬁ’u%v’u epidermis LLaz"b’gu“?;‘lJNﬂ'J'"l ~200
TulAstuas) Wavsu stratum compactum (Fuitvann ~ 740 Tulaswas) uanandidail
chromatophores %uﬂusﬁi’mqﬁﬁwuuuwaﬁu dermis aaauudarin (Eﬂ‘ﬁ' 1c)
anuduiusuasrMLYBugal dermis Nededu Buagiumsiiuazlifindesasila
wazpiinzaua (Hawkes, 1974; Elliot, 2000) Wazfawuizas fibroblast 141 stratum
compactum P maasniindndae (gﬂﬁ 1d) Tasmadva i iuadiiedaiums
uAnAaaaay anvadinarnulalutammly wular sole fish (Hawkes, 1974),
mMsdnmlaseas1952auganIa (Ultrastructure) YauiUanigns (gﬂﬁ 1b,e)
waaslifiut $u  stratum compactum yaemisainedas i Collagen bundles 88 W@
Tassadadanamudansiy Tagntiauaiiail collagen bundle MEn1 wazSeedvarnn
TuzausiimiaUaTndl collagen bundle #luginiy wazSesdfuutiulaaGoedluwn 3
L (horizontal, longitudinal and vertical planes) (gﬂ‘ﬁ' le) f‘ﬁqﬁﬂum:ﬁménmmiawu
laludamriaaszna carfish 8u e (Guellee wazame, 2004) Tagnsi38961884 collagen
bundle FNWUSAUANVUTIUTILAsNUMUaITIUa wasduTuaedUsznaundnmaiadl
warlaseaseaamialar (Ellion, 2000) daiulasiadsasmislmmagasiiuandeiy

amdunmaililiinaesasauildnnmsanauanaiu
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T

gﬂﬁ 1 Taseadilodamisuaniia (a-b) uazwiilminass (c-e) MIENARIRANIIAL
(LM: a, c-d) uazndavyanssAudlanasauuuudainsia (SEM: be);
CB=Collagen bundle; D=Dermis; F=Fibroblast; SC= Stratum compactum;
SS=Stratum spongiosum. Scale bars= 10 lulasiues (b,e) 30 lulasiuas (a), 50

lulaswes (@) uaz 100 Tulaswas (o)
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4.2 msdnnaaaaaunnvislariauazuarin wasimsisvasddssnauniaaiinag
ADaaILaY (Proximate compositions and collagen recovery)
Usmnmeaaaauiianalduazasdilssnaunaiaiizatnaaaiauuasmislanigss
Fiiaudasluansed 1 Taanaaaiau (Acid-soluble collagen: ASC) fanalannmialm
fia (28.5% wet basis) SUSinamnanmaUmiin (8.48 %) uazaaaanauiilaannmi
ﬂmﬁaé‘hg\m'hnﬁaﬁ'ﬂﬂaammumnwﬁqﬂmgu“1 13U Uad bigeye snapper (10.949%),
Ua1 brownbanded bamboo shark (9.389%) (Kittiphattanabawan Uaz@iz, 2005; 2010)
waz Ua brownstripe red snapper (99%) (Jongjareonrek Waz@Ams, 2005) imﬁv’\aﬂmnga
catfish tauUa1de (10.2%) (Wongwien waz@miz, 2010) wazUad longbarbel catfish
(16.8%) (Zang uazams, 2009) lnganuuandisaaslSinanaamauianaldanmia
Uardnriiaduaradumwnzanuuandsaslassasveaamiilmuaazriiauazanguas
Uminhandne wananiilasegiamasnasaieuiilaesgaisy (non-helical part) R
funnmanuddalumaiiia cross-linking # telopeptide region 1agn15Liia cross-linking
ssninaaaaRuTmnnsi liasameunudamsanamensauniu lvadald
Upaae (Duan uazaAme, 2009; Kittiphattanabawan UazAME, 2010) WBNITANMILEAILN
diuimdsumdnilassasefiudasslagil cross-linking szuinaaaaauiiuisn
wilslailauasumau
Nan1sIieTIzvasdlsznaumaniizasraaaanuaznialariauazuiedarin
(n=3)udalitiiun aeaaruiiasdusznaunanilulusiu (86-94%) wasilanuiu
(3.3-4.8%) luaiu (0.1-3.4%) wazidn (0.1-0.2%) lagapaanavanuiialariad
ﬂ%uwmiﬂsﬁuqqﬁqm (94.55%) Wiaiisuiumaaarauarnmislanin (86.28%) UANN
naunu wisUaila (26.55%) flusdudaeninviiadariin (34.03%) Teswansdnmn

daanaasnumsanwnaunin ludan bigeye snapper (Kittiphattanabawan Laz@aady, 2005)

MY 1 YSuanaaaiaunane lawazasdlssnaumataiizatsnaaalauuaznilalaiia

warvialartinden

Parameters Collagen Fish skin
(%) Nile tilapia Giant catfish Nile tilapia Giant catfish
Yield 28.50+2.35 8.48+0.18° - -
Protein 94,55+0.27* 86.28+0.40° 26.55+1.26" 34.03+0.54°
Moisture 3.30+0.65 4.83+2.68 69.68+0.40" 64.86+0.40°
Lipid 3.42+0.65° 0.12+0.04° 4.40+0.86 2.69+1.65
Ash 0.16+0.02 0.08+0.01 0.20+0.00 0.25+0.01

Values (Mean£S.E.; n=3) with a row followed by a different superscript in either collagen or

fish skin differ statistically (independent t test; p<0.05)
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4.3 mainfSunalaasanilusdulumsaaruanmisdariavasdarin
uamsdnwUsinalansandlusiuluasasmunnmivlarfiauazumdni@es
smasaaEunnEuPuEasiiiiuh vhinalaasenilusivlurasmiauudazsiia
wONENAUDENRIUEIIAYNNEDR (p<0.05) lasaaaanaunnvualminiUsinalaasan
%Tﬂiﬁumnﬁqﬂ (8.46 fiadnfudaniunsamiau) Funnnireamnuduiuazasam
@uridatia ( 3.78 uar 1.25 NaanSNADNINABAAIAY MNAIHY) (@nsNﬁ" 2) N
madnsfichunuaadidiuhlaasandlsiuunumiiadasiuanumudaanuiauaes
ABAANAY (Thermal stability) Tagamwizlaasandlsiuiichumis Y 2aedeu Gly-X-Y
ravlwdwainaaanauresdaiiinszgnduvas dudield 3 @1ewaq helix collagen AIR7
aglla waznugarnusaulaanndy (Improta WazA®E 2001; Shoulder U@t Raines,
2009).daiulSinalansendlusiuratnsaa@umislariinfidinnnimialariia a1a
dwwsnzumdndulamialiiindalidamsullasiudauaznudaanizwinday datiu
wilimdndeiimsusudmlasiilaswadiimnuaziiaaeammuiiuiuss (Finansanm
Tassadamiaan) wazilvsnalansandlusausmnniaiaiianudamsasuuta
nameuan uaagalsimuUsnansaaiaureslanindanunilariiswazlaiing
YsuinaniasninasaanauainUanza ula) deep-sea red fish (67.3 Nadniudansu
ABaAaLAY) (Wang wasAy 2007) wazUad rainbow trout (67.2 HaGNSNGANTNADAR
tau) (Tabarestani, 2012) %ﬂﬂﬁLﬂumezﬂammaagﬂuamwﬁﬁmmuﬂﬁﬂsau‘aaq
aoumnfiinnnd uastimseiussiuuazendennnianida dufulamzaiinaam

runaInnnn N lesidsunalansanglusauannnndaiinde

M519n 2 YSinanseasiilulassandlusaulumsasi@unnviiadadndsawazUaniia

USinmunseasilulansandlusau

fat1eAaaaIau AN
(HaansumanInAaaaIau)
aApaauMNWIUaa 1.25[J0.07°
apasuInyialinides 8.46[10.03"
AaaaluNBu 3.78[]0.19"

manwssnuudmmeluunnfiendy  (Meun:S.D.; n=3)  udaslitiuieanuuanaiuasai

HedAgymasianszduanuziaiy 95% (ANOVA)
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4.4 mAaNsvasalssnaunsnasiilyzainaaniau

HaMTInNsiasdsenaunsaasilurasraaaauiiaialdanuiadariingea
wazUaiiaceds AOAC (2000), 994.12, 988.15 MELAIAT GC/MS UFAIGIANTINT 3
Iﬂaﬂaamﬁmmﬂwﬁ'\iﬂmﬁ”’qaaaﬂizﬂauﬁmnsﬂazﬁfu proline, hydroxyproline (&g
hydroxylysine %ﬂtﬂuﬂwazﬁiuﬁwumwwﬂaaauwwhﬁgu (Jongjareonrak WAz AEUE
2005) u,azn‘mazﬁiuﬁﬁﬂ%mmmnﬁqmluﬂaammuﬂmﬁauazﬂmﬁnﬁa nsaaziily
Glycine (8,854 W@z 7,581 NAANINGD 100 NINADAAIAU AINAIAU) waznsaaziily
Proline (6,749 Wa¥5,479 HaaNINED 100 NSNABABIAY AINSIAU) Flaglnfinaam
wulsznauaiansaasiily Glycine (Judiulvnagjindauszanm 1 Tu 3 zeansaasiily
wavae udaglsimuuiinanseasiludinanaainaaa@unnusas species WANGIY
nu (Jongjareonrak (tazAE 2005; Duan WazAMes 2009) uaﬂmﬂﬁﬂma:ﬁiuﬁﬁﬁaaﬁq(ﬂ
Tursamumilariliauazdariindasiiansie nsaaziily Arginnine (~0% lunisan
Ma§89) N3Apil Tryptophan (0.1% Tuwifaladas) nsnasiilu Cystine (0.4% Waz
0.2% MUAAU) N3Aazdilu Phenylalanin (1.1% Wag 1.0% eNEIGU) waznsaasiily
Tyrosine (3.4% lumisaradns) (aseit 3) Felagmnldaaamiausiio T azisana
n50aziilu cysteine (~0.2%) uazunvazlaiwunsnazilu Tryptophan (Singh wasAME
2011)

dawSsuiaulimnanseaziluraslammsassianuiy eaaanauanuiala
tadiuanniinsaasiiluinnniasaanaunnwislarlin wazlinanseazilulungs
imino  (n3@aziilu Proline  wa Hydroxyproline) 2ad@aaalauvuddaiiia (20.1%)
NNNNAdaaIRUAINWINIaIln (19.9%) uihdsumnsaaziilulaasandlusduvas
Aaaaauwialmiini@ss (6.4%) HUGnannniaaaaauanvuealaliia (4.8%)
(51971 3) FedaaadastunansinuUSinanseazilulaasandlusdudingnly
msfnmdaumihil (as9@ 2) uanaailaamluFnuniaesily imino MNAIAAILAY
mnﬂﬂqﬂmsmﬁgqﬂmﬁy’qaawﬁﬂ%ﬁﬁhumﬁaﬂmhﬂaammumﬂé’mﬁgmgnﬁ‘muu
(Jongjareonrak uazAME 2005) uduSnawainsaezilungs imino 2asntsumiiauas
Uandinilndidsduasammuannuifslardu q wularens (striped catfish: 20.6%)
(Singh wazAmz 2011) Uan Calf (21.5%) waziiUSuiunsaaciluaInaIunnIIABaa
uUINUIIAIUYiEe 1HY Ua) Cod (15.4%) Ua) Carp (19.0%) (Duan Waz@es
2009) anuuandafululinaweansaezilungu imino Auddaiuluudas species
L?{ﬂuﬁaﬁué\unmﬁamLLaz‘ﬁ'agimﬁ’ﬂﬂaqﬂamda:ﬁﬁm Immawwqmwgﬁ% (Muyonga uag
AfUE 2004; Jongjareonrak waz@Aale 2005; Singh uasAmue 2011) nimaxﬁ‘[uﬂeju imino
Wendasiumsidoanneainaaaiauannauiay (denaturation temperature) Faifeta
nuANNAYaIZaelaIENwndeIYasdenaaa iy (helix collagen) (Jongjareonrak W@z
Atz 2005).
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USuunseaziiluyesnaasmiau

USuansaasiiluaainaaaiay

wivlanila wiimdnides

nanaziily — ———————— e

{a8nsN/ 100 wasidus  Nadnin/ 100 vasiaue

NSNABAAIIU NINADAAIAU
Alanine 4,779 10.8 4,228 10.4
Arginnine <5 0.0 5 0.0
Aspartic acid 1,729 3.9 1,641 4.1
Cystine 181.2 0.4 85.9 0.2
Glutamic acid 4,840 11.0 5,005 12.4
Glycine 8,854 20.1 7,581 187
Histidine 1,874 4.2 1,774 4.4
Hydroxylysine 1,707 3.9 824.6 2.0
Hydroxyproline 92,121 4.8 2,583 6.4
Isoleucine 1,139 2.6 1,475 3.6
Leucine 3,654 8.3 3,436 8.5
Lysine 964 2.2 954 2.4
Methionine 984.8 2.2 1,060 2.6
Phenylalanine 472 1.1 405 1.0
Proline 6,749 15.3 5,479 13.5
Serine 462.5 1.0 415.9 1.0
Theronine 568.5 18] 499.9 1.2
Tryptophan 33 0.1 52.9 0.1
Tyrosine 1,486 3.4 1,373 3.4
Valine 1,507 3.4 1,594 3.9
Total 44,109 100.0 40,473 100.0
Imino 8,870 20.1 8,062 19.9

- W P o w ¥ e o -
“uamaitasizian udanljidmsnan (Ussmalne) $1ia 61835 AOAC (2000) 994.12, 988.15 smaiATas

GC/MS
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4.5 M3ANHsULULalUsiiuae Flectrophoresis (SDS-PAGE)

wam'iﬁﬂmgﬂuuumaﬂﬂ'iﬁﬂuﬂaaamumﬂﬂﬁ'ﬁﬂmﬁ%aaﬂuaﬂn: reducing
1az non-reducing condition BN alusiushasanhiu (20 lulasnSusazas) uaml'i‘l,ugﬂ
i 2 Tesmimaamunnmindaiawaswivmdnugasuaveadlsiy 3 wou fa B-,
0,-, O,- bands agalsnenuenudu (intensity) 2aauoulusduudsranulunaaanay
Nantaamadas Tasway B-, o, amsnaamauiariiauszasamauinasyiudauai
poasluNuHilsUadn duuau o, %mmuﬁ"qmawwﬂuﬂaamwummgm Fatuea
msfnwdbiivhessmuiiaialdnnminasssiiurassiausion 1 Teafiwou
Tsiiums 3 woudaay Fdanngasiumsanmasumhluvialaau g Wy Uan Nile
perch (Muyonga uaz@olz, 2004) Ua1 yellowfin tna (Woo Waz@tuz, 2008) Ua
brownstripe red snapper (Jongjareonrak WarAMME, 2005) uwavUa1 bigeye snapper
(Kittiphattanabawan  laz@me, 2005) ummni’i:‘i‘iaLﬂ‘%ﬂﬂLﬁaugmmﬂﬂsﬁﬂuamaz
reducing &% non-reducing condition wuiwgﬂuuuﬂaﬂﬂﬁﬁuiuﬂaaamummﬂﬁ’qﬂmﬁgﬁ
daamaasdnmliuandeiy Fwaashitiviasea@umari luiiwuss disulfide bond
wu@enaumsdnwilutar Nile perch (Muyonga uazasiz, 2004) Ua1 brownstripe red
snapper (Jongjareonrak Waz@aue, 2005) wazlm bigeye snapper (Kittiphattanabawan Ua
AtME, 2005)

ey ‘—'-“
kDa - ' _ - -
28 | . § B ]
. . = | g
24 .. G o “ o 4 B

M2 SR R EoK %

112 >
83l -
47 W ‘

L e

M 1a 2a 3a 4a 1b 2b 3b 4b Com

3UM 2 suuuuldséu (SDS-PAGE) masaaaanaunawislsiia (1-2) wazwtiauarin
e (3-4) meldanne reducing (a) Wa¢ non-reducing conditions (b): M=

molecular markers, Com= ABAANIUNINTTIU
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4.6 IATLHEMIANUNIA (Viscosity of collagen solution)
HansAnwIMsWasuulasanuwilazesmsazaaaaammunnmialaiiauas
wiwminidsudaiingamgiivaadugui 3 Tesguupiinliasamauidsuudas
anunilalua3anil (1) Tuasasuvialsiia (30 asezalded) giniiraaalay
Navtslalin (17 aseraded) wazanuviavasnaaa@umilaiiaanaiaiadns
mﬁauﬁqqquﬁ 35 DFNLEAFd YAIINTLEATIMIANIIWIANUNTINANAIRIUG 37~
50 svrngalded luaasiinaasiauaamislariln anuvilnasasathaaiiiaiauis 20
NAHALTHE LAZENTIMIANAILAIANNULAZIAIIUZIN 20-50 daFaad laanmsids
a7 WraInaaaaY (Denaturation of collagen) naNNSauhliiiamsudauulaswas
ANUNLAYBIFITRTALADAINAY (Nagai and Suzuki, 2002; Kittiphattanabawan Wasaly,
2005)  usathelsimuamupiiilireasiaunislamsassdsannidriaini
m‘iﬁnm?';chuuﬂuﬂaammumﬂﬂmﬁ'u°] wdu Ua) Nile perch (36.5 aveniaalded)
(Muyonga Wasagiz, 2004) uannninliumsansuatanuviinlunsasaauviaan
fandedumsdnmlula yellowfin  wna Taafidasanasnsfiauie 32 ssrmraldas
(Woo uarmniy, 2008) waz1an bigeye snapper Hailsaanasaeiiauds 30 asmuaded

(Kittiphattanabawan Wazaz, 2005)

L =a=— Nile tilapia

20 1 A .~ =&~ Ciant catfizh

80 -
70

60
50 4

40

Relative Viscosity (%)

30 1
20 7
10 1

0 . ——y .
4 10 1

T T T T 1

25 30 3 a7 40 4z 50

A
s
=

Ul

Temparature (C)

sUf 3 wudliunsdeanIw (Denaturation curves) 2asAaaaaunMilalariiauazian

TIGED
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4.7 MSILATIER Spectra absorption

HANIANNIMIAANAULEN UV (UV absorption spectrum) 284aaaaltauntiala
ﬁaua:wﬁqﬂmﬁﬂuam’lugﬂﬁ 4 TognaaaaumaIinududy 1 iadnsudaiiadang
uanIMIganduLaIgIgafiaNuEaay 230 wiluwes uazimsgandudniasil 273-
285 Wluwas wansanwd iiiui asaaraunisarfiauasaniiniinsaasily
tyrosine W& phenylalanine 1iog Taglifinsganduuaigegai 280 uiluwas (Lin and
Liu, 2006) wamsanwmdaaaananumsdnslula) channel catfish (Liu wazane,
2007) Ua walleye Pollock (Yan wazmniz, 2008) Uaraaru (Kittiphattanabawan Wa
ARME, 2010) wazda carp (Duan wazane, 2009) ﬁuammi@mﬂﬁuumgqﬁqmﬁ 230 W)
Tutuas %ﬂtﬂuﬁnﬁmxwm Triple-helical collagen (Duan uazagz, 2009)

4.0 - — Nile tlapia
— Giant catfish

Absorbance

200 150 300 350 400 450 500 530 600

Wavelength (nm)
sui 4 M39anAUUEY (UV-visible spectra) 2a3naaaaunnuialaiiawazvtisdmiin

Lae
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4.8 maessnmaaaiaulalaslawn (Collagen hydrolysate) dataulads 4 #iia

apaaunmimiauazwilmiindssgnindasiuaaaaraulalaslawm
aeaulad 4 #ila (Laul‘ﬁﬂ Bromelain, Papain, Trypsin @z wulmiainenssn Calotropic
procera) (1@ 0.5, 1,2 waz 3 Hlud #t 37 avmralde uanmsanmsUuuuluséiv
lalaslarmuandliiiiuh Mesamaulaleslammmnuimiawasmislniniigndas
draauluing 4 ¥ila fnmuandety Wnamilsuiuds woulsdundnaasaaaaiau
#fiod 19 3 uauTuséiu (B-, 0,-, 0,- bands) el Feuaasiiaulaiilddnui 4
sliafiannzmsdaslumsinnasimansotasasaaaulddulunanaidnald ue
agalsiony anuduuazduvisaswavulusiunaaanaulaloslammuandeiuluudas
dataiigniaulmiudassiindas Tasnaaanaulalaslamuinlmilangndandae
tulaal Trypsin waztauluaininensdn (Calotropic procera) NNZANNNNMIANG (gﬂ‘ﬁi 5)
wananaulusivitduneulaidy duasamaulalaslanmsenmindswamsiign
tineigeauladaneein (Calotropic  procera) nﬂﬁunmmiaﬁ'@meuﬂuﬁtﬁuniw
ol g (gﬂﬁ 6) uanmﬂﬁvtﬁlamﬂ%’amﬁwgﬂuuufﬂﬁuwaammulﬂm'lamw
FENTNEAME reducing Waz non reducing MNUMNIFBINUT sduuulUsdvanaaaanay
lalaslawmmislamsasamasigasliuansaiuieulaitaznmdasdaiu i

daaaapnunagluuulusiuvasnsamunilslainidasinegu (3Uf 5-6)
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B P T C BPTC
N J J J
k3

Reducing Non-Reducing Reducing Non-Reducing

XTB P T C B P L&
\_Y_} H_}

Reducing Non-Reducing Reducing Non-Reducing

Ui 5 sUuuuTUsiu SDS-PAGE wasapamiaulalaslamanmisaniladaoiaulesd
Bromelain (B), Papain (P), Trypsin (T) uwaztaulasiainaresn (Calotropic

2 & 4 g
procera) (C) ivIan 0.5, 1, 2 uaz 3 #lae NN Reducing taz Non-reducing

conditions
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J CB B\JI C B P I C B P,J C B Py
Y Y

v
Reducing Non-Reducing Reducing Non-Reducing

TCBPLTCBPJ TCBP\TcyB P,

Y
Reducing Non-Reducing Reducing Non-Reducing

Uil 6 sUuuulusiiu SDS-PAGE  zasmaaaaulalaslawmninmivdariinides dae
taul#al Bromelain (B), Papain (P), Trypsin (T) uaztaul#siainenssn
(Calotropic procera) (C) #1381 0.5, 1, 2 Wag 3 HI1lua NaAe Reducing way

Non-reducing conditions.
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4.8.1 mn‘ﬁ(nﬁﬁma%aﬁﬁswaqmaaawgau‘lﬂTms'lat‘zjm

ansmssuayyadaszaasasamaulalaslawvsasminimilawssumiinides
sreaulsin 4 sliefinmee (0.5, 1,2 uas 3 FTae) LEAITIMIAN 4 FagnEeu
ayyaddszuasnaaanaulalaslawnnanidsdariiaiisrsswing 3.77 89 12.38  mg
TEAC/g dry weight luzaiziasaanaulalaslawmannvialsiiniessuing 2.33 &
7.56 mg TEAC/g dry weight uananiidmsuasaaaulalaslammlariialugans
0.5-2 1l asamulalaslawndsoulz Bromelain Tgnisuayyadaszganh
paaanulalaslawmmiesaulaiay ainandsfu (a9 4) LLazwm:m"gﬁ’qmi"nqq
ﬁqmﬁ’ﬂaammula‘[ﬂﬂamwﬂmﬁaﬁm Bromelain # 2 #1134 (12.38 mg TEAC/g dry
weight) LLazqwéﬁaﬂﬁqﬂﬂaaawLaula‘[ﬂﬂamﬁwmulﬁﬁ Trypsin # 0.5. #2la (3.77
mg TEAC/g dry weight) (p<0.05) lunniziinaaaraulalaslawmassmiinidssiidas
dhatauluain 4 iiafing 1 %aiuqiﬁqw§n1iﬁ'ﬁua%aﬁaszthnmﬁ'uf] (0.5, 2 ua
3 #T9) aENNUBEAYNNED6 (p<0.05) Hamsdnmesiia Wi dgamemseies
ﬂaamwula‘[mﬂmwﬁﬁqﬁnnéﬁuaqyaﬁaszgmmadwﬁﬂumaammumﬂwﬁ'ﬁﬂmﬁa
uazniialaiin Teseaaaraulaleslawnanmisiaiiaanstasaaiaulasl Bromelain
duom 2 #7137 asmnwades lusasiieasaaulalaslagmnnwislarines
dasdatauls Papain wiauluiminmesnidunm 1 %l 7t 37 ssmuwaded
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Gl’l‘i’Nﬁ <k imgﬂ'ﬁﬁl'mm‘ggﬂaﬂiz (DPPH radical scavenging activity) 28902887t
lalaslaizm
anSMsshuayyadass DPPH scavenging
; £I8 activity (mg TEAC/ g dw)
wuluainlgtas i
() eeamwulaleslawm  eeaarulaleslawm
Nnvtlaiia Nnamislaninide

tau |z Bromelain 0.5 9.97+ 0.91° 4.36 + 0.40™"
1 8.42 + 0.34" 6.31 + 0.18"

2 12.38 + 1.28" 2.92 + 0.99"

3 6.69 = 0.45° 5.10 + 0.99*"

1oy 123 Papain 0.5 7.22 £0.97 2.39 + 0.17°
i 7.52 £0.03 7.16 = 0.37°

2 8.51 + 0.80 6.95 + 0.21°

3 9.12 + 0.30 4.93 +0.16"

taulesl Trypsin 0.5 3.77+ 0.68 5.18 + 0.26"
1 5.33 + 0.16 5.45 + 0.68"

B 4.80+ 0.59 2.33 + 0.13°

3 5.61 + 0.15 3.88 + 0.10"

taulaalarineasn 0.5 8.78 + 0.23" 4.80 + 0.96""
(Calotropic 1 4.85 + 0.40" 7.46 + 1.02"
procera) 2 8.50 = 0.06' 3.08 + 0.53"
3 4.79+ 1.05" 4.99 + 0.98""

manusenuuamelunofedny (Mea + $.D; n=3) luudaziaulzd waedldifiudeenuuandiadiuagnadl

v e cad o o g : e, s
dedagymeaianssauanudaiy  95% (ANOVA), windauaundlaluudaziaulmilifssnwsenuaasliiiuibs

anuliuanamenuadniitedidumeata
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uni 5

a3 HANITILAsTBLdUAUUS

5.1 msasluanie
paaauannsoanalennwislarfiauasuilmtndalesdsanadianse i
Apamauillannmislariiawasuiiaumfindusanm 28.5% was 8.5% (wet  basis)
aud1du Feaesamaumaiiluasamaurdion 1 lifivuse disufide bond 1
avdUsznaudiuluaiiiiunsaasiilu Glycine was Proline uazraaaaunUadindiv3uin
nsnaziily Hydroxyproline ¥naAaas@unnialmiia uwazainmsanwinmsidaanin
(Denaturation) #89ABAANAUIINVIIYAINIB wuhgampiiiieeaaaualasuwiag
anuniialuadanile (T,) Nnutiadaitia (30 °C) §\1ﬂ'jmaaa’|mumﬂwﬁqﬂmﬁnLﬁvm
(17 "¢ uazmsﬁﬂmmss_]ﬂﬂ?{uum UV 2asnaaanauiadaawudn asamaundadly
wumigmné’uuangqmﬁmmﬂnﬂﬁu 280 nm Fuanshasaaausdaslsznaude
nsAazfily wyrosine WAz phenylalanine  USmaniasuin dedaanaasnunanmsanm
padusznavasiilulunaaaiauniaas ﬁqﬁguwﬁqﬂmﬁameﬂ'wmﬁﬂmmsagﬂ'lﬁlﬂu
wiavingiumadaniialumsaianaaaiay iianaunumsafanndadidasgn e
Farfamemunssriaasdalsauazaau YanMINIABMRUIIEBIEINTONIN
wisniuraaaaulalaslawmlalaeldioulssl Bromelain, Papain, Trypsin waztaulysd
NINN3N (Calotropic  procera) u,azﬂaamLwla‘[mﬂamwﬁlﬁméwﬁﬁqm'ﬁfmiﬁma%a
852 DPPH scavenging activity udaghalsfimuannznmsasauasaanaulalaslawniil
anemsiuayyadassguuanduiulusssmmunnmivlmiauazmisariin Tasraam
wulalaslawmnnmisumiiamsgassiaaulad Bromelain unar 2 $2lue 7 37 asen
wadsa lusnsiineamulalaslamnnwinlminmsdesdieaulas Papain wia

wulziangesndlune 1 1l 9 37 avddaded
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5.2 datdudIu

5.2.1 datduauuslumsinuanmsise Wiy
naaaaukazaaaaaulalaslawminduasédyuiomsaangnily

MRS UTLATaIdaNT 8IS Wazhu T LLa:mm‘snﬁmmmmuﬂaammumnﬁmiﬁvﬂqgn

mouniifitaialumsifummzilsaduuvduazmesn

5.2.2 HatduawuylumsmIsaiisds
msAnmgnineiimwasasiaulalaslawmzasmitlamigasaisanmgns

§'u 5INAE (AU Ferric reducing antioxidant power (FRAP) a2 Lipid peroxidation

activityWsau@n s UsEANSMIWee Clinical trial
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ABSTACT

Collagen was extracted from the skin of Nile tilapia (Orechromis niloticus; NT)
and farmed giant catfish (Pangasianodon gigas; GC) by using acid solubilization process.
The morphology of fish skin, proximate composition and collagen recovery were
performed. SDS-PAGE pattern, viscosity and UV-visible spectra absorption of the
collagen were also determined. Morphological structure of NT skin showed the fine and
loose bundles structure when compared with GC skin. The extraction yield of collagen
from NT skin (28.5%) was significantly higher than that of GC skin (8.5%). The collagen
had high protein content (86-94%) with being significantly the highest in NT skin
(p<0.05), but low fat (0.1-3.4%), moisture (3.3-4.8%) and ash content (0.1-0.2%). The
SDS-PAGE patterns of NT and GC collagens showed high band intensity for the major
protein compositions, especially o- and B-components. The temperature at which the
change in viscosity was half completed in the collagen solution was about 30°C and 17°C
for NT and GC, respectively. UV-visible spectra of both collagens showed the same peak
at around 230 nm. The fish skins of the Nile tilapia and farmed giant catfish could be used
as an alternative source for collagen extraction. Nile tilapia skin provided higher collagen
recovery and protein content than that of giant catfish skin.

Keywords: acid-soluble collagen, fish skin, Nile tilapia, giant catfish

Introduction

Collagen is the most abundant structural protein found ubiquitously in body
including skin that constitutes ~30% of total animal protein (Muyonga ef al., 2004). In
industrial, collagen is the value added product obtained from by-product. It is a very
important natural material in medicine, cosmetic and also in food industry. Collagens
used in commercial products are mainly obtained from cattle and swine. However, the use
of mammalian collagen has limited by the spread the animal disease to human such as the
mad-cow disease and the foot/mouth disease. Thus, the finding of new materials for
collagen extraction has been investigated, especially in fishery industries. About 30% of
the wastes consist of skin and bone, which are very rich in collagen (Gomez-Guillen et
al., 2002). Recently, the collagen extraction from the skin, fin and bone of marine fish has
been broadly studied (Jongjareonarak et al., 2005; Kittiphattanabawon ef al., 2005; Woo
et al., 2008), but not in case of the freshwater fish. In Thailand, the freshwater fish that
are widely cultured for trade has little been investigated for collagen extraction. The Nile
tilapia is the one of importantly farmed economic fish (value ~7.8 billion bath in year
2007) in the north of Thailand, especially in Chaing Rai province (~38,538 ton in same
year). In addition, farmed giant catfish has become an economically important
(Department of Fisheries of Thailand, 2010). Beside freshwater fish processing, by-
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products are generated according to the fish was consumed. Moreover, they may causes
of environmental pollution if they have no further process to eliminate them. Therefore,
the objectives of this study are to investigate the characteristics of acid-soluble collagen
extracted from the skin of Nile tilapia and farmed giant catfish. Utilization of freshwater
fish industry by-products as a material for value-added product preparation would be
useful.

Materials and Methods

Materials

Acetic acid and sodium hydroxide were obtained from Merck (Darmstadt,
Germany). All chemicals for electrophoresis and microscopic observation were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). Nile tilapia and farmed giant catfish
were obtained from Charan Farm in Chiang Rai, Thailand. Commercial collagen from
bovine achilles tendon (C9879-5G) was obtained from Sigma Chemical Co. (St. Louis,
MO, USA).

Methods
1. Fish skin preparation

Frozen skins of Nile tilapia and farmed giant catfish were thawed and washed
with running tap water. The residual meat in fish skin was removed manually and cleaned
samples were washed with tap water and drained. The skin was then cut into small pieces
(0.5x0.5 ¢m) and placed in a polyethylene bag. The prepared skin was stored at -20°C
until used.

2. Fish skin morphology and ultrastructure

Fish skins of fish samples were prepared for histology. For light microscopy, the
small pieces of fish skins were fixed in neutral formalin and processed for paraffin
sectioning (Bancroft and Gamble, 2002). The skins were sectioned at about 6 um using
rotary microtome, sections were stained with haematoxylin and eosin, and examined by
light microscopy (LM) at 400x and 1000x magnifications.

For the scanning electron microscopy (SEM), the fish skins with a thickness of 2—
3 mm were rapidly fixed with 2.5% (v/v) glutaraldehyde in 0.2 M phosphate buffer (pH
7.2). They were then dehydrated with a graded series of ethanol, critical-point dried and
coated with gold (Sputter coater, SC7620, Polaron, UK). The ultrastructure of fish skins
was investigated with a SEM (LE01450VP, Cambridge, UK).

3. Collagen extraction

The collagens were extracted following the method of Kittiphattanabawon er al.
(2005) with a slight modification. All preparation procedures were performed at 4°C.

3.1 Preparation of skin for collagen extraction

To remove non-collagenous proteins, the skin was mixed with 0.1 N NaOH at a
sample/alkaline solution ratio of 1:10 (w/v). The mixture was stirred for 6 h with
changing of the alkaline solution every 2 h. Then, the alkali-treated skins were washed
with cold water until neutral pH of wash water was obtained. The treated skins were then
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defatted with 10% butyl alcohol with a solid/solvent ratio of 1:10 (w/v) for 18 h. Defatted
skins were washed with 10 volumes of cold water for three times.

3.2 Acid-solubilization process

Pretreated skin was soaked in 0.5 M acetic acid with a solid to solvent ratio of
1:15 (w/v) for 48 h with continuous stirring. The mixtures were filtered with two layers of
cheesecloth. The collagen in the filtrate was precipitated by adding NaCl to a final
concentration of 2.6 M in the presence of 0.05 M Tris-HCl, pH 7.5. The resultant
precipitate was collected by centrifugation at 20,000g at 4°C for 60 min. The pellet was
dissolved in a minimum volume of 0.5 M acetic acid, dialyzed against 25 volumes of 0.1
M acetic acid for 12 h. Thereafter, it was dialyzed against 25 volumes of distilled water
for 48 h. The resulting dialysate was freeze dried and referred to as “‘acid soluble
collagen; ASC”.

4. Characterization of acid-soluble collagens

4.1 Proximate analysis

Fish skins and extracted collagen were subjected to proximate analyses, including
moisture, ash, fat and protein contents, according to the AOAC (2000) method Nos.
950.46, 928.08, 960.39 and 920.153, respectively.

4.2 Yield
The yield of collagen (Yc) was calculated by:
Ye=(Vex Co)
Wi

where V. is the volume of extracted collagen solution in milliliter, C. is the protein
concentration of the same solution (g/mL), and W, is the weight of the fish skin in gram.
Each set of the test was done in duplicate.

4.3 SDS-PAGE

SDS-PAGE was performed by the method of Laemmli (1970). The collagens
were dissolved in 0.02 M sodium phosphate containing 1% SDS and 3.5 M urea (pH 7.2)
with continuous stirring at room temperature. The mixtures were centrifuged at 8,500g for
5 min to remove un-dissolved debris. Solubilized samples were mixed at 1:1 (v/v) ratio
with the sample buffer (0.5 M Tris—HCI, pH 6.8, containing 4% SDS, 20% glycerol) in
the presence (reducing) or absence (non-reducing) of 10% AME. Samples were loaded
onto the polyacrylamide gel (7.5% gel) and subjected to electrophoresis at a constant
current of 20 mA/gel by using a Mini Protean Tetra Cell unit. After electrophoresis, gels
were stained with 0.05% (w/v) Coomassie blue R-250 in 15% (v/v) methanol and 5%
(v/v) acetic acid and destained with 30% (v/v) methanol and 10% (v/v) acetic acid.
Molecular weight markers were used to estimate the molecular weight of proteins.
Commercial collagens were used as a reference.

4.4 Viscosity of collagen solution

Five hundred milliliter of 0.03% each collagen in 0.1 M acetic acid were subjected
to viscosity measurements using a Brookfield viscometer with spindle No. 1 at a speed of
100 rpm. The solution was heated from 4°C to 50°C with a heating rate of 4°C /min. At
the designated temperature, the solution was held for 30 min prior to viscosity
determination. Measurement was carried out in triplicate. The relative viscosity was
calculated in comparison to that obtained at 4°C. Tyq was defined as the temperature
causing 50% decrease in the relative viscosity of the collagen solution.
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4.5 Spectra absorption

Each collagen was dissolved in 0.5 M acetic acid to obtain a concentration of 1
mg/ml. The solution was then subjected to UV-Vis measurement using a double-beam
spectrophotometer (UV-1700, Shimadza, Kyoto, Japan). Prior to measurement, the base
line was set with 0.5 M acetic acid. The spectrum was obtained by scanning the
wavelength in the range of 220-600 nm with a scan speed of 50 nm/min.

5. Data analysis

The obtained data were statistically analyzed using the SPSS program for window
(SPSS version 11.5, SPSS Ine, Chicago, IL, USA) and the differences were considered
significant when p<0.05. The comparison of the yield and proximate analysis data
between the NT and GC collagens were analyzed by using independent 7- test.

Results and Discussion

1. Proximate compositions and collagen recovery

The proximate compositions and extraction yield of collagen from NT and GC
skins are shown in Table 1. The collagens contained protein as the major component (86-
94%), followed by moisture (3.3-4.8%), fat (0.1-3.4%) and ash (0.1-0.2%). The NT
collagen contained the highest protein content (94.55%) with high lipid content (3.42%)
compared with the GC collagen (86.28%). NT fish skin had a lower protein content
(26%) than that of GC skin (34%). For the result, the major component was protein for
collagens and moisture for fish skins of NT and GC that was in accordance with those
reported in bigeye snapper (Kittiphattanabawan ef al., 2005).

Table 1 Chemical composition and yield of collagen and fish skin from NT and GC

Compositions Collagen Fish skin

(%) Nile tilapia  Giant catfish Nile tilapia  Giant catfish
Yield 28.50+2.35% 8.48+0.18° . »
Protein 94,55£0.27°  86.28+0.4° 26.55+1.26°  34.03+0.54°
Moisture 3.30+0.71  4.83+2.68 69.68+0.40*  64.86+0.40
Lipid 3.42+0.65°  0.12%0.04° 4.400.86 2.69+1.65
Ash 0.16+0.02  0.08+0.01 0.200.00 0.25+0.01

Values (Mean = S.E.) within a row followed by a different superscript differ statistically (independent r-test, p<0.05).

The yield of collagen from NT skin (28.5%) was significantly higher than that of
GC skin (8.5%) (wet basis). The yield of NT collagen was higher than the ASC from
other fish skins e.g. bigeye snapper (10.94%), brownbanded bamboo shark (9.38%)
(Kittiphattanabawan ef al., 2005; 2010) and brownstripe red snapper (9%) (Jongjareonrak
et al., 2005). The collagen obtained from GC skin contained no significant amount to the
others. The difference of the extraction yield of collagen from both fish skins probably
due to the different structure of skins used.
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Figure 1 LM (4) and SEM (B) photomicrographs of Nile tilapia (/) and farmed giant
catfish (2) skin. LM: scale bars =30 pm (H&E staining); SEM magnification
of 250x at acceleration voltage of 10 kV.

Histological structure and ultrastructure of NT and GC skin was shown in Figure
1. The NT skin had smaller bundles with order arrangement and looser structure than that
of GC skin. Moreover, the two terminal ends (as non-helical part) of collagen play an
important role in the cross-linked at the telopeptide region that the presence of high cross-
linking among collagen lead to a decrease in the solubility of collagen in the acidic
solution (Duan et al., 2009; Kittiphattanabawon et al., 2010). The results showed that the
NT skin have a loose skin structure with having weaker cross-linking between collagen
than that of GC and those other fishes (Jongjareonrak et al., 2005; Kittiphattanabawan et
al., 2005; 2010).

2. Molecular weight distribution of collagens

The protein patterns of fish skin collagens under reducing and non-reducing
conditions are presented in Figure 2. Three major bands were found in all samples,
representing -, o1, o2. However, the different band intensity of each source was observed
that the high intensity of B and o, band was clearly observed in NT and commercial
collagen (Com) rather than GC. The highest band intensity of o, was only occurred in
Com. Therefore, the results indicated that type I collagen is a major component in
collagen extracted from NT and GC fish skin. Characteristic for type I collagen -, o, ¢z
components were also observed in skin collagen of Nile perch (Muyonga et al., 2004),
yellowfin tuna (Woo et al., 2008) and brownstripe red snapper (Jongjareonrak et al.,
2005), and skin and bone collagens of bigeye snapper (Kittiphattanabawan et al., 2005).
Comparing between collagens under reducing and non-reducing conditions, the patterns
of the samples were similar; indicating the absence of disulfide bonds in those collagens,
although the intensity of these bands is slightly different. The results were in accordance
with the previously reported from skin collagen of several other fish species e.g. Nile
perch (Muyonga et al., 2004), bigeye snapper (Kittiphattanabawan et al, 2005) and
brownstripe red snapper (Jongjareonrak et al., 2005).
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Figure 2 SDS-PAGE patterns of collagens from Nile tilapia skin (1-2) and farmed giant
catfish skin (3-4) under reducing (a) and non-reducing (b) conditions. M:
molecular weight markers; Com: commercial collagen.

3. Viscosity of collagen solution

The change in viscosity of NT and GC collagen solutions with increasing
temperature was shown in Figure 3. The temperature at which the change in viscosity was
half completed in skin collagen solutions was about 30°C and 17°C for NT and GC,
respectively. The viscosity of NT collagen decreased at constant rate until 35°C, after
which it continued to decrease more slowly in range of 37-50°C whereas the viscosity of
GC decreased continuously on heating up to 20°C and the rate of decrease was retarded in
the temperature range of 20-50°C. Denaturation of collagen structure caused by heat-
treatment in associated with the change in viscosity (Nagai and Suzuki, 2002:
Kittiphattanabawon et al., 2005). The denaturation temperature of NT and GC collagens
was lower than the values reported for those other fish species e.g. Nile perch (36.5°C)
(Muyonga et al., 2004). The tendency of decreasing viscosity of NT collagen was similar
to skin collagen of other fish species such as yellowfin tuna (having constant decreased
rate until 32°C) (Woo et al., 2008) and bigeye snapper (occurring constant decreased rate
until 30°C) (Kittiphattanabawon ef al., 2005) but not in case of GC collagen.
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Figure 3 Denaturation curves of fish skin collagens of Nile tilapia and farmed giant
catfish.
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4. UV-visible spectra

The UV absorption spectrum of NT and GC collagens were shown in Figure 4.
NT and GC collagens (1 mg/ml) had an absorption peak at 230 nm with occurring a small
curve around 273-285 nm. It indicates that the NT and GC collagens had very low
tyrosine and phenylalanine contents with no absorption peak at 280 nm (Lin and Liu,
2006). The result was accordance with results from skin collagen of channel catfish (Liu
et al., 2007), walleye pollock (Yan ef al., 2008), carp (Duan et al., 2009) and shark
(Kittiphattanabawon et al, 2010) that a same absorption peak at around 230 nm is
characteristic for triple-helical collagen (Duan et al., 2009).
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Figure 4 UV-visible spectra of acid-soluble collagens from Nile tilapia and farmed giant
catfish.

Conclusions

Collagen could be successfully extracted from the skin of Nile tilapia and farmed
giant catfish by acid solubilization with the yield of 28.5% and 8.5%, respectively. The
collagens were characterized as type I without disulfide bond. Denaturation temperature
of GC collagen was different from collagen of NT and other fishes. Based on the results,
NT and GC skin can be used as an alternative source of collagen, besides mammals.
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Abstract
Giant catfish (Pangasianodon gigas) is the world’s largest freshwater catfish that has been successfully

cultured in Chiang Rai, Thailand. It is highly consumed and become an economically important cultured
freshwater fish due to their quality attributes (i.e. texture, colour and nutritive values). In addition, the fish are
processed into various kinds of finished products and their by-products are generated such as blood, bone, head.
viscera and also skin. The skin of farmed giant catfish (GC skin) takes account about 3.5-5.3% (w/w) of the
whole fish. However, the information about the histological structure and chemical composition of this kind of
fish skin has not been reported. Thus, the objective of this work was to study the structure of GC skin by using
light and scanning electron microscopic techniques. Chemical composition and collagen content were also
determined. The results showed that GC skin is composed of 2 parts: thin epidermis and thick dermis. The
dermis was characterized by thinner stratum spongiosum and large stratum compactum as well as
chromatophores on the apical and basal region of dermis. The collagen bundles and fibroblasts were found in
the stratum compactum. The main compositions (wet basis) in the GC skin were water (64.86%) and protein
(34.03%), while the lipid (2.69%) and ash content (0.25%) are the minor one. The collagen content extracted by
acid solubilization process was about 8.48% (wet basis). However, after the first extraction process, the GC skin
still contained the bundle form of stromal protein. This finding suggests that the GC skin could be used as an
alternative source for collagen extraction. The obtained collagen could be use as an active ingredient in food,
cosmetic, and pharmaceutical products.

histological structure and chemical composition of
Background : . .
: .. giant catfish skin (GC skin) has not been reported.
Fish skin is the envelope for the body that : . .
. . Therefore, the aims of this study were to study the
separates and protects the animal from its W .
. : | structure of GC skin in farmed giant catfish by
environment (osmotic pressure and physical force). : ; : z :
5 ; : . using light and scanning electron microscopic
The skin of a fish is a multifunctional organ and ; ] . ;
; oy ; techniques and also to investigate the chemical
may serve important roles in protection, . y .
o : . composition and collagen content of-GC skin.
communication, sensory perception, locomotion,
respiration, excretion and thermal regulation that

their skin structure varies with fish species [1-2]. -

The giant catfish (GC: Pangasianodon gigas) is the Sl Mgl

world’s largest freshwater catfish and is one of Materials

naked or scaleless fish with thick skin. Farmed Acetic acid and sodium hydroxide were
giant catfish has been successfully cultured in obtained from Merck (Darmstadt, Germany). All
Chiang Rai Province, Thailand and has thus chemicals for microscopic observation were
become an economically important [3]. About 50 purchased from Sigma Chemical Co. (St. Louis,
% of whole fish will be transformed into by- MO, USA). Farmed giant catfish were obtained
product during fillet processing and 30% of wastes from Charan Farm in Chiang Rai, Thailand.

consist of skin and bone which are rich in collagen

[4]. Because the limitation of mammal collagen Methods

used (e.g. spread mammal disease and Halal food Fish skin preparation

for Muslims and Jew), the fish skin (both in scale Fish skin of giant catfish was removed
and thick skin species) is an alternative source of manually. The cleaned samples were washed with
collagen [5-7]. Although they have many tap water and drained. The skin was then cut into
researchers reported about collagen extraction and small pieces (0.5x0.5 cm) and placed in a
characterization from fishery by-products, the polyethylene bag. The prepared skin was stored at -
relationship between skin structure, collagen and 20°C until used. .

compositional content have not been yet
investigated. In addition, the information about the
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Fish skin morphology and ultrastructure

GC skins were prepared for histology. For light
microscopy (LM), the small pieces of fish skins
were fixed in neutral buffer formalin and processed
for paraffin sectioning [8]. The skins were
sectioned at about 6 pum using rotary microtome.
The sections were stained with haematoxylin and
eosin and then examined by LM at 400x and 1000x
magnifications.

For the scanning electron microscopy (SEM),
the prepared skins with a thickness of 2-3 mm
were rapidly fixed with 2.5% (v/v) glutaraldehyde
in 0.2 M phosphate buffer (pH 7.2). They were then
dehydrated with a graded series of ethanol, critical-
point dried and then coated with gold (Sputter
coater, SC7620, Polaron, UK). The ultrastructure of
the skins was investigated by SEM (LE01450VP,
Cambridge, UK).

Proximate analysis of fish skin

Fresh GC skins were subjected to proximate
analyses, including moisture, ash, fat and protein
contents according to the AOAC (2000) [9] method
Nos. 950.46, 928.08, 96039 and 920.153,
respectively.

Collagen extraction

The collagen extraction and collagen content of
GC skins was performed according to the method
of Kittiphattanabawon et al. (2005) [6] with a slight
modification. All preparation procedures were
performed at 4°C.

Preparation of skin for collagen extraction

To remove non-collagenous proteins, the GC
skin was mixed with 0.1 N NaOH at a
sample/alkaline solution ratio of 1:10 (w/v). The
mixture was stirred for 6 h with changing of the
alkaline solution every 2 h. Then, the alkali-treated
skins were washed with cold water until neutral pH
of wash water was obtained. The treated GC skins
were then defatted with 10% butyl alcohol with a
solid/solvent ratio of 1:10 (w/v) for 18 h. Defatted
skins were washed with 10 volumes of cold water
for three times before subjected to the extraction
process.

Acid-solubilization process

Pretreated GC skin was soaked in 0.5 M acetic
acid with a solid to solvent ratio of 1:20 (w/v) for
48 h with continuous stirring. The mixtures were
filtered with two layers of cheesecloth. The
collagen in the filtrate was precipitated by adding
NaCl to a final concentration of 2.6 M in the
presence of 0.05 M Tris-HCI, pH 7.5. The resultant
precipitate was collected by centrifugation at
20,000g at 4°C for 60 min. The pellet was
dissolved in a minimum volume of 0.5 M acetic
acid, dialyzed against 25 volumes of 0.1 M acetic
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acid for 12 h. Thereafter, it was dialyzed against 25
volumes of distilled water for 48 h. The resulting
dialysate was freeze dried and referred to as “‘acid-
soluble collagen; ASC™.

Collagen yield
The yield of collagen (Yc) was calculated by:
YC - ﬂgﬁggl
W,

where V. is the volume of extracted collagen
solution in milliliter (mL), C. is the protein
concentration of the same solution (g/mL), and W,
is the weight of the fish skin in gram (g). Each set
of the test was done in duplicate.

Data analysis

The obtained data were statistically analyzed
using the SPSS program for window (SPSS version
11.5, SPSS Inc, Chicago, IL, USA) and the
differences were considered significant when
p<0.05. The comparison of the proximate analysis
data between the giant catfish (GC skin) and the
striped catfish (SC skin) were analyzed by using
independent ¢- test.

Results and Discussion

Histological structure of giant catfish skin

Histological structure and ultrastructure of GC
skin are shown in Fig. la-c. The GC skin composed
of 2 parts: very thin epidermis (~20 um thickness)
and thick dermis (~0.94 mm thickness). The
thickness of the epidermis (E) varies with fish
species, age, and different regions of the body and
environment condition of their fish living [2]. In
naked fish species, such as GC and other catfish,
the dermis is generally thicker (0.6-2.0 mm) than in
scaled species (e.g. < 0.2 mm in Zebrafish) [11].
The dermis (D) of GC skin was characterized by
thinner stratum spongiosum (SS; ~200 pum thick)
and large stratum compactum (SC; ~740 pm thick)
as well as chromatophores (C) on the apical and
basal region of dermis (Fig. la). The relative
thickness of the two dermal layers depends on the
presence or absence of scale and varies with fish
species [1-2]. The fibroblasts (F) were also found
in the stratum compactum of dermal laver as
presented with the blue spot in Fig. 1b, like in the
sole fish [1].

The stomal proteins bundles of GC skin under
scanning electron microscope were clearly
observed in Fig. lc. The big bundles with order
arrangement were found in GC skin. The compact
arrangement of the bundle provides information
about the strength and hardness of the fish skin.
Moreover, it can be hypothesized to the main
chemical and structural compositions of the skin. In
general, the animal skin composes of collagen as a
major component. Its parent form, collagen,
constitutes approximately 30% of total animal
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Figure 1 LM (a and b) and SEM (c) micrographs of the GC skin. E=Epidermis; C= Chromatophores; CB=Collagen
bundle; D=Dermis; F=Fibroblast; SC=Stratum compactum; SS=Stratum spongiosum. LM: Scale bars=100 um (a) and 50
um (b) (H&E staining); SEM magnification of 500x at acceleration voltage of 10 kV.

protein. Skin, bones, the vascular system, tendons
and the connective tissue sheaths surrounding
muscle are the major sources of collagen. The
bundles with three lines (horizontal, longitudinal
and vertical planes) were found in the stratum
compactum (Fig. 1c). These characteristics also
found in some naked catfish species [11]. The
stratum compactum is important in locomoter
activity that acts as a tendon in parallel with the
muscle of fish [2]. These results might be given the
different extraction yield of fish skin collagen and
provided the different contents of compositions.
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Proximate compositions and collagen recovery

The proximate compositions of the GC skin and
the extraction yield of collagen are shown in Table
1. The information on these components of SC skin
was also presented and compared. The GC skin
contained the higher protein content (34%) with the
low lipid content (2.69%) compared with SC skin
(27%) [10]. The yield of GC acid-soluble collagen
(ASC) (8.5%) was lower than the ASC from SC
skin (10.2%), channel catfish (25.8%) [12], large
fin long barbel catfish (16.8%) [13] and other fish
skin e.g. the brownbanded bamboo shark (9.38%)
[7] and brownstripe red snapper (9%) [5]. Carp
skin, the extractability of acid soluble collagen was
41.3% (dry weight basis), which is quite different



from some marine species. The yields of ASC from
the skin of ocellate puffer fish and cuttlefish were
low (10.7% and 2%, respectively, dry weight
basis). However, for some other species, the yields
of ASC were high and the value were about 51.4%
(Japanese seca-bass), 49.8% (chub mackerel). and
50.1% (bullhead shark), respectively (on the basis
of dry weight) [7].

The variation of the extraction yield of collagen
from fish skins probably due to the different
structure of skin used, especially the age of
harvested fish. Moreover, the two terminal ends (as
non-helical part) of collagen play an important role
in the cross-linked at the telopeptide region that the
presence of high cross-linking among collagen lead
to a decrease in the solubility of collagen in the
acidic solution [7, 14]. The results showed that the
GC skin have a dense skin structure with having
stronger cross-linking between collagen than that of
SC and those other fishes [5-7, 13].

Table 1 Yield of collagen and chemical composition
of GC and SC skins.

Fish skin

Composition (%) Giant Striped

Catfish Catfish*
CE:ltl;agcéLon vield of 8 48 102
Protein 34.03£0.77°  27.26+0.28°
Moisture 64.86£0.57°  51.85+0.40°
Lipid 2.69+2.33°  20.24+0.59°
Ash Q.25i0.01 0.23+0.03

Values {Mean+S.D.) within a row followed by a different
superscript differ statistically (independent t test, p<0.05).
*From previous study [10]

Nowadays, there are many commercially
available collagen containing products, such as
food, drink, cosmetics and health food supplement.
Fish collagen, a type-1/111 collagen peptide from
fish skin, has been paid increasing attention as an
alternative to its mammalian counterpart, because
fish collagen is free from a risk of pathogens such
as bovine spongiform encephalopathy.

Conclusion

Collagen could be successfully extracted from
the farmed giant catfish by acid solubilization with
the yield of 8.5%. The low extraction yield
collagen of GC skin may caused by their skin
structure with having the large and dense collagen
bundles in stratum compactum - of dermis.
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Therefore, GC skin can be used as an alternative
source of collagen. besides mammals.
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ABSTRACT

Nile tilapia (NT: Oreochromis niloticus) and farmed giant -catfish (GC:
Pangasianodon gigas) have become an economically important cultured freshwater fish in
Thailand, especially in Chiang Rai province. Skins of these fishes were used as the starting
material for collagen extraction by using acid solubilization process. The yields of collagen
from NT and GC skin were 26.5% and 5.96%, respectively (wet weight basis).
Electrophoretic patterns of these collagens showed high band intensity for the major
compositions, especially «- and B-components as the type I collagen. Collagen hydrolysatess
(CH) were hydrolyzed by using 4 proteases (bromelain, papain, trypsin, and protease from
Calotropic procera latex) (ratio of collagen to enzyme, 1:1000 g/unit) at 37°C for 0.5, 1, 2
and 3 hours. The hydrolysates obtained by using these enzymes showed the disappearance of
the three major protein bands of collagen. DPPH radical-scavenging activity of NT and GC
collagen hydrolysates was significantly difference among the hydrolysis conditions (p<0.05).
It was significant highest on bromelain-treated CH at 2 hours for NT collagen (12.38 mg
TEAC g/dry weight) whereas for GC collagen occurred with protease from Calatropic
procera latex-treated CH at 1 hour (7.46 mg TEAC g/ dry weight). The results suggested that
the NT and GC fish skins could be used as an alternative source for collagen extraction and it
is possible for obtaining bioactive peptides from these collagens hydrolyzed with the
proteolytic enzymes. These finding may useful for further investigate to optimize the
hydrolysis conditions for production of antioxidant compounds and using as functional
ingredients in cosmetics, foods and dietary supplements.

Keywords: Bioactivity, Collagen, Protein hydrolysates, Giant catfish, Nile tilapia

INTRODUCTION

Collagen is the most abundant structural protein (~30% of total animal protein) found
ubiquitously in body including skin' that is a very important natural material in medicine,
cosmetic and also in food industry. Functional and nutritional progerties of proteins including
collagen can be improved and upgraded by enzymatic hydrolysis 2. Proteases from different
sources are commonly used to obtain a more selective hydrolysis since they are specific for
peptide bonds adjacent to certain amino acid residues such as commercial enzymes (e.g.
Alcalase and Flavourzyme) and specific enzymes (e.g. bromelain, papain and trypsin)>*°.
The characteristics of the hydrolysates obtained directly affect the functional properties.
Thus, the process for generating the hydrolg'sates from any material requires optimizing
conditions to obtain high functional activity*®’. Moreover, antioxidant activity has recently
been reported in peptides from enzymatic hydrolysates of food proteins such as fish skin



gelatins®”, squid gelatin®, and jellyfish collagen’. Their antioxidant properties are also
depended on the hydrolysis condition especially the type of enzymes used”’, Generally,
collagens and collagen hydrolysates used in commercial products are mainly obtained from
cattle and swine. However, the use of mammalian collagen has limited by the spread the
animal disease to human such as the mad-cow disease and the foot/mouth disease. Thus, the
finding of new materials for collagen extraction has been investigated, especially in fishery
industries. About 30% of the wastes consist of skin and bone, which are very rich in
collagen'’. Recently, the collagen extraction from the skin, fin and bone of marine fish has
been broadly studied'"'>", but not in case of the freshwater fish. In Thailand, the freshwater
fish that are widely cultured for trade has little been investigated for collagen extraction. The
Nile tilapia is the one of importantly farmed economic fish (value ~7.8 billion baht in year
2007) in the north of Thailand, especially in Chaing Rai province (~38,538 ton in same year).
In addition, farmed giant catfish has become an economically important'*, Beside freshwater
fish processing, by-products are generated according to the fish was consumed. Moreover,
they may causes of environmental pollution if they have no further process to eliminate them.
Therefore, the objectives of this study were to investigate the characteristics of acid-soluble
collagen extracted from the skin of Nile tilapia and farmed giant catfish and to optimize the
condition for collagen hydrolysates production by using various enzymes (bromelain, papain,
trypsin, and protease from Calotropic procera latex) and also their bioactivity characteristics
were investigated. Utilization of freshwater fish industry by-products as a material for value-
added product preparation would be useful.

MATERIALS AND METHODS

Materials

Acetic acid and sodium hydroxide were obtained from Merck (Darmstadt, Germany).
All chemicals for electrophoresis were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Nile tilapia and farmed giant catfish were obtained from Charan Farm in Chiang Rai,
Thailand. Commercial collagen from bovine achilles tendon (C9879-5G) was obtained from
Sigma Chemical Co. (St. Louis, MO, USA). 2,2-diphenyl-1-picryhydrazyl (DPPH) and the
enzymes (bromelain, papain, and trypsin) were purchased from Sigma-Aldrich, Inc. (St.
Louis, MO, USA).

Methods

1. Fish skin preparation
Frozen skins of Nile tilapia and farmed giant catfish were thawed and washed with

running tap water. The residual meat in fish skin was removed manually and cleaned samples
were washed with tap water and drained. The skin was then cut into small pieces (0.5x0.5
cm) and placed in a polyethylene bag. The prepared skin was stored at -20°C until used.

2. Collagen extraction
The collagens were extracted following the method of Kittiphattanabawon et al.

(2005)"? with a slight modification. All preparation procedures were performed at 4°C.

2.1 Preparation of skin for collagen extraction

To remove non-collagenous proteins, the skin was mixed with 0.1 N NaOH at a
sample/alkaline solution ratio of 1:10 (w/v). The mixture was stirred for 6 h with changing of
the alkaline solution every 2 h. Then, the alkali-treated skins were washed with cold water
until neutral pH of wash water was obtained. The treated skins were then defatted with 10%
butyl alcohol with a solid/solvent ratio of 1:10 (w/v) for-18 h. Defatted skins were washed
with 10 volumes of cold water for three times.



2.2 Acid-solubilization process

Pretreated skin was soaked in 0.5 M acetic acid with a solid to solvent ratio of 1:15
(w/v) for 48 h with continuous stirring. The mixtures were filtered with two layers of
cheesecloth. The collagen in the filtrate was precipitated by adding NaCl to a final
concentration of 2.6 M in the presence of 0.05 M Tris-HCI, pH 7.5. The resultant precipitate
was collected by centrifugation at 20,000g at 4°C for 60 min. The pellet was dissolved in a
minimum volume of 0.5 M acetic acid, dialyzed against 25 volumes of 0.1 M acetic acid for
12 h. Thereafier, it was dialyzed against 25 volumes of distilled water for 48 h. The resulting
dialysate was freeze dried and referred to as “‘acid soluble collagen; ASC™.

3. Characterization of acid-soluble collagens

3.1 Proximate analysis
Fish skins and extracted collagen were subjected to proximate analyses, including
moisture, ash, fat and protein contents, according to the AOAC (2000) method Nos. 950.46,

928.08, 960.39 and 920.153, respectively.

3.2 Yield
The yield of collagen (Yc) was calculated by:
Ye= QQLCEJ
W,

; where V¢ is the volume of extracted collagen solution in milliliter, C. is the protein
concentration of the same solution (g/ml.), and W; is the weight of the fish skin in gram. Each
set of the test was done in duplicate.

3.3 SDS-PAGE

SDS-PAGE was performed by the method of Laemmli (1970)'6. The collagens were
dissolved in 0.02 M sodium phosphate containing 1% SDS and 3.5 M urea (pH 7.2) with
continuous stirring at room temperature. The mixtures were centrifuged at 8,500g for 5 min
to remove un-dissolved debris. Solubilized samples were mixed at 1:1 (v/v) ratio with the
sample buffer (0.5 M Tris—HCI, pH 6.8, containing 4% SDS, 20% glycerol) in the presence
(reducing) or absence (non-reducing) of 10% ABME. Samples were loaded onto the
polyacrylamide gel (7.5% gel) and subjected to electrophoresis at a constant current of 20
mA/gel by using a Mini Protean Tetra Cell unit. After electrophoresis, gels were stained with
0.05% (w/v) Coomassie blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid and
destained with 30% (v/v) methanol and 10% (v/v) acetic acid. Molecular weight markers
were used to estimate the molecular weight of proteins. Commercial collagens were used as a

reference.

4. Collagen hydrolysates

4.1 Determination of enzyme activity

The enzyme activity was determined by caseinolytic activity assay'’. One of
caseinolytic activity unit is defined as the amount of enzyme needed to produce an increment
0f 0.01 absorbance unit per minute at the assayed condition.

4.2 Preparation of collagen hydrolysates(CH)

The preparation of CH was modified from Yang er al. (2008)°. Four proteases were
used: bromelain (from pineapple stem; enzyme acitivity (EA) = 44.68 units/mg solid), papain
(from papaya latex; EA= 143.1 units/mg solid), trypsin (from bovine pancreas; EA= 63.7
units/mg solid) and protease from Calotropic procera latex (EA= 326 units/mg solid). The



freeze-dried NT and GC collagens (0.25 g) were dissolved in 50 ml of 0. M sodium
phosphate pH 7.0. Collagen solution was added to one of each enzyme (hydrolysates: enzyme
= 1:1000 g/unit). The hydrolysis was performed at 37°C for 0, 1, 2, or 3 hour in a 100 rpm
shaking water-bath incubator. The enzymatic hydrolysis was ended by cooling the mixtures
at 4°C for 10 min to inactivate the enzyme activity. The solution containing hydrolysates was
centrifuged at 1,000 rpm for 5 min at 4°C. The supernatants were used for bioactivities

characterization.

4.3. Molecular weight distribution by SDS-PAGE
Protein patterns of CH were determined using SDS-PAGE'® following above collagen

patterns process (Topic 3.3).

5. DPPH radical scavenging activity
DPPH radical scavenging activity of CH was determined as described by Khantaphant

and Benjakul (2008)° with a slight modification. Sample solution (1.5 mL) was added with
1.5 mL of 0.1 mM 1,1-diphenyl-2-picrylhydrazyl (DPPH) in 95% ethanol. The mixture was
mixed vigorously and allowed to stand for 30 min in dark at room temperature. The
absorbance of resulting solution was measured at 517 nm. The activity was expressed as
umol trolox equivalents (TE) /mg protein.

6. Data analysis
The obtained data were statistically analyzed using the SPSS program for window

(SPSS version 11.5, SPSS Inc, Chicago, IL, USA) and the differences were considered
significant when p<0.05. The comparison of the yield and proximate analysis data between
the NT and GC collagens were analyzed by using independent - test. The difference of the
DPPH scavenging effects between the bromelain-, papain-, trypsin-, and Calotropic procera
protease-CH were analyzed by using Analysis of Variance (ANOVA).

RESULTS AND DISCUSSION

1. Proximate compositions and collagen recovery

The proximate compositions and extraction yield of collagen from NT and GC skins
are shown in Table 1. The yield of collagen from NT skin (28.5%) was significantly higher
than that of GC skin (8.5%) (wet basis). The yield of NT collagen was higher than the ASC
from other fish skins e.g. bigeye snapper (10.94%)"%, brownbanded bamboo shark (9.38%)"®
and brownstripe red snapper (9%)''. The Collagen obtained from GC skin contained no
significant amount to the others. The difference of the extraction yield of collagen from both
fish skins probably due to the different structure of skins used.

Table 1 Chemical composition and yield of collagen and fish skin from NT and GC

Compositions Collagen Fish skin

(%) Nile tilapia  Giant catfish Nile tilapia Giant catfish
Yield 28.50+2.35"  8.48+0.18" - -
Protein 94.55+0.27°  86.28+0.4" 26.55£1.26*  34.03+0.54"
Moisture 3.30£0.71 4.83+2.68 69.68+0.40"  64.86+0.40
Lipid 3.4240.65°  0.12+0.04° 4.40+0.86 2.69£1.65
Ash 0.16+0.02 0.08+0.01 0.20£0.00 0.2540.01

Values (Mean + S.E.) within a row followed by a different superscript differ statistically (independent -test,
p<0.05).



2. Molecular weight distribution of collagens

The protein patterns of fish skin collagens under reducing and non-reducing
conditions are presented in Figure 1. Three major bands were found in all samples.
representing -, ay, oz. The results indicated that type I collagen is a major component in
collagen extracted from NT and GC fish skin. Characteristic for type I collagen B-, o, o2
components were also observed in skin collagen of Nile perch', yellowfin tuna’ and
brownstripe red snapper'', and skin and bone collagens of bigeye snapper'’. Comparing
between collagens under reducing and non-reducing conditions, the patterns of the samples
were similar; indicating the absence of disulfide bonds in those collagens, although the
intensity of these bands is slightly different. The results were in accordance with the
previously reported from skin collagen of several other fish species e.g. Nile perch', bigeye
snapper'> and brownstripe red snapper' .
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Figure 1. SDS-PAGE patterns of collagens from Nile tilapia skin (1-2) and farmed giant
catfish skin (3-4) under reducing (a) and non-reducing (b) conditions. M: molecular weight
markers; Com: commercial collagen.

3. Collagen hydrolysates

NT and GC collagen hydrolysates were prepared by using four enzymes (bromelain,
papain, trypsin, and protease from Calotropic procera latex) at different hydrolysis time (0.5,
1, 2, and 3 hours) for 37 °C. SDS-PAGE showed all of four enzymes-treated CH of both NT
and GC samples in various hydrolysis times were similar protein pattern. These protein
patterns did not have the three major bands of type I collagen (Figs. 2,3). It suggests that
these four proteases in this study condition (37 °C) can hydrolyze collagen to be the smaller
molecule. However, the intensity and the location of protein bands were different in each
enzyme-treated CH that the trypsin-treated (T) and Calotropic procera latex-treated CH of
NT from all hydrolysates times were higher intensity band than other treated of same sample
(Fig. 2). GC sample showed the higher intensity band on Calotropic procera latex-treated CH
on the apical region as higher molecular weight (Fig. 3). This finding may be useful for
further investigate to optimize the hydrolysis condition of collagen hydrolysates.
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Figure 2. SDS-PAGE pattern of Nile tilapia (NT) collagen hydrolysates with bromelain (B),
papain (P), trypsin (T) and protease from Calotropic procera latex (C) at the different
hydrolysis times (0.5, 1, 2, and 3 hours).
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Figure 3. SDS-PAGE pattern of giant catfish (GC) collagen hydrolysates with bromelain (B),
papain (P), trypsin (T) and protease from Calotropic procera latex (C) at the different
hydrolysis times (0.5, 1, 2, and 3 hours).




4. Antioxidant activity of collagen hydrolysates

DPPH radical scavenging activity of NT and GC skin collagen hydrolysates (CH)
using various enzymes (bromelian, papain, trypsin, and protease from Calotropic procera
latex) and different times (0.5, 1, 2 and 3 hours) were investigated (Table 2). The NT and GC
results showed that DPPH activity was significantly different between each enzyme and the
hydrolysis times (p<0.05). It was significant highest on bromelain-treated CH at 2 hours for
NT collagen (12.38 mg TEAC g/dry weight) whereas for GC collagen occurred with protease
from Calatropic procera latex-treated CH at 1 hour (7.46 mg TEAC g/ dry weight).
Moreover, the antioxidant activity of GC collagen hydrolysates from each enzyme has the
same tendency that showed the highest activity during 1 hour of hydrolysis time. The results
suggest that the optimal hydrolysis conditions for collagen hydrolysates with high antioxidant
activity were 37 °C at 2-3 hours for NT collagen and 1 hour for GC collagen with these four
proteases.

Table 2. DPPH radical scavenging of NT and GC collagen hydrolysates by using different
proteolytic enzymes at each hydrolysis times.

Time Enzymes DPPH (mg TEAC/g.dw)
(h) Nile tilapia Giant catfish
0.5 B 9.57 £ 0.90° 4.36+0.40"

P 7.22 £0.97° 2.39+0.17"
T 3.77 £0.68° 5.18+0.26
C 8.78 £0.23" 4.80+0.96°
1 B 8.42 +0.34° 6.31+0.18
p 7.52 +0.26" 7.16+0.37
T 5.33 £0.16° 5.45+0.68
C 4.85 £1.60° 7.46+1.02
2 B 12.38 +1.28° 2.9210.99°
p 8.51 £0.80" 6.95+0.21"
i 8.50 +0.59° 2.33+0.13°
C 4.80 £0.06° 3.0840.53°
3 B 6.69 +0.30° 5.10+0.99
P 9.11 £0.05 4.93+0.16
T 5.61 £0.15™ 3.8840.10
e 4.79 +1.05° 4.99+0.98

Mean£S.D. (n=3); Values within a column in a same time followed by a different superscript
differ statistically (ANOVA, p<0.05); B=Bromelain, P=Papain, T=Trypsin, C= protease
from Calotropic procera latex.

CONCLUSION

Collagen could be successfully extracted from the skin of Nile tilapia and farmed
giant catfish by acid solubilization with the yield of 28.5% and 8.5%, respectively. The
collagens were characterized as type I without disulfide bond. Nile tilapia and giant catfish
collagens hydrolyzed with bromelain, papain, trypsin, and protease from Calotropic procera
latex may be possible way to obtain bioactive peptides that exhibited the high DPPH free-
radical scavenging. Based on the results, NT and GC skin can be used as an alternative source
of collagen, besides mammals. The hydrolysates preparation results may be useful for
optimization the hydrolysis conditions for production of antioxidant or functional ingredients
in cosmetics, food, and dietary supplements.
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Abstract

Collagen was extracted from skins of striped catfish (SC: Pangasianodon hypophathalmus) and
farmed giant catfish (GC: Pangasianodon gigas) using acid-solubilization process at 4 °C for 48 hours.
The yields of collagen from SC and GC skins were 27.3% and 5.96%, respectively (wet weight basis).
Protein pattern of these collagens showed the three major bands (3, o, o, components) as the type I
collagen. SC and GC collagens were hydrolyzed by using four proteases (bromelain, papain, trypsin, and
protease from Calotropic procera latex) with ratio collagen: enzymes, 1:1000 g/units at 37 °C for 0.5, 1,
2, and 3 hours. The SC and GC collagen hydrolysates (CH) obtained by using all enzymes showed the
absence of the three major protein bands of collagen in SDS-PAGE. DPPH radical-scavenging activity of
SC and GC collagen hydrolysates was significantly different among the hydrolysis condition (p<0.05). It
was significant highest on Calotropic procera latex-treated CH at | hour for GC collagen (7.46 mg TEAC
g/dry weight) and at 2 hours for SC collagen (2.44 mg TEAC g/dry weight). The results suggest that the
SC and GC fish skins could be used as an alternative source for collagen extraction and the bioactive

peptides can be obtained from these catfish collagens hydrolyzed with the proteolytic enzymes.

Keywords: Acid-soluble collagen, DPPH, Giant catfish, Protein hydrolysates, Striped catfish

Introduction and Objective

Collagen is widely and diversely used as
natural material in food, medicine and cosmetic
industries. Its functional and nutritional
properties (e.g. antioxidant activity) can be
improved and upgraded by enzymatic hydrolysis
(e.g. protease, bromelain, papain, trypsin) with
optimizing condition'. Collagen and collagen
hydrolysate (CH) are mainly obtained from
cattle and swine, however; it has limited by the
spread the animal disease to human. Thus, the
finding of new materials for collagen extraction
has been investigated, especially from wastes of
fishery industries. The collagen extraction from
the skin, fin and bone of marine fish has been
broadly studied™, but not in case of the
freshwater fish. In Thailand, the freshwater fish
that are widely commercially cultured has little
been studied for collagen extraction, especially
in thick skin species. The striped catfish (SC)
and the farmed giant catfish (GC) has become
importantly economic fish mostly cultured in
Chiang Rai province, Thailand. The objectives
of this study were to investigate the
characteristics of the collagen from SC and GC
skin and to optimize the condition for collagen

hydrolysates production by using various
enzymes and also their bioactivity characteristics
were investigate.

Materials and Methods

SC and GC skins was removed manually,
cleaned and cut into small pieces (0.5x0.5cm) as
well as stored at -20°C until used. Commercial
collagen from bovine achilles tendon was used
as the standard collagen.

1. Collagen extraction

The SC and GC collagens were extracted
following the method of Kittiphattanabawon et
al (2005)° with a slight modification. The non-
collagenous proteins were removed by 0.1 N
NaOH (sample/alkaline; 1:10 w/v). Collagen
was extracted with 0.5 M acetic acid (1:20 w/v)
at 4°C for 48 hours. Collagen yield (recovery)
was determined in wet basic.

2. SDS-PAGE

Protein pattern of fish skin, collagen, and
collagen hydrolysate (CH) was performed by the
method of Laemmli (1970)" with 4% stacking
and 7.5% running gels.

3. Collagen hydrolysate (CH)

The preparation of CH was modified from
the method described by Yang et al., (2008)°.
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The freeze-dried SC and GC collagens (0.25g)
were dissolved in 50 ml of 0.IM sodium
phosphate buffer pH 7 and hydrolyzed by each
bromelain (B), papain (P), trypsin (T), and
protease from Calotropic procera latex (C) in
ratio 1:100 g/unit (hydrolsates: enzyme) at 37 °C
for 0 to 3 hours. DPPH-radical scavenging
activity of each CH were determined as describe
by Khantaphant and Benjakul (2008)".

4. Data analysis

The obtained data were statistically analysed
using the SPSS program version 11.5 for
window. Differences between treatments were
compared by Tukey HSD test of ANOVA.

Results and Discussion

The yield of skin collagen from SC (27.3%)
was higher than GC (5.96%) (wet basis) that was
higher than previous studies e.g. bigeye snapper
(10.94%)* and brownstripe red snapper (9%)°.
The different yield of collagen is probably due
to the different structure of fish skin used.

Non-reducing,

Figure 1. SDS-PAGE patterns of collagens from GC
(1) and SC (2) and the SC fish skin (3). M=molecular
welght marker. STD= commercial collagen.

The protein patterns (Fig. 1) of SC and GC
collagens under reducing and non-reducing were
similar that three major bands were found in all
samples, representing -, o, o as type I
collagen. The similarity of protein patterns in
reducing and non-reducing conditions indicated
that these collagens were absent of disulfide
bonds. Characteristic of type I collagen was also
obtained in other skin collagens™. Moreover,
the CH of SC and GC obtained by using four
proteolytic enzymes showed the absence of the
three major protein bands in SDS-PAGE (data
not shown). The results indicated that these
proteases can hydrolyze collagen into the
smaller peptides or single molecule.

DPPH  radical-scavenging activity of
collagen hydrolysates from SC and GC was
significantly different among the hydrolysis

condition (p<0.05). It showed the highest
activity on Calotropic procera latex-treated CH
prepared with | hour for GC collagen (7.46 mg
TEAC g/dry weight) and 2 hours for SC
collagen (2.44 mg TEAC g/wt) (Table ).

Table 1. DPPH radical scavenging of SC and GC
collagen hydrolysates by using different protease at
each hydrolysis times.

Time Ca— DPPH (mg TEAC/ g.dw)

(h) il Striped catfish Giant catfish
0.5 B 1.15:0.20° 4.36£040°
p 1.41£0.25" 239+0.17"

T 1.60+0.36" 5.18+0.26"

C 1.98+0.85" 4.8040,96°

1 B 1.55£0.03" 6.3120.18
P 1.77+0.04" 7.16£0.37

T 1.57+0.08" 5.45+0 68

C 2.06+0.05" 7.46£1.02

2 B 1.54=0.08 2.920.99°
P 1.56+0.02° 6.95+0.21°

T 1.5940.39" 23340.13"

C 2.44+0.48° 3.08=0.53"

3 B 1.5920,05° 5.100.99
p 1.900.05° 4.930.16

T 1.63+0.03" 3.8840.10

fal 2.33£0.07" 4992098

Mean+8.D. (n=3); Values within a column in a same time followed
by a different superscript differ statistically (ANOVA, p<0.05).
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