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Poster
Name: Nakanyapatthara Jinda e-mail: nakanyapattharaj@gmail.com
Contact Phone number: +66814405134

Title: Antioxidant Properties of Virgin Coconut Oil Microencapsulated by

Spray Drying with Supercritical Carbon Dioxide
Authors: Nakanyapatthara Jinda* and Rutthairat Cheungijit
Address: King Mongkut's Institute of Technology Ladkrabang, Prince of Chumphon Campus 17/1 Chumko
District, Pathio, Chuphon 86160, Thailand
Keywords: virgin coconut oil, microencapsulation, supercritical carbon dioxide, antioxidant activity
Abstract: The virgin coconut oil (VCO) has been shown to have health-promoting effects due to its high
medium-chain fatty acid content and antioxidant properties, however, its taste and feeling are not
acceptable to many consumers. In this study, VCO was microencapsulated by spray drying with
supercritical carbon dioxide (SC-CO2) at pressures from 12 to 16 MPa, temperatures from 40 to 60 °C for an
emulsion feed flow rate that was varied from 3 to 5 mL/min. The results showed the encapsulation
efficiencies ranged from 54% to 72%, the microcapsules were spherical with diameters that ranged from 25
to 72 um. The antioxidant activities of the retained microencapsulated oil ranged from 0.34 to 1.14 mmol
butylated hydroxytoluene (BHT) equivalent/ml oil and 0.74-1.72 mmol trolox equivalent/ml oil for 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay and 2,2"-azino-bis (ABTS) tests, respectively. The obtained results
indicate the SC-CO2 spray drying is an effective method to encapsulate VCO.
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Pathic, Chuphon 86180, Thailand

Dear Nakanyapatthara Jinda,

Cn behalf of the NATPROT organizing committes and the Asizn Society of Natural Products (ASKP), |
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Microencapsulated by Spray Drying with Supercritical Carbon Dioxide’ was accepted for poster
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schedule will be announced scon.

NATPRO7 conference by ASN® with the theme of “The beginning of Asian Wave' will be a platform to
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FProducts Research in Asia.
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Using of Copra Meal in Diet on Nile tilapia (Oreochromis niloticus)

oG uzana uazenly Agvtorside

Tanakorn Haemasaton' and Duanejai Pisuttharachai

uvAnta

nislEninuend naimiilugese vsdards Tiaousras defnysaudeilas nnsyyuiunswin
Unhuuewiadisgesa i sansdn i lasuisnsmeeaaandiy @ yanameaas az 4 §1 Useneudasa s
Huaumnuewi adeuiu 4 sehuRo O (gerovan), 5,10 warts Wi mudey Teodsna Sadwidn
uduiad 4.20 - .23 0Ty $ruu 40 Feans¥ zeslanTIAYY 120 YU wantameens wui Usrdaliss
madiginlawesdrinadsuamstuils usndratumraadd (P<0.05) Tamlan Sadde Wi monaunin
uEniaR 10 Wohdus i'n}mﬁnmﬁ'wmi.qn Wiy 276.88 n3u uaza"n'aWnﬂilﬂi\‘uua"rv"!'sn'ﬂuu‘faii‘rgn Wiy
1.52 Srsnssesene wyhlissnsreiumeed® (9>0.05) nuinimiaddodsgesanmauninuendizate
duluit 10 Waidug ddassassuiadngman iifUso waidus Al Adnad sugrio T waNn NG

afenTTzAY 5, 0 waz 15 waidud Tdassemmoaliowniy 89, 89 was 88 wWoidud s ey
ArehAgy: i Brs Vathe

Abstract

Using of copra meal in diet on Nile tilapia (Oreachromis niloticus). The purpose was studied to
the yield of copra meal for the production of aquatic animal feed. The experiment was divided into 4
tregtments and 4 replications. Copra meal was supptemerted into the diets at 0 (control), 5, 10 and
15 %. Fish (4.20 - 4.23 ¢ body weight) were cuttured in cage (40 fish per cages) for 120 days. Result, fish
showed significant differences in average body weight and feed conversion ratia (P < 0.05). Fish fed with
experimental diets contained copra meal at 10% showed the highest of average body weight (276.88 g.)
and the egreatest of FCR (1.52). Furthermare, there were no significant differences in survival rate
(P > 0.05). Nile tilapia fed with 10% copra meal had the highest average survival rate of 90 %. Fish fed
with 5, 0 and 15 % copra meal diets of average survival rate was 89, 89 and 88 %, respectively.

Keywords: Copra Meal, Diet, Nile tilapia
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Dietary copra meal supplementation on growth performance and

survival rate of climbing perch (4nabas testudineus)

o
5UIN3 Muzaoa’ uaz Aale NENEE IV’

Tanakorn Haemasaton' and Duangjai Pisuttharachai'

unAnta: nsAneil ﬁ’i’mqﬂ'::mﬁ eAnEEeTBIn RN NREAT AT T 1\435!?‘8'1“’11’!.'{&:
Uarwue ﬁamimnymu'im UATBRIINITTEA whnisneasIanniiiu 4 TANIVIARE 491 Usznaudon
o wmmmwmnu—mwanmmuu 4 TEAUAS O (FAAILAN). 5, 10 UBT15 % AINATAL Tmenlanuus i
uwﬁmmnumau 7.07-7.53 nfu lou@uslunszda (pune 2 x 2 x 1.5 1) {1uaU 50 A/nTeda r“u.,

Lﬂﬂ mn- \I‘l?!l‘ 1 Gﬁ ’\u an"nmnnn\ “uﬂ'\ n"‘?lﬁﬂIﬁ"\!‘lll"”"\ﬂﬂf‘ﬂ!l’l!ﬂ l1|l%m1a"|‘l'\. “4‘""! "R D/ 1l

uﬂﬁﬂumﬂﬁﬂgmu'[uﬂnqn‘lumnmu uansiiuet 1 Tdud 1Ay aata (P < 0.05) nuqnm-mnam
FunINREWE AT TEAL 0, 5 Uas 10 % 391Hur innInfdadu (101 80£0.46 nin), muun
WRaAUResU (0.6740.00 niu/da/al), ST N nadLlRA WAL (4.6420.00 %/AW). smrnanlanu
pvniuiile (1.57+0.00) waztlszAninwn s lisiy (1.81+0.00) Fudesnisres wu'h'b.iumn
m'unmn'wﬂnm fP >0 ncﬂ Tﬂﬂ'l|ﬂ’1“uﬂ%Lg‘;‘Hﬂ’"lﬁﬁiﬂﬁ‘u W']'Lﬂ?l.lﬂ'\ﬂﬂ““?"l']ﬂnﬂu"\uui"l 15 % lJﬂFI‘.l il
mrmmﬂaumqm\mnu 93.50+1.29 % ma;ﬂh'm nmmumnu-'wm'mnnm;Iu'lu@mmmm 15
% HuasaniniaTduln ua:annmnammﬂmuum#a‘n

ArdrATy: nanuzwinaanetie, 8 v avae

ABSTRACT: The objective of this study was to determine the effect of dietary copra meai
supplementation on growth performance and survival rate of climbing perch. The experiment
was divided into 4 treatments with 4 replications. Copra meal was supplemented into the dicts
at 0 (control), 5, 10 and 15 %. Fish (7.07-7.53 g body weight) were cultured in net cage (2 X
2 x 1.5 m.) (50 fish per net cages) for 150 days. The result showed that dict containing copra
meal at 15 % showed highest growth performance showed significant differences (P < 0.05)
with of experiments to Copra meal at levels 0, 5, and 10%. in Weight gain (101.80+0.46 g),
ADG (0.67+0.00 g/fish/day), SGR (4.6420.00 %/day), FCR (1.57+0.00), and PER (1.81+0.00).
Furthermore, there were no significant differences in survival rate (P> 0.05). Fish fed with 15 % copra
meal in dict had the highest average survival rate of 93.50+1.29 %. In conclusion, increasing of
copra meal at 15 % in dict resulted in highest growth performance and survival rate.
Keywords: Copra meai, Dict, Climbing perch
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A ftingums munm vwinedeiue 7.0710.27-
7.53+0.22 niN/én sen@ssluntyds Wwnn 50
TeYiakts S|

> -
AUARULITATUHD AT
- o - P S -
mmmnagmamﬂmu-num‘lﬂua:unu
mnuzwinanmiNuludss 0, 5, 10 was 15 %
(meganimases) Tauidzziulsiiu 35 % uaz
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HAMMANU (digestible energy) 'lummmq#
267.22 - 274.77 Kcal!100 g ) {Tsble 1) NAR
mmmnnﬂmﬂﬂm‘%aanmmumum (mmcer)
duviiwiutua 1.5 Tsfns mmmman
wmmqum'lﬂmmmnlun"u 15 WM mﬂan
AR ua:m’miua'mmwﬁ URIR MU
"I"“l'\‘?‘l‘l‘“ lVF"tﬂl"lfJ!l m . 1ﬂ"}iﬂﬁlﬂﬂa L’j\llﬂﬂ'\
1249 uﬂ-mmmm?ﬁ'ldqmmmn Wiuld
ufdiu fguugil 4 sernsada il@ne
Aninaasy (mu’m&rmﬁ’m'fmaamzﬁmn'] 2
dlanl)  waTANAIBENEMIINIATIEVIENA
Uszneunmaail ud Tisiu o el in
WaTAINAY ANATNIATIIU AOAC (2003) UaL
A Aflulawsm  (NFE: Nitrogen free
extract) UWRs WAL (DE: Digestible enerqy)
#1438 189 Lim and David (1994) A7l NFE =
100 - (%protein + %fat + %fiber + %ash +
% moisture) ,DE (Kcal/100g) = {%protein x 3.5)
+ (%fat x 8.0) + (%NFE x 2.5)

1227

- 3
Enen levnage e fatnands idms muo 1) 14T iomsininmn
AT NI ' [*} \ ey |LJI‘|0|1 .‘ﬂ"' 1} sl medarldes dbt |

150 4u e wnnlawuesnuganimaasiudnm
5 % Juaz 2 A7 a8 08.00 4. WAL 16.00 u.
Taeviamnlfudinunisliiemns o 156 u

n91IM ﬁ'lﬂ“ﬁlmr-mnfe—\ﬂf

mﬂqaﬁuqmuuﬁmﬂmnffu Biun gnawni,
Tanuesniiay, Anudlunssdlusin uazass
AsUAANLFTEN Hud Aunszang, ulasi
wasLffnnuenbuiis vn 7 4u A naE 1es Ay
(2543) Windeysmasidula. sannisreany
UALHANAR 15 AW/AT

tndeyaiFannimesem AN
wansraneata e EasaAn A uulnlsu
(Analysis of Vanance) Az ffenidieiA AN
'mqmmaﬂinmﬁ Duncan’s new multiple rang
test ﬁqntﬂmﬂm SAS system for windows version
6.12 munun'nm'nﬂw 95 %

Table 1 ingredients and composition (%) of the experimental diets

yredients Copra meal suppiemeiied i eapeine lal dieis, %
0 5 10 15
Fish meal (o')% cp) 265 - 265 26 = 268
_ Soybean meal {M% CD) B4, TS 3R MR g EE se
Commeal 5 M (e e ks FuS
_Ricebran o e LT[R " ?7 O AT S a2 e i
‘Copra meal (21 b% o) W% 0 -] =]  105% JFuF 15
Brokenrice 4.5 3 5 f 3
Samol o e 1 1 L B -
Premix” 1 il et "R R
Total (g) 100 100 100 100
Chemical compositon (%)
_Crud protein 35.05 350 3506 3500
_Crude lipid N 7.81 _BAS 7.23 7.51
_Crude fiber e . AR .| S . - - -
Ash 9.12 93 978 987
_Moistyre 753 764 787 784
_Nilrogen free extract (NFE) 3561 3483 3467 3427
DE (Kcal/100 g) 27418 27477 267.22 268.25

" Vitamin-mineral premix provides per kg of diel

s vitamin A 15,000 1U; wilamin D3 3,000 IU; vitamin E 25 U

vitamin K30.5 g; vitamin B1 2.5 mg, vitamin B2 7 mg; vitamin B6 4.5 mg, vitamin 812 0.025 mg; panlothenic acid
35 mg; nicotinic acid 35 mg; choline chionde 0.25 g, biotin 0.025 mg; Cu1.6 mg; folic acid 0.5 mg; Mn 0.06 g; Se

NAEmm EaNOf ~ DA moand 7n 0 DAE A
waro MG, T LLT G WG T NG LN Lo
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HRNITANEIULAEIS1T 0L

1. MasFyidulareslaune
Uavmsiiawninudiu (initial weight) s
TTWIN 7.07+0.27-7.53+0.22 niu/eia Wwealu
ez 150 AU deduganimaasanudn ar
\l:lﬁ‘ﬂl@ll 'lxﬂ!lﬂfi?ﬂ"ﬂt"\?‘ﬁ'\‘ﬂ’?n!l"ﬂ""\ﬂwﬂfl
vy 15 % umsmcyuauinmuuwunqnmu
an (final weight) Winriu 109.33+0.52 nfu/Mn
mamm'l.nun tJa'mnﬁruqﬁqaqmmmmmmn
wEWinateinTuR sz 10, 5 uax 0% fiwnin
AATNFIYINI) 101 7442 08 100.11+2.97 UAx
89 61+1.30 NFN/F7 ATHAIAL HANIFIATITINN
anA ’wu'ija‘:ﬁ'u-nmmmmaamm’mmnum‘hq
aneinTu Huasemaetrysu e s mNawANAN
fuatinaliindAtyn1eata (P< 0.05), (Table 2)

mwﬁtgtﬁutniﬂufwﬁ"mﬁudﬂﬁu
(Average daily gain) ﬂnﬂuuﬁﬁtﬁrmﬁwqm
ﬂ'\mrmmmnwwwzanmmuu 15 % um?
w*n_;Lﬂutamuuwunmumaummumqn
winriu 0.67+0.00 nFu/Ea/Au reeaan laun Uan
nuﬁmauqmaqmmuwmmmnu WT9ae
11314 10, 5 waz 0 % Tt windauansaduwiniy
0.63+0.01, 0.61+0.02 uax 0.54x0.01 nTN/F/U
FNAIAL HANTRATIDIRATIENLN MNNENEY
anmmuumam’lummr Auaran natysiula
Fruwnindusdodei vealanewanang
sl &AgMeata (P< 0.05), (Table 2)
sunTal (2557) EUIN fwitinFeanians
avnaiennstoydiu e lun isiuaulames
iy Aenfiu uazuie s esslrzneueR g
dahaleandfy WnzgudRevrannIgen
annud::nnuqmmﬂms*.m)'llimm'l.mumvau
mnqmrmmuimaqﬂm'luga-nu‘lﬁ uaz Moorthy
and Viswanathan (2010) $1897W11 NINHEWTIN
# Tsiu aflulawes Toalu Ganiiu usazuisig
(ThENA =9 ENAT TR MITAT FNHAITBRNT
2BIART 1eaﬂm%€ﬂqﬁy Adu et al.(2016) @
Usniladasgaremsiuanninuzwini o (1m
PALAN), ANTYIAREIT 2 (680 nfivauT 1 0n.)
WAL JANTVARSIT 3 (680 NTH WA NNa7 80 NFY

UAtNEMT 47 (QUUAWAE 1) © (2562).

27117 1 nn.) 'inmﬁumﬂajﬁafwﬁnnuﬁuﬁu
TEUARTHTITRARBIBER 1 1D,
6 dUaminudy masiyidulsrealausiazga
MMAABIRIVTINTIN Wi 1.75 £0.06, 1.73 ¢
0.06 WAL 1.76 £ 0.04 NN ANAIAL

L F e P
PUWISEHTVIR

terBnEmwnsltilsfy (Protcin officency
ratio, PER) Wui" tlmvuﬂmérmmuqmmm?
l.a’mmnu.,w'hfmﬁn'lfwﬂ'm’; 15% rlssAnsnw
mﬂﬂdsﬁmmﬂ iU 1.812+0.00 7898307
Fo ﬁmmﬁvﬂqmuqmawwmmmnumwmnn
u'mu P3ren 10 BUARY N% TevinmL 1 800 N0,
1.7740.01 UAT 1.74+0.19 AHAHU (Table 2)
HANTIATIZVMNATA WLIIGATEMITATININ
uzwinadmiuiu duased PER e mne
uAnFAfuet e Ayneaiia (P< 0.05) 39
unua (2557) Tirwenudt lunisisanninges
‘Eﬂmuuuamanmmmrtymuimaqﬁ’muw
A Eramlrz@vsnmns il siuge d’mm
nmrymuim alseililen PER Tudniinaas
1AM INN1 0.5

anﬂmﬂﬂalummnﬂuma (FCR) Uan
uuamamﬁwqmmmmmmnu-mwnnn
iR 15% :uﬂ"mmm1L1Jaﬂumwmﬂumﬂann
Wil 1.5740.00 7898NIAB, ﬂa'm \weadan
anTe MNIATININNENT AT FiTzdl 10,
5 Wax 0 % RepsInawasua i sdudie mny
1.58£0.00,1.59+0.00 Uax 1.63:0.01 AIMAAL
(Table 2) HANTAATIVINNATA wquﬁmﬁm?
Wi nuswinaneini Sussesamnindfou
pmnduiiiavesamueunnsraiuetteiiis
ai’;ﬁ"ymm T {P*D 05) wasdlmawinnaTnaN
MMUEWIIARMIERITEAL 515 % LA uwmansay
vliiavne aunTotetuaEnIIiNAITaMNe
s lanilén yailtuegiuadosine]
mqmqﬁﬁfm ansa I dsduNseINIT 19y
Tsfu ArFluawmsm Amniuuse s uag Anmiszney
u ua:mnummmnhmuanamuuml‘m1m
pfulawman 43-45 % (UNA, 2556) uas §1dy
warAtur (2557) seeudinluninuswinn i
arrlsenauunuludlnueaalsd  (mannooligo
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saccharide, MOS) N:quuﬂu vauntluledn

-
- ".'I.I [ al'n
i}nuuu.auu; 1o

-

u.'urmtmuﬂ?,iuwnaqlumlm'amuua.ﬁ’m
#ifundn Wrluledn (probiotic) A17HINGT
A unTotasnszfuliitenieaiegliAn iUy
PUALARBNIATNAT WL RIARTENF e

BATINNTIAARNY (survival rate) WU
ﬂawuamﬁpmmmmmm‘mmmnuzmw
anainsiui 15 % SigANIaAmEeRuRNgR vty
93.50£1.29 % muﬂmm&rmﬁqumwmmm
mnu.,wﬂfmnqmnu NTEHL 10 . 5UAT 0 % H
AR IHARTEIRAE VNTLI91.2541.70,91.5041.29
WAz 90.75:1.50 % MINANAU (Table 2) HaN1T
ATV NATF WUIN NITETUNINHENTANA

Table 2 Growth par

meters for Anabac fectudineus fed diets with copra m

1229

tfugarewiratune  dnasednmrenny

'

1-:--:-\ ma e Ip-. DALY anngttinue

el weV i IV I = ) L ] e u‘ 1vau
b

et al.(2008) wui N INNEWTMAfIINTL AN T0
l'nmuwun'mnfnuamluqma'lmm 15 % WA
30 % Tumndeeaiiia dwinuaGudu 7.17-
759 nfu wWhuszeziaan 70 W lanlidanalun sy
wnan Uﬂv's|911|n'\¢1¥1]9*’T¢l'¢i“ﬁ'&ﬂﬁﬁ1l‘19‘1mn
danalianliaidl mﬂmrmnmumﬂqw 86.7 %
UAY 83.3 % AINANAL WuABAnL Apines-Amar
etal. (2015) MeudnEnInuEwiwmin 5 %
AWNTANALNUNINGANADY 12 % Tunnde
Usuassuminng UinGuswany 2.8310.14
NN M naLsrEEzaan 12 Alavi nuanland
nMasoyaLtARA enrnisraawiniL 100 %

3 QOlude

anl far 18N Aave
22 0N ou C

u;-«

Growth performance

Level of Copra meal in diels (%)

e 0 st 10 ] 15 p-value

Initial weight (g"'s 7.36£0.55 7.24£0.38 7.0720.27 7.53+0.22 0.4227

Final weight (g) 89.61+1.3% 100.11+29°'b  101.74+2.0°0  109.33+0.52°  0.0001
Weight gan (g/fish) 82.25+1.68° 92 86+3.12" 94.66+1.97° 101.80+0.46°  0.0001
Average daily gain (g/fish/day) 0.54£0.01" 0.61:00D 0.8310.0'b 0.67+0.0°a 0.0001
Specific growth rate(%/day) 4.43+0.071° 4.5540.03" 4.57+0.02" 4.64+0.00" 0.0001
Feed conversion ratio 1.63:0.01 1.59+0.0° 1.5810.00* 1.57+0.0% 0.0001
Protein efficiency ratio 1.74:019 1.770.01° 1.80£0.00" 1.812+0.00° 0.0001
Survival rate (%)~ 90.75+1.50 91.5041.29 91.25+1 70 33.50+1.29 0.0892

* Means on the same row wilh different superscript lellers are significantly different (p<0.05).

2. qumaieani

fuunil vetiAeyIuIN 27.4-28.1
parradEna Uhnmesndiauiiazanin A
mgf"vmq 4.81-6.92 :n./ams., ardlunse-sing
maqu’ulpﬂmﬁwun"a 7.15 -7 82, ANLLILANY
-n‘aqmumaqrvmu 148.12-153.22 un./ams.,
mwnrammmumaqrwm 128.21-148.32
un./Ans.uenludie (NH )-nmu'mmﬁg::mw
0.00 HN./AMT.UAE '114'151711 (NO)) -nadmumﬂy
7wina 0.00 Wn./ams mwmmmﬂuumaqm
ﬂgﬂ.wnmvmmm au'lummmﬁmm a5y (2553)
nmmﬂnmauummmmummamiwd’mm
Biwl guvpietmwing 27,9201 ;amaaius,
punge-m19 e 6.5-9.0, ArArsudusng
120-400 30 /AAT, A2INNTEH NI TEUIN

100-200 Hn./8@3, muﬂu'iumﬂaq?"qu 1-2
un/ant uwarATlulasd Amunzan e idntiey
n91 0.1 WN./ams

aqinanisidn

m-:'t-nmnu"wn’mnnmuum:uluqﬂmﬁms
mmﬂmuua (muwuﬁ-qum 1) fuasetming
Wy, Rninfiutusedu, garnsasELe
Sriwz. S farusmnsdhude 1l Avinm
sl uﬁ:ﬂﬂﬂmrmn mani9d@iunin
SWEANALNITL 7 15 % HAINMNATANIAN
figaluud sesninatydula Sasnissen uaz
UssAnEn weesaiuns
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L -
LandAITe e

nalzan. 2559, abAmnrznawinlzwalng wa.
2559 NTEINTNUTHRTURTAUNTOL Ngalme 87 vith.

ownsod Ammbanad 2557 nsaisgerewnsdad

Wuargaranrdniluansie. nnul, 55
UONS AUANL, AT8 AT, LenEntanaw,, Taen
WHEN/, TN BUNMTUSSURZHNING Thasu.
2556. nniANTzAulsAuIINNLEWRY uas
ﬁuﬁﬂwﬁ'«hunnmummﬂnﬁnﬁ'uﬂzqﬁn.
2. N8 NW. 44 (RiAM) :267-270.
ugue  dAanmull. 2557, Tumasiugenisli

Tﬁcwllw Ta o 1.5'1‘{!

iy

erslan, wiLA
u 1anentiey, NJIMwY, 267 wiin.

U3 NAuANNAL]. 2545, m:rqnnwmmmﬂmua'lu
nrimmmewmuuwwﬂmwﬁ wiske s Junil.
MEUNITANENAn s Jrryrg"nnmmnm
NI U AINgsYauLnY. 99 win.

TIHIE UMUUUN UREANTR IRARITINL 2561.007
winnnuzwiusslunsziumnulugss
avnnlals. unuineRs 46 (suRee 1):
1026-1032

370uR seulian.2557. uanisldnnuswihadiusion
el T nliwufusnass Foin nimess
AAATIVNTUTS. IV Ienag s
NIy, 81 il

TS Weldz, ety Aef, g A8, Ny
wus Tnaluriund, wesn findurme uaz
UnWg anﬁmﬁﬁm. 2547. ﬂnwmwrmu*mn:
WALAN W IIRSNEINIE.  Antluadeuas
WauugnIndadin, nanliza. 29 vil,

Angy minlenams. 2543, nmmﬂ:unnmwwm
ATINENAART umqwmauwm'luu 125 uiin,

Qum%uammmwuqnma’mmqmr 2555. 11
ULATUWT 1 A0 mmnmmanrmuqnmﬁ’mﬂ
NIlTEIL NENTAERTUATAMNIL NTawmY.

30 wil.
ﬁ'umu Naﬂﬁﬂ?uﬂ LLﬁ"'r)"l'ﬂ? ﬁ’nauﬂmﬂ 2547,
'nmmmJ-:,nmﬂamm mnm'nmm-:

2Tuft 50/2547. Aninistuasiemlszua
a0, NnTTaa 59 wiin.

§Ausl Tisufing. 2550 nndteUs e, dnwe
ALUNITRNA, NTINWY. 65 Wil

UnUnNeAT 47 (@IUWLAR 1) ; (2562).

ardy Taugy, sews wdnesn, amimi Auwy,

nrlw. s ] 'nl“'a"nm uovmg‘. a\u!lru::_ ')EC? nne

nmaanuuammwuamﬂu“.-nuuuuml.unmal-ﬁ
AwmFumsisunmsuaaniluledin, FIENU
MIRE wivendsrasnfends Danlreunn
2557), 34 wiin. .

957 qVEAN. 2553. n1ssan1sAmunIwinlutie @
Usiastew aminfenilawawndiadind, ngawmv,
177 wiin,

Aduk.O. , A. Sephen., and S.P. Vilhelm. 2016,
Growth performance, feed utilization and senscry
charactenstics of Nile Tilapia, Oreochromis
niloticus fed diets with high inciusion lavels of
copra meal. J.Anim.Res. 4:1-7.

AOAC. 2003. Official Methods of Analysis. 15"
edition., Association of Official Anaiylical
Chemists. Washington, DC, USA.

Apines-Amar M. J.S., RM. Coloso, C.J. Jaspe,
J.M. Salvilla, M.N.G. Amar-Murillo, and C.A.
Saclauso. 2015.

Partial replacement of soybean meal with
fermented copra meal in milkfish (Chanos
chanos, Forsskal,1775) diet. Int.J.Bio.Soci. 8:
1N18-1N%R

Apines-Amar M. J.S., K.G.S. Andrino-Felarca, RE.
Cadiz, V.L.C. jr, and A.T. Calpe. 2016. Effects
of Partial Replacement of Fish Meal by Fermented
Copra Meal on the Growth and Feed
Efficiency in Black Tiger Shrimp, Penaeus
monodon. ISR J. Aquacult-Bamid. 68 1-6

Lim, C. and David, J.S. 1994. Nutrition and
Utilization Technology in Aquaculture, AOUS
press, Chapman and Hall, lllinois, USA.

Moorthy, M., and K., Viswanathan. 2010.
Diaesfinility and feeding valie of coconut
meal for white Leghorn layers.J. Vet Anim.
Sci. 5:196-203.

Olude, 0.0., W. O. A  Alegbeleye..and S. O.
Obasa. 2008. The use of soaked copra meal
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Abstract

This study aims to investigate how to form the bio-composite pot from materials such as
coconut frond, caconut coir, and coconut shell charcoal. The three materials were reduced size
by the chopper machine and the hammer mill then mixing therm with cassava starch-based
adhesive. After matenals preparation, the matenals were put into a mold and form with hydraulic
ram at the pressure of 10.34 LiPa and retaining the load for 10 seconds. The study compares and

determines the optimal process to form the bio-composite pot from the six mixing ratios of
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materials. Consequently, e pots were investizatad the physical ang mechanical progerties. The
experimental results showed that the optima. mixins ratio provices the feasiole forming process
and develop the stzble shape 0ot Thera are we optimal mixing ratics such as 1) the ratic of coin:
frond: charcoal as 0.6 <iasrams: 0.2 kilosrams: 0.2 kilosrams anc 2} the ratio of coir: rend: charcoal
as 0.4 «ilograms: 0.2 «ilozrams: 0.4 kilosrams. Tinally. the pots were investisated the physical and
mecharical properties include ar initial meisture content of pot, the maisture content of dry por,
the swailins index, the water abserptior. anc the decempasition.

-

Keywords: Bic-compasite got. Mixine retio, Cair, Cocenut frond, Coegn oz shell charcoal
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Study the Optimal Mixing Ratio and the Physical Quality of the Bio-
compaosite Pot from Coconut Residue

an w
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Sirisak Seansukato' and Charatchai Yenphayab’
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KQim EA IFL ATINRLTEINILUNENT MRNsWie Wzt Nz wEWIiiA 84.80+0.77, 64,8841 28 uax
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ABSTRACT: This research aims 1o investigate the effect of the physical properties of some coconut

restdues such as coconut frond, coconut coir and coconut charcoal shell, to the physical qualities

of the bio-composite pots. The studies determine the bulk density, percentage of porosity, absolute

moisture content, @nd the average size of the three materials. The three materials were mixed with

three mixing ratios to prepare the bio-composite material for making the bio-composite pots. The
pots were formed by using a mold and pressing with a hydraulic ram. Thm pots were compared the
quality indexes when preparing the pots by the three mixing ratios, ﬂnlpt_icxessmhasﬂwmnbuof
quality pots. the water absorption, the swelling rate, and the decomposition. The results showed the
three types of raw materials presented the different values of physical properties. The bulk density
of coconut charcoal shell, coconut frond, and coconut coir are 920.53445.15, 308.68+34.15 and

! rmﬁwmu}ﬁuﬁ'ﬂhf annuneulsimrzseunindsumnmsnmi ’}mmmnmi Sawiagun 86160
Department of Scence and Liberal Arts, King Mongkut's Institte of Technology Ladkrabang, Prince of Chumphon Campus,
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Deparment of Engineenng, King Mongkut's Insbitute of Technology Ladkrabang, Prince of Chumphon Campus, Chumphon
Province, 86160
* Corresponding author: seansukato@gmail.com
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PSEOT T3 Se kg morespectively The percentage of porosity ol coconut coir, coconut trond. and
covontl charcoal shell are 848020 77064881 2% and 2641277 " tespectinely The absolute
moisture content of coconut frond, coconut corr and coconut charcaal shetl are 2 690 06,9 650 30
ind S 332 0080 espectively. The aver age size of coconut frond, coconut con and coconut charcoal

shellare 2313 81280 27 178087 500,07 and 698 2% X1 60 pun, respectively The suitable method
Lo torm the pot s applying the compression foree about 103 kgom and holding the pressing load
tor 10 seconds. The mivimg formula No.2 (coconut frond 0.2 kg, coconut coir 0.4 kg and coconut
charcoal shell 0.4 k) presented the highest quality pot with the number of the quahity pot about 3 3+0.3

5

pots per 2.5 kg of raw materials. The average time for making a pot about 495.30+54.76 seconds
Keyword: coconut coir, coconut frond, coconut shell charcoal, biological nuluulx
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11(b)

Figure 1 (a) Raw materials from decreasing process. (b) Bio-materials pot after forming by hydraulic

machine and showing in each formula.
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Table t The phiysical propenies of waste rawy matenais from coconat atter pass through the
GECTOASING B ess
Type: of Matena Avitamg I Average o sk ge AL tace T
kg m i Percerntage (¢ Mowsture: Con e
X280 iSD viSD. x185.D B
Co I 08 BHs 44 15 B4 usu -a' 9,690 06 2.31381280 27
{ ut Ce 151 91413 56 848040 77" 9,650 30 1,788 87250007
wConut Shey 920 53145 15° 26411277 5.55+0 68 698 26281 60
L i
CVv 730 309 517 16 02

816

There s non-signilican! statistical arfference of the average value of the same alphabet in 1he same Columi by
companson with Laast Significant Difference at 95% confidential level

Table 2 The amount of time usage per pot, average number of pot, swelling rate and decomposition
rate after forming process.
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(second)” _ (pois)” | (%)
5.0 x+8.D. x+S.D. 5D
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Formula No 2 495.30254.76° 35405 9.70:8.19" 14272043
Formula No.3 497.00247.15° 3.0:08" 22.1029.00" 15.51¢1.21°
% CV 1035 Fat o o8 53.88 8.48

Thers s non-significant mmalmmdmwwmdhmwmmmmw
romparson with Least Significant Difference al 95% confidential level.
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Figure 2 Show relationship between weight of Bio-matenals pots and times after soaking pols in water.
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1. ANSAIUMIUSLINSNTEUBNIEN

iwSeunwisanigudaiuiirsoudunaradunsanszueniinnuninaely 10.1
\URLLAT 812 77.5 URLLAT

2
v=—xd" XL (n.1)
4

1 2
V=—X101" X775
a

V= 62173803
2. MIFUIUMONIING LA

Lfﬁawﬁmaﬁ’mﬁwﬁumw%’nﬁﬁuﬁwﬁwﬁm‘uawiamm.*ihLﬂ?aamﬁawﬁqummL"‘s";

seulIuNaNe U9 0.5 Wns wazanusilunisivavanihilen 2.4 wessoud

Q 2V (n.2)
Q=05x24

Q = 1.2 @nssau¥

1. msmuamisgazlasula (Percent mass by mass)
2,

= & &« o ey v i
A157°497 8.1 n. 1 WesiEusAsuneinlnanmMswies

MINAaeT WiasniT AuNEH Wesdusniunei
Yo 1 30 Alansu 7.62 Alansu 25.40
UaT 2 30 Alaniy 7.39 Alaniu 24.63

4o 3 30 Alan3u 7.42 Alanu 24.73




#79679 NMAIUINMITRALIABNIATINITNAADIYAN 1

. WaveIIaNaTaNY
Sovarlaouia = x 100
17AYNATAYANY
3)
) 7.62
Soparlaeiig = x 100
30

sovaslneuia = 25.40 %

JoUARUYDINANISNAADS

I~ 58 w o w v M v = a
M99 8.1 L‘IJaiL‘?jumumuuuux‘lﬁﬂﬂﬂmﬂﬂiuﬂxw
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(n.

NINARDY paunyA thifusenin Wosidus
(Alan3u) (Alansw) dhsfuszng
A7 1 7.62 6.77 88.9
4o 2 7.39 5.96 80.6
U 7.42 6.37 859

P = > ¥ 2 - - ' o
#1519 8.2 Usunaunlutnsiuuzwiwisainnusisou 4,500 s9umauU v

v

NINAADY Tifusend 1"
(Alansy) (Rlansu)

adaii 1 2.2 0.01

asad 2 224 0.01

asad 3 2.24 0.01
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| o - Y v oS - ] o
A197190 8.3 Uiuﬁmuﬂumuummnmeﬂm’]m%ﬁau 5,000 saundUuUIMm

N1IVAaBY ﬁ'}ﬁumw%ﬂ "j’"l
(Alan3w) (Alaniu)
Avai 1 223 0.02
adai 2 2.22 0.03
adaii 3 2.23 0.02

A15199 8.4 USurautnlutndussnimmdsainiuisisau 5,500 seuseud

MSNAADY Yrsfungndn 1
(Alansu) (Alansu)
adadi 1 951 0.04
ASaTi 2 32 0.05
adadi 3 271 0.04

o H Y v o ' o w o
A19149N 8.5 'Lr%lnmu'ﬂuu’]uuuﬁ“i"l']ﬂﬂ?"lungﬁa‘U 4,500 389UMDUIN AaI1NBU 6 ?j'ﬂll\j

van MIMeaRIRsl 1 nsveaeesedl 2 A1sveanIAsai 3
(4l319) (n3w) (n3u) (nw)
0 200.15 200.13 200.08
1 200.05 199.98 199.96
2 199.65 199.67 199.64
2 199.59 199.6 199.58
4 199.51 199.52 199.5
5 199.42 199.43 199.45

6 199.42 199.43 199.45
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< = g ‘ﬂ’ @t 14 - i = ar v
A13199 8.6 UiN'IEUU’l‘LUU']MUNSW‘i’Y]WﬂTIIJL%’Tﬁﬂ‘U 5,000 92U#ABUIY Na3IR1NaY 6 Tl

a0 MInAaeInT 1 nveaendeii 2 nisveaesndd 3
(47T319) (n5u) (n53) (n3u)
0 200.04 200.09 200.11
1 199.99 200.05 200.06
2 199.69 199.7 199.68
3 199.61 199.62 199.61
q 199.59 199.57 199.55
5 199.59 199.57 199.5
6 199.59 199.57 199.5

= H Y v oo ' o W )
A191490 8.7 U%l]']mu’ﬂuu’u]uuz?ﬁq'}"ﬂﬂj’luL%’JiaU 5,500 5aUMBUIN AEIINBU 6 ‘U'ﬂll‘a

e Msveaewedsil 1 nsveaesRsi 2 nsveaesndail 3
(F2la9) (n$u) (nw) (n¥w)
0 200.15 200.13 200.11
1 200.1 200.08 200.06
2 199.71 199.77 199.74
3 199.68 199.71 199.69
q 199.65 199.62 199.63
5 199.65 199.62 199.63

6 199.65 199.62 199.63




864

d [l LY a @ & = 2,' at b2
A1919% 8.8 dUsenavvensalududNAINT AU T ULLNT 1

Fatty acid Composition vhihuaendnatase ,

(Monounsaturated Fat)  gamgil -20 asrivaidua e
Myristoleic acid 0 n3u@e 100 N3
cis-10-Pentadecenoic acid 0 n3use 100 niy
Palmitoleic acid 0 n3uFe 100 N3y
cis-10-Heptadecenoic acid 0 n3ume 100 N3y
Oleic acid 6.26 n3usie 100 N3y
Cis-Vaccenic acid 0 n3use 100 n3u
Cis-11-Eiconsenoic acid 0.03 niuma 100 n¥u
Myristoleic acid 0 nsuMa 100 N3U
Cis-13-Docosenoic acid 0 nsuAe 100 N3

Nervonic acid 0 n3use 100 N5Y
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Fatty acid Composition

(Polyunsaturated Fat)

yuiuuzninanaaae

gaumnil 20 ayrnialdya

WY

Linoleic acid
y-Linolenic
Eleostearic

Cis-11,14-Ficosadienoic
acid
Cis-8,11,14-Eicosatrienoic
acid
cis-5,8,11,14,17-
Eicosapentaenoic acid
cis-5,8,11,14-
Eicosatetraenocic acid
Cis-11,14,17-Eicosatrienoic
acid
Cis-13,16-Docosadienoic
acid
4,7,10,13,16,19-

Docosahexaenoic acid

1.18

0

nSuAD 100 ASY
nsuma 100 N3Y

N3ume 100 N3y

ASUFe 100 N3Y

nsuMa 100 N3U

ASUFAa 100 N5Y

nSuma 100 N5u

nSum 100 N3Y

nsuma 100 N3y

nSURAe 100 N3Y
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d QA a L1 ‘0’ ar 2
A1319% 8.10 AU Aludunsuduesuunzng

Fatty acid Composition vnhunewinadadae ‘

(Trans Fat) gounnil 20 avAwaEea e
Plamitericid acid 0 niusa 100 N3
Trans5-Petroselaidi acid 0 n3usa 100 N3N
Elaidic acid 0 n3usia 100 N3u
Trans-Vaccenic acid 0 n3use 100 N3
Trans-Linolelaidic acid 0 n3use 100 N3y
Trans-11-Eicosenoic acid 0 n3ufe 100 N3

Trans-13-Docosenoic acid 0 n3usio 100 N3
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Fatty acid Composition

(Saturated Fat)

UTunsns1anane

guNNIi20 Bsriwaldua

ATeTd]

Butyric acid
Caproic acid
Octanoic acid
Decanoic acid
Lauric acid
Tridecanoic acid
Myristic acid
Pentadecanoic acid
Palmitic acid
Heptadecanoic acid
Stearic acid
Arachidic acid
Heneicosanoic acid
Behenic acid
Tricosanoic acid

Lignoceric acid

0
0.4
6.87
6.19

48.56

18.66

8.84

2.91

0.06

N3uM100 N3
N3uM100 N3
N3uM9100 N3
NTUMD100 N3U
NSUAB100 N3U
N3UFB100 NSU
NSuRD100 N3U
NTusa100 N3u
N3NA100 N3U
N3UFD100 N5U
N3UFEB100 N3
N5uM9100 NJY
nSuM100 N3
NSuAB100 N3
N3UA100 NI

ASUAD100 N3U
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A3ATUINNSUSUANRAR

Balancing Measurement Report

To:
Model: pulley Bearing mode:
Number: 3633
Mark: OK r r
Permissible

5.947 T_ ﬂ

amount of 9 .
Tester:
Date: 2018-10-04

Parameters of rotor
a= 590 mm b= 100 mm c= 160 mm

Rl = 150 mm n= 312rpm R2= 150 mm

INITIAL UNBALANCE

Left Right
99.3g/37 ° 99.3g/ 37 °
RESIDUAL UNBALANCE
Left Right
1.869[2950 1.86g/ 295°
Signature
DATE:

TEL:
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(] ] are e a o '
lasansdaey 11 NSANEIANUANIINIBATN LAZFNUATINAYBINITUINIG NTU LaSAU

nramznin uwindutanugnd sy dmiuduninia

s
" g PART NUMBER Qry
Nﬁ \ YUVIBE
1 Tray f ced
2 Gear Feed P
;.7 ) 3 Blade 1
[ 51 Pulley 4
- 5 Top Cover 1
g 6 Bottom Covre
Motor -
8 |Frame .
9 Bearing Units 8
1€ Gear ) q
= ] ==lsCougrStecfy
R, Nl ‘ el o Title: Coopper Machine
Drawing : Mr Araonrat Katthogkamn NO.: |Material:  Unit: Scale:
1 Steel in 1.20

MW 11.1 1AS99dUE a8

! = o s
v luudazduveaiasduees (Chopper Machine)

v o ar

1. Tray Feed wianntloutan fnihiisuagmemanumsiieteulifuluiiniierinis
dutoy

2. Gears Feed v3aiilaaiia 31 2 fmyuaiunaiu ie3auasduiaamamsinumsidim
Tudle

3. Blade viieluilniiviawun 4 fin Tutiiide anvamsinunsfignduunain Gear Feed

4. pulley fwihillumsnasasdiuseurennisseusneuazanld Welidniusiusemin
Tufinfunistloudanmansinums

5. Top Cover iinthiialuiln wagfulilWiasmanisinumsiidansuduesen

6. Bottom Cover imthiitaluile [ufidaiuiudiusing q veandesdudes wazdudu
nseendmiuTasmenisinuasivhnmsdugosud

7. Motor view3essud duthiidusuidmdndmiuiedaduden

8. Frame w3olase ¥mthildugedandn dwmsuiudiuyniuvesnieseus

9. Bearing Units wiagnUu vimiwilunisanusidsaniusenindidulavosnan
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10. Gears ¥IaLie4 Falundasdudaniiiies 2 vila Ao
a. Spur Gears tudmiumyu Gear feed
b. Bevel Gears YnutW3uus9nAuaIlUg Gear feed

11. Cover Steel yhmihiifurhpseuileanenvenuazgniuiiedasiudunsie

5

ITEM
PART NUMBER QTY
NO.
1 Motor 1
i & 2 Bearing Units 2
2 [ 7 3 Blade 20
a Steel 11
1 . 8
< : 5 Pulley 2
O Top Feed 1
7 Grille 1
8 Bottom Feed 1
9 Frame 1

Title: Hammer Mill Machine

Scale:
1:20

Material:  Unit:
Steel in

NO.:

Drawing : Mr.Aroonrat Katthogkam
' 1

AW 11.2 1ASesRUu

wihitluwdazdruvaaadosivu (Hammer Mil)

1. Motor vwthildusumdmdndmsuimsesiivu Tnededaie Pulley way anewiu
2. Bearing Units vhuthilaausadenviuvaanariiviusisnissuusmyuiidenan

UaLRs
3. Blade violuiln Faduluiiouuu ¢ unu wazanluliauuuaduiiuvan Teglu 1 unuil
luilewianua 5 Tu il #agniesmaineesielifivuadnnin aeunss
Steel vidpusuwan Snthiidmduivluluiisvesusasunulalfusuiu
Pulley fivthilumavadasauseuteaawmasiouvzulilunswyuluie

Top Feed fimiisuTannenisinasiiitunsdugesanudiivesenisiu

H o ok

Grille W3anzunsy dwinmtunisseulanieliianiivunalndifesiuasunswnniias
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8. Bottom Feed iwifiduvesdmsuldsivu dantadmsuldnzunse waziduniseen

2]
dmivianiiunsdvuud?

9. Frame Wuyndanandmivgunsaivniuluinieivu

ey PART NUMBER QTY
NO.
1 Steel 1
2 Frame 1
3 Bottom Blog | 1
- a Top Blog 1
1l 5 | Hydraulic 1
6 Oil Tube 1
' *"_:' | ) 7 Gauge 1
- 8 Motor 1
i 9 Hydraulic Pump 1
) 10 | Hydraulic oit tank 1
11 Solenoid Value 1
G T g e ol o Title: Compressing Machine
Drawing : Mr.Aroonrat Katthogkam HOS Material: Uhit: Fcake:
ghs s Bleslia in | 1:20

Al 11.3 1A5a99RTUgUNTEOY

Lﬁéaiﬁﬁﬁugﬂﬂizma (Compressing Machine)
1. Steel fwihiitaedunszantpenanudenrdnniivhnssmas
Frame \Hugnavdndmiugniudiuueardods
Bottom Blog uusifanisuenuaslddmivldianiirlilumsdn

Top Blog Wuusiiuvianlu e muadnwazaslunszan

B N

Hydraulics vimtifil@sundsnuainvesivanidundsnunaeunlglunisdn
NTON

Oil Tube yYuthMdumadutinduresszuulalasandlunsedn

~

Gauge THdwiuinLswunltlunssnnsza

Motor vinmtniiusdutulalasand

o0

Hydraulic Pump vmdhfiwdsundinuainniswyureanaruidulalasand

0

AU
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. o v v v < ) o |
10. Hydraulic Oil Tank ¥iwthilliermadiuwazesnifonaunuivusinaniiiuiianas
WAz RNTUAIAIMIZN1IY N UTIgNEULAZAALIIFIUNIUNSIAR UTITBIQNFY
11. Solenoid Value fiwth#irmuaumsivaveaiiiulalasdnd

A - =i' 1 vas a el
A15797 11.1 wandninnnaElasuanlasanisive

myreandvalidnussyTaiden

Tty 1wy grutoyaizmeuni/de Jaudt Uitan
HaIU -
IS EgiTINY mainasld dnzduiv
Homaan sy

mawsunisammsivaims (Publications)

STAVUNNYR
nisUsegy / At seduuuned (International
Conference)
1vsans seiuud (International Journal)

FEAUYIR

1sa1s swduevd (National Journal)
nmsegu / dana sviund (National ‘/mmﬁ:-qn%mmﬁ:ﬁ’umﬁ Jnlan ; —
Conference) anmiugaudin

nindntudia
Ua3/naan v nsedatiosin U ! 2560

funvy nusTyssRuvesduny Rl
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(5) Pisuttharachai D, Yasuike M, Aono H, Murakami K, Kondo H, Aoki T, Hirono
l. Expressed sequence tag analysis of phyllosomas and hemocytes of Japanese spiny
Lobster Panulirus japonicus. Fish Sci 2009; 75:195-206.
(6) Pisuttharachai D, Yasuike M, Aono H, Yano Y, Murakami K, Kondo H, Aoki T,
Hirono |. Characterization of two isoforms of Japanese spiny lobster Panulirus

Jjaponicus defensin cDNA. Dev Comp Immunol 2009;33:434-438.
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(7) Pisuttharachai D, Fagutao FF, Yasuike M, Aono H, Yano Y, Murakami K,
Kondo H, Aoki T, Hirono I. Characterization of crustin antimicrobial proteins from
Japanese spiny lobster Panulirus japonicus. Dev Comp Immunol 2009;
doi:10.1016/j.dci.2009.05.006.

HAIUAYINTIUY (WU Proceeding A151 18)
Oral Presentation:

(1) Duangjai Pisuttharachai, Motoshige Yasuike, Hideaki Aono, Hidehiro Kondo,
Takashi Aoki, lkuo Hirono. 2008. Characterization of two isoforms of Japanese spiny
lobster Panulirus japonicus defensin cDNA. In Annual Meeting of the Japanese
Society of Fisheries Science.

(2) Duangjai Pisuttharachai, Fernand F. Fagutao, Motoshige Yasuike, Hideaki
Aono, Yutaka Yano, Keisuke Murakami, Hidehiro Kondo, Takashi Aoki and lkuo Hirono.
Characterization of crustin antimicrobial proteins from Japanese spiny lobster
Panulirus japonicus. In JSPS — NRCT Seminar 2009. Rayong, Thailand.

Poster Presentation:

(1) Duangjai Pisuttharachai, Motoshige Yasuike, Hideaki Aono, Hidehiro Kondo,
lkuo Hirono, Takashi Aoki. 2007. Expressed sequence tags from haemocyte of
Japanese spiny lobster, Panulirus japonicus. In Annual Meeting of the Japanese
Society of Fisheries Science.

(2) Duangjai Pisuttharachai, Motoshige Yasuike, Hideaki Aono, Hidehiro Kondo,
Takashi Aoki, lkuo Hirono. 2008. Antimicrobial peptides: Cloning and characterization
of Japanese spiny lobster Panulirus japonicus defensins and crustins cDNA. In 5th
World Fisheries Congress.

(3) Duangjai Pisuttharachai, Motoshige Yasuike, Hideaki Aono, Yutaka Yano,
Keisuke Murakami, Hidehiro Kondo, Takashi Aoki, Ikuo Hirono. 2009. Characterization
of four isoforms of Japanese spiny lobster Panulirus japonicus crustin cDNA. In

Annual Meeting of the Japanese Society of Fisheries Science.
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