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AdARY: ansazaneLendI/ ensrazne/ gramansesd1eny wuialiiana



Abstract

This research aimed to study cosmetic bioactivity of fractionated papaya latex
extract. When wounding, the papaya fruit immediately secretes liquid latex and then
the liquid form becoming clotted within a few minutes. Therefore, the latex sample
collected in this study can be categorized into 4 types liquid first time tapping latex
(FL), clotted first time tapping latex (FC), liquid repeated tapping latex (RL) and
clotted repeated tapping latex (RQ).

The samples were fractionated into 4 molecular weight ranges depend upon
the molecular weight cut-off of the membrane pore. The repeated tapping latex
showed higher proteolytic activity and protein content than those of the first time
tapping. When fractionated, the >30 kDa sample size provided the highest proteolytic
activity ranging 372-4,334 units/mL and protein ranging 139-144 mg/mL. The
fractionated papaya latex size >10-30 kDa, >3-10 kDa and <3 kDa showed greater
radical scavenging activity (ICs ranging 1.11-1.85 meg/mL) than the standard BHT. The
papaya latex fractionation of MW >30 kDa was superior absorbability for UVC and
UVB to others fractionation. However, all samples of fractionated papaya latex were
not able to absorb UVA ray. Most of the papaya latex fractionation exhibited greater
tyrosinase inhibitory activity when compared to standard kojic acid (ICsy 40.02 pg/mL)
which the lowest ICsy value of 25.11 pg/mL was found in the >30 kDa size sample.
SDS-PAGE analysis verified that molecular size of the fractionated papaya latex

composition corresponded to the molecular weight cut-off of the used membrane.

Keywords: fractionate/ papaya latex/ cosmetic bioactivity/ molecular weight
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AW 45 sUnuussesAUsEneuTeEsatausndIuizazne FL
WATIEYilay C18 column HPLC
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o

'lﬁLﬁmLumﬁuﬁmmﬁmawwmmLﬂuawmmaa i Il nse  wa9 (Schurink, 2007) Tu
amawﬂﬁmmaammwuwamﬁmsﬁﬁé’waﬁwamwaamammammvmﬂamuau’hjawi
songvisilududdlnlstiuadsifaildannsduassiuasidonsssund agrdlsiiouans
SudalnlsBiuadinnainnisdunseiusioeiussansning 1190 wavilmiianadafes
Aoudrann wulelasailuy nsadanfiute “av fuluvasysemasiuieusemelng3s
Usgnaiuldarsdnasiziivaniluinsesdians Aewgaainaguilaadetuunly
\Adesd1a19fifdrIunanInsssUTIRNINTY YlFuualtuniseatavetatode19an
sssuvALaziasasdeauinaiulnagseides Tufensinmansdudilvlstiuasuts
aﬁﬁma%aﬁawmﬂaﬁaﬁmmwsasﬂa%’qﬁmmmau%ﬁgﬂuu,dmmﬂaaﬂﬁmmmﬂu

NARNAUNNNIINTITUEN uaﬂﬁ]'1ﬂﬁué’auﬁuummaﬂﬁLﬁu%aml,muzasnaﬁﬂmwﬁa



thensrarnausznaudaeinlundnie 85% (ww) uavdwitlildth 15% (ww)
(Moussaoui et al., 2001; Azarkan et al., 2006) Feduilaviifansiiazaneiuasliiazane
thiauiuey ansiliavasihiuussneufsansussanasivlawsmuasiouleilavady
wdn (Moussaoui et al, 2001) lusasitansazarethiu Usznause Famsulusiiea 4
il (~30-80%) lown Unvu laluundu ansiau wazlnada oulanwuilina  aslulaimsy
(~10%) nde (~10%) ludu (~5%) Wsiusdeduiililelusiiea (~10%) SsUszneudie
wulesluiiasineg wu lalelesd (Redina et al., 1997) lafiua (Azarkan et al., 1997) ngen
fulalmansudivalsa (Zerhouni et al., 1997; Gololobov et al., 1996) s 1,3-ngAua
(Wilson, 1974) ngmilsleu nsuaweisa (Dixon et al, 1998) safansdudalusiiea 2
¥ila 1WA Kunizt-type inhibitor (Moussaoui et al., 2001; Azarkan et al., 2006a; Odani
et al., 1996) uag cystatin (Moussaoui et al., 2001; Song et al., 1995) uaﬂmﬂﬁ'jué’a
Uﬁzﬂauﬁaﬂmmﬁaqa?SMq 'ifaqunqmlﬁiau (Moussaoui et al., 2001) FudusyWusues
lasmulndiiquisusyyadassloesssed uddmuingnilslouannsndudsivlsfiua
Isiguidenfudamau (Schurink, 2007; Benjakul et al., 2006) gnuzasnotuiogianndau
voadwnzaznesnudwidunnusnuiinaduuniian Tnethersgnaislaewadiiesi
3enin laticifers FuBesrefuluinumuasnisvadidoudetuognieldfinduuonvosiu
NgazneanUssun 1-2 Jadwns (Moussaoui et al., 2001: Azarkan et al., 2003)

VRIDINAAUIN LN AR ULLALN DL TUL8190DNUNB T 83N UA 1LBRINOUASIBLAEARS

U

a o &

A9 LU @NNTWINGENNTULTY ansiall uuad WegdunId 1av aelululiesdlians

L}

)

Faluanasineg uenmilonneulmifingnunudsndusenistiostudaies Smeaui
wdsannisnianauraznelmsi tionsfignduesnmasiiveniifvesisioaduin usiay
Wudusgesiaimientunisudsivenhenaiiedaviauna  (Moutim et al, 1999,
Azarkan et al., 2006b) wauzagnefignnIngtedmats Ass Lenumsuanteanveslusiy
vanewlindlaifieuiunauzaznefignninniausniaoame Tafua ngmivlelnansamoisa
way asdudaeuluiviudu Kunitz-type inhibitor (Azarkan et al., 2006b; Azarkan et al.,
2004) uenantudamulusiuvdomdindiitihminlinanalugae 10-18 kDa vieshndniu
Tuusunage edlsfinuddliamnsaesueliiniulusiueinlauasiiniilalunalanig
Ussfudlosesiuuzazne (Moutim et al., 1999; Azarkan et al., 2006b; Azarkan et al.,
2004) *f?dfjﬁs'lmwmfﬂgwﬂlwﬁuaﬂmaulﬁimﬂaLawmmmfhﬁﬁmwﬁﬁm6] fiuss@ninimas
Tumailluansdieyyadase (Wu et al, 2008; Xie et al, 2008; Ren et al., 2008; Pena-
Ramos and Xiong, 2002) LLang)UEjg\ﬂwi'iﬁTlLua ((Schurink, 2007; Schurink et al., 2007)



Karakurt wagmg (2007; 2003) wuinnssausevilvnauzaznaiuinunaazyinle
\ansuansesnvaaeuleivarssiadlodisutuuzasneiiliiinuiausa iddgyde yUias
aanlen Aading %qﬂumul%ﬂﬁma%aﬁasx Faimainuzazneaiueulsivlndvuniie
ineyyedassiinaneueieasnmisifiouiauwa  msAnuluilonauzasnoduwuin
flansfieangvidsueyyadastlnslomedmiudluinnngs (Lm et al, 2007) nstua
masmaﬁulwﬁﬂwudﬁmsﬁaﬁ'ﬂlﬁmﬂﬂwwﬁﬂﬁ‘uwﬁwﬁmwlumsﬁma%aﬁamﬁmﬁuaﬂw
whildidn (Sala, 2007) wenaniudmuiluaziudenddunrasnedaseneuseanssan
aoedluUinaige (Khuzhaev and Aripova, 2000) Tuvnizflilonavzusznaudesluii
(saponin) uag A3alLlas (cardenolides) (Oloyede, 2005) Aainasvanitidugale T

wWaenanulazilenavewragnelingvisiueyyadase



3.1 1503 wazAsasile

GREIGEY

Absolute ethyl alcohol

2,2’-Azino-bis(3-ethybenzthiazoline-
6-sulphonic acid) (ABTS)

Butylated hydroxyltoluene (BHT)

Bovine serum albumin (BSA)

Dipotassium hydrogenphosphate

DPPH

Casein

Coomassie Brilliant Blue G-250

L-Cysteine

Ethylenediamine tetraacetic acid (EDTA-2Na)

Ethyl alcohol 95%

Folin Ciocalteu reagent

Gallic acid

Phosphoric acid 85%

Potassium dihydrogenphosphate

Sodium carbonate

L-Tyrosine

Trichloroacetic acid

\w3esile gunsal U
Mikro/BA300
BT 2245

Centrifuge

Digital Balance

UIEN

Labscan (AR, UK)

Fluka (AR, Switzerland)
Fluka (AR, Switzerland)
Fluka (AR, Switzerland)
BDH (AR, USA)

Sigma (AR, USA)

Sigma (AR, USA)

Merck (AR, Germany)
Sigma (AR, USA)
Lancaster (AR, UK)
Labscan (AR, UK)
Merck (Germany)
Sigma-Aldrich (AR, USA)
Carlo-Erba (AR, Italy)
BDH (AR, USA)

Ajax Finechem

(AR, Australia)

Siema (AR, USA)

Sigma (AR, USA)

USHN
Mikron

Sartorious



Hot plate stirrer HS-350SP V-Tech

pH meter pH 510 Eutech
Ultrafiltration tube Vivaspin 500 Sartorious

UV-Vis Spectrophotometer Libra 522 Biochrome
Vortex mixer - Scientific Industry
Water b'ath WNB 29 Memmert

3.2 NSNUYNNZAZND

Wugnazaznalaen1sn3nevnauzazneAuiugwuneny 3 wou T
Ui 7. UaUa way o vnge 0. Wed 3. Weese Tudisand 5.00-7.30 u. lag¥Bmaifiu
798 A NTUMININATAITVEY Chaiwut et al. (2007) waz Theppakorn et al. (2003)
wé’qmﬂﬁmamazﬂagﬂﬂ%ﬂﬁu’u ihenseyinasenanuatufiudilonariwlvussine 3 und
dhensazinnsudosn (clotting) Feidwhnsfiusethsenmzaznasiuu 4 fegn fe
dhensiildannnisnianandausn (first time tapping Uquid latex, FL) thensfiudaiudaann
msn3amMansausn (first time tapping clotting latex, FC) thenzasnaiilsdannmsnianadn
(repeated tapping liquid latex, RL) ua Yensiiudetaudannnnisnianas (repeated

tapping clotting latex, RC) iumatsensuzaznalif -20 °C dwsuvnisnaassaly

3.3 N1SHSUNAITAZAELENEIUYDIBNNZAZND

BNSLEELFAI98 1ANLUAIRINTEN15Y8Y Chaiwut et al. (2007) lngnaufiag1aens
uraznofuindulusnsdin 11 (wa) ansuinsmusethafune 10 wi uduhl
Huwiesiiarnds 5000 rpm Juvan 30 wifl Wieusndawitlilazangeanly arsavarela
nhesitlindantiumisadenit cude papaya latex lunisneassith crude papaya
latex Tueneenilu 4 dmmuvuislanamemeada ultrafiltration nensdilunsassinu
Luuwiuﬁﬁgwgwummmm ffufe 30 kDa, 10 kDa wa¥ 3 kDa \iBugnaIsaraefigImny
ywedminlmans lfdumsazarsiedheiiiouin >30 kDa, >10-30 kDa, >3-10 kDa
war < 3 kDa nuwiwieing yophilizer wiifushetsansasnangmzasnalii

mndl - 20°C @ msunisveasenaly

9 v



3.4 nMsaszinUinIE s luanalussasalguendIuTeIe1INzane
3.4.1 MyAATivsiIalUshu

UiinaulusiiuluansaniasiedneinlagiBnsves Bradford (1976) Inanausaaganiy
Bradford reagent 9ntutaninAnisgandunasit 595 uiluiuns Toeld BsA WWulusiy

UPIFIY

3.4.2 n15eTevLenfInvelUshied
MSNATIERREARIAYelUSARalUE TazaNERE NAIUENEAENEYIRLAS T UBS
Chaiwut et al. (2010a) Ieeldpduludvawmsnuazauiusianminuaddlsaealagnis

wWisuiisuiunsmanesgulvlsdu

3.5 nsuidsunuansusznauiuagdn
AMIUSHIENTUSENaUAUBANYIPNTI5A1589 Chaiwut et al. (2010b) AW
USunuansusznauiuednluimegrdlasieouiunsimunnsgiuves callic acid waswanaualu

3U mg gallic acid equivalent per mg sample (mg GAE/mg)

3.6 MednsiquEn1sdiuayyadaszlay3s ABTS

Msmgvsiueyya ABTS finuasainisnisues Re et al. (1999) yhmsindinis
Qﬂﬂauuaﬁ 734 nm 28 UV-Vis Spectrophotometer (Biochromy/Libra 522) A1uamiv
Sowarnsdudsoyya ABTS feaunis

% Inhibition = [(Acntrol= Asample) /Acontrol] X100

do A ﬁaﬁhmi@]mﬂﬁuuaqﬁ 734 nm 483 ABTS” filsiflansanmsinagis

Asample ﬁammf@mﬂﬁumaﬁ 734 nm vo4 ABTS ™ Aiflansariasnogng

uamsraresN I ueyyadasslusUmmdidure whedwittesfigailaunsaduds
ausaBaselel 50% (ICs) Fasmnadldninnsmauduiugsewing % inhibition fuAy

L7 @ ]
FUUYUYDNATIBDUN

a ¢ Sy o
3.7 msansevgnoaulnlstiue
grsdugueululinlsfiuavesarsazatsuendiuetuzaznavinlalagsaulasain

815984 Chaiwut et al. (2010a) lngld kojic acid Wuansumsgiu wanwmavedudslugy
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ANNTUBegNNtseNgata i sadugenls@iuala 50% (ICsy) eruanlaainnsw

AMUFUNUSSENIN % inhibition AuAMUTLTUTIDIFIaENa

3.8 MIAATITANTPANTUTIRYIVRETATABLENHIUE1INLAEND
MSIATIZRATINENNNTONIRANGUELTVDIANTANPY 1N ALND lelagidaan

fogndiarmududumngan (5.0 pg/ml) udvimsaunurimaganduLamsy I

200-400 nm 28 UV-spectrophotometer (Biochrom/Libra $22) I@aLﬁBUﬁuaﬁiﬂJﬂmiim

oxybenzone fiAudNuLvIIAY

3.9 msiessigluuvesAdsznauasavatgnengdiugneuzaznasiag HPLC
Aaeizluvuraslusiunasindlndesdusenauluansazarsuendiugsurazne

shuwailn HPLC Tngldnadusl C18 (Water spherisorb, 4.6x250 mm) ansagatgindawd

Usznausie ansazans TFA 0.01% wag acetonitrile §791dm 20:80 M3I9aaUR0EN3TIgN

9¥$ne photo diode UV detector 280 nm

3.10 N153LASITTUINIUSAUBIAUS L NaVENTaYAELENEIULI9UTaZNaA28 SDS-PAGE
mMsleseinsuuuulusivesAusenatluasavarsuendiuensuzagnasme SDS-

PAGE sinuUadannisnisved Laemli (1970)



und 4
NANITANUUIIUIY

4.1 waaRanvaslushawazUsuulusiuluasavatsuendlaugsuzazneg
frethihenszarneudaly ¢ wila Ao thensuzaznewandildainnisniana
uraznoluasausnidendn FL (first time tapping liquid latex)  ensuvasnafiudefaudaiils
MnMsnIananzagneluafausn Sund1 FC (first time tapping clotting latex) 1hens
gaznafiléninnisnianauvavnesilon iy 2 §anni 13end1 RL (repeated tapping
liquid latex) uagenuzaznafiudiudaiildannisnianauyasnes138n71 RC (repeated
tapping clotting latex)  wenevie 4 faghs gnudseanilu 4 daumenszuIuns

ultrafiltration Ineueneuvinluanafevuin >30 kDa, >10-30 kDa, >3-10 kDa ua

WAANEN <3 kDa AIMERU

A1519% 4-1 LLam’lﬁLﬁu’hﬁ’]m&mﬂwauzazﬂ@ﬁﬂﬂﬂ%’ﬂﬂ%’uﬁﬂ (FL way FC) Auwa

EY
]

gﬂﬂ ad1 (RL uwag RO) Tiuunalusdieauendfsieiuunn Iﬂmmﬂmﬁluawmﬂwawm

£
]

ﬂﬁmmmmaaﬂuma 1,079-1,198 units/mg (U/mL) ’Lumm“mmamﬂwammﬂumnnimma
L.L%ﬂmmag‘imm 256-365 U/mL aamﬂamﬂumammi}Emau‘wuﬂ‘iwmummmﬂmazﬂa'w
gndueenumdanIanalmia axillsfeausadifiudidornisnindiasviliuonfifves
wulesiiiatustann (Moutim, 1999) aglsfimuantansnaasmuinsuIue eI
= Il 4 = =l =4 a1 Y ol s s 1
n3aensuzazneliifinasouiinalusiusu esndialndidssiuluyniogves cude
papaya latex nszuruMstutherailaliviaunailunalnnisteaiumiesvesutsagnaann
LLuaaLLauL‘uaﬂaum'%'sJ‘@mﬂ (Moutim, 1999; Azarkan et al., 2006) fsduludiensuzaznads
Usgnaudeanseangisneg vansuia siueansiiligrivisadroeadlnluazauiuuna
a1y Jainasivsglovdlumsdnldifudrunadlueiesdrena
duvesiegeniiwiinluanauinndt 30 kDa wansArmudNduvelUshuLay
aado = L BT I 4
LLaﬂmm“uaﬂU‘imLaaqaajmm:ﬁwm'immmnmﬂu crude papaya latex LU®4?1n
NIEUIUNTHENAIUTDIaNSazateuza natlun sy lisedeluudagduiianududu
dinguinililiauduturedusieauarliusiuas evinisuendiuaisazaislasnis

o e o = 0 w = o < |
ﬂiaamaLmJLmumgﬂw;uﬁummaﬂaaﬂa 30 10 waz 3 kDa #1ua19u SNHYUIRLENNIVUR
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luanavesauled vilieulsiuazlusiuluanaluggninlindewuusuruin 30 kDa
Fufuduvesiegfiinunisnsemdnniuaziiusiieauenitfuasiusiudn Tnsaadn
aadUsEnavvesiieg sdiitmiinluianasgsemine >10-30 kDa, >3-10 kDa uazwun
Wdingm <3 kDa sstfuansdiudaeule uazinUlngsinen wungmilsTeu (Moussaoui et al,

2001)

15199 4-1 waaiinvadusieawaranududuradusiuluaisazarenendiuenauzazna

YUALLANEFH19
Fraction Sample’ Protease activity** (U/mL) Protein (mg/mL)
Crude papaya latex FL 36530 + 62.13° 33.40 + 1.41°
FC 256.13 = 47.23° 32,94 + 0.81%
RL 1,198.77 + 12.62° 32,65 + 1.62°"
RC 1,079.75 + 32.31° 31.79 + 0.40°
> 30 kDa FL 988.32 + 9.95° 141.25 + 1.82°
FC 37267+ 17.4° 144.82 + 2.22°
AL 4,334.65 + 27.35° 140.69 + 2.02°
RC 4,024.72 + 22.36° 139.96 + 1.01°
>10-30 kDa FL 8.69 + 0.31° 1.37 £ 0.11°
FC 6.31 +0.03a" 0.47 = 0.08"
RL 6.10 + 0.06" 1.03 +0.12°
RC 6.32 + 1.05" 1.03 = 0.07
>3-10 kDa FL 1.70 + 0.23° 0.22 £ 0.01°
FC 0.66 + 0.03" 0.10 + 0.00°
RL 1.12 + 0.11° 0.10 £ 0.00°
RC 1.41 + 0.03° 0.31 + 0.04°
< 3 kDa FL 0.23 = 0.47° 0.08 + 0.02°
FC 0.45 +0.11° 0.10 = 0.01°
RL 0.96 + 0.03° 0.10 = 0.01°
RC 0.18  0.19° 0.08 + 0.01°

’ FL; first time tapping liguid latex, FC; first time tapping clotting latex, RL; repeated tapping liquid
latex and RC; repeated tapping clotting latex

s =

msnuiiniulureduiliierfuansruneluanafsaiuwansrnuunnsegedifeddy fisesuan

93l 95%
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4.2 Usunuansusznauilusdnluansazansuendiugsuzazne
USunuansusenauitueiinluasaraleuendiugugarnenivu1nliiananie wans

AN 4-1 ansinegeniideuunaliana >30 kDa TuUSunuansuszneuiiuefingeiign

(%
]

Taedlipsiaun 3.79-5.61 mg GAE/me Fanuindsgnfilaaintrenanaininnsningd (RL) &

AR 5.61 mg GAE/mg wagfaguaintnenaarainnisniaaiausn (FL) Srrshande
3.79 mg GAE/mg USunniansusgnauituedniirnanasedrannlusegieiifivunnvasluiana
Tuansiagnaiingy 30 kDa Tnedlanaglutie 0.18-0.56 mg GAE/mg  ag13lsinnuwuin
Usnmansuszneuiiuednitiasedldisuiusdiulaensefuusinaiusiuluansiedt 4.1 3
a519lae33 Bradford  e1audululdinardsuiaiiuednildannisnaasulag Folin-
Ciocalteu method Tunsvaassil dundadunaninnissumursstSmalusivlusegns

v - = € o e 1 AR, .
M8 DI INNITIATIERUSUNUIUSAUATDUYY Lowry assay 1uld Folin reagent Tuaniiy

LUALTUNY
6
OFL

TR
E mFC
=
5 @ RL
= 7 mRC
£
= i
2 \
E 2
=) w1
) o

Crude extract >30 kDa >10-30 kDa >3-10 kDa <3 kDa

Papaya latex fractions

il 4-1 USinauansussneufluednluansasaneusndiuensuzagneiidvualuananigg
(FL; first time tapping liquid latex, FG; first time tapping clotting latex, RL; repeated
tapping liquid latex and RC; repeated tapping clotting latex)

4.3 gnsdueyyadastluaisazateuendiuensuzazng
3w gimgusdueyyadaseluaisaratsugndiugrwzazneynyruIn

& v = - '
luanauu 1975 ABTS assay @awanisveaasuanslu awdl 4-2 Tnewud crude papaya
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' ]
o o

latex Wigvsaueyyadasziian Inedian 1Cso aglutg 35.31-59.15 mg/mL sadasunlaun
o i ada = o £ v a o e oA = - [T P
feogandvualuena =30 kDa Failgnsiusyyadassaduiudenouiiauiusedneg
Hyunlananaminidd ICs, agluae 10.39 me/mL Tu FC 69 21.31 me/mL Tu FL ugddnasTv

aa s g L

Usnalusiunarlusiteausniifigenininig dufegnidusyyadassvasiagialil
AuduiusiulsleawenfifuasUualusiu
asazanguendiugraznafiivunaluananini 30 kDA ligviddusyyadase
fiFiga 1nediaegne >10-30 kDa, >3-10 kDa waz <3 kDa 1A ICs, oglugae 1.11-1.66, 1.28-
1.85 uag 1.13-1.64 mg/mL anugdu lagyneArlifinnuunneeiusegelidudfy (p<0.05)

wazillaLUTguiiuiuen ICs, MnadaumedBiignuvesasiuoyyadaszungIuae BHT

i

=

WuIHA1 350 mg/mL  wandliifiudtansaratsuendiueuzaznefignuenlusfiuluana
Ingiuazlusieariuunuueseniiud annsalngrssueuyadasyniussaninings iy
iraulamegAnwuuimanmsussandldlueiasdianssaly

Pignsiueyyadassluenwzaznaiinainarstaliana wdlng wavansnies

U

Qs

3uq Mduesdusznau fsrsuimsiauiaunanslfiinainueieavilvuzasnends
wulwiduoyyadasyfo superoxide dismutase ssnwiauduaITYReniiu (Karakurt
and Huber, 2007; 2003) uanantudsiinansidonudn carenolides (Oloyede, 2005) ng
ylslounazansimdaug lugruzaznedouansgnirueyyadassluluingednde
(Moussaoui et al,, 2001) Fwwantimaapadulumuausigildsl e savarsuendiu
yeseuzaznefiuendruvaslusileasanluudamdauiansluanaiiinnitoyuansgnisiu

BYYADATEEY

4.4 FnIganfuTedylvesasazatsuendIug1aNgang
mMsnsIadevANuamnsalunisganiuiedgiluaisiegne duslevddmiunis
Ussgnuansiuuanlundnfusideaiunaan wanseaeulunmnd 4-3 81 4-4 uansm
msgandusedyives crude papaya latex uazansafafifvuimluiana >30 kDa suddiu
lughuresansazansuendiunazaznafivualuanadnniiflifinnuansalunisgandu
giTdliuanmanisnaaes annwil 4-3 wuthansaraneuenduensuzagneannIgANALY
Fidreuenindu 200-280 nm  Faulutasvesyd® (UVC, 200280 nm) Tuneiians
1msgIUOXybenzone anusauansHan1sgetUgTlutnNINReRus 200-360 nm uae

wansvaasdlunwii 4-4 Fivdhednivuialuana >30 kDa lidnsaandugigendn
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60
. arFL
350 A
a arFC
E sRL
g 40 1
& ERC
Bt
£ .
g 30
o
=
g
= 20 A
-
=
& 10
=
)
0 ' T (e " locame |

Crude extract »>30kDa >10-30kDa >3-10kDa <3kDa

Papayalatex fractions

AW 4-2 quisFuayyadasy ABTS vaansasansuendiusmzaznafilvualuananie
(FL; first time tapping liquid latex, FC; first time tapping clotting latex, RL; repeated
tapping liquid latex and RC; repeated tapping clotting latex) lW3guigufiua ICs, U84

@1311M3gIU BHT Ag 350 mg/mL

crude papaya latex iT1sm e TAdwAEItY sidewndetafinududuredysiu
wazieuluiganindailieduneliud Tuvasfimsadiaiuuinluanasingt 30 kDa luuanswa
NsANAUYT %a%’tﬁﬁijmmmmm‘tums@ﬂﬂﬁug%mﬁfgamaﬁuﬁ’uﬁmmﬂﬁ’w%mm
TUsiunazlusitoauenddi Tnensnaziilufitinyerlsudnfussdusznaululusiudlng
aunsaannauuaeItlalaeganiugegate 260-280 nm

InguniSadgigisgitasgnnizidalaelolovlutuussernianaufiagannseny

Y

o
=4 = = 2/ =]

#wuialan HuRemniasuuaiasiounseseimlywitesnitgTieviegidudaed

wEUIINNINaN lefisanan vnassiuItasaratesiegeasaganduyile

wAr9g gty Faldarunsairdedrsluimunduaisiunanle Arsanaisuinsgiu

oxybenzone US4 5 pg/mL winiu wlagaaniugIglasniusivinisganduninmii

ATBUAUVIAEAT U uaste (200-400 nm)
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Abs Ovalay -Scm

2.000

/ Oxybenzone
FC

2000 2500 3000 3500 4000

Wavelmgth (nm)

= =

Amd 43 ANsRaNausadgives crude papaya latex Aeududy 5.0 pe/ml
Wisuieudu oxybenzone fiananduduiviiu
(FL; first time tapping liquid latex, FC; first time tapping clotting latex, RL; repeated

tapping liquid latex and RC; repeated tapping clotting latex)

Abs Ovaly -Scm

2.00

1.000

0.00 e -
2000 2500 3000 3500 4000

Wavelmgth (nm)

[

AN 44 AnseanauiidgivesansaransuendueuzavnefvuIaluana >30 kDa
AMINTY 5.0 pg/mL Wisufieuiu oxybenzone fianuiduduwindu
(FL; first time tapping liquid latex, FC; first time tapping clotting latex, RL; repeated

tapping liquid latex and RC; repeated tapping clotting latex)
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Lo B a .
4.5 gusdugilnlsTiuavasansararsuendiugneuzazne

nanisnaaeugridudueululinlsBiuavesaisazarsusndiuguzaznefivuin

]
=

Tuianasingg uanafisn1519d 4-2 nuiregsdnlngldgvsnsdudueuleiflladisudy
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4.6 g‘uqumﬁﬂsznawaamsazmmwnei’mmamazna
NIATIFBUTURUUBIAUTENDUTDIAISATAELENAILE LA namemAlln HPLC
Humedul C18 uansfanInil 4-5 fiq 4-8 dmsu FL, FC, AL way RC sudisu wudn
asazaEUEN@ILLEAZNDT 4 silalunndasluanasuuuunisvsvesasesiusenaud
AdNENY Iﬂﬂﬁﬁﬂ%ﬁﬂ@@jﬁﬂﬁsuﬂm 25,29, 4.2 uas 7.5 Ui atandnwiseiieatulasn
Tnnsflvessnarazneiinansgldnediniussiamuandsudssaviousuavueniuiana
mumslanaveslusivdadudiundeamsinwmsusnvieviuiansieulss (Thomas
et al., 2009; Chaiwut et al., 2007; Oloyede, 2005; Azarkan et al., 2004;: Moussaoui et
al,, 2001) wilunuddedidenldmesuivsewnm C18 Lﬁai’mquadﬁiumﬁﬂmL‘U%auLﬁa‘u
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Fraction Sample* ICso (g/mL)
- Kojic acid 40.02 £ 1.01
Crude papaya latex FL 32.24 + 0.08
FE 33.61 £ 0.16

RL 31.21 £ 0.26

RC 34.42 + 0.22

> 30 kDa FL 26.14 £ 0.19
FC 24.17 £ 0.07

RL 2726 +1.24

RC 2511 £ 0.74

>10-30 kDa FL 176.92 + 0.11
FC 179.43 = 1.14

RL 168.70 = 1.27

RC 171.14 + 2.33

>3-10 kDa FL 93.28 + 0.24
FC 110.28 £ 2.71

RL 99.16 + 2.03

RC 104.04 + 1.02

< 3 kDa FL 28.67 + 1.96
FC 29.48 = 1.78

RL 27.61 +0.49

RC 27.02+2.01

* FL; first time tapping liquid latex, FC; first time tapping clotting latex,
RL; repeated tapping liquid latex and RC; repeated tapping clotting latex
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4.7 NMIUUIALUSAUYDIENTAYAIBUENEIUENNTALNDAIY SDS-PAGE

nsieTEualuianavesansasnusznavluaisararsuendineeuraznesiy
wiATlA SDS-PAGE wanefanandi 4-9 ¢ 4-11 wuidransadinensuzaszne u3e crude papaya
latex flasdusenaulusiuvatsvdaludisluananin wagguuuulusiuesdusenauay
adefulunnmetwinheramaazienaudsiildannininadusnuagnisniagy
(il 4-9 unail 1-0) ‘lummzﬁmiaxa’muana'faumw::asﬂasdawu’mimaqa >30 kDa (1812
7l 5-8) agluaulusfuiidunin avveuliiuiriiaududureslsiuannniy cude %4
gonndpeiunamImaaeslum1sNed 4-1 uazguurumsidouiivestusiussdussnauluens
uzaznedaenndosiunanuitenoumihdmuilusiuesddsznoudninyivuneluanas
11 18 kDa (Chaiwut et al.; 2007; Chaiwut et al., 2010a; Thomas et al., 2009)

A9 4-9 vwnaluanaveslusiuesiuseneuluasanneauzasne crude papaya latex
P Y
(wa I 1: crude FL, 2: crude FC, 3: crude RL Wkag 4: crude RC) WiyuWigufiudsazany

wsnaugtsuzagneivuInluanatas >30 kDa (Wl 5: FL, 6: FC, 7: RL uae 8: RC)

TUsfuasdusznevlumsaransuondiugsueasnafivwialuanats >10-30 kDa &
mduraunude (Mwdl 4-10 uaafl 1-0) wansindusinalusiusiluansasanedand 3o
ofureldinlusiussAusznoundnlusnmzaznedefivuialuanadnninldgnarinlsilueg
Tugsluana >3-10 udrazifuldnanuduresoulsfuiiduivludadnanadngs

| | d 1 i U 1]
(Wl 4-10 wpa 5-8) Tuvnusiansavarsuendiuewuzazneluanadnnin 3 kDa vl
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= a 2/ 1 = P
annsaiuunudvedlusiuld (nwil 4-11) efurgldinlusiuivuadnanansandeuilils
' ° - ' -
JuvgresnuBnusulRaLarusnanulUTiuTwalenadinghiannsalinauinviafind

thidufiuTuanavesd Coomassie brilliant blue #ldlunsiinseild (Bradford, 1976)

At 4-10 sueluanavedlusiuesdusznavlumsasanuenduazagnaiionn
Taanatae >10-30 kDa (el 1: FL, 2: FC, 3: RL wag &: RC) uazaualuanatag >3-10
kDa (ueafl 5: FL, 6: FC, 7: RL uaz 8: RC)

kDa

215—
120—

a ¢ ; =i
i 4-11 ywaluanavaslysivesdvsznevluansararsnendiuensuzaznefivuin
luanatie < 3 kDa (Waa#l 1 uae 5: FL, 2 uae 6: FC, 3 uay 7: RL uay 4 uaz 8: RC)




uny 5

ATUNAIVLLASUBLAUBLUL

5.1 agunan1vnasg

gnazaznefildanmaninuaszaznet iU Tnalusiulazueniifveslusiioags
nienazasnaldaInNsnIaNaASaLsn ansasanBuendIugzagnafiiivuialiana >30
kDa frmduduvedusiulaclusioauoniigeian Tnefialusiulugie 139.96-144.82
me/mL wazueniifveslushiea 372.67-4,334.65 units luvnziunulinuAusunadusiiy
warlusleaueniinlumsasansusndruifivuialuianasingi 30 kDa

ansarasuendiuguvavneffivuinliana >10-30 kDa, »3-10 kDa uag <3 kDa

L v a

Tigvsiuoyyadaseaelien ICs, agludae 1.11-1.66, 1.28-1.85 uag 1.13-1.64 me/mL
muady laglvigndgandnansuinsgiu BHT msfinwussdniamnisaaniuisdeinuines

1%

afimenuzasnefilvunalanana >30 kDa  anunsagandugiduaseItlagindiansadnens

o TGRS ] & = v Lo & a
ugarnedu  ualiiisheglaannsogandudngliels grsdudneuluiinlsfiuaves
ansazansuendusararnednlvygaindigrsvesaminasunsaledn  laegvisvesdiu
dwunilnanavusivgiinneuledlusieanduessiussnauiinmsteslnlsfiuaiafia

v @ oo < = o ©® a A Ao a

nmsfudanaluvnyiduniluenadniinanaisusynevduililelusiea

M3lEHPLC modutl C18 awwnsansavaaujUkuvesAussnauvesansiuasasaiy
uendmeuaznelel WAz SDS-PAGE  aunsnguduvuinluianavaslusiunudiluiana

YavansazatslenadIusNalvaznalneg 19dnLau

5.2 anudululdlunisussgndluasosdiang

ansararsusnautzazneansahlunauluasoengnsluiesasdonsld
1 = = = 1 A = El" 1 1
agniiusyansam lnednndulisfeadelluanavuislvgaunsauszynaiuansedienan
asnwadRItuLentaInildluanzdoulaursinnnasUssinnnsanald  uenanty

fanmssmeirsadaiTouiisuiunsanald eneuledilluanalngliamnsndui

2
@
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Aasud C18 e usivndanisiunisviuigvisluanalusiuvioouledluensurazneusay
siaussrUsenaumsitivalafivuisauniskenlusiuy swuduvaia FPLC  Tay
denldmadulussinnuaniUbeuysyansavssianuanauialuana gy lulalusiund
qo' 1 | -3 [~ av = ] a '3
AMUUTANSEY winglsfnnulumsdudesiauassutszunaluiivasnnilulssyng

Tuiesasdrons@sliisiasnisaanuuigvsvesansunnin



LBNE1591994

s

FinuANENTIUNITIMITWAZYY 13 WewAAN 2551 UIBNMANIENITIAGITUEY 394 ﬁ'muﬂi'mqﬁ
vl ludiunanlunisndaniasdions  nsgvssasisngy [Cited: 30 weadniou 2551)
[Online:http://www.fda.moph.go.th/News50/DontinputCosmetic.pdf].

dineuanznssunIsasuazel 27 fguieu 2550 e, wasisdauaznmiaiasdiansdunsie
NITNINAWIUEY [Cited: 30 werRneu 2551]
[Online:http://www.fda.moph.go.th/News50/BROCHURE.PDF ],

Azarkan, M., Amrani, A., Nijs, M., Vandermeers, A., Zerhouni, S., Smolders, N. and Looze, Y. 1997.
Carica papaya latex is a rich source of a class [ chitinase. Phytochem., 46: 1319-1325.

Azarkan, M., Dibiani, R., Baulard, C. and Baeyens-Volant, D. 2006a. Effects of mechanical wounding
on Carica papaya cysteine endopeptidases accumulation and activity. Phytochem., 65: 525-
534.

Azarkan, M., Dibiani, R., Goormaghtigh, E., Raussens, V. and Baeyens-Volent, D. 2006b. The papaya
Kunitz-type trypsin inhibitor is a highly stable B—sheet glycoprotein. Biochim. Biophysic. Acta,
1764: 1063-1072.

Azarkan, M., Moussaoui, A.E., van Wuytswinkel, D., Dehon, G. and Looze, Y. 2003. Fractionation
and purification of the enzymes stored in the latex of Carica papaya. J. Chromatograph. B,
790: 229-238.

Azarkan, M., Wintjens, R, Looze, Y. and Baeyens-Volant, D. 2004. Detection of three wound-
induced proteins in papaya latex. Phytochem., 65: 525-534.

Benjakul, S., Visessanguan, W. and Yanaka, M. 2006. Inhibitory effect of cysteine and glutathione
on phenoloxidase from kuruma prawn (Penaeus japonicus). Food Chem., 98: 158-163.

Bradford, M.M 1976. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Anal. Biochem., 72; 248-254.

Chaiwut, P., Arunwatcharapan, K., Chantana, A., Pintathong, P. and Rawdkuen, S. 2010a. Phenolic
contents, DPPH radical scavenging activity and tyrosinase inhibitory activity of Thai’s mango
seed kernels. The 3 Technology and Innovation for Sustainable Development International
Conference (TISD2010), Royal Mekhong NongKhai Hotel, Nong Khai, Thailand. March 4-6, 2010.

Chaiwut, P., Nitsawang, S., Shank, L. and Kanasawud, P. 2007. A comparative study on proteolytic
components of papaya peel and latex proteases. Chiang Mai J. Sci., 34: 109-118.

Chaiwut, P., Pintathong, P., and Rawdkuen, S. 2010b. Extraction and three-phase partitioning
behavior of proteases from papaya peels. Proc. Biochem., 45: 1172-1175.

Denisov, E.T. and Afanas’ev, |.B. 2005. Oxidation and antioxidants in organic chemistry and

biology. CRC Press, New York.



28

Diaz, M.N., Frei, B., Vita, J.A. and Keaney, J.F. 1997. Antioxidants and atherosclerotic heart disease.
New Eng. J. Med., 337: 408-416.

Dixon, D.P.,, Cummins, |, Cole, D.J. and Edwards, R. 1998. Glutathione-mediated detoxification
systems in plants. Curr. Opinion Plant Biol., 1: 258-266.

Gololobov, MY, Wang, W. and Bateman Jr, R.C. 1996. Substrate and inhibitor specificity of
glutamine clyclotransferase (QQC). Biol. Chem. Hoppe-Seyler, 377: 395-398.

Karakurt, Y. and Huber, D.J. 2007. Characterization of wound-regulated cDNA and their expression
in fresh-cut and intact papaya fruit during low-temperature storage. Postharv. Biol. Technol.,
44: 179-183.

Karakurt, Y. and Huber, D.J. 2003, Activities of several membrane and cell-wall hydrolases,
ethylene biosynthetic enzymes, and cell wall polyuronide degradation during low-
temperature storage of intact and fresh-cut papaya (Carica papaya) fruit. Postharv. Biol.
Technol., 28: 219-229.

Khuzhaev, V.U. and Aripova, S.F. 2000. Pseudocarpaine from Carica papaya. Chem. Nat. Comp.,
36: 418.

Laemmli, U.K. 1970. Cleavage of structural proteins during assembly of head of bacteriphage T4.
Nature, 227: 680-685.

Lim, Y, Lim, T.T. and Tee, JJ. 2007. Antioxidant properties of several tropical fruits: a
comparative study. Food Chem., 103: 1003-1008.

Moussaoui, A.E.,, Nijs, M., Paul, C., Wintjens, R., Vincentelli, J., Azarkan, M. and Looze, Y. 2001.
Revisiting the enzymes stored in the laticifers of Carica papaya in the context of their
possible participation in the plant defense mechanism. Cell. Mol. Life Sci,, 58: 556-570.

Moutim, V., Silva, L.G,, Lopes, MT.P., Fernandes, G.W. and Salas, CE. 1999. Spontaneous
processing of peptides during coagulation of latex from Carica papaya. Plant Sci,, 142: 115-
121.

Odani, S., Yokokawa, Y., Yakeda, H., Abe, S. and Odani. S. 1996. The primary structure and
characterization of carbohydrate chains of the extracellular slycoprotein proteinase inhibitor
from latex of Carica papaya.Eur. J. Biochem., 241: 77-82.

Oloyede, O. I. 2005. Chemical profile of unripe pulp of Carica papaya. Pakistan J. Nutri. 4: 379-
381.

Pena-Ramos, E.A. and Xiong, Y.L. 2002. Antioxidant activity of soy protein hydrolysate in a
liposomal system. J. Food Sci., 67: 2952-2956.

Re, R., Pellegrini, N., Proteggente, A, Pannala, A, Yang, M., and Rice-Evan, C. 1999. Antioxidant
activity applying an improved ABTS radical cation decolorization assay. Free Rad. Biol. Med.

26: 1231-1237.



29

Redina, E.F., Mezhlum’yan, L.G, Bazhenov, L.G. and Yuldashev, P.K. 1997. Determination of
lysozyme in papaya latex preparations. Chem. Nat. Comp., 33: 600.

Ren, J., Zhao, M., Shi, J., Wang, J, Jiang, Y., Cui, C et al. 2008. Optimization of antioxidant peptide
production from grass carp sarcoplasmic protein using response surface methodology. LWT-
Food Sci. Technol., 41: 1624-1632.

Sala, S. 2007, Cosmetic or pharmaceutical product for external use based on papaya. US Patent,
0 264 372 Al

Schurink, M. 2007. Peptides as inhibitors of lipoxygenase and tyrosinase. Ph.D. Thesis,
Wageningene University, Wageningen, The Netherlands.

Schurink, M., van-Berkel, W.J.H., Wichers, H.J. and Boeriu, C.G. 2007. Novel peptides with
tyrosinase inhibitory activity. Peptides, 28: 485-495.

Song, |, Taylor, M., Baker, K. and Baterman Jr, R.C. 1995. Inhibition of cysteine proteinases by
Carica papaya cystatin produced in Escherichia coli. Gene, 162: 221-224.

Theppakom, T., Kanasawud, P. and Halling, P.J. 2003. Effect of solid-state buffers on catalytic
activity of papain in low water media. Enz. Microb. Technol., 32: 828-836.

Thomas, G.E., Rodolfo, H.G., Juan, M.D,, Geogina, S.F,, Luis, C.G,, Ingrid, R.B. et al. 2009. Proteolytic
activity in enzymatic extracts from Carica papaya L. cv. Maradol harvest by products. Proc.
Biochem., 44: 77-82.

Wilson, G. 1974. Some properties of an endo-1,3-beta-glucanase. Biochem. Soc. Trans., 2: 1115-
1116.

Wu, J.H, Wang, Z. and Xu, S.Y. 2008. Enzymatic production of biocactive peptides from sericin
recovered from silk industry wastewater. Proc. Biochem., 43: 480-487.

Xie, Z., Huang, J., Xu, X. and Jin, Z. 2008. Anticxidant activity of peptides isclated from alfalfa leaf
protein hydrolysate. Food Chem., 111: 370-376.

Zerhouni, S., Amrani, A, Nijs, M., Vandermeers, A. and Looze, Y. 1997. Purification and
characterization of the plant glutamyl-peptide clyclotransferase isolated from papaya latex.

Int. J. Bio-Chromatogr., 3: 189-206.



4. YszInnisenen

e s

Us22601n378

]
=

¥ - wwana (nwlve) Wiy Aggnad lagdl

%o - uwana (Me1dange)  Mr. Phanuphong Chaiwut

Aunisiagtu o1sdussidininineimansiatesdians
aouitAnde dinduingimandiniasdran unvinendeusifimans

333 vy 1 suavinge Sunelleudessy Jwindessiey 57100
E-mail: phanuphong@mfu.ac.th

Insdwil:  0-5391-6839

Insans: 0-5391-6831

ST YT TR R S AT & O PR R
‘ 91IY & ll T T

Useygyen nalulad@inu UNTIVESuTealvl 31.0. 2550

U3an3 Tualvazduatvalulad | uninendodiesl W.A. 2544

5. NIy

AT VEFNUN-

1. Chaiwut, P., Kanasawud, P. and Halling, P. J. 2007. Solid-to-solid peptide synthesis by glycyl endopeptidase. Enzyme

Microb. Technol,, 40: 954-960.

2. Chaiwut, P., Nitsawang, S., Shank, L. and Kanasawud, P. 2007. Comparative study on properties and proteolytic

components of papaya peel and latex proteases. Chiang Mai J. Sci,, 34: 109-118.

3. Ketnawa, S., Sai-Ut, S., Theppakorn, T., Chaiwut, P., and Rawdkuen, S. 2009. Partitioning of bromelain from

pineapple peel (Nang Lae cultv.) by aqueous two phase systermn, Asian J. Food & Agro-Ind, 2:457-468.

4. Sai-Ut, S., Ketnawa, S., Chaiwut, P., and Rawdkuen. S. 2009. Biochemical and functional properties of legume

proteins from the Royal Project Foundation. Asian J. Food & Agro-Ind. 2:493-504.

5. Khadpoon, N., Pintathong, P., Chaiwut, P., and Rawdkuen, S. 2010. Aqueous two phase partitioning of protease from

Calotropis procera \atex. Asian J. Food Agro-Ind., 3: 82-92.

6. Chaiwut, P., Rawdkuen, S., and Benjakul, S. 2009. Extraction of protease from Calotropis procera

latex by polyethyleneglycol-salts biphasic system. Proc. Biochem., 45:1148-1155.

7. Chaiwut, P., Pintathong, P., and Rawdkuen, S. 2010. Extraction and three-phase partitioning behavior of proteases

from papaya peels. Proc. Biochem., 45: 1172-1175.

8. Rawdkuen, S., Chaiwut, P., Pintathong, P., and Benjakul, S. 2010. Three-phase partitioning of protease from

Calotropis procera |atex. Biochem. Eng. J., 50: 145-149,

9. Ketnawa, S., Rawdkuen, S., and. Chaiwut, P. 2010. Two phase partitioning and collagen hydrolysis of bromelain from

pineapple peel Nang Lae Cultivar. Biochem. Eng. J., 52: 205-211.

10. Ketnawa, S., Chaiwut, P. and Rawdkuen, S. 2011. Aqueous Two-phase Extraction of Bromelain from Pineapple Peels

(‘Phu Lae’ cultv.) and Its Biochemical Properties. Food Sci. Biotechnol. 20(5): 1219-1226.



31

11. Ketnawa, S., Chaiwut, P. and Rawdkuen, S, 2011, Extraction of Bromelain from Pineapple peels. Food Sci. Technol.
Inter. 17(4): 394-402.

12. Rawdkuen, S., Pintathong, P., Chaiwut, P., and Benjakul, S. 2011. The partitioning of protease from Calotropis
procera latex by agueous two-phase systems and its hydrolytic pattern on muscle proteins. Food Bioprod. Process.
89: 73-80.

13. Pintathong, P., Chanphithak, P., Sereetaveekul, P., Thitipramote, N., and Chaiwut, P. 2012. Use of response surface
methodology for phenolic antioxidant extraction from Lotus (Nelumbo nucifera Gaerin.) pod pericarb. Adv. Mater.
Res. 506: 591-594.

14. Ketnawa, S., Chaiwut, P., Rawdkuen, S. 2012. Pineapple wastes: A potential source for bromelain extraction. Food
Bioprod Process. 90(3): 385-391.

15. Sangthong, S., Pintathong, P. and Chaiwut, P. (2013). Microwave-assisted solid-liquid extraction of biological

compounds from Areca catechu L. seed. Burapha Sci. J. 18: 195-202

Nav U naua(Proceeding):
1. Khadpoon, N., Pintathong, P., Chaiwut, P. and Rawdkuen, S. 2009. Agueous two phase
partitioning of protease from Calotropis procera latex. Food Innovation Asia Conference

2009. BITEC, Bangkok, Thailand. June 18-19, 2009.

3. Rawdkuen, S., Chaiwut, P. and Pintathong, P. 2009. Three-phase partitioning of protease from papaya peel extract.
The 21" Annual Meeting and International Conference of Thai Society for Biotechnology TSB 2009, Queen Sirikit
National Convention Center, Bangkok, Thailand. September 24-25, 2009.

4. Chaiwut, P., Pintathong, P. and Rawdkuen, S. 2009. Extraction of protease from papaya peels. The 21" Annual
Meeting and International Conference of Thai Society for Biotechnology TSB 2009, Queen Sirikit National
Convention Center, Bangkok, Thailand. September 24-25, 2009.

5. Pintathong, P., Chaiwut, P. and Rawdkuen, S. 2009. The partitioning of protease from Calotropis procera latex by
aqueous two-phase systems. The 21" Annual Meeting and International Conference of Thai Society for
Biotechnology TSB 2009, Queen Sirikit National Convention Center, Bangkok, Thailand. September 24-25, 2009.

6. Chaiwut, P., Pintathong, P. and Rawdkuen, S. 2009. Three-phase partitioning of protease from papaya latex. The 35"
Congress on Science and Technology of Thailand (STT35), The Tide Resort (Bangsaen Beach), Chonburi, Thailand.
October 15-17, 2009.

7. Rawdkuen, S., Chaiwut, P. and Pintathong, P. 2009. Three-phase partitioning of protease from Calotropis procera
latex. The 35" Congress on Science and Technology of Thailand (STT35), The Tide Resort (Bangsaen Beach),
Chonburi, Thailand. October 15-17, 2009.

8. Chaiwut, P., Arunwatcharapan, K., Chantana, A., Pintathong, P. and Rawdkuen, S. 2010. Phenolic contents, DPPH
radical scavenging activity and tyrosinase inhibitory activity of Thai's mango seed kernels. The 3™ Technology and
Innovation for Sustainable Development International Conference (TISD2010), Royal Mekhong NongKhai Hotel,
Nong Khai, Thailand. March 4-6, 2010.

9. Sai-Ut, S..Jongjareonrak, A., Chaiwut, P. and Rawdkuen, S. 2010. Optimization of the ethanolic extraction of phenolic
antioxidants from lychee and longan seeds using response surface methodology. The 3" Technology and
Innovation for Sustainable Development International Conference (TISD2010), Royal Mekhong NongKhai Hotel,
Nong Khai, Thailand. March 4-6, 2010.

10. Ketnawa, S., Chaiwut, P. and Rawdkuen, S. 2010. Bromelain extraction from pineapple peel (Nang Lae cultv.) by
aqueous two phase system. The 3¢ Technology and Innovation for Sustainable Development International
Conference (TISD2010), Royal Mekhong NongKhai Hotel, Nong Khai, Thailand. March 4-6, 2010.

11. Chaiwut, P., Dumrongphuttidecha, T., Maneewong, C., Pintathong, P. and Rawdkuen, S. 2010. Antioxidant and



12.

13.

1a.

1s.

16.

17.

18.

19.

20.

21.

22.

23,

24,

25.

32

tryrosinase inhibitory activities of RD6 and black elutinous rice soaking water. Food Innovation Asia Conference,
Bitec, Bangkok, Thailand. June 17-18, 2010.

Pintathoneg, P., Chaiwut, P., Pratumpho, N., Duangchit, P. and Rawdkuen, S. 2010. Comparative study on extraction
of phenolic compounds from some edible Thai fruit seeds. Food Innovation Asia Conference, Bitec, Bangkok,

Thailand. June 17-18, 2010.
Sai-Ut, S., Jongjareonrak, A., Chaiwut, P. and Rawdkuen, S. 2010. Extraction optimization of antioxidant from

passion fruit seeds using response surface methodology. Food Innovation Asia Conference, Bitec, Bangkok,

Thailand. June 17-18, 2010.

Ketnawa, S. Chaiwut, P. and Rawdkuen, S. 2010. Extraction and characterizations of bromelain from pineapple
peels. Food Innovation Asia Conference, Bitec, Bangkok, Thailand. June 17-18, 2010.

Ketnawa, S. Chaiwut, P. and Rawdkuen, S. 2010. Phase partitioning of bromelain from pineapple peel (Phu lae
cultv.) and its biochemical properties. Food Innovation Asia Conference, Bitec, Bangkok, Thailand. June 17-18,
2010.

Sai-Ut, S., Chaiwut, P. and Rawdkuen, S. 2010. Response surface optimization for extraction of antioxidant from
mango seed kernel. Food Innovation Asia Conference, Bitec, Bangkok, Thailand. June 17-18, 2010.

Danai, N., Pintathong, P., Rawdkuen, S. and Chaiwut, P. 2010. Proteolytic activity of rhizome extracts from
Zingiberaceae plants. The 22 Annual Meeting of the Thai Society for Biotechnology. Prince of Songkla
University, Trang Campus, Thailand, October 20-22, 2010.

Pintathong, P., Chaiwut P., Thitipramote, N. and Rawdkuen, S. 2010. Comparison of different methods for bioactive
compounds extraction from Bombax ceiba L. flowers. The 22" Annual Meeting of the Thai Society for
Biotechnolosgy. Prince of Songkla University, Trang Campus, Thailand, October 20-22, 2010.

Arunwatcharapan, K, Chantana, A., Pintathong, P., Rawdkuen, 5. and Chaiwut, P. 2010. Extraction of phenolic
antioxidants from fruit seeds of papaya, suecarapple, watermelon and salacca. The 22" Annual Meeting of the
Thai Society for Biotechnology. Prince of Songkla University, Trang Campus, Thailand, October 20-22, 2010.

Thitipramote, N., Chaiwut, P., Pintathong, P. and Rawdkuen, S. 2010. Characteristics and bioactivities of gelatin
hydrolysate from beef skin. The 22" Annual Meeting of the Thai Society for Biotechnology. Prince of Songkla
University, Trang Campus, Thailand, October 20-22, 2010.

Rawdkuen, S., Chaiwut, P., Pintathong, P. and Thitipramote, N. 2010. Three phase partitioning of proteases from
viscera of farmed giant catfish (Pangasianodon gicas). The 22" Annual Meeting of the Thai Society for
Biotechnology. Prince of Songkla University, Trane Campus, Thailand, October 20-22, 2010.

Sai-Ut, S., Chaiwut, P. and Rawdkuen, 5. 2010. Optimization for extraction of bioactive compounds from mango
peels using response surface methodology. The 22" Annual Meeting of the Thai Society for Biotechnology.
Prince of Songkla University, Trang Campus, Thailand, October 20-22, 2010.

Sai-Ut, S., Chaiwut, P., Jongjareonrak, A, and Rawdkuen, S. 2010. Response surface methodology for bicactive
compounds extraction optimization of rambutan seeds. The 22" Annual Meeting of the Thai Society for
Biotechnology. Prince of Songkla University, Trang Campus, Thailand, October 20-22, 2010.

Ketnawa, S. Chaiwut, P. and Rawdkuen, S. 2010. Application of bromelain extract for muscle foods tenderization.
The 22™ Annual Meeting of the Thai Society for Biotechnology. Prince of Songkla University, Trang Campus,
Thailand, October 20-22, 2010.

Thitipramote, N., Chaiwut, P., Pintathong, P. and Rawdkuen, S. 2010. Characteristics and bioactivities of gelatin
hydrolysate from beef skin. The 22" Annual Meeting of the Thai Society for Biotechnology. Prince of Songkla
University, Trang Campus, Thailand, October 20-22, 2010.



26.

27.

28,

29.

30.

31

32,

33.

34,

35.

36.

AL

38.

39.

40.

a1,

33

Sroimori, T., Srisunton, S., Rawdkuen, S., Pintathong, P. and Chaiwut, P. 2010. Extraction of phenolic antioxidants
from peels and seeds of the Royal Project’s fruits. International Conference on Agriculture and Agro-Industry,
Mae Fah Luang University, November 19-20, 2010.

Bandasak, C., Rawkuen, S., Pintathong, P. and Chaiwut, P. 2010. Bioactivities of Carica papaya latex extract.
International Conference on Agriculture and Agro-Industry, Mae Fah Luang University, November 19-20, 2010.

Chaiwut, P., Sangthong, S., Thitilertdecha, N., Rawdkuen, S. and Pintathong, P. 2011. Bromelain extraction and
stabilization in cosmetic product by polyethylene glycol. Chiang Mai International Conference on Biomaterials
and Application, Chiang Mai, August 9-10, 2011.

Pintathong, P., Chanphithak, P., Sereetaveekul, P., Thitipromote, N. and Chaiwut, P. 2011. Use of response surface
methodology for phenolic antioxidant extraction from lotus (Nelumbo nucifera Gaertn.) pod pericarp. Chiang Mai
International Conference on Biomaterials and Application, Chiang Mai, August 9-10, 2011.

Vannabun, A., Chaiwut, P. and Rawdkeun, S. 2011. Effect of salts on three-phase partitioning of proteases from
vscera of farmed giant catfish. The 23 Annual Meeting of the Thai Society for Biotechnology.Bangkok. October
27-28, 2011,

Vannabun, A, Chaiwut, P. and Rawdkeun, S. 2011. Effect of crude extract to t-butanol ratio on partitioning of
protease from farmed giant catfish. The 37" Congress o Science and Technology of Thailand. Bangkok. October
10-12, 2011.

Sangthong, S., Pintathong, P., Rawdkeun, S., and Chaiwut, P. 2011. Pineapple waste as a potential source for
bromelain extraction. The 37" Congress o Science and Technology of Thailand. Bangkok. Cctober 10-12, 2011,

Keonkeaw, N., Thiwongnoi, P., Chaiwut, P., Thitipramote, N., and Pintathong, P. 2011. Evaluation of cosmetic
bioactivities from Zingiberaceae rhizome extract. The 37" Congress o Science and Technology of Thailand.
Bangkok. October 10-12, 2011.

Chaiwut, P., Keonkeaw, N. Thiwongnoi, P., Thitilertdecha, N., and Pintathong, P. 2011. Microwave-assisted
extraction ad optimization of antioxidant and antityrosinase activities from Zingiber officinale rhizome. The 37"
Congress o Science and Technology of Thailand. Bangkok. October 10-12, 2011.

Lalitanan, N., Akuniwong, P., Pintathong, P., Chaiwut, P., and Thitilertdecha, N. 2011. Phenolic content and
antioxidant activity from Thai flower extracts: Effect of extraction conditions. The 37" Congress o Science and
Technology of Thailand. Bangkok. October 10-12, 2011.

Chuamsuk, S., Pintathong, P., Thitipramote, N., Wuttisin, N., and Chaiwut, P. 2011. Phenolic antioxidative activity of
banana (Musa Sapientum L.) peel extract. The 37" Congress o Science and Technology of Thailand. Bangkok.
October 10-12, 2011.

Wijitkul, P., Junhasobhaga, P., Pintathone, P., and Chaiwut, P. 2011. Phenolic content and DPPH radical scavenging
capacity in mung bean sprout extracts. The 37" Congress o Science and Technology of Thailand. Bangkok.
October 10-12, 2011.

Sangthong, S. Sompakdee, Z., Pintathong, P. Rawdkeun, S., and Chaiwut, P, 2011. Stabilization of bromelain extract
by polyethylene glycol-salt biphasic system. The k14 Conegress o Science and Technology of Thailand. Bangkok.
October 10-12, 2011.

Sangthong, S., Pintathong, P., and Chaiwut, P. 2011. Phenolic antioxidant activity from betel nut (Areca catechu L.)
extract. The 37" Congress o Science and Technology of Thailand. Bangkok. October 10-12, 2011.

Thitipramote, N., Krongsuksirichai, K., Chaiwut, P., Pintathong, P. and Rawdkeun, S. 2011, Characterization and
bioactivities of collagen hydrolysates from striped catfish and farmed giant catfish skins. The 37" Congress o
Science and Technology of Thailand. Bangkok. October 10-12, 2011.

Sangthong, S., Pintathong, P., and Chaiwut, P. 2011. Extraction of phenolic compound from banana (Musa
sapientum) peel and its formulation in sunscreen product. IFSCC 2011 Conference. Bangkok. October 31-

November 2, 2011



34

42. Bonpnya, N., Takee, C., Chaiwut, P., and Pintathong, P. 2011. Use of response surface methodology for extraction
of phenolic antioxidant from betel nut (areca catechu L.). IFSCC 2011 Conference. Bangkok. October 31-
November 2, 2011

43. Sangthong, S., Pintathong, P., and Chaiwut, P. 2011. Comparison of microwave-assisted and shaking methods on
extraction of cosmetic bioactivities from Areca catechu L. Pure and applied chemistry international conference
2012, Chiang Mai, January 11-13, 2012.

44. Hayeedoloh, A., Charoenpong, N., Chainan, A., Chaiwut, P., and Thitilertdecha, N. Phenolic content and antioxidant
activity of Nephelium lappceum L. fruit residues: effects of drying treatments and extraction condition. Pure and
applied chemistry international conference 2012. Chiang Mai, January 11-13, 2012.

45. Chaiwut, P., Huttapasu, P., Prommuang, B., and Pintathong, P, 2012. Microwave-assisted extraction and comparison
of phenolic antioxidants from six aerial parts of Moringa olifera. International Conference on Food and Applied
Bioscience. Chiang mai, Febuary 6-7, 2012.

46. Pintathong, P., Keawkhao, W., Sirichot, O., and Chaiwut, P. 2012. Recovery of phenolic antioxidants from spent
coffee grounds using microwave-asisted extraction. Intermnational Conference on Food and Applied Bioscience.
Chiang mai. Febuary 6-7, 2012.

47. Tomusor, F., Pasuriyan, K., Sangthong. S, Chaiwut. P., and Pintathong, P. 2012. Factors affecting phenolic
antioxidants extraction from raw betel nut seed. The 2™ Current Drug Development Intrenational Conference.

May 2-4, 2012.



	หน้าปก
	บทสรุปผู้บริหาร
	บทคัดย่อ
	สารบัญ
	บทที่ 1
	บทที่ 2
	บทที่ 3
	บทที่ 4
	บทที่ 5
	รายการอ้างอิง
	ประวัตินักวิจัย



