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Abstract

Nowadays, there are increasing energy consumption, especially energy from
oil. According to the search of renewable energy sources, there are found that
freshwater microalgae have the potential to produce oil more cost-effective than
many oil plants do. The aims of this research were to study the diversity of freshwater
microalgae, examine freshwater microalgae for bio-oil production by Nile Red Staining
technique and compare them with the results of previous research. The collection of
microalgae used a 10 micrometer plankton net from water sources in Satuek district,
Buri Ram province. The results found that diversity of microalgae could be classified
into 5 divisions, 22 families, 47 genus, 71 species. There were 15 species of microalgae
that can produce bio-oil, most of them were Chlorophyta division. The tests of bio-
oil production among the 3 microalgae; namely, Botryococcus braunii, Scenedesmus
acuminatus and Chlorella sp. found that B. braunii produced the highest amount of
oil because almost full of its cells had yellow glow. This microalgae were found at
the stations of number 3, 7, 8 and 12; which were Ban Nong Nam Khun, Ron Thong
Subdistrict, Ban Sakor Sai and Ban Talat, Nikom Subdistrict, and Ban Sakae, Sakae
Subdistrict, respectively. The most diverse species of microalgae for bio-oil production
were found at the station of number 12. The data of microalgae for bio-oil production

from this research are new data to be used as an alternative energy source.
Keywords: freshwater microalgae for bio-oil production, diversity, Nile red staining
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:uaqmumaiwlaaﬂuLsuaa”lmamwmﬁ]u ‘Viﬁ\‘]ﬂ’]’iEJ’e)lI?l'luaLiﬂﬁ]%ﬂi?ﬂaﬂ’ﬁlﬁﬁ]\?LL?NﬁL‘Viﬁ’eN

Faduusnaninisadraiu diuvsnadunslssneunisaaslsiladuazansou q Mwaa

asvulaeyimsnsvaeumeldindosganssmivigoaisaisud 9INNMIARBIE T IEVLAEN

MwunsiSesasdindeaiouiuwaduazdaauiiande B. braunii

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




8 MIENTIVV WMINIRETIVAUATATIIINIIY

[

At 2 amerunadnsdniduiinunnuaehlusineadin Swiayisug
(n) C. pusillum (v) C. raciborskii (A) M. aeruginosa (1) Oscillatoria sp.
() Spirulina sp. (@) Navicula sp. (%) Botryococcus sp.1 (%) B. braunii
(a1) Chlorella sp. (ey) Cladophora sp. (5)) K. lunaris (§) M. foliacea
(3

§) P. duplex () S. acuminatus wag (W) Spirogyra sp.
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AN 3 N13RsRasutIuluaTevuIaEnlaemANANSERNALLALSe (Mnuunaudaud
luasa-nnanandadondludisn)

(A1) B. braunii () S. acuminatus wag (A) Chlorella sp.

N159AUS19NANI5IY

v
o o

Mnmsdmaamisidsuadnlueiiuiisineaiin Saminisus e 12 90
lnsiiumegemegaunadineuvuinnt 10 lulaswes wdanasluvianaiainlagldld
asailumsiivinuanmiosandesinsdaueneadiioilddedmiutuneuns
pdeutifusoly anmsadadiuunldvanun 5 33y (division) 22 29 (Family) 47 ana
(genus) 71 ¥iia (species) 9MNN1TAATITRTBYANUAMIIBVUIAENTUATITY Chlorophyta
ﬁmmwmmmamnﬁqm 947U 35 vila 5998901AD AITU Euglenophyta 3112u 12 vila
AU Cyanophyta 3113 12 ila A Bacillariophyta 3113w 11 %iin Lagditu Chrysophyta
$1u 1 vie Andufesas 49.30 1690 16.90 1549 way 1.41 VoM IBINAENTINUT IR
pudIu Feamsevwmdni 5 MTuiiduamsefinuildluide denedestueuise

Yoalnsu wazemy (2553) laanwianuvainuatevesanniieludivessin Sarnuasalssa

o A

WUAUVAINYAEYBIAITY Chlorophyta unign duituninuieeiianfe Chrysophyta
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Tusddeilddnunsamisiluamseruadnuieiawity Tnadenamsne
sy 3 v 18un 8. braunii S. acuminatus waw Chlorella sp. lomndedldrugiuigy
ot geludumeunisfausnamsnsvundnlilfieadifien fomadanisdrasaddoe
lulastiun u,ﬁaﬁﬂﬂL?Tsm"lummimmqm BG-11 1Jwaan 45 Su iiensrvdaunisnan
dslaeldimadanisdeudludisn luwadamireiaunsondninsiuas 3eadivies
Lﬁ'aa'mgmaiﬁﬂé’mﬁ;amiﬁﬁmaaLiamu(ﬁ (Rattanapoltee and Kaewkannetra, 2013;
Gusbeth et al., 2016) LaTHANMIVIAABIIa MU Soaddoufouiuivad
Taaudigaiio 8. braunii Sswuannsnedanannilugadl 3 7 8 uay 12 fe Trumussiigu
AIUATOUNDY UNuEIENoNIua U UnaIn fuallau uwazUIuazun AUadsLA ANAIRU
aenndoatunuIdevesaiiim uasan (2555) Idvimsdndenamofiendmiviululefioa
wui B brauni Tlususnniian Sosay 13.2:02 uaznsalufiuiiiuinasnniiaafensaurdiin
Prasertsin and Peerapornpisal (2018) ¥11N15AALENLAZATIVEOUAMNANUITOLUNITNER
dfuluamsievuadnanuvanidalunamiiovesusemelng wuin B braunii SUsH
ihifusniian Seva 39.25+0.32 Tnsthuiinuks wasdineniddonmsianiuasAnuisns
disunnamsumdnunldlunsuanndsnudanin Boni et al. (2018) Anwningiy
971 B. braunii wiednanmlunsudalulefiwa fedsnsadauuurendidn Dilia and Leila
(2018) Wu31 B. braunii HUSiNvBINTAlBladNBYTENINTREAY 15.65-35.85 nIalaluiadn
Sovaz 3.05-23.15 nsalndlinn Sovay 4.03-22.13 uavnsnawiesn Seeay 0.48-15.41 Fuiu
Fuuslunsdoninfuanamsesiailunsuanlulones osmndnsiauvensealuy

dusunazlududlauanenaiuuin

v
a o w

! 1 [ a a dl ! ¥ v a ¥
gIUdINIYVUIALANBN 13 wianldlansiegeunisndntiiulaeldnafinnisdeu

aw o4

Aludisn annsnaztindmiduld lnededanienansnuideiifeitesdiaenadosiu
AdeveseImTIMATENT (2556) TeneitinuduTinmilaiadeensuiigumgi 70
DIANTALTYA WUI1 Spirogyra sp. ﬁﬂ’%mmﬁwﬁu%amwaéwwmwmﬁqm Jowaz 14.05+3.00
Wmiminfusedmnainsieui) sesauniie Microoystis sp. Sovaz 13.35:3.00 wariios
flanlu Cladophora sp. $ewag 5.84:0.10 LazRaNTILATERR N1 i ann et
mssdnmdanunawnilusuuuuesiuiululofwals mad wazang (2559) Anvitiouidio
nsiadnuarnsndniniulueadanvesanitsvuiaiinnuin Chlorella sp. liAngean
wihifufesas 32.814 Taetuiin uasidlefeseivdauazyTuailudunuit fanummnzay
Tunsuanthifululefiea Abdo et al. (2013) aravasuashusznourawnIAlsuLay U

UTUINNAVDIAIUTIBVUIALANIIUIY 19 @eWus FevinnsiAudleg1eanuuunludves

]
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[
g

BUA 91NTURWILEEIUNIMNTERNS BG-11 AewinaiuiieInandnuasnsivdey

()]

v
a o w 1

USnadifunuin M. aeruginosa fuFanaiiugefigadofesas 30 Nascimento et al.
(2014) Ainmziluledwannisiuluamserunadnivseuiisutuisinite i
NENIY 6 maﬁuﬁ:ﬁmamémﬁumﬁwﬂuﬁqmdﬂ 40 dadans 1'day " wag 8. braunii 1UTuN0
driufeuas 45.0+3.6 Aetmiinuie Abdo et al. (2014) Fn1suenansenaniniuile
L?;Juqﬁyl,wéﬁiﬂum5m§m51ﬁu1uiaﬁ e Tneasiadeunsnantsiusemaiamsiosalugisn
wazAnwinelindosqanssainlgeeisalaunfian excitation 450-490 urluiins uazen
emission 515 wnluiins lnefimsadfiavielasndwelsdazusngyadvaes uagnuin
M. aeruginosa Usng@masstnuuaziiusinaluiugedisdosas 30£0.3 Chtourou et al.
(2015) hnnsafanntuan Navicula sp. wuiinsudiladmnumunsanlunsiilunan

v
£ A

lulafwa Melanie and Fithriani (2015) Anw13snnsanaundudunsuldnannustainaa

aadada

Woadaann Spirulina sp. ag Chlorella sp. U133 sonicator Lfluaﬁ‘mﬂvifcjm Gani et al.
(2016) FHifiudn Botryococcus sp. fiszananmlumsidauafivuazdmsuiamungs
wasurgulsulunisuaalulefiaa Patel et al. (2017) Anwinaannnsdaunseiaieuna
voslwelunuaiiGeomn 7 arewus itelddmiuiiuumdmdndomadanm lnstans
wigAule Tawaa Arslulawmsanazlagdu wuin Oscillatoria sp. HUFuaulviuiovay 8.9
Prasertsin and Peerapornpisal (2018) ¥1N15AALYNLATATIVEOUAIILAINITOIUNITHAR

v

BsTuluainsrgvuradnannwnasiidnluniamilevesusewnalne wuin 8. braunii

a

fiusunahiunniigaSesay 39.25+0.32 Tngu viinuiig wagaIns1eauIadEndy 9 Any

¥
o w

Wdulaun K (unaris P. duplex C. pusillum M. foliacea waz C. raciborskii fiusunauiay
Sovay 24.30+0.34 14.50+0.20 10.73+0.25 10.45+0.07 uag 8.24+0.09 Mua16U u@ﬂﬁ]']ﬂ‘f‘:l’

a o o a

Faiidafntunmsiauamdelunsaiahiuiaduisgivdmiunimanllefiea
Unpaprom et al. (2015) I§vimsimzides s. acuminatus ‘Luﬁlﬂﬁyﬂmﬂhuﬁqum \ions
trinveundsgiunisadnlulediva wuifinnudululdiesndnlulediwannanaves
amswaniaglldesrnudunauniseuLis Dehaghani and Pirouzfar (2018) Anwna1uing
YPWALENTEINe Chlorella sp. kag S. platensis wuan Chlorella sp. danumsngauluns
wanlulefiwamnnnindesnaiapiulng nandntnnags fusauazviavesnsalusiy

Funzan (C14:0 C16:0 uag C18:0) daduansusznourasnsalusuinlulululediva
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#3UNan1339Y

NAMIIMLNESIETNAE NN e 1 aunUsEneUs e 5 AU Suunls 71 vile
wuhamherunadniiansosdatiuld 15 vin TaeAiduiinuanitanfie Chlorophyta
annsananintiuld 9 wdin seaunie Cyanophyta annsananiniuld 5 via wuﬁasﬁqm
#i8 Bacillariophyta anunsananinsuly 1 wile dwitlinunisuamiiiu Ae Euslenophyta
wag Chrysophyta ilensrvaeunisuanihiulagldinaianstoudludisnananseuunn
Enfidenun 3 wiln awsiefidfiunisSosaddindesdaaudiaade B. brauni Fawuanse
fandniluged 3 7 8 uag 12 Aothuvuesieu suateunes thuassnelnsuartunain
fvalian wazUiuasun fvagzun MuUaau TUAUATUNSNIYANLUBIEIUIIVUIALAN

HanTuLNnTigalugail 12 Truazun suaasun 6 3ila dwgailinvamnsievnndnudn

9
&

Wiy Aegai 9 Uruguin suagin 1nteyanuifedneadusigauassnlunisfing

] T a 3 a 8 o & Ao % o v a ¢ A v & ] o I
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AnfnssuUsEANA

N

@ Vo

THevereunnEYIBManT1138 ASATIVE WYSIA JAemansange as. Ssns niimans

e3>

wazasLennad A3 Aldduuzdimdulsslevd wazidminfnnviiuainan duive
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UMAINeRu ey,
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HaYaINIA 5-axdllualatnAen1sasgAulalazn1InaUALRIYaY
pifuiuTulananeuulseaneiiug
(Pangasianodon gigas x Pangasianodon hypopthalmus)
Effect of 5-aminolevulinic Acid on Growth Performance and
Immune Responses in Hybrid Striped Catfish

(Pangasianodon gigas x Pangasianodon hypopthalmus)

o Q‘ 1 * &I o =
ATWAANG Naegn1’ wisd Fauen? S Tane’® uazAnaly s1dsnl’
Wiroonsak Thongsupa®, Naraid Suanyuk'?’, Angkana Saikeur?

and Suppanat Thaneerat®
unAngs

sAnwNavesnIA 5-ovdlludyadn (5-aminolevulinic acid; ALA) findnannuuadiSe
Rhodopseudomonas palustris JP225 sian15iasgiiivlauaznisnauauasvesgiauiuly
UanaeuTuugsaneiug (Pangasianodon gigas x P. hypophthalmus) Tnedesaniiihimin
faduade 7.71-7.78 n3u MeemnIveaauasuie ALA fissduarandudu 0 (gnaauam)
2.5 5.0 7.5 wag 100 fadndusedlansu wuinluszezinat 4 &anwi Uarfidesdeorms
31 ALA fiszduanandudy 2.5 Sadnsuredlansy fidviinanie dwdnfidiudy Sas
nsisAulndiwzgeiian LLaxﬁé’mﬂmimﬁ'aummﬁﬂuLﬁaﬁﬁqmasjwﬁﬁaéwﬁ’@ma
afif (p < 0.05) WonFeuileuiuumiBesesgnsdu q vennddmuinaay ALA
fsgdunnududu 2.5 fadnfudedlandu anunsouinuinandaidenuns adonunn
lailnadusiu Bunlaedn Anssunsduiududantasy fuinsfuiuduvanyasu ua
Aedoiindnignidadensnduauliiirngeiian uazfinnuumnssedsidoddgymaaia
(b < 0.05) WawFsuiisufutanfidssssewnsmuau edesanusezinan 8 dUa
nuinsadyulnvesaniildiueimssay ALA ynszduarndudulaifanuunnsiseging

o o a

HedAgneedd (o > 0.05) uenanilfesnuinUanilasusimsnen ALA N1sgAuaNudNduy

L gudidogunmdniinianis anned avidvismansuazuiangsunisinms auevneNIsIILYIR
WATINeNFEAAIUATUNS

2 gnerrandudananziesdnithes sty ausninenssssued sninedoamaueiuns

3 guingmans angingimaniiazmalulad wninendemalulagivusnaniidy

* Corresponding author: naraid.s@psu.ac.th

Received: 25 February 2020, Revised: 17 March 2020, Accepted: 20 March 2020



NIANTIVY UNINIRETWAYUATATITINGY 17

10 fadnsuseilansy dn1snevaussvesgifuiu laun lulnadusiu Funlease way
Tusivludsuanas uafiAnadeRanssy respiratory burst uazfaiinisduindsuanuaongs
ﬁqm wazfauuansegnaditeddymieadn (o < 0.05) Wewssuiflsufuuailidewae
91NIAIUAL aAfeiuandiifuininaiy ALA indanuuaiiSe R palustris JP225 1
srauaUudy 2.5 fadnsuseilansy Tuewnsuanuszasinan 4 dUevi anunsodaasy
nsasyulakazgiifuivludaaneusulaneiugla

9 q

(9

AdnAsy: UaraneuSulgsaneiug nin S-oxdiludqdin mMaasydiule ssuugiiduiu

Y 9

Abstract

This study reports the effects of 5-aminolevulinic acid (ALA) from Rhodopseudomonas
palustris JP225 on growth performance and immune responses in hybrid striped catfish
(Pangasianodon gigas x P. hypophthalmus). Hybrid striped catfish with an initial weight
of 7.71-7.78 ¢ were fed with commercial diet supplemented with ALA at concentrations
of 0 (control), 2.5, 5.0, 7.5 and 10.0 mg/kg. After 4 weeks of feeding, the fish received
diet containing 2.5 mg/kg ALA concentrations demonstrated the highest final weight,
weight gain and specific growth rate with the best feed conversion ratio in comparison
with fish fed with other diet formulas with statistical significance (p < 0.05). Furthermore,
fish fed with 2.5 meg/kg ALA concentrations increased their red and white blood cells,
total haemoglobin, haematocrit, phagocytosis, phagocytic index, and average number
of the bead ingested per cell to the highest level comparing to fish fed the control diet
and showed statistically significant differences (p < 0.05). After 8 weeks of feeding, no
statistically significant difference in growth performance of fish was observed among
diet supplemented with ALA at every concentration levels (p > 0.05). Moreover, it was
found that fish fed with 10 mg/kg ALA concentrations showed that the immune
responses which were total haemoglobin, haematocrit, and serum protein were
decreased. Yet, there were significantly increased in the average respiratory burst activity
and phagocytic index to the highest level comparing to fish fed the control diet and
showed statistically significant differences (p < 0.05). These findings indicated that
supplementation of ALA concentrations from R. palustris JP225 at the concentration of
2.5 mg/kg diet for 4 weeks enhanced growth performance and immunity of hybrid
striped catfish.
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U39 ”uﬂamﬁaLffaﬁunLﬁuﬁﬁﬁmmﬁuﬁmLﬁaaﬁnﬂlﬂummiqﬁumw 1RaUAINIA
Tawunsifianudrfsenisiasayiulanasnswauivesaues wuinvaimsliviune
lvsfudid Tnslannzeedaluiulungulewm 3 lunaasisUszmadsfinnudesnisuilan
Uamfasiievn wu Yanaane (Pangasianodon hypophthalmus) WagUangnuausening
wouandnfuualuananne (n3uedng wavany, 2554) FaruFemstinnsduasunisimnziaes
Uamlagnuasliiuinensns LﬁaamﬂLﬂuﬂmﬁrﬁ@mmwLﬁaLﬂuﬁﬁaqmﬂmmam Aoedne
157 nulse lanandnd wardidenanisdenlunstisannisiidivamdsainaaUssine
Sney (N38adnh wavAy, 2555) atnslsfinunsdssdn ihuuumuiuTlonavinlsan

Uaendulsalaing Snvisdaadnemnudemedonandnuaziinfuyunisiaes wiinee dnsld

=

gnUfTuzuavanniaiifiedostuuarinulsafiintufnng uinsdenldouavarsiaiiill
mmzamﬁiamaﬁﬂﬁlﬁﬂﬂmmﬂ”li?ﬁyamﬁﬂuﬂamaxﬁuﬁm swdstamarsananslu
wﬁmﬁmsﬁé’miﬁwLLas?%qLL’mé’auﬁuLﬁuﬂmmﬁﬂﬁmﬁﬁmaﬂiwumLm‘is@ﬁwawwa Fatfunns
T¥ansnszduagiduiu (immunostimulant) Aindnainansdinin adumadenwddunis
famsavamdniih iesndiifiuanudunulse lidusunseseuywd uazlinndg
Tudandon

n3n 5-oiiludyadn (5-aminolevulinic acid; ALA) tluansiinndilaifudunsie
sounuduazdn ansinmadadnuldiluuediedunsevinas iwu Rhodopseudomonas
palustris (Saikeur et al., 2009) wag Rhodobacter sphaeroides (Liu et al., 2016) AN
WU Scenedesmus obliquus (Klein et al., 1980) waz Chlorella sp. (Sasaki et al., 1995)
uazluAL3Y WU Propionibacterium acidijpropionici (Kiatpapan et al., 2011) way Escherichia
coli (Zhang et al., 2015) \Jusu mwﬁmﬁmmmﬂizﬁuﬂﬁw%zglﬁuimsuaqﬁwawsaﬁm
(Tanaka et al, 1992) sastadnd i gns Tnenui ALA ansnsadfisnSsnasTalnadu smmin
Sodoauns iiadensn wagBunlneinueagnsligadu (Chen et al., 2008; Wang et al.,
2011) eglsinudslifimsfinwinaves ALA denssaivlauazsyuugiiduiululan us
fins@nwrlunanaien (Penaeus monodon) lngausint (2549) wuin ALA anunsansedu
szuugiduiuvestenard ldun madivdwiuveadadonsiy Aanssuveseulesifiue
a0endind wazdnanissennieannsindelidaiunmisunild fafunisitensilid
FquszasAlednuinaves ALA denisiasqiiulauaznisnseduniiduiuludaiais
Ufudgsaneiug deyafildinnsinunaditandulslonidensifiunandndondeduas
dudngnmlunisusiilussiuuunadely
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ABANluN133Y
1. Madsauuafieduasziuaauaznisuin ALA
wuAisdaasziuas R, palustris JP225 fusnldnfuuieiluginognsal
Fanfnunsaiossus1y (Saikeur et al., 2009) thundssluomaman GM vuluanmizuuy
fiornetion fluas fonmfl 35 ssrniwaidoa Wudeadelutinianiingn ALA légean uas
u8n ALA A133815983 Mauzerall and Granick (1956) Ingtiansazansuuaiiefidedy
91M3a7 GM 1vUAEefinNiE 10,000 soUseUT U1y 10 wndi udridnlalush
WisshelesessIinuuUayannIa Wuse ALA ildfigamgdl 4 ssrwaidea auninazlday
soly
2. NM3A3ENUAMARDY
UanameuiuupameiugengUszana 1 dou twdnussana 2-3 ndu fikiuns
Anbinuemsdadniazuuuds Tgqunimuiauss Yasalsa 91u7u 500 fa diuneyuialy
flvluasauinmnug 3,000 303 Tiiuewnadedusaguiuas 2 afs Ao Pradiaan 9.00 u
waztaaBunan 16.00 u. iuszezingn 2 dUav mndudavariifimdnlndAeatuld
finsrannnaasuuIn 45x90x45 iwufiuns fussgin 120 dns Tadudng 3 dau fewanafin
duiteUosfunssuniuainmeuen $1uau 30 ¢ 9 az 20 6 yhmadssanduszezion
2 &Un9h iioUFuanmualvidutugvaass feudunaasshmsdaiminaidnads tae
fndondaniiddminlndifssiudiuiu 15 daded nsfnwiadaildinunisiarsuiuas
WhureuInemnssmaiiuguamsdsuaslidr enemesamuuminedoamaueiuns
wauilueyaedl Ref. 56/2018
3. NIA3LNDMITNARDY
widsuansartn ALA tngldindutsendedusvhazats anduinisaiusdde
a1sarany ALA AaULEWNIVIARDILgIL A 15808t 9920 D Bt HAmA1N1901Mg
1éun Tusiulaishnn 25 Wedidus Tuduldsingt 3 Wesidusd aruduliiAu 12 Wesifus
wagnInbiiiu 8 Wesidud Tildrnududuves ALA winiu 0 2.5 5.0 7.5 uay 10.0 fadnsu
soflaniu 9ntuadeusethifulaudianisaudunm 4 $2Tus vssgadugananaiin
Ausnulifigaumai -20 ssmwalea aunitagldny
4. NFINURUNITNAAD
TUHUAITNAGBILUVEURADR (completely randomized design) Taguyan1s
yaaesoondu 2 mavaass lduA nismeassdl 1 Besanduszerinat 4 dani wagns
yaaosfl 2 Besandusszinm 8 dUn uwiaznismanesUsznoude 5 gan1svaaes q oy
3 41 (replication) 91ax 15§ fevnsvaaasiuas 2 afa fe Waan 9.00 u. uazduran
16.00 u. Waiuaudy andufinetmsiilimniu iwasudied 90 wWesidusd vn 4 2 fu
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5. P1SANEINISIRSYLAULR

densuszeziaa 4 wa 8 dUani ﬁﬂﬂﬁﬁﬁ"ﬂfﬂwﬁﬂﬂamﬂﬁqmm'ﬁwmaad (anlod
9115 1 Sureumsdaimin) wieuanduiind uauvan dindnvan wazdvtneims
NARDY a]uéuzjmmimam thdeyadildudiuiasnsinissen (suvival rate) thiindi
Wi (% weight gain) 8n51A1513eYLAUlAINTE (specific growth rate, SGR) LazenT
ﬂ’]iLUﬁlﬁJumMTﬁLﬂuLﬁ@ (feed conversion ratio, FCR) @1335n15U84 Younis et al. (2018)

6. MsAnwIsAUIENaUITIALAT SEUUIANTuYIUaIaMaUTUU Teaneug
wasn1sveaenduszeziig 4 uaz 8 dUnv duiiusegiudentalainynya
nsmeaes 4 ax 9 1 (§1a¢ 3 ) aavdethifuniung udrsdenuialaumdasls
Wudnervuin 18a88ns Waduauin 256 (NIPRO (THAILAND) CORP. LTD) ka1l
Ansigesausenauiden tawn sruudindenuniwazidaidenann Fuilaase Usunu
8lulnadusiu TWsiuludsu Avnssu respiratory burst wazAanssuveseulasilaleleyd ay
75n19989 Suwannasang et al. (2014)

Jias1eRAanssun1sduiudlandaoy IﬂﬂaawmﬁwﬁﬂﬁumquLLé”JLLEm
Tndunianu3snsves Chung and Secombes (1988) waztilUAnwAanssun1siuAnas
wandasumisnisves Thuvander et al. (1987) Mntutusnumadfisuiudwlantaon
wazswrulindniignivAunelindesganssal thaniildunduimianssunisiviu
daudanuaeu fuinsduiuduanUasy LLawhLa?imﬁmﬂwﬁgﬂﬁuﬁumuqmmm Rengpipat
et al. (2000)

7. Mm3aTzvidaya

LHUNITNARBILUUFUARDA AATIENToyanvadalagldnisiasigvining
WUSUTIULUUTMUNIARET (One way analysis of variances) LaglUToulfiguAILLANea
v03A1aa8ln8s Duncan’s multiple range test fiszfundnadou 95 Wasiduddae
Wswnsudnsagy SPSS (version 19.0)

NaN1539Y
1. Ns3yiule

nsfnwInaves ALA demsiatauivlnvesumaneuiulgsaeiugiiaseng
0IMIMIAABI 5 gns \usrariaa 4 o 8 §Un1v wudaiildsuenmsiie 5 gns
fumdnifistumusseznainindss Inglutas 4 dUaviusn Uarflidssdsemsmaaes
ansfl 2 i wasude ALA flssfuanududu 2.5 fadniuseflansu fhiwudnaaie b
TRTG wardnINRasRulaTLNIzgeEawiniy 13.38+0.26 N30 72.96+3.34 1Wosidud
wag 1.83+0.06 WesiuiroTu mua1du wazianuuandeeensditeddamisata (o < 0.05)
fulanfidssseemavanesgnsi 13 4 way 5 dudnsnavasuemaduiefidviign
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iuﬂm‘ﬁngé’wmmimaaqqmﬁ 2 Fafidify 1.00£0.08 wazdauuAnm1IeEIs
HpdAgYN19aaA (p < 0.05) ﬁ’uﬂmﬁLgmé’hemmimaaqgmgu q (A5197 1) dlevdes
Uamearmsvaasuluszeziian 8 dUani Wudwmmwﬁuﬂqqmaﬁuﬁ:ﬁLﬁyméfwmmi
yaaeia 5 gus dumiingavine ity Shmnsasgivieding uagdnsins
LU?{EJumm'ﬁLﬁulﬁahiﬁmmummmﬁ’uasmﬁﬁsé’ﬁzgmqaﬁa (p > 0.05) (15797 1)

pdsnadssladsemsasendusrzinn 4 way 8 dUask wudianane
USuupsameiiugnnyanisnnaedisnsinissennelifinnuuwansisedaivedrAgni et
(p > 0.05) (57971 1)

2. HavYBY ALA fiaasAUsEnauldanuazszuugiiduiuvasuataieuiuuseaneg

wusdeaduszezina 4 duani

nsAnwesdUsEneudenuasszuuniAufuresananeuiuussaneiugalisy
onsnaaowmay ALA uszerinan 4 #Unsi wuiwanfidesisomnaaosgesi 2 fo
iEsudhy ALA Aiszduanududu 2.5 fadnusedlansu fusnandindenunuazidaiden
Y1IGFAWIIU 2.90£0.07x10° Uag 4.95+0.39x107 lwadneliadans nua1iu 504a9 Ao
Umfidesdasemmaansgesii 3 4 5 way 1 (ganuan) nudy TneUaniidssies s
VIPABIGATT 2 ﬁﬂ%mmﬁmﬁaﬂLLﬂwiNmmJa1‘1’71'L?ﬁyméh&Jmmiﬁqﬂmuauad’mﬁﬁaéﬂﬁ’fqu
afif (p < 0.05) AonrdasuUsINABTilnadusm warBulaasaiiiiengearlulanidesdae
91 INAADsgAsT 2 (ALA 2.5 fadnsusedlansu) dA Ay 15.85+1.43 nudelndans
waz 42.61+1.79 Wesidud uaziinnuuanseegadided1fynieadn (p < 0.05) Audaiyn
AIUAY (57971 2)

nszuaumsduAuddanuasuiiaigeanlulaildesdisemsnaassgnsd 2

a a

ALA 2.5 fiadnSusanlansy) windu 39.00+4.92 1Uasidus wulinldiianunana1geeis

—

Y @

] mm‘mqaﬁﬁﬁ‘uﬂmﬁLﬁmﬁmmmsmamqmﬁ 3 (p > 0.05) WATAULANFNAUUAT

7

b ED

a

Magwngammaaedgasi 1 4 uag 5 egelidudrAgnisada (p < 0.05) Avilnsduiu
mLLUaﬂUaamawmmLasmmammimaaﬂqmﬁ 2 (ALA 2.5 fiadnusionlansy) dan
WinAy 25.77+7.72 s’ﬁaqmdwaéwﬁﬁfeﬁﬂﬁagmmﬁﬁ (p < 0.05) fulanfidsedeaims
mmaaaqmﬁ 341 uag 5 Audeu ﬂ"]La?alaLﬁmﬁmﬁgﬂLﬁmﬁammﬁuﬁu%wmmm
Uiudgeaneiusiliiuevsmaaesgnsil 2 (ALA 2.5 fadnfusedlantu) fergsgauiniu
1.67+0.07 \infalvad s?iﬁiaiﬁmmLmﬂGi’maﬂwaﬁﬁaﬁwﬁmmaaﬁaﬁwmﬁLﬁyméﬁ’wmms
19a83gAT 3 (p > 0.05) uAlidrgeniaidssisamsvaassgasd 14 wag 5 ogng
fifedfayn19adn (p < 0.05) (91991 2)
nsanwadiildnunnuunnaisednedited daneadn (o > 0.05) veaU3unm
TusAulugsy Aanssuveseulullalalel wagAanssu respiratory burst YesUananeUsulse

aneiudlasuemsnaaomay ALA Tiszaunng o Wuszeziian 4 dUam (3197 2)
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3. HAYY ALA fiaasAUsznauidenuazszuuniAuiuvasUaaeuiuleaig
wugideaduszezioan 8 dUav

[

Uaraneuiulgeaneiugiiaessisamisnaassansi 1 @anuau) 1u

svoziian 8 dUanii fusuadlulnadusiu Funlanin uaslusiuludsugeaniiseiu
14.18+0.77 nSusolnTans 39.58+1.38 1WoslGuA uaz 47.56+4.25 fadnsuneiiadans
AudTU Feflauuansnsegnafiteddyniads (o < 0.05) fudanfiassseemanay
ALA Pszfumnuidiudu 10 Sadnfusedlansy (yamsmaassil 5) filuTaslulnadusom
Sulamsn wazlusAuludsu wihdu 12.73+0.84 nSusiewndans 34.35+3.98 Wosldud uay

39.62+3.57 UAANSUNDNAGANT MINAIAU

dl a [ a1 a

Uaiideaniee1m15gnsi 5 (ALA 10 Sadnudefilanu) ddnafeianssu

o a

respiratory burst gegawinfiu 0.211+0.057 Faliflanuumnsive wileddgwmata (o > 0.05)

)

ﬁ’uﬂmﬁL??mé’wmmimmamgmﬁ 4 WATIAULANFNIRE1STTYEANINEDA (p < 0.05)
ﬁ’uﬂawﬁﬁméﬁammimaaqqmﬁ 1 (ynAauAL) 2 Way 3 (19197 3) duinisduiu
AsudanvasuvesUaansuiuupmeiusiageaaluladssfisoimvaansgnsi 5
(ALA 10 Tadn3usieAlansy) uasfieuuansnsmiandilésuonmsynnueuegaiifd iy
N9ada (p < 0.05) miﬁﬂwﬂuﬂ%ﬂﬁlﬁwummLLmﬂsiNasiNﬁﬁsJﬁﬁszaﬁa (p > 0.05) U9
Uinausindenuns Usinauindenun Avnssueulwilalele! AanssumsdvivdudanUaey

i A & a o 2 v a 1y} ¢
LLagﬂ’]LQaEJLN@UW%QﬂLQJﬂLa@ﬂsUr]'J‘i]Uﬂulu5$8$na’] 8 dumn IUanV]ﬂsqﬂﬂﬁlivmaa\?

afusIwNaNITIVY

ALA uansanmitliifudunsedenywdiagdnd ansonsedunisadyivle
YaaNvharanivatevia (Tanaka et al, 1992; Chen et al., 2008; Wang et al., 2011)
AMIFNEINATEINITESY ALA Tuemsfiseduanududusing 4 denisiasaiivlnvesdan
anegUiulgsaeius wuiuaaneuiuusaeiugildlunsdnuadsifinaaiogdvie
Ui Tnedidnsnisiasadulnsiong (2.24-2.61 Wesiudrety) uagdninisiudeueims
Hudle (1.02-1.19) Indifssumsauvesingm uasams (2562) fidnyinsunudivaiiu
mewnadusfvaniivlusmsvatanegnuauiduszeziia 8 &Uav nuitameaesd
dnsnsiasgivladumig (1.77-2.63 wWesiduanaiu) wazdnsmsiasuemaduile
(1.12-1.50) Mmsfnwadaiinuirlusvezing 4 SUaviusn Uandiaoadieenmsnas ALA 2.5
fadnsusienlansy ﬁmm'%aﬁuimﬁﬁqméwaﬁﬁaénﬁﬁymﬁaaa (p < 0.05) WewSsuifiey
fuvaluganisnaassdu q veiidosain ALA fauantiiduasdeiulunsdansgisy
(heme) Tneioules] ALA synthase wtifidaasze ALA annseeedilulnaduuasdpddalaie
i ALA fuzgﬂé’qmswm’lmamsmuﬂﬁmﬁamﬁ%fmma%umauf\mmﬁwﬁuiﬂﬂmwaﬂw%u

(protoporphyrin IX) %a%gmauiﬁummﬂiﬁmma (ferrochelatase) wWaswdudy aneld
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aneifimanludfAsen (Zhang et al, 2011) luansusznevBuiiluanavessinmaniu
aadUsznav WieBusiusiiulusiulnadu (globin) nanetduansuszneudlulnaduluia
Fonuns Fwimihiilunisdideseenduuluduradan q Wisldlunssuiunsunivedsy
Woafrandanudmiunmsasaivln wavdeunudiufidnuse dufunisasuermade
ALA Tupnududuiivmnzani i livaniinsesaivladis nanisinwadildenadesiu
Yan and Kim (2011) fis1eeunaveanisiady ALA saudulelaledlnueaailsddednsinis
WigAule UsgAnsamnisgeseims uaresdusenauidenlugngnsiudgnuan wudign
ansiiapafisonmaiaiu ALA fissduanududu 3 Tadnsusoflantu (usseyiian 2-5
dUani ﬁé’mwmﬁw%zyjlﬁuimLa?iaqqqmaﬂﬂqﬁﬁaﬁﬁmmqaﬁa (p < 0.05) dlawSsuifieufiu
QﬂqﬂsﬁL?ﬁumé”aammimamqmﬁu

MsANYINATEINTTLETY ALA fiszfuamduduing q Tuennsuanaeuiulge
aneugidusvezioen 8 e nuimaasyiulavesaiidissiisemmnasaiudae
ALA %4 5 gaslifiauunndreiuegadidedidgynieada (o > 0.05) sl ALA
Fusreznauuiuly lddaadunmsiesgiviavesan seienaiiomnssuusig 4 mely
SeMevededi®in Inslanizednedsludnd sududeddasemsuazndiny foduilold
asnszdugiduiudeidondussozinatuiy ndeununazarsermsgniunldluszuy
niduiu Foiliszuudy q amslusenieldsuansemsuasndanuliifisame dawaviili

Y 9
Y

Sarnmawiaivladias (Spurlock, 1997) mansAnuaSilndiAssiusenuues Wang et al.
(2011) AfnwIHaTes ALA siomsiaiaquiiuln AiesdUseneulden WagnISABUALDIYBITIUY
aifuiilugnansngiun wuin ALA fiaSuadlueimnshiivasdesmsnisiasadulalugnans
werunidenduszezion 6 dUnm
mMsfnvnsiasuuatesdusznouidenuasniduiuvesuaaneuulgsaeius
fildsuemsnan ALA fisziuanududusiig 4 wuimanisveassiinnuaenadedtiunng
weiivln TneUanfidessaeemsuay ALA 2.5 fadnsuseilansy Wussevian 4 dask
fusuandadenuns Blulnadusiu wasdunlna3nasdn uansediafideddgniada
(b < 0.05) futangamunau Taidesan ALA Wuaskeiulunszuiunsdunszidy (heme)
(Zhang et al., 2011) Fefunswan ALA fiszdupnududu 2.5 fadandusoilansy Fadu

(Y]

Y v a ! v a A & A = N = a
FEAUAIULVUVUNLURU SN ﬁﬂNaiVﬂa']llUiiJ’]lel@LﬁaﬂLLGN @I@JIﬂa‘U‘L! LLawmImimjﬂEjﬂ

g
IndlAesiusneauees Yan and Kim (2011) wuindsnandiaidenunsdaiasiigalugnans

Y
a A ¥

AR89 IMIIE3U ALA seauaududu 3 fadniusenlansy Wuszeziian 5 dUav
ueisnIMsANYIvea Chen et al. (2008) ABsmuinsnasindenuns sllnaduuarsy
wiin fangageluansiidesisoaaiu ALA fissduanududu 10 Sadnsudedlanty
fialudUasifl 3 uazdnniil 5 vesn1maaes
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A15199 1 dmdniGudy dmdnaavine dmdnidisdy (WG) dpsinisiasgiivladimig (SGR) wazdnsnisidsusmailuile (FCR) vaUan

9

Y
fa A

aneUulRaeiugiiaeaineemsvaaeana ALA szdurnududusing 9 1Wusseza 4 wae 8 dUani

]

4 §an 8 duavi
¥ o ¥ o R daims o Y ¥ o od dhsins o
UIRUN UIRUN UINRUNN a ?MNIINIT UInNUN UINRUNN a - ?NIINIT
YANTVIARDY . Y .o Ww3gyHule . Y .o w3gHiule §
LIUAY ’s‘jﬂ 18 LNUYY . Wasusnws ijﬂ 18 [YARARI)?S o wWasuons
AN T USR] =
o o & & <. & & & Lﬂu!’ua s ¢ & . § & £ LﬁuLua
(nsy) (nsy) (Wasidun) (Wasidunnaiu) (nsw) (WUafidun) (Wasiuanadu)
1) 0 fadnSumenlansu 7.74£0.02"  11.58+0.13° 49.37+1.48° 1.35+0.03° 1.44£0.17° 16.92+1.19™  53.93x5.24™ 2.60+0.39" 1.13£0.11"™
2) 2.5 TadnSusenlansy  7.73x0.00™  13.38x0.26° 72.96+3.30° 1.83+0.06° 1.00+0.08 15.18+1.15"  46.83x3.74™ 2.24+0.26"™ 1.19£0.09"
3) 5.0 fadnSusenlansy  7.74x0.00™  10.80:0.42° 39.61+5.45° 1.11£0.13% 1.73£0.23° 15.53£3.78"  48.04+3.37™ 2.25+0.24" 1.18+0.22"
4) 7.5 TadnSusenlansy  7.73x0.00™  11.03x0.20° 42.58+2.63° 1.18+0.06° 1.55+0.23% 15.82+0.31™  49.27+3.36™ 2.40+0.07™ 1.08+0.09"™
5) 10.0 fadnsuse
7.74£0.00"  11.15+0.63°  44.1218.15%° 1.21£0.19% 1.7240.21° 16.89+0.62"  54.14x1.67™ 2.61+0.12" 1.02+£0.10™

Alansu

o

| | 5 oA de v v o o v ¢ o L ' oA o v aad_ o 4 @ s & <
WUV ARAY + FIULVSAVUNINTZIU Anadsniumeisnusisiulugausifenty uansindianuuend1eeenedided UNWEDA NTEAUAULYDNU 95 LUBILTUA (p < 0.05)

ns laifleuusnsnsiueesiteddgmieeda (o > 0.05)
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A19199 2 USunaudindenunsuazidaideny1 Slulnadu dunlaase TusAuludsy Aanssuveueuladlalylesd Aanssu respiratory burst way

Aanssunsduivddaniasy vesuaangyIulsaaneiugn

4 dUanvi

sl

9

& ¥ = v v v ' <
LRENNIEDIVNTNANDINAN ALA NTEAUANUINVIUAN 9 wWuszeeian

W15 dnes

YANIINAABN

0 fadnsusanlansy

2.5 fadnsusanlaniy

5.0 §adnsusanlaniy

7.5 §adnsusanlaniy

10.0 fadnsuranlansy

asAUsENaUIden

Wndenuns (x10%wadseliadans)
Wadenwn (x107wadneladans)
Flulnadusiu (hurelndans)
funlamsn (Wesidus)

Wsiuludsu Gednsusefiadans)
wulvilalelesi (ulasnSuseladans)
fianssu respiratory burst
AanssumsdvivdsdanUasu
Aanssumsduiudaanuasy (Weddud)
Fruinsduiudaantasy

' a & a A o a < <.
ALRABYBNLnUNIgNIUAL (Wanoiwas)

2.65+0.11°
3.79+0.70°
11.44+0.55°
32.78+1.59°
49.60+4.11™
11.08+2.82m
0.126+0.02"

32.50+1.32°
15.20+1.99°
1.43+0.08°

2.90+0.07°
4.95+0.39¢
15.85+1.43°
42.61+1.79¢
55.82+5.74™
12.85+2.80™
0.136+0.027"

39.00+4.92°
25.77+7.72°
1.67+0.07°

2.82+0.12%
4.77+0.115¢
12.66+0.60°
38.23+1.51°
52.53+6.90™
10.90+3.58™
0.138+0.011"

34.67+2.75%
18.47+3.69%
1.60+0.06°

2.70+0.122
4.24+0.10%°
12.64+0.68°
38.12+2.02°
45.19+5.20"
11.09+2.19™
0.124+0.013"

32.67+1.76°
15.47+1.192
1.45+0.05°

2.66+0.22°
3.95+0.512b
11.55+0.59%
36.16+2.39°
44.81+7.78™
10.85+2.04
0.113+0.008™

31.83+1.61°
14.49+1.322
1.42+0.11°

wnewe: Alade + daudsavuinnsgiu anadefiniumefsnysisiuluonfeady waasindinuwansisesiadiled

ns liflauusnsnsiueeeiidodAgymisada (o > 0.05)

Ry

o

o

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020

Fynnaatia Aseiunnudoiu 95 Wesidud (p < 0.05)
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A19199 3 USunudiadenunsuazidaideny1 Slulnadu dunlaase TusAuludsy Aanssuveueuladlalelesd Aanssu respiratory burst way

Aanssunsduivduantasy vesuaranelfuugsaneiugiiaesigeimsvaasmay ALA Iszauanududusiig 9 Wuszesim

8 dumvi
.. YANITNAADY
e 0 fiadnsusenlansn 2.5 fadnsusenlansu 5.0 faansudenlansy 7.5 Aadnsuseonlansy  10.0 AadnSusanlaniy

asAUsENaUIden

Wiadenuns (x10°wadneiadans) 3.23+0.38" 3.19+0.34" 3.07+0.11" 2.99+0.20" 2.91+0.21"
Windenu (x107wadneiiadans) 4.33+0.55™ 4.69+0.63™ 4.43+0.63™ 4.51+0.40™ 4.54+0.80™
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Abstrarct

Diversity and distribution of juvenile fishes in the Khuan Khee Sean peat swamp,
Phatthalung province were studied. The samplings were conducted bi-monthly
between August 2015 and June 2016 in 6 sampling stations around the peat swamp
area by using the push net (1x1x1 m?) with the mesh size of 1 mm. The objectives were
to study the characteristics of Khuan Khee Sean peat swamp, to assess the diversity,
abundance and distribution of juvenile fish, to study the juvenile fish community
structures, and to assess the relationship between water quality parameters, species,
and juvenile fish abundances. Thirty juvenile fish species in 14 families were collected
with the highest diversity of species from Family Cyprinidae (12 species). Only
Trichopsis vittata was found in every station and every survey round. The average
fishery products were 587 fishes/100 m?, in which Aplocheilus panchax, Boraras
urophthalmoides and Trichopsis vittata were the main elements of the structure as
the three most abundance species. Peaks of diversity index were observed in the
station at the upper part of the swamp and in the December 2015. The ranked species
abundance curves indicated the domination of few species contributed over 50% of
cumulative dominance in the area. The assemblage patterns of juvenile fishes in the
Khuan Khee Sean peat swamp can be categorized into 4 groups related to the
temporal approach. However, there was no clear relationships with the water quality

parameters.
Keywords: abundance, water quality, assemblage patterns

Introduction

Tropical peat swamp is a unique ecosystem, which more than 60% is found
in Indo-Malayan region and largely in Indonesia and Malaysia (Page et al., 2006; Yule,
2010). In Thailand, the total covered area of the peat swamps (“Phru” in Thai language)
is estimated about 64,500 ha, where more than 95% ubiquitously distributed in the
southern region and the small portion is in the eastern region (Nagano et al., 2013).
Similar to peat swamps elsewhere in the Southeast Asia, this habitat type in Thailand
is under threatened, which mostly due to land reclamation and agricultures (Yule,
2010). Water in the peat swamp is always waterlogged and characterized by the acidic
and nutrient poor condition. The fishes live in this ecosystem, therefore, must well
adapt to this harsh condition, in which some species are monotypic and live exclusively

in peat swamps, such as Nieuhof's walking catfish Clarias nieuhofii, Angler catfish
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Chaca bankanensis, striped glass catfish Kryptopterus macrocephalus, needlefishes
Hemiramphodon pogonognathus and fighting fish Betta pi (Vidthayanon, 2002).

The peat swamp (Phru) is also an important fishing ground in Thailand. A
number of peat swamps, e.g. Phru Khuan Khee Sean in Phatthalung Province, Phru
Toh Dang in Narathiwat Province, Phru Kaun Kreng in Nakhon Si Thammarat Province
and Phru Samed in Trang Province. These peat swamps are underwent the intensive
fishing pressures. The fish catched from the Phru Kaun Kreng, for example, are around
3,500 metric tons annually and cost more than 170 million Thai Baht per year (Nakhon
Si Thammarat Inland Fisheries Research and Development Center, 2018). This is,
therefore, raised the concern in a proper fisheries management program for the
sustainable exploitation in such habitat, which understanding in diversity, abundance,
distribution and community structure of the fishes, are among important issues. These
understandings could be started in the early life-stage fishes since they reflect the
spawning success and assure the recruitment to the exploited populations (Quist et al.,
2004). Moreover, spatio-temporal variations of diversity and abundance of the juvenile
fishes are generally high due to the behavioral and environmental features (Hsieh and
Lo, 2019).

Diversity and distribution in the early life stage of fishes have been conducted
in various type of habitats in Thailand, for example, river-floodplains (Suksri and
Boonsong, 2018), reservoirs (Jutagate et al., 2016), coastal areas (Sichum et al., 2013)
and continental shelves (Munk et al., 2004) but never in peat swamps. Regarding the
overlook to the fishes during the early life stage in the peat swamps, though providing
goods and services to the system, this study aims to outline (i) the diversity indices of
the juvenile fishes in the studied peat swamp and (i) the distribution or their

assemblage patterns in the spatio-temporal approach.

Materials and Methods
1. Study area

The Khuan Khee Sean peat swamp, or Phru Khuan Khee Sean, is a wetland
within Thalenoi Non-Hunting Area, the first Thailand Ramsar site in Phatthalung Province
(Figure. 1). This peat swamp covers the area about 17 km” out of 460 km? of the
Thalaenoi with water depth ranges of the swamp per se is between 0.1 and 2.0 m.
Data sampling was conducted in 6 sampling stations every two months between
August 2015 and June 2016 (Table 1), including the inlet-, outlet- and open water-

zones of the swamp.
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Table 1 Location and detail of sampling stations for juvenile fish study in Phru Khuan
Khee Sean, Thailand, between August 2015 and June 2016
Station Co-ordinates Detail
1 7°51'41.21"N 100°6'38.41"E  Upper part of the swamp, which is the inlet from
Phru Kuan Kreng (i.e. the large peat swamp that

connects to Phru Khuan Khee Sean)

2 7°50'7.42"N 100°7'31.10"E Upper part of the swamp, which is the inlet from
Klong Koowa Canal (i.e. transition to freshwater)
3 7°49'23.95"N 100°6'd7.24"E  Middle part of the swamp, which is the outlet to

Klong Takreng Canal (i.e. transition to freshwater)
7°49'34.00"N 100°7'50.96"E  Middle part of the swamp
7°49'13.62"'N 100°7'14.21"E ~ Middle part of the swamp, which is the outlet to
Klong Kreng Canal (i.e. transition to freshwater)
6 7°47'30.26"N 100°7'11.78"E  Lower part of the swamp, which is the outlet
Thalaenoai (i.e. transition to freshwater)

P CTEC R——
GRID....—....LUTM Zone 4N
PROJECTION. ... Transverse Mercator
HORIZONTAL DATUM...WGS 1984
LEGEND
®  Station

A DRAINAGE

Figure 1 Location and map of Phru Khuan Khee Sean, where sampling stations (black

dots) are indicated

2. Sampling protocols

The juvenile fishes were collected by push net (1x1x1 m?) with the mesh
size of 1 mm. Each replication consisted of 10 times of 1 meter-pushing-distance and
there were 3 replications for a sampling. The collected juvenile fishes were preserved
in 4% formalin solution and then taxonomically identified in the laboratory (Termvichakarn
2003; 2005). Water quality parameters were also collected in each sampling site by
using the standard methods (APHA, 1989), in which the parameters included depth,
water temperature, transparency, conductivity, turbidity, chlorophyll-a, dissolved oxygen,
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pH, alkalinity, hardness, free carbondioxide, orthophosphate, total phosphorus, ammonia
(NH3-N), nitrite (NO,-N) and nitrate (NO,-N).
3. Data analysis
Abundance of juvenile fishes were presented as individuals per 100 m?
Shannon-Weiner diversity index (H’) and evenness index (E) were estimated according
to Equations 1 and 2, respectively. (Clarke and Warwick, 1994).

H' = - 205, (P, log P,) ~wwmrrmnmes (1) E = — e (2)

where, P; is the proportion of i species in the dataset and S is the number of species.
The ranked species abundance curve was applied to display relative abundance of
the juvenile fishes using the cumulative abundance by rank (Clarke and Warwick,
1994). Meanwhile, the assemblage patterns of the juvenile fishes in Phru Khuan Khee
Sean were examined by hierarchical clustering, by using square root transformed
(Clarke and Warwick, 1994). Data analysis was conducted by using Package “vegan”

(Oksanen et al., 2019) in R-programs (R Development Core Team, 2019).

Results

There were 21,128 juvenile fishes from 30 species and 14 Families found in
this study. These juvenile fishes were from Family Cyprinidae (12 species) followed by
Osphronemidae (4 species), Gobiidae (2 species) and Channidae (2 species), in which
the remaining 10 Families contained 1 species each (Table 2). Trichopsis vittata was found
in every sampling events followed by Aplocheilus panchax, Boraras urophthalmoides,
Lepidocephalichthys hasselti and Dermogenys pusilla, which the frequency of occurrence
were 91.7%, 80.6%, 63.9% and 61.1%, respectively. Station 1 obtained most species
richness (23 species) and there were 10 to 15 species in the remaining stations (Table
3). Meanwhile, species richness peaked in August 2015 (16 species) and ranged from
9 to 14 species for the remaining sampling months.

In terms of abundance (individuals per 100 m?), A. panchax (171) was the most
abundance, followed by B. urophthalmoides (140) and T. vittata (136), meanwhile the
abundances of 21 out of 30 species were less than 10 individuals per 100 m? (Table 4).
Abundance by sampling events ranged from 49 to 1,850 individuals per 100 m?from
station 5 in August 2015 and station 2 in April 2016, respectively (Table 5). Trends of
diversity indices conformed to the trends of species diversity and abundance. Shanon-
diversity index was over 1.0 and peaked in station 1, meanwhile it was December 2015,
when the highest Shannon-diversity index was observed (Table 6). Neither stations nor
months showed their evenness index closed to 1. Station 3 and December 2015 showed
the highest values.
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Table 2 Collected juvenile fishes from Phru Khuan Khee Sean, Phatthalung Province, Thailand, between August 2015 and June 2016

Family/Specie Station %F
1 2 3 4 5 6
1) Grey Featherback, Notopterus notopterus (Pallas, 1769) e + e + + 11.11
2) Tai kardsilm, Amblypharyngodon chulabhornae Vidthayanon & e )78
Kottelat, 1990

3) Least rasbora, Boraras urophthalmoides (Kottelat, 1991) B e e R o o e e e o e e o S 80.56
4) Blackline rasbora, Rasbora borapetensis Smith, 19324 e +--- 2.78
5) Meyrsi rasbora, Rasbora myersi Brittan, 1954 e 2.78
6) Sumatra rasbora, Rasbora sumatrana (Bleeker, 1852) e e e e e 2.78
7) Scissor-tailed rasbora, Rasbora trilineata Steindachner, 1870 F+ | 4+ F+ e o S B 47.22
8) Siamese ¢lass fish, Parachela siamensis (Gunther, 1868) e } Fo e e + 13.89
9) Beardless Barb, Cyclocheilichthys apogon (Valenciennes, 1842) e e T e 8.33
10) Repassan, Cyclocheilicthys repasson (Bleeker, 1853)  ————= coeem e e e + 2.78
11) Barb, Labiobarbus siamensis (Sauvage, 1881) e e e s -t 5.56
12) Green tiger barb, Puntigrus tetrazona (Bleeker, 1855) e e e e - 5.56
13) Swamp barb, Puntius brevis (Bleeker, 1849) e e e e 2.78
14) Seren, Lepidocephalichthys hasselti (Valenciennes, 1846) -+ P+ -+ 1 -+ 63.89
15) Butter catfish, Ompok bimaculatus (Bloch, 1794)  —— e T T 2.78
16) Walking catfish, Clarias macrocephalus Gunther, 1864 e o e e e e 5.56
17) Bumblebee goby, Brachygobius xanthomelas Herre, 1937 e 2.78
18) Glass Goby, Gobiopterus brachypterus (Bleeker, 1855) e e e e e 2.78
19) Mozambique tilapia, Oreochromis mossambicus (Peters, 1852) e e T 5.56
20) Ricefish, Oryzias minutilus Smith, 1945 e e e e +--m- 2.78
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Table 2 (continue)

Family/Specie >tation %F
1 2 3 4 5 6

21) Malayan halfbeak, Dermogenys pusilla Kuhl, van & Hasselt, 1823 ~ —-- + e F+++++ F+-+++ F++++ b4+ 61.11
22) Blue panchax, Aplocheilus panchax (Hamilton, 1822) FHtttt Rt bR R e e 9167
23) Swamp eel, Monopterus albus (Zieuw, 1793)  —eem e - ‘- e 11.11
24) Climbing perch, Anabas testudineus (Bloch, 1792) Fm e e e e 5.56
25) Peaceful betta, Betta imbellis Ladiges, 1975 ++++-- - - +Ht-- e R 33.33
26) Moonlight gourami, Trichopodus microlepis (Gunther, 1861) - e + + : 16.67
27) Three spot gourami, Trichopodus trichopterus (Pallas, 1770) o -+ -+ F-—-+ F-—-+ . 41.67
28) Croaking gourami, Trichopsis vittata (Cuvier, 1831) e+t A A A e+ 100.00
29) Giant snakehead, Channa micropeltes (Cuvier, 1831) e e o 8.33
30) Striped snakehead, Channa striata (Bloch, 1793)  —— - fom e e 4 13.89

Table 3 Number of juvenile fish species found from Phru Khuan Khee Sean during the study

Month Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Total
Aug. 2015 9 6 8 6 6 8 16
Oct. 2015 5 4 8 7 8 7 11
Dec. 2015 10 4 5 5 2 8 14
Feb. 2016 12 7 7 6 6 4 15
Apr. 2016 6 6 6 7 7 4 9
Jun. 2016 7 8 8 6 7 7 14

Total 23 13 10 11 14 15 30
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Table 4 Abundance, percantage and cumulative percentage of the dominant juvenile

fishes found from Phru Khuan Khee Sean during the study

Abundance (individuals

Species ) % %cumulative
per 100 m°)
A. panchax 171 29.20 29.20
B. urophthalmoides 140 23.85 53.05
T. vittata 136 23.21 76.26
D. pusilla a2 7.13 83.39
L. hasselti 29 4.88 88.27
C. striata 20 3.41 91.68
R. trilineata 15 2.54 94.22
B. imbellis 10 1.72 95.95
T. trichopterus 10 1.67 97.61
Others (21 species) 14 2.39 100.00

Table 5 Abundance of juvenile fishes collected in each sampling events from Phru

Khuan Khee Sean during the study

Abundance by sampling station (individuals per 100 m?)
Month Station  Station  Station  Station  Station  Station  Avg.xSD

1 2 3 4 5 6
Aug. 2015 136 119 1,307 863 49 1,017 582+546
Oct. 2015 1,053 1,057 627 1,456 547 197 823+451
Dec. 2015 780 120 110 120 93 160 231270
Feb. 2016 1,293 650 657 383 433 213 605377
Apr. 2016 680 1,850 907 740 737 733 941+452
Jun. 2016 107 547 260 360 170 597 340+199

Avg+SD 675+480 724+655 644+434 654+478 338+277 486+352 587+448

Table 6 Diversity indices of the juvenile fishes study in Phru Khuan Khee Sean between
August 2015 and June 2016

Station Species richness Diversity index Eveness index
1 23 1.88 0.60
2 13 1.31 0.51
3 10 1.75 0.76
a4 11 1.44 0.60
5 14 1.83 0.69
6 15 1.69 0.63
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Table 6 (continue)

Station Species richness Diversity index Eveness index
Aug. 2015 16 1.66 0.60
Oct. 2015 11 1.55 0.64
Dec. 2015 14 1.98 0.75
Feb. 2016 15 1.72 0.63
Apr. 2016 9 1.49 0.68
Jun. 2016 14 1.74 0.66

The ranked species abundance curves showed the similar trends for both
spatial and temporal approaches as the relative steep slopes, which indicated the
domination of few species that contributed over 50% of cumulative dominance
(Figure 2). Four groups of assemblage patterns were divided according to the
hierarchical clustering (Figure 3; Table 7), which likely to be influenced by months and
followed by stations. Group 1 is highlighted by the assemblages of all stations in
December 2015 and almost every sampling in station 5. This pattern was dominated
by 3 species; namely, D. pusilla, T. vittata and L. hasselti (22.52, 14.56 and 13.31%).
Group 2 contained the samplings for stations 1 to 4 during August and October 2015.
The assemblage patterns of this group showed the high proportions of 3 species;
namely, B. urophthalmoides, A. panchax and T. vittata (36.59, 35.51 and 22.12%).
Group 4 was the assemblage that was a prevalence of 3 species; namely,
B. urophthalmoides, T. vittata and A. panchax (28.30, 18.83 and 18.01%), which were
from the samplings in April and June 2016 for stations 1 to 4 as well as in August 2015
for station 6 and October 2015 for station 5. Lastly, Group 3 was the pattern that
doniated by 2 species of A. panchax and T. vittata (49.13 and 39.53%) but was not
clear in spatio-temporal approach. For the relationships of water quality parameters
to assemblage patterns, unfortunately that the clear relationship was not found
(Figure 4), though the 2 PCA axes could explain 46.37% of variation.

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




40 NIV UM INIRYTIVAYUATATEITUIY

Table 7 Dominant juvenile fishes in Phru Khuan Khee Sean between August 2015 and

June 2016
Species % %cumulative

group 1

D. pusilla 22.52 2252
T. vittata 14.56 37.07
L. hasselti 13.31 50.38
R. trilineata 10.55 60.93
A. panchax 10.49 71.42
B. urophthalmoides 10.16 81.58
B. imbellis 9.70 91.28
others (17 species) 8.72 100.00
group 2

B. urophthalmoides 36.59 36.59
A. panchax 35.51 72.10
T. vittata 2212 94.22
others (14 species) 5.78 100.00
group 3

A. panchax 49.13 49.13
T. vittata 39.53 88.67
D. pusilla 4.33 92.99
others (11 species) 7.01 100.00
group 4

B. urophthalmoides 28.30 28.30
T. vittata 18.83 47.13
A. panchax 18.01 65.13
C. striata 11.49 76.63
D. pusilla 8.65 85.28
L. hasselti 6.84 92.12
others (7 species) 7.88 100.00
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FCo2

Depth

pH

Figure. 4 Principal Component Analysis (PCA) of sampling events in each assemblage
group to water quality parameters Phru Khuan Khee Sean, Phatthalung

Province, Thailand

Discussion

The goods and services from peat swamps are overlooked, comparable to
other aquatic ecosystems. Fish, as important goods from the system, are required
clear understanding in various aspects for better exploitation and conservation. Except
for the North Selangor peat swamp forest in Malaysia that habours over 100 juvenile
fish species, the number of collected juvenile fish at 30 species found in this study
was in the general range from 10 to 40 species found in the peat swamps elsewhere
in Malaysia, depending on the swamp size and connectivity to other water bodies,
e.g. rivers or brackishwaters (Sule et al., 2016). These numbers reflect the fish species
those can complete their reproductive cycle within the peat system. The numbers of
adult fish species are, on the other hand, expected to be higher as they are always
included the adult visitor from the connected aquatic ecosystem. Vidthayanon (2003)
reported that, in Thailand, there are 33 stenotypic fishes for the peat swamp and
more 67 fish species those can adapt to survive in this ecosystem.

The first five dominant species were the common species found in the any
tropical peat swamps (Vidthayanon, 2003; Sule et al., 2016). T. vittata is well known
as an air-breather and its ecophysiological tolerances as well as all year round
spawning (Schofield and Schulte, 2016), which makes the juvenile of this fish could
be found in every samplings. The following two common species viz., A. panchax and
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B. urophthalmoides are known as a stenotypic fish in peat swamps, meanwhile
L. hasselti and D. pusilla are generic species that can be found in various inland
habitats including peat swamps (Vidthayanon, 2002). The range of Shanon diversity
index found in this study were similar (1.5-2.0) to other peat swamps in Indo-Malayan
region (Sule et al., 2016) Ahmad and Samat (2015) showed that the peat areas that
are much more shady and dense with mates of submerged aquatic plants generally
show higher diversity, as observed in stations 1 and 5 in this study. Rank abundance
of the fish larvae in the peat swamp, as in this study, showed the similar trend as
found in the adults, i.e. dominated by few species, which comprised over 50% of total
abundance (Ahmad and Samat, 2015). All assemblage patterns dominated with the
major abundance species albeit in different order, which implying all year round
spawner of these fishes similar to many freshwater fish species in the tropics (Ng and
Tan, 1997). No clear relationship between the assemblage patterns and the water
quality paramenters implies the relative homogeinity of water quality in the peat
swamp, similar characteristics of sampling stations as well as limited number of the
fish species inhabit in the system. On the other hand, in other inland ecosysytems
such as river-floodplain and reservoir, the environmental factors contribute significantly
in harnessing the assemblage patterns of fish larvae (e.g. Jutagate et al., 2016; Suksri and
Boonsoong, 2018)

Conclusion

Results of this study confirm the importance of peat swamp in particular to
the stenotypic fish species, in which their juveniles dominated in abundance all year
round. Variations in abundance and diversity were found in terms of temporal
approach, which likely related to peaks of spawning of their adults. Insight study on
the reproductive biology of the fishes in peat swamp is, therefore, the priority to
sustain the diversity and fisheries this swamp.
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Abstract

The use of Nipa Palm for producing Nipa Palm leaves for rolled tobacco or
other activities resulted in a large amount of residues and caused problems in the
management of the remains from Nipa Palm or residues. The objectives of this research
were to produce the activated carbon from Nipa Palm’s stalk and stick residues and to
study the adsorption abilities of the activated carbon. The carbonization process was
determined by heat at temperature of 300-500°C for 30-150 minutes and activated by
using the ratio of sample to Zinc (Il) Chloride 1:1 at 500-700°C for 60-120 minutes. The
results showed that the stalk residues charcoal powder which carbonized at 400°C
for 150 minutes and activated by using the ratio of sample to Zinc (Il) Chloride 1:1 at
500°C for 90 minutes was given the highest iodine adsorption capacity of 771.58+2.78
me/g. Percentages of moisture content and ash content were 0.27+0.01 and 0.74+0.04
respectively. A percentage of Methylene blue adsorption capacity was 59.30+0.91.
Therefore, the activated carbon obtained from stalk residues at 500°C for 90 minutes
showed a good condition for producing activated carbon with adsorption capacity
because of the highest iodine adsorption capacity which indicated the highest porous
properties of activated carbon. The activated carbon showed the iodine adsorption
capacity higher than 600 mg/¢ with percentage of moisture content and ash content
were less than 8 and 6 respectively, according to the Thai Industrial Standards
Institute, TISI.900-2004.

Keywords: Nipa palm leaves for tobacco, activated carbon, adsorption
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Abstract

CYP2C9 is an enzyme that has effects on pharmacokinetics of warfarin, an
anticoagulant drug. This drug is a narrow therapeutic index drug because genetic
polymorphisms of CYP2C9 have high effect on warfarin response. Genetic diversity of
CYP2C9 with effects on therapeutic drug of warfarin were CYP2C9*2 (rs1799853) and
CYP2C9*3 (rs1057910). There are several methods available for genotyping such as
PCR-RFLP and real-time PCR. However, both methods are expensive, manifold steps
and time consuming. Hence, the researchers aimed to develop an allele-specific
polymerase chain reaction (AS-PCR) method for CYP2C9 genotyping. The expected
PCR products of CYP2C9*2 were 154 bp (wild type allele), 230 bp (mutant allele) and
346 bp (control) whereas the expected PCR products of CYP2C9*3 were 128 bp (wild
type allele), 200 bp (mutant allele) and 289 bp (control). The PCR reaction was
optimized by adjusting annealing temperatures and MgCl, concentration. The results
revealed that annealing temperature at 65°C and MgCl, 1.25 mM were the suitable
PCR condition for both CYP2C9*2 and CYP2C9*3 genotyping. Sanger DNA sequencing
method were used for result validation. In conclusion, AS-PCR developed in this study
is a fast, simple and cost-effective technique to identify CYP2C9 genotype for warfarin

dosage adjustment which is appropriate for the treatment.
Keywords: warfarin, CYP2C9 gene, AS-PCR
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#1155l uduedunisudedivesiden (anticoagulant) lungu vitamin K
antagonist Iﬂ&lﬁﬂﬁlﬂﬂﬂiaaﬂq%égUﬁgﬂ clotting factor Il VI IX kaz X 1age19w5uUnIuUnIg
iauveseulysl vitamin K epoxide reductase (VKORC) LLasﬁugﬂﬂﬁﬁ‘%m carboxylation
489 protein C kaz protein S (Goldhaber et al., 2013) iiasv1ne11$n3uduendifivag
N135N¥ILAY (narrow therapeutic range) 39s94dn13AnAIUNITUTEIUUTEANS ANLAY
nadhaAssvesenetaiiaue Insnuaua interational normalized ratio (INR) Toeglu
3¥AU 2.5+0.5 8nLIUNTa mechanical prosthetic valves ﬁﬁmmﬁmgm’iﬂﬂﬂ therapeutic
INR 921¥1AU 3.0£0.5 (@anasuumnglsalauiaszindlng Tuwszususyudug, 2553) e
aanad1adssainnslivsmaeilivean lnguiunuefuniuluagilninaie
Fonoon uarUunaeidosiiuluasinalidenudeiuinnsgasuduienluetoarddny
dwmalifnsunaededine dsladeiitnadesiniuiisdafosudanndon Wy o1ms
fisUsinaAmiuiags i 01y (@dan wazae, 2559) uartladesnuiugnssy Faduilade

°o w
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NrTuuanniuiefesas 30-90 lnsfuiidnarnonisnevaussses1ndvinude du
cytochrome P450 2C9 (CYP2C9) wazdu VKORCI \Juwdn Tnefiu VKORCI \endestiunis
E“J’Ué?amimﬁ'augﬂmaﬁmﬁum”l,uﬂizmumiaaﬂ%Lﬂszj"'u%“fﬂﬁ&"u wazBu CYP2C9 1endioeiu
nszuaunsamesisuludy uenaind CvP2co fefiunumilunisgosaanseniilinig
Aatndnvateule Wy 81Ut (antiepilectic drugs 19 phenytoin) 81AUNTENIAULUY
lall9fanfesoas (NSAIDs) LU celecoxib diclofenac ibuprofen mefenamic acid meloxicam
naproxen uaz piroxicam tJusiu (¥asing, 2554) Inanenndagiunaiugnisuesdu
CyP2c9 finulsialu Ao CYP2C9*2 (c.430 C>T 1s1799853) uay CYP2C9*3 (c.1075A5C
r1057910) (0wl 1) Temuluvsguinsingluniald 0 uag 8.1 Wedidud audidu
(Maneechay et al., 2017) wagwuluynieile 0 uaz 1.7-6.8 wWesidud auawiu (Indgan
Lazgvizan, 2560) yAnaTIiisada CYP2CO*2 wi3e CYP2CO*3 Hmnuaanisvunnnnsniiy
anaenI1UnA (Wattanachai et al., 2017) N13ATIABUANUNAINYAIENNHUTNTTUVDIEU
finuldinafin PCR-RFLP wag real-time PCR lniadin PCR-RFLP dusndudadldioulssd
fins g (restriction enzyme) daflsmgauarludunounisdesnandniitensdoioules
Fasumzdodldinatun dwis real-time PCR {HuAsHfldunugs wazdududeddinies
real-time PCR #edasfinvassansisdedanududou Idnannu suteiiduyugs us
\osanantuneviafiluuinisdmiuinn wazyaainsiufifauluiesujuanisd
ATIIEBY ANAMAINMANENINUGNTIUYRY §ITTvuuimansavaeuilulndfianunse
thanldluieslfiRnsildnarsai andunouuazasnnderiadliuins dangsuuinse
NITUNANTIAEEULEITY fie nsnsieaeuilulndvesdudemain allele-specific PCR il
anudmzfuaduiinalelnd dsanunsaldduunanuvainnanemsiugnssuvesiy
mﬁ{fﬂﬁﬁaﬁi’mqﬂssmﬁﬁmmLﬂ%wma allele-specific PCR Lilaszyarmmainyaneued
vos8u CYP2Co

c.430C>T(rs1799853)

c.1075A>C(rs1057910)
1 2 4 5 6 8 9

Exon3 Exon7

A 1 TAseadranesdiu CYP2C9 uavsunisaiud CYP2C9*2 (c.a430C>T rs1799853) uay
CYP2C9*3 (c.1075A>C rs1057910)

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




NTANTIVY WNINIFLTVAYUATASITINTIY 61

/AU

nsAneildfegreidueiinsuiulndudisiua 3 e eldsunsBudiua
Flulndeaa3funsgiu Sanger DNA sequencing @fnftdutaa1n EDTA blood a1
QlAamp® DNA blood mini kit (Qiagen, CA, USA) ¥1USuaumnadud uve sitdutonie
Lﬂ%@dfﬂﬂ?iﬁﬂﬁqﬂiiu eppendrof BioPhotometer plus i’mmmi@@ﬂﬁuuaaﬁ 260 wag 280
wluwns wazeenuwuulnsuesidanusunesedu CYP2C9 fiadudiunus CYP2Co*2
wag CYP2C9*3 (5197l 1) asnvasunuantAvesinguesielusunsy Vector NTI uag
NCBI primer blast Sﬂﬁqﬁﬁuamqqui%u annealing Wdman1gmangauvosUfize,
fiT013 dwsunsiiuUinamiduedinsuilulnduds dremeda allele-specific PCR Tng
AmuaeerUsznauUfAze W T01S (1191971 2) uazimuaannzdvivfaseidens
(13797t 3) aludiumia CYP209*2 Amungangiidu annealing 7 59 61 63, 65 uag 67
peraLlea duatiudenumia CYP2C9*3 ﬁmumqmwgﬁﬁi’?u annealing i 59 61 63 WAz
65 osrnwaiiea Tngldfhegnmdueiinsuilulndsua 3 et (med @) Aaddis
2 funiafe CYP2C9*2 uay CYP2C9*3 nadaulaguendlnsiwesatidas 3 ¢ Ao Insiues
AAIUAN (wild type forward ag mutant reverse) tnsiuasabiantng (wild type forward
war wild type reverse) waglnsiuasenalewug (mutant forward Wag mutant reverse)
Tnadeg1afiduied 1 waz 2 Wnsieaevadudaunis CYP2co*2 druadiudsumis
Cvp2co3 Wfegnmduevinaian 1 2 wae 3 lun1svageu Rndunsindeunananidens
Tnevhdidninsliidauuvernilsannududuiosas 2.5 dae 1XTAE fianie 100 Tiad
1281 50 Wl wardludenasansazaie ethidium bromide wazaroninnielsd UV
transluminator AlulndussusazsneazerunuruInvemanani@ens Insseuiisuuuin
U DNA ladder waglunninagnaagiiuauyes internal control Lilemsaaeuliizeidens
Tnenandnfidorsiannisvesadudiuns CYP2C9*2 Ao uaufiuiovunn 346 230 uay
154 guua lneninUsINguaufidueuunn 346 way 154 fLud Muneauddieg1afioue
Fuiilulnduuy homozygous wild type (C/C) WINUTINQUAUALIULEIUIN 346 WAy 230
ALud wngAuIndegeR s uetuilsTulnduuy homozygous mutant (T/T) wazmn
Usinguauiuiesia 3 wuin Ao 346 230 uar 154 uua nneaIITIeg uAB oS
Fulnduuy heterozygous mutation (C/T) (MWl 2 1) dunandnfidensiinanimesaiud
Funis CYP2C9*3 fio uaufiduionuin 289 200 way 128 Avua lnemnusinguaufidue
YA 289 uar 128 fiua anauiiiegsiiduetuiitlulnduuy homozygous wild
type (A/A) MNUTINGUAUADULEUIN 289 Uaz 200 ¢Lud mneAIIfeg S ue Tl
Aunduuu homozygous mutant (C/C) LLazﬁﬁﬂﬂiﬂﬂQLmuaLSuLaﬁ'ﬂ 3 9uA Av 289 200
uag 128 iua neararifios s uetuiETulniuuy heterozygous mutation (A/C)
(Al 2 v) Mniuirandnfidesildanmaia allele-specific PCR snfudunalnonism
anuiiardlelnamemadia Sanger DNA sequencing
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157197 1 Twswesilalunisyiiidensiiensiaaauanunainanevesdy CYP2C9

atiud Felwswes Iwswas (5-3) HIRHRHARNTRT:

(bp)

CYP2C9*2 CYP2C9*2_WF GGGATCTCCCTCCTAGTTTCGT 154

(NM_000771.3:  CYP2C9*2_WR GGGCTTCCTCTTGAACCCG

c.430C>T) CYP2C9*2_MF GAAGAGGAGCATTGAGGCCT 230

rs1799853 CYP2C9*2 MR GCAAATTCCCTTGGCTCTCAG

CYP2C9*3 CYP2C9*3 WF GTCCAGGAAGAGATTGAACGTGT 128

(NM_000771.3:  CYP2C9*3 WR CTGGTGGGGAGAAGGTCCAT

c.1075A>C) CYP2C9*3 MF GCACGAGGTCCAGAGATCCC 200

rs1057910 CYP2C9*3 MR GAGTTATGCACTTCTCTCACCCG

Ve internal control wae CYP2C9*2 laun Tnsiwes CYP2C9*2 WF fiu CYP2C9*2 MR Wan@n
Ag015vWIn 346 bp waz CYP2C9*3 leun twswas CYP2C9*3 WF fiu CYP2C9*3_MR

NaNARN@ 1591 289 bp

A19197 2 a9AUsENOUAMSUUAASYNT1S

fraction stock final conc. 1X(10 pU)
distilled water - - 2.85 ul
PCR buffer 10X 1X 1l
betaine 5X 1X 2 pl
MgCl, 50 mM 1.25 mM 0.25 pul
dNTPs 2.5 mM 0.2 mM 0.8 ul
forward primer 10 pl 1t 1t
reverse primer 10 pt 1 ul 1l
taqg polymerase 5 U/ul 05U 0.1 pt
total mastermix 9 ul
DNA 50 ng/pl 50 ¢ 1 pl
ATl 3 anedmiuliiseidens
steps temp (°c) time cycle
initial denaturation 95 5 min 1 Cycle
denature 95 30 sec repeat
annealing * 30 sec 34
extension 72 30 sec cycles
final extension 72 10 min 1
hold 15 forever

MEe: * MU Id MU annealing i1siufe aduddunis CYP2C9*2 : 59 61 63 65
wag 67 sarwaiua uazalludeiumia CYP2C9*3 : 59 61 63 uag 65 B waided

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




NITANTIVY WNINYIFLTIVAYUATATETINTIY 63

A13199 4 fegridueilinadeudinswesvesaiud CYP2C9%2 way CYP2C9*3

SNps Asisin YUARAUALDULD fodnefduLe
’ (bp) 1 2 3
CYP2C9*2 control 346 + + Taid]
(c.430C>T) wild type 154 + + 2o l3Ng
mutant 230 + - 1OULe
CYP2C9*3 control 289 + + +
(c.1075A>C)  wild type 128 + + +
mutant 200 - - +

WBLAG: + MNET WULAURLOWD
- vaneds lwukauidule

NAN1538UAZAUTIUHNANTIINY

Mnnsmanziimnedmivuiseniidoisifensavasunumainuaenng
TugnIsUVesdU CYP2CY feia3nsvang allele-specific PCR Tngldiatsiifuieiing
Fulnddruru 3 fregne Ao fredredl 12 uaz 3 (5199 4) Aadudsiumis CYP2co2
nadeuMefiogioweneay 1 Flulnduuu ¢/T) war 2 @lulvnduuy ¢/0) naaey
Mgty annealing 7l 59 61 63 65 uay 67 psrwwaiioa wuiilwsiwesghading ey
AuweULIN 154 ALud Vgﬂqmwgﬁmaaﬁgﬂaaqﬁaam uifigauvindl 67 esriwaiiea Using
Hunauans (1wl 2 n) aguingamadl 65 esmwailea lugumgiiiimnzauiigadmiu
UFA5e1MF0199u annealing daulwsiuesdnatowus Tiuaudifutovuin 230 giua
yngumgiivewines el 1 wiusnguuauas feamad 67 esmisaioa usidiegnad 2
linuuauBuesuin 230 giua ngamail wazdmunauduedilisume fgamgl 59
61 63 uax 65 pervaLdea Taaesiaogns (il 2 ) FeauNeumnil 65 s gATed
L{‘Juqmmﬁsﬁju annealing AilvsnzandmiuUfAsefidens esniiiuuaudiduievue
230 Auua Faaukaznukauiduelidunizduiutesuayans uarlnswesaantine Ae
Inswesgaiuau uaufiduwewun 346 gia waslivsnguavdduwelidnmeynaamal
feansfiagns (il 2 ) anunsoagulddngung ity annealing nngamnfifinadey
wangaud wiuUiAseigensd dwflaluddumis CvP2co*3 anmsmanneiivung
dmsuuiseidensvedinswesahadind uazaiunu nageufefieg A wenIEEY 1
@lulnduvy AA) uae 2 Flulnduuu A/A) fvuaauusnievesgumngiidu annealing
fail 59 61 63 uay 65 psmneaideoa Inswesgladindliuaufiduewuin 128 gua yn
grunniivsaesiaegns (nmdl 3 n) asUigungiifiafiandmiuufiseidersdu annealing
fio 65 ssmuwaLdea (osndvunnveanaufiduerinn 128 guafidumy uazlinuuau
<

Auwelidume dwlnswesamuauliuaufduievuin 289 Auua uazlinuuaufidue
Lddwmgnngamginassdiioge (1d 3 2) Aeiugungiidu annealing Mg N i
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yaaoumIzd WIUUATeRT05T uarlnaweddannefolnaiesanateiug Tnandn
fiensfimanisvuia 200 Alua naaoufiefiegwiduenneiay 1 Glulnduuy A/A)
way 2 Glulnduuu A/A) linuunufiBuenngamginassiiegneruiaiogumuauuuy
au (no template DNA, NTC) (n il 3 A) Sspaeuniissesiognsiduenneiay 1 Glulnd
wuU A/A) wae 3 Glulnduuy A/Q) dgamgdtu annealing 71 65 ssanaaidoa (§1984
samgiiiafignaininswesgladlng) lnoSeuisuivlnswesgauauuazliadind
9INN1IMAUUTINGUALRISULTLIA 128 (wild type) Wag 289 (control) ALUA vaaed
A29819 uAfBgmMNNeAY 3 Ui’]ﬂgLLﬂUﬁLS‘ULE}SU‘Lﬂ@ 200 (mutant) giua Tuvazdifegng
mNeav 1 imﬂimgl,mumautau (il 3 9) aguingaunndl 65 ssrwaldua \ugumgd
{4 annealing Aimangaudmiuufiseidensi
N139TIAFRUAIIUVAINTANEVINUGNTINVDITY Ananeinalln 19U real-time PCR
PCR-RFLP waznsmanduindlelndvesdu dadumaiafifanusudou ldnamuuay
mmmmmqq (Tyagi et al., 2018) wAlA allele-specific PCR Li‘flumwﬁﬂﬁmmimzqﬁiulﬂnﬂ
Afuniiaiud fadumedaiifianuazean Tnawssana 3-4 $alus desensulana
WAZIIMAINTINYNNINTEV AL (Wangkumhang et al., 2007; Tyagi et al., 2018) 31NNTIN
anmeivnzdmivufAteidensvesdu CvpP2co faliuddumis CYP2co¥2 Insiedy
Lhadlnduazaiuau liusinguavfduelidume uwilwswesanatenugduaudidue
Lismneiiniu sraiissaniaududuvesansazans MeCl snnduly Wunalilnswes
a1unsasuivatedduweduwaudduelausmgle (Park and Kohel, 1994) duailud
FIWIAEY CYP2C9*3 WuLlehauftdwedinie uwanisvageulnsiwesanateiug luld
AvuAAIILUANA193g MU annealing §suand1sannisnaaoulnsiuedady
desnnusznnsifidnuaymanaeiuduesadudiumis CYP2C9*3 fafegramneian 3
ffSueUsinuosun siliiedsliifsmenonisaaeuianizgungdsu fuy
guvnidmiuUfATeTU annealing fvanzaudian Ao 65 osrisaifoa vownglnsiues
desnldwuuauAduelidumerdonulddosun
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— 154bp

CYP2C9*2
(Wild type)

Non-

— 230 bp

CYP2C9*2
(Mutant)

+— 346 bp

~ CYP209%2
(Control)

(M)

AWl 2 uauRiBuevesHAnfusiigo1svesdu CYP2Co fialuddumis CYP2Co*2 (430
c>T) (n) Mdlwswesebhandlnd vua 154 giua () Tdlnsiwesgnanesiug vuim 230
fua (m) Mlwsiwesdruny wun 346 giua Jauanil 1 wnu DNA ladder 100 fiua
wofl 2-6 Adutedaegedl 1 @lulnduuy /1) Isgaumaiiduneu annealing
lefur 59 61 63 65 uaz 67 ssrniwalea auady wad7 7-11 Adulediednail 2
@llnduuy ¢/0) Tnsgumnituseu annealing ldud 59 61 63 65 uay 67 a3
walea MuEU wazundgeinede wnafl 12 NguAUANLULAY (no template
DNA, NTC)
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Not No2 NTC.
| |
7

|+ 128bp

- CYP2C9*3

% 5 ss83na8En
g g85859555%

H
<

«— 200 bp
CYP2C9*3
(Mutant)

(ﬂ) Nol No3 Nod No3 Nod No3
2 3 4 s 6 7

4= 289 bp (Control)
4= 200 bp (Mutant)
+T 128 bp (Wild type)

- CYP2C9*3
)

AT 3 LOUALSULYDINAR TR T 015 ueedu CYP2CO Tatudimumis CYP2Co*3
(c.1075A>C) (n) I8lnswasaliadind vuin 128 auua (v) Ilnswesaaiuay
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yunm 289 giua (A) Tlwswesgnaneiusuunn 200 giua dauadd 1 DNA ladder
100 fLua uaadl 2-5 Aduiedaegedl 1 @lulnduvy A/A) Tnsgumgiduney
annealing LA 59 61 63 waz 65 seAmngaLdod AUERU LaIT 69 ALduLe
fregit 2 Blulnduuy A/A) Tnsgamgfidunou annealing l¥ud 59 61 63 uag
65 pariwaLiEa AMAITU Wazlad? 12 NGUAIUANLUTAU (no template DNA)
(@) Tlnsiwesgnaneiug vuim 200 gwa wWisuifiguiulnswesghadlnd uaz
AuAx floumnfiduneu annealing 65 asrniwaiioa Tngunail 1 DNA ladder 100
ALua wafl 2 4 uag 6 Aoduledeg i 1 Inswesgauau laadlnd uas
naeWug MU wad 3 5 uay 7 Mdutedaededt 3 Glulnduuy AQ)
Inswesdniuay ladlnd uagnaienug muaau

#3UNaN1339Y

nnseenwuulnswesAdauswnizieBy CYP2C9 fialudsunus CYP2Co*2
way CYP2C9*3 ‘wmwam’smmmuammmuﬂgﬂimmmwﬂﬂlmmaiﬁumauﬂamam
ALY ﬂaaammmmwgﬂsmwmmiﬁuumau annealing 1 65 asAgAT8d ATIVEBU
NaNAnfizensAeBdnInsETawuveznilsa 1an1g 100 Taad THian 50 Wil Lagnanan
fderiveietraiiswedlinadevadudidossunsidudunadaeds Sanger DNA
sequencing 1n8n19%1 nucleotide blast iU NCBI reference sequence: NG_008385.2
wudenuaeandesiuaduinndlelndvesdu CyP2c9 Tugnudeya NCBI 100 wWesidud
Jorduauuz

nsAnwd Salidesinlunisnsisaeudstans nmuesisinmundy esean

9 |

Todrinvosdiuimegafimduensuilulndud JedslinseuaguiTulndfdululd
Hanuavesaiudisdoeiunis Inoian1zfae81a homozygous mutation vesailud
CYP2C9*2 uay CvP2¢9*3 Faduflulndiinulddosunluuszansing lnsumgdng
afifuidsiuiunsvernueyingiiegsanes foRnnsdu o

nsfnuniidufisinisfnuihseaiiewannis AS-PCR dusulddmiunasiam
Fulnduesdu Cvp2co Kudunaazlaniiefidonsildlundsd wuihdsdnandniidensiily
TunzUsnged AnzEIdeadununsiannusely lngazdnisuiuainnisii singleplex
AS-PCR Fsdfoausnasndniulnsiuesusaze Wasudu multiplex AS-PCR vesadud
Fagssuvils Ssazdelfanansavinliazain 1ndPu uasdfunuanas wangaudmsy
ihanldluresufifnislsmeua Inelunistamndu multiplex AS-PCR uanaaziing
U%’qumﬁﬁm%’uﬁ%aﬁsﬁ”’umu annealing AmNuduwes MeCl, s3viadnaunnududy
voslnsiwesdnads ilousuanuananiidonilddumeuarlvldannefidonidmya
1niign



68  IENTIVYY UNINYIFIUAUATASEIINIIY

AnAnTIuUIENA

YOUAM TOIARNTINTE AT.UNTANA dauvin o pysen DyATIEviTIeE9RBuLe
WAEVNUIYUUBERUTAERT ANTLNNEAIENT UNINGIRAVAIUATUNT DULATIEV AR
gunsoluazan L

LONAI581984

¥ais guinu. (2554). Msvszgndlddusimanduiugemansifionisusuaunelung
UJUR. 9s1a9nsaliavars, 55(1), 39-53.

ndann Taude wazavdan wissaal. (2560). ndwineuaztladeiiinadonisnovaues
VORI, AFUATUNTHITATT, 32(2), 189-199.

aunauunnglsnilauviauseinalng Tunssususgudud. (2553). uwannnssnwisae
Faee181un 15U avendensdnsutsenu. duAuile 1 unsau 2563. a1n:
http://www.thaiheart.org/images/column_1292154183/warfarin_Guideline%?2
81%29.pdf.

grigen umen Gndant Jaudy waeidng vindena. (2559). Yadensedinuasladenig
danadeniifinadonsinwissenniriulurnead. lu nsuszguinmsiaus
NANTUIVETUTINANGYT TEAUTITUAZYTYIYIA. VOUBAL.

Goldhaber, S.Z., Weitz, J.I. and Piazza, G. (2013). Pulmonary embolism. in creager, M.A,,
Beckman, J.A.,, Loscalzo J. (Eds.), Vascular Mediicine: A Companion to Braunwald’s
Heart Disease, pp. 627-638. Boston: Saunders Elsevier.

Maneechay, W., Chittithavorn, V., Lertlam, L., Sirisathienrooch, T., Duangpakdee, P. and
Sangkhathat, S. (2017). Genotype distributions of CYP2C9 and VKORCI in
southern Thais and their association with warfarin maintenance dose in
patients with cardiac surgery. Asian Biomediicine, 11(1), 81-87.

Wangkumhang, P., Chaichoompu, K., Ngamphiw, C., Ruangrit, U., Chanprasert, J.,
Assawamakin, A. and Tongsima, S. (2007). WASP: a web-based allele-specific
PCR assay designing tool for detecting SNPs and mutations. BMC Genomics,
8(275), doi:10.1186/1471-2164/8/275.

Wattanachai, N., Kaewmoongkun, S., Pussadhamma, B. Makarawate, P., Wongvipaporn,
C., Kiatchoosakun, S., Vannaprasaht, S. and Tassaneeyakul, W. (2017). The
impact of non-genetic and genetic factors on a stable warfarin dose in Thai
patients. The European Journal of Clinical Pharmacology, 73, 973-980

Park, Y.H. and Kohel, R.J. (1994). Effect of concentration of MgCl, on random-amplified
DNA polymorphism. Biotechniques, 16(4), 652-656.

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




NITANTIVY) WININYIFLTVAYUATATEIINTIY 69

Tyagi, AK., Khoshbeen, M.B., Curtis, P.H., Uppugunduri, C.R.S. and Ansar, M. (2018).
Development and validation of an allele-specific PCR assay for genotyping a
promoter and exonic single nucleotide polymorphisms of MGMT gene.
Journal of Biological Methods, 5(2), doi: 10.14440/jbm.2018.224.

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




70 SENTIVYY UNINGIFEIUAYUATASETINIIY

14 1

amglasuinisuazauinulayuinisludgeegivuimeauna
AIUATENIY IINIAUATATSITNIY
Nutrition Status and Nutrition Knowledge of the Elderly
in Chamai Municipality, Nakhon Si Thammarat
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Humends Torgeglugag 60-69 T Snmelaruinisund ($esae 51.1) dansinaund
($ovar 39.9) mnusiulafinegluseiugs Govas 55.8) seumudsulnwunniseglusysus
($evaz 77.1) ileRarsantadudiuyananuin fgsengmanouazmavdsiinnelavunns
wazszduinaludoniiuandsiusadideddy Tunasiseduaudulafauazaiug
Fulavuinishiwnndstuogndtedidy uonaniygeeyifigaseigratuiinnig
Tnsumsuazarudiulnrnsiunnsatusgaiideddey lunnesissduimalubon
wagsvauanuiulaiinliunndiuegedidud Ay InenuingiergianudiudiBainiu
amglarunsuafauduiudidsauiussduimaluden anudulafinuazanuidiu
Tngunns dausanisdnwanuiiulavuinisnuin dgeengdnluadanuioglussiu
FadleRorsandumnuduiusseninsenudimlarunnsiuiadesuaunm wuin Al
Frulavmsfierudiiusludseussiumsunmelngunns (R =0.002) syduthaaluden
(R= -0.036) uazauduladin (R= -0.024) pgheiitfodrdny Madumienuduasisaeg
Tuilufimstinsmeunsanudiieatumsusloremskiiumadesnaiifasorgannsadii
Ieeifionsiinnglnsunnsitivesigeengsely
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Abstract

This is a survey research. The objective was to assess the nutritional status
and nutrition knowledge of the elderly in Chamai municipality, Thung Song district,
Nakhon Si Thammarat province. An accidental sample of 323 elderly data were
collected between February and May, 2018. The instrument used in this research was
a questionnaire. The research found that the majority of the elderly were female, age
between 60-69 years, with normal nutrition (51.1%), euglycemia (39.9%), hypertension
(55.8%), with low nutrition knowledge (77.1%). When considering personal factors, it
was found that male and female elderly had significantly different nutritional status
and blood glucose levels, whereas blood pressure levels and nutrition knowledge
were not significantly different. In addition, the elderly with different age groups had
significantly different nutritional status and nutrition knowledge, whereas blood
glucose levels and blood pressure levels were not significantly different. It was found
that age ranges positively correlated with nutritional status but negatively correlated
with blood glucose levels, blood pressure, and nutrition knowledge. The results about
nutrition knowledge found that most of the elderly had a low level of knowledge.
When considering the relationship between nutrition knowledge and health factors, it
was found that nutrition knowledge had a significantly low negative relationship with
nutritional status (R* =-0.002), blood glucose (R’= -0.036), and blood pressure (R*= -0.024)
levels. Therefore, public health organizations in the area should disseminate knowledge
about food consumption through various channels that the elderly can easily access

for good nutritional status of the elderly.

Keywords: elderly, nutrition status, nutrition knowledge, Chamai municipality

unin

Hagiuvsznalveidsegluriamaasusinutingdnudgeenglasauysal (aged
society) NMFTENUTBIdInLARR WA WUITErINTgeegiintusgisaiiles
913 w.A. 2550 Tdwudgeergdnilusesay 10.7 yoaUszrnIeUsTina (drinauada
WA, 2560) wagtiindududesas 17.1 Tul we. 2560 (anduldsdserinsuazdsny
wIneaeniing, 2560) 3nTeyausernsvesUsemelned 2559 Usyynsineddiuiy
6.6 druau \Hugaeengunds 9.6 duew uazandnlul 2573 axliduiudaceny 17.6 ey
(Foway 26.3) uagl 2583 zilimuiuis 20.5 auau (Sevaz 32.1) (US3Q, 2550) kazanteya
YosEtinnuanAuiad Tud 2559 wudndminuasessssusuianuInUsEYINSHawIgaNGd
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240,522 519 Aandufesay 15.47 vesuszwnsianun doidududu 5 veauseimalne
(@ TNUADALITIR, 2560)

Haymemilnvnnadutiapiinuldludaeegiolan dmiululssmelng fnnsfng
TugnwuniegUlslulsaineruianisn1igds o 1wy Andng wazany (2556) Anviniie
Tnsunisesdasengiiodeegluiiuiiaudminmoununeldsiuan 580 au lagld min
nutritional assessment (MNA) wuinggseny Sesaz 37.8 egluinausideasionisuine1ns
Wedszifiunnslamuinisvesnguiisadiuidud iy 219 au wuin Fegas 62.1 fanudes
AAMENLAYINTT WazSeuay 6.8 1NMEVINENTOMNT auTNT WavNBINTIaL (2557) Anwn
amglasumanasifadefifstedudaeigduieFediinfvuimnddnlsalifase
wungUneuen Tssmeuavisgiwiads S1uau 182 au Taeldswiinanielunisusaidy
wuggeenginmgynlavuinisiesar 60.4 uiadunnslavumsmniuniviennizuia
4159113 (undernutrition) Segay 13.7 anwlavuinsiiuiesay 46.77 Nigsh uavauy
(2558) Anwinizlavuinisvesasonglugineuiases Jamdayssud 91uiu 380 au wudh
HasengFovas 38.4 dnnmidsarienisuinaisormsuaziesay 5.8 fn1zv1aa15e1m3
wyisns wazdsud (2562) Anvinnglavuinisuazdadeilisadostunslaruinisves
Havogfiendeagluyuvy nuihigsengluruvuiienuidssiennzvinasemsiesas 35.9
wazdinnguinasenmsiesay 1.9 awiuldingufnisaliuniglnvuinisvesgeeny
fauanssfuluudaiiu §ide3edermadafiasAnmaniglasuinisuagauiiu
Tnwunnmavesiigeengluiiuiifuinveuroanauiasuarzane sunevsas SmiaunseisTaue
Fuduiunyumuiaiioduauiuiiavevvedlsmeuaduaiuguamiuanusaii Tud
2560 ik uandnsssaudasiuiutiedaseinisvedlsalifadevinig e (non-
communicable diseases: NCDs) Iniaglugigeangfisuaufiusniudodisutud 2559
Tnewuidfgeogiisnsuuinislurdinlsalufndesin@osilutiutssana 2559 fsuuitady
383 318 wualudUheselval 32 s1euazsewni 351 578 dadludeuuseana 2560 Sy
391 518 wunludUaesielvd 43 s1euassiein 348 518 waslugislasuiauwsnves
Yauuszanm 2561 (Ranau 2560 faunsien 2561) dfgeenganiuuinisiuadindand1ndiuan
160 euvadugUaonelv 27 Teuazaewt 133 518 uansliifiuindgeongluiiuid
wlthasiinonslsalifndesiniFesafiusnntu dsernsduthedinandiianvsnan
vanedadedadadediddy e msuslaremsdeanunsausaduldainanslavuinig usd
mums‘]’ﬂu'wmﬂEmul,?{mﬁ’umaﬂmmmwaﬂﬁqqmqiuﬁuﬁﬁaﬂﬁn guaziludsediu
amiglamunnsiitedumigeongiifinnandssiennslnvunmsvavidofudioldiiuuuims
a’mLLmuﬁwjLLaza'\'iLa'%um'gzimmmwmé’qﬂmqashammsamial‘d
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A5AEUN15IY
1. YDULIANTSIY

[
[

n15398A39iuN15398189d1999 (survey research) nqueiegandn leun

¥

geogfondvagluiuilinauiadiuagedny Suneveas JIMIAUATATEIINGIY T431AN13
197970INBIANTITUATUALALIARDN INAUIAAIUAYLINY I1UIUUTEIINIHFE U

Y%
U a

V9AY 1,613 au (Yeya o Ui 1 fugngu 2560) vunavednguiies1dldgnsnisauinues
Yamane (1970) Aisgsiuanuiiesiusesar 95 geulviiinauaaiaiadeusesay 0.5 Wiy
323 au Gl urgee1891n 8 nyuu lnednanmdadiuduuszrinslunsazmy U 91ntu

Q

D Mo e

Fovhmsduiaegalagimsduuuutadey madennguinesiigaautBaudiiivun Ae
Juffiifiony 60 Truluianansuasndeiiitoodeluiiuiimauraiuarzane sunovas
Jaiaunsasssuse Lifdywilunsiadedoas aunsananelidoyaviensoniayls
M duNwalyiiN1InTIIUsEiiuan e SeNeueUsENsla W dnanudulain Taseiu
thmaluden 1w uagBufidniumsife uerlifudgeengfnies nelideyaiuannis
Usziliumuanunsalunisusenoufainsusedniu (barthel activities of daily living: ADL) 84
Tsmenuadaaiuguanivavuesiwnld esandifudeyasivalianansaussifiu
ToyasugunmunaUsznisvesdasengindeld wu dhniin druge usu inasinisds
oon fe fgeengiliannsadeasielideyaldviofnteiananlusenitsmsiAudoya
Hususndeyaseninfeunuaiusiufeunguninu w.e. 2561
AadelanSsuaunseuvesnusidun1vel Ae AunuetaalinTasIsuge
Uszdmgtiu (eaw) :anvis 8 vajtu Snu 16 au TaseusuAafunisdunivainside

Y
assiliielidunuimafetudmsunsdunvalilideya venaninewiudeyadidue

v
= [

Fuaringuszasdlunsyihmsideuazesuneneanidenveuudunival lneglideyadosmany
vionanBugeniiena lrdeyaaunsaneuianlasimsiseileladls deyailagniiu
fnulfifuanuduusrthiauslunmssmesmsiforintuy Tnenafudeyaluduifudeya
druyeaa TeyadiuguaUINsENs W tndn dauge msillsatsrdnd Wudu uasdeya
Aueularng gaunwalliisnisaeunudeyaannngueiegie diudeya seduaiy
filafinuazseduinnaludenvenguiiedns fduntual iufinnisnmaineuduladi
veanguiegalngldial sainmnudulafindalusi@ (home blood pressure monitoring:
HBPM) waeTasvduthmaluidonvendguinediasdasinissmnainseduinaludende
AULBIYLANNNT (self monitoring of blood glucose meter) mumiwwﬂawﬁya I%ﬂ&jm
ieglifeanems
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2. \n3silauazn1snTIIABUANNNIATEAEID

wiesilofldlunsifendsdiunvuasuanuutsoanidu 2 @ Ae Feyarialy
uazdoyanufifeatunisusiag

daufl 1 Aafeafudayaialy Ussnaudedo-ana ang e fiog i
drugs Funwalaouniuaindiedne) taaluden arwdiladn EFunivaisuduan
n1siacigauies) Idinaueinisudangudgeeny (nsufanisggeeny, 2559) uazn1susziiiu
aunidasiy Usgnaulufeaduiinants BM) Inasinsuuanguggseigniuasyi
wanedmiuggeeny (@rinnudauauguam nsteudy NTENITINEEITUAT, 2560) S¥U
thanaluden @adn3u/indans) IHnasinsulngugaognussauimaludenlunsdi
liisnomns (aupulsaruivnuuisdsemelng, 2554) seauanuiuladin @addnsdsen) 14
NIINITUUINGUKFDEAUTEAUANNAULATR (auAuaNsulafingawisUssinalng,
2558

dauil 2 Aawanuhluieafunmsuslanems

wuvasuamAmulUAeItunsuslanemsduau 10 4o 1Wudawdsie
yilo 4 daden lneflinasinisivinzuuu fe neugnlanzuuu 1 AzLUY d1neUHAld 0 AZWUY
nauiiegeasiudvinuuuaauaumenwe INnaNiieg1ansnguean Weuldusly
nsdlinguiegidliannsaguesn Weulddunvalidugaeunmfenuies n1suta
AavIngLUUInAUIMUlaTUINg A8l 3 SEAU AunaeinsUTEETLLAg819899INN1S
Usgiluwuudanaeives Bloom et al. (1971)

mamnmvaaiasfiolnensmaunssoniion (content validity) Tnenns
hldligssnadidnau 3 mummaaummuamLLam’amaamﬂaaﬂﬂmmﬂiumﬁlmm
AruAsadaiion (CVI) 1nndi 0.80 videsdry
3. MFAATIEdaYa

1. TeyadiuyanalazUoyan1udun I Iinsievideyaidsusua Tdadifige
w3301 (descriptive Statistics) 1dun audl fosay Aads wardrudsuvuninigiu
Aasgianuuansvesteyasenitmlagldatia chi-square (511uns, 2551)

2. Ipsimanuduiussenintayaiuguainiasanuduiusseninadoya
AuguamiuauiaulasuInIsvesnguitegslaglinisiinseialid chi-square uagen
andunus (correlation) (575iuns, 2551)

Nan1539Y
PNEANITITeALAnUdn Jgeongluiuiimauiasiuaseany 8neyeas Jamin

]

= 1 (=4 a vV o 1 U a
uasATsIINTIvAl gL duwArds (Fovaz 66.6) InsdndiuszrinsnaAviolazinaAngly

o o

wiazny lalfinnuunnansiuegeddedfy (p > 0.05) dlvgiiiongegludie 60-69 T

39983UADY 70-79 U uas 80-89 U uazsnande 01y 90 VIulU (Feway 53.3 32.5 13.3
wag 0.9 muadu) lngdndiuseninsyiengvedaiongluudasnyiinuunneieiuegig
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Y

DEGR

(g Y

t(p < 0.05)I@mwwmwmwmmaqmamﬂmgagﬂuszmi’aﬁu WU vy 2 uay 3

U

s0eflutiag 70-79 T mnndnsengdu q (m3wd 1) Yeyasuguamm wuindnilg

a

W
Y
gu1g gilnglaruinisund (wmimmﬂmmumama) J89UIAD AMEOIUTTAU 1 NIy

it g}

Y

e e

@

9IUTLAU 2 HOULATNMILOIUTEAU 3 AUEWIU (Souay 51.1 35.3 6.5 4.3 uag 2.8 AUEIAU)
lnedndiuresnilnruinisvesdasengluuaasny lusinuuansaiusgreaddeddny
(p > 0.05) (131471 2) ffgeogdulvgTseduinaludonund sesasn fo Snnswmiu
wazidsumy sudiy (Gesar 39.9 39.4 uag 20.7 mudiy) Tnewlefinnsansauluis
fifamsdsaumiussudnivasiuldindifegeenglum) 6 winfufifseduiaaly
Foadudnfunninfesar 50 drungdunuinggeogiifseduiealudendulnady
fdunuifiedldfistesas 50 Wity wasnuifgeorgandnaisanudulaings sosmnfo
deseusulafingawazarmiulalinund mudiiu (Fevas 55.8 30.3 uaz 13.9 Auddy)
Invdndruvesseiuanuiulaiinvesdgeongluusagvylidinnuunnd1aiuegie ddudfey
(p > 0.05) (miwﬁ 2)
dunanisinwaruiulnrnsvesgogluiufivauasmuasane une
viaas Javfaunsaioranay wui wmmaiuwuwmﬂmamwaﬁnvmamﬂmwmmmsaﬂu
seiusn (Fepar 77.1) Weflansanuensusenytunut faeenglumy 5 uaz 6 nnaud
pounvuaeunuiinmdiulavunseglussiudi (fevar 100.0) lnswuindgeengusiay
mfiszAuanuiaulavuinisuandsiueg1silileddgy (p < 0.05) (57971 3)

M131991 1 903U (AY) UaeTouazyeiiiog 9o luiulinAuIafiTUATEERENATLLN A

UATYIN0TY
Y 3w (Aw) (Gowaz)
oRn w1l w2 w3 w4 va5 w6 w7 w8 9
LA
%8 20 10 i 8 10 8 22 26 108
(33.5) (29.4) (21.1) (222) (385) (36.4) (33.8) (41.3) (334) X' =574
IR 38 24 15 28 16 14 43 37 215 P =0570*
(65.5) (70.6) (789) (77.8) (61.5) (63.6) (66.2) (58.7) (66.6)
21¢
60-69 U 36 12 8 21 10 12 27 a6 172
(62.1) (35.5) (42.1) (58.3) (385) (54.5) (41.5) (73.0) (53.3)
70-79 18 13 9 10 9 5 27 14 105
(31.00 (38.2) (47.4) (27.8) (34.6) (22.7) (41.5) (222) (325) X°=40.52
80-89 1 q 7 2 5 7 5 10 3 43 P =0.006*
(6.9) (20.6) (10.5) (13.9) (26.9) (22.7) (154) (4.8) (13.3)
0T 0 2 0 0 0 0 1 0 3
il 00 (7 (00 (00 (00 (00 (16 (00 (0.9

°o w

mnewn: * danuuanesegeildydfgmeadia (o < 0.05)

3
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M13199 2 31U (AW) uarSesavvesmegiaogluiiuminauiamuarzanewenauAdeinianiey [lansu/msnauns) (1glarunis) sedu

Jranatuden (Tadnsu/ndans) wazanusulais @adwasusen)
317U (aw) ($awaz)

Joua , , , , . , . .
* w1 Wy 2 Wy 3 vy 4 %y 5 wy 6 wy 7 %y 8 gict
Autiunanie
BMI < 18.5 1 3 1 1 1 2 3 2 14
(Waw) (1.7) (8.8) (5.3) (2.8) (3.8) (9.2) (4.6) (3.2) (4.3)
BMI 18.5 - 24.9 34 17 8 17 13 14 38 24 165
Qauinisund) (58.6) (50.0) (42.1) (47.2) (50.0) (63.6) (58.5) (38.1) (51.1)
BMI 25.0 — 29.9 19 11 9 16 9 3 15 32 114 X° =2619
(8usEeU 1) (32.8) (32.4) (47.4) (44.4) (34.6) (13.6) (23.1) (50.8) (35.3) P =0.562*
BMI 30.0 - 39.9 3 2 1 2 2 2 5 aq 21
(95T 2) (5.2) (5.9) (5.3) (5.6) (7.7) 9.1) (1.7) (6.3) (6.5)
BMI = 40.0 1 1 0 0 1 1 4 1 9
(81usEHU 3) (.7 (2.9) (0.0) (0.0) (3.8) (4.5) (6.2) (1.6) (2.8)
thanaluden (lisnawns)
fndn 140 fadn3u/ndans 22 10 6 13 12 13 27 26 129
(Uni) (37.9) (29.49) (31.6) (36.1) (46.1) (59.1) (41.5) (41.3) (39.9)
141 - 199 {adnSU/0TENT 10 7 2 6 9 6 20 7 67 X2 =27.60
(Ao (17.2) (20.6) (10.5) (16.7) (34.6) (27.3) (30.8) (11.1) (20.7) P =0016*
200 fiadnfu/ndans uly 26 17 11 17 5 3 18 30 127
(NMIZLUIM) (44.9) (50.0) (57.9) (47.2) (19.3) (13.6) (27.7) (47.6) (39.4)

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




NIANTIVY ININYIRYTWAQUATASEIINTIY 77

M15199 2 (719)

T (Au) (Gaway)

voRn ny 1 iy 2 ny 3 iy 4 ny 5 na 6 ny 7 vy 8 57

Anuaulaiin
91/61-120/80 fladunsusen 1 9 2 6 4 6 9 8 45

(Un#) (1.7) (26.5) (10.5) (16.7) (15.4) (27.3) (13.8) (12.7) 139) o s
121/81-140/90 dadiunsusen 17 10 4 6 7 7 19 24 98 b 0,051

(Aoutnage) (29.3) (29.4) (21.1) (16.7) (26.9) (31.8) (29.2) (38.1) (30.3)
141/91 fiadiwnsUsen Tuly 40 15 13 24 15 9 37 31 180

@9 (69.0) (44.1) (68.4) (66.7) (57.7) (40.9) (56.9) (49.2) (55.8)

nueme: * danuuand1eg1ealited1Aynieada (o < 0.05)
a9 3 $1u9u (A1) warderasvasinedaaiengluiufivaunasuatzansusnmussiuausiulasung
, Iuufgeeny (aw) (Savaz)
s ANugszRUn AufsEAUUILNaTY AU3ITAUR 59

1 35 (60.3) 21(36.2) 2(3.4) 58 (100.0)
2 23 (67.6) 11 (32.4) 0(0.0) 34 (100.0)
3 18 (94.7) 1(5.3) 0(0.0) 9 (100.0)
4 28 (77.8) 7(19.4) 1(2.8) 6 (100.0) 2 - 3488
5 26 (100.0) 0(0.0) 0(0.0) 26 (100.0) b 0.002*
6 22 (100.0) 0(0.0) 0(0.0) 22 (100.0)
7 45 (69.2) 19 (29.2) 1(1.5) 65 (100.0)
8 52 (82.5) 11 (17.5) 0(0.0) 63 (100.0)
591 49 (77.1) 70 (21.7) 4(1.2) 323 (100.0)

newe: * Ianuuandseeaited1Ayn1eada (o < 0.05)
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AaMuFuRussEnIneAnuifulnsunsiudadeduguan

dofinsanarudiiusseritsanuiiulavunmsiutadedugunm éun noe
Tnsuinis seduihmaludosuazanudulain nud fgeengiidanzlasuinisdaiuas
fsvsuiaaludesuazanuiulainiiunnsieiuegeiidodidey (o < 0.05) wavn1ie
Tnvumsvesfgeogiimuduiusidaintussduihmaludesuaranudladin (R = 0.185
uaz 0.052 mudndiu) sgrsiifudrdy (p = 0.00) (5197 4) ediulasuinisvesgaeng
fupnsatulidmaronnglasunms ssiuimaludesuazanuduladinfiuandieiuogng
fuddny (o > 0.05) luvnigiaudiulavuinsiemduiudidsauiunnglaruinis
sedvihanaludonuazauduladin (82 = -0.002 -0.036 wag -0.024 nudRy) ogad

v o

tfuddey (p = 0.00) (A197991 5)

A5199 4 ANUFURUSTENININ1ILLATUINTAUTEAULIANA LA BARALANUAULAR AU
Hasorgluiuiinauiasuaveangy

sedutnanaludan
aElavuns = -

Jni WHeaurau WY
AR 7 5 2
Unh 99 38 28
.. X?=9329 R =0185
druseau 1 18 18 78
Y . P = 0.000* P=0.000**
rusEU 2 q q 13
DIUTLAU 3 1 2 6

seauauaulain
Azlavunnig - 5

Unei SRR &9
Nou 6 aq aq
Unh 30 58 77
.. X =2891 R =0052
druseau 1 7 27 80
e P =0000* P =0000%
rusEeU 2 1 27 13
DIUTLAU 3 1 2 6

newe: * danuuandsegaiitedfymnieatia (o < 0.05)

° aa

** JandunudedalidudAgnsaianiszau 0.05 (WUU 2 19)
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M19199 5 Anuduiussenineanuaiulasuing dunnielasuinis seaviinaluien
wazanudulafinvesgigluiunmauaiuayying

v azlavuinig
ANZATY > > "
¢ - 29U 29U 29U
TavuinIs wayu  Un@ . N v
YU 1 SEAU2  SEAU 3

swiush 12 123 90 17 7 )

N X2 =231 R? = -0.002
seaUUIUNAIY 2 39 23 4 2

o P =0970% P =0.000%
FLAUN 0 3 1 0 0

AUA szaulmnaluttian

TavuinIs Un# LHeuINu LU
SEeUm 97 54 98

. X=153 R =-0036
seauUIUNAIY 30 13 27

o P=0821* P = 0.000**
syffugs 2 0 2

AUFA szauaMuaUlaiin

Tnwuins Uni BN a4
SEeUm 37 74 138

. X° =164 R =-0024
sEAUUIUNAN 8 22 40

o P = 0.800* P = 0.000**
i%ﬂl]?m{\‘i 0 2 2

o o

newe: * dauuandnsegnedidudAnn1eeadia (o < 0.05)
** Favduiusessiitddymaadafiseiu 0.05 WUy 2 1)
N158AUTIINANTINY
nsiifgeengluiuiilngdiunndnnglaruinisund (Gevas 51.1) urfitladediu
qunmdu q Aroulunegeaninausiuasgiuisssduimaludeniasamudulaiin 019
Humszggeongluiiuiidulng Budgeengreusuddasmumnsadiiuiansusedriuld
waztasmdonuadlddanndeyaidssduiildnnguoau nuiggeorgfidrimnside

]
' 1%
aa v A

Snlutigeonefndsnn Fovar 90) uasiigeongintiu (Gosay 8) Snitauiidetituldindu
fufirades fasoglufufifsadauaznnlunsiamonmnsidosvanysal Feaenndoaiy
MsAnwwesEWS uazAsud (2562) Inuiigeogitendvegluguvuuwimis Sminadaziny
wnndrseway 50 Torgegluyie 60-69 Yuazinnglavuinisiiunuet (duuudnnses
Tagunnsuuy MNA Ssdinsldmdaiinanisdanfionsandas) auadreadsdenadesn
fuiisefanmiduguruiadiosduietulazoraiiosnnnguiegisdulngiduggeeng
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The Optimum Condition for Artificial Wood Production from
Compression Moulding Process
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Abstract

Artificial woods were mixed from rubber and sawdust powder. The research
studied the artificial wood moulding temperature (125, 135, 145, and 155°C), composite
accelerator (zinc- N-diethyl dithiocarbamate (ZDEQ), tetramethyl thiuram disulphide
(TMTD), 2-mercapto benzothiazol disulfide (MBTS), N-cyclohexyl-2-benzothiazole
sulfenamide (CBS), and N,N-diphenyl guanidine (DPG)) and the mechanical properties
of artificial wood with the mixture of sawdust powder (20, 40, 60, 80, 100 phr). It was
found that the curing time of artificial wood decreased according to the increasing
temperature. All types of accelerators used in this case could be completely moulded to
artificial wood at 125°C and 135°C, except for the ZDEC that the moulded temperature
could not be higher than 125°C. However, both temperatures were not appropriate for
production as it took more than 60 and 30 minutes to complete the product, respectively.
For artificial wood with a thickness of 15 mm, the use of MBTS, the mixture of MBTS and
DPG, and CBS could be completely molded at 145°C, but for artificial wood with a
thickness of 25.4 mm, only MBTS and the mixture of MBTS and DPG can provide the most
complete moulding. The mixture of MBTS and DPG provided the highest cure rate index.
There were cycle times of 16.45+0.03 minutes and 18.45+0.04 minutes for artificial woods
with the thickness of 15 and 25.4 mm., respectively. The amount of sawdust powder in
composite materials also affected the mechanical properties of artificial wood. The
increase of the wood sawdust increased the stiffness of the wood, with the highest tensile
strength and the decreased elongation at break. However, the modulus at 100%
elongation and hardness of artificial wood increased. It was found that the use of sawdust
at 100 phr could increase the hardness of artificial wood by more than 80 shore A. By
using wood sawdust sizes of 500-1000 micrometer, the hardness of artificial wood could
increase to the highest level at 88+0.53 shore A. In addition, the use of grafted natural
rubber with 8 and 10 phr of malic anhydride (NRgMAHg and NRgMAH ) as a binding agent
created a bond between the phase of the sawdust powder and the rubber matrix, making
the artificial wood stronger.

Keywords: artificial wood, composite, sawdust powder
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PVI - - - - 0.5 0.5 -
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Abstract

This experiment aimed to compare study the effects of Amphora coffeaeformis
supplementation on the growth performance, survival rate and growth-related genes
expression of Pacific white shrimp postlarvae (Litopenaeus vannamei) at different levels.
The experiment was designed in 6 treatments using 4 concentrations of A. coffeaeformis
supplemented into diet as follows: 0%, 4.31%, 8.26%, 11.89%, 15.25% and live
A. coffeaeformis. This diatom was prepared under laboratory conditions and harvested
by nylon mesh filter to amass an amount of A. coffeaeformis for drying. The diatom
powder was mixed according to the designed treatments. In this study, stage 15
postlarvae (PL15) with the lengths starting from 1.06+0.10 cm. were cultured under
specific conditions as follows: salinity 20 psu, temperature 30°C, daily water change
(20%), feeding shrimps for 7 times/day and water quality analyzed every 3 days. After
culturing postlarvae for 14 days, the results showed that the final lengths of white
shrimp postlarvae fed by live and 4.31% supplementation of A. coffeaeformis were
the longest sizes of 2.12 and 1.98 cm. comparing to the controlled groups with
significantly different final lengths (p < 0.05). Also, the results of growth-related gene
expression (Chitinase (CHIT), AMP-activated protein kinase (PRKAG) and protease
(Cathepsin) were focused in this study) revealed that white shrimp postlarvae fed with
live A. coffeaeformis supplemented diet were the highest growth-related gene expression
group compared to the controlled groups with statistically significant difference (o < 0.05).
This study indicated that live A. coffeaeformis supplementation affected the highest
growth and gene expression of white shrimp postlarvae. It should be noted that no
more than 4.31% of dry powder A. coffeaeformis supplementation should be added.

Keywords: postlarvae white shrimp, phytoplankton, diatom

Introduction

Microalgae are an essential food source for nurturing in the larval stages of
marine animals such as bivalve mollusks, fish, penaeid shrimp, and zooplankton.
Microalgae are also a rich source of vitamins, minerals, amino acids, essential fatty acids
and pigments for aquaculture (Takeuchi et al., 2002). Because of this, they can enhance
the health, strength, and disease-resistance of aquatic animals as well as boost the rate

of survival (Pimolrat, 2009). The microalgae species most often used for shrimp feed are
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Chaetoceros sp., Thalassiosira sp., Tetraselmis sp., Isochrysis sp. and Nannochloropsis sp.,
which can be directly fed to aquatic animals, sometimes for zooplankton and then for
food to aquatic animals (Eirik et al., 1998). Amphora coffeaeformis is a type of diatomic
microalgae that has high nutritional value. It is also easy to harvest. Gordon et al. (2006)
reported that Amphora luciae had 32.65% protein, 6.43% lipid and 21.6 fatty acids (%
in lipid). Therefore, Amphora sp. is an alternative source of nutrients for shrimp culture.
The application of Amphora sp. for aquaculture has been used as food for many
species of aquatic animals. The Amphora sp. has been used to feed abalone and spotted
babylons in 1.9x10* cells/cm? to help increase their growth and survival rate (Gordon
et al., 2006; Anthasoot, 2007). Phookung (2007) supplemented Amphora sp. (3.0x10°
cell/ml) in the diet for sandworms. The results showed that the pigment (chlorophyll a
and carotenoid) and fatty acid composition increased in comparison with control.
Besides, Amphora sp. can be used for absorption of nitrogen, phosphorus and also
improve the water quality (Kumar et al., 2016; Sassi et al., 2018). Khatoon et al. (2009)
reported that black tiger shrimp postlarvae (Penaeus monodon) were fed with 3 species
(Amphora sp., Navicula sp. and Cymbella sp.) diatom supplementation for 19 days and
showed a high survival rate as well as growth without the need to exchange water.
Many reports have mentioned the application of Amphora sp. for aquacultures,
both for nutritional sources and water quality treatment. Therefore, Amphora sp.
supplementation in shrimp feed could be a feasible option for boosting shrimp quality.
As such, this research will be applying A. coffeaeformis as supplementation in the diet
to compare with different levels of growth and growth related-genes in Litopenaeus

vannamei postlarvae.

Materials and Methods
1. Cultivation of A. coffeaeformis

A. coffeaeformis from the Research Center of Excellence in Shrimp Walailak
University was cultivated in batch culture with sterile seawater at salinity of 20 psu,
aerated and illuminated continuously with 5,000 lux of fluorescent light. The temperature
in the laboratory room was kept at 25+2°C. The culture medium was WU medium
consisting of CO(NH,),, Na;HPO4.2H,0, NaySiOs.5H,0, NaHCOs3 and trace metals (Walailak
University’s phytoplankton medium). The cultures were transferred to the next batch
at the exponential phase and harvested using a nylon mesh filter (30 um) at the early
stationary phase of growth. The wet-cell pellets were freeze-dried and stored at -80°C
until analysis and diet formulation.
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2. Experimental diet formulation and proximate composition analysis

Commercial flakes (Winner®) were used in the experiment. The diets were
supplemented with different levels of A. coffeaeformis freeze dried at 0%, 4.319%,
8.26%, 11.89% and 15.25%. The level of supplementation was referred from Ju et al.
(2009) The experimental diets were prepared using 400 ml of sterile water, blended
with a mixer and dried using a hot plate at 100°C, mash and filter the diets with a
600-micron size for feeding white shrimp larvae 15-30 stages (Xie et al., 2018). The
experimental diets were dried at 105°C for moisture analysis and at 550°C for total
ash following AOAC (2005). Crude protein was determined by using CN Analyser
(LECO®, TruSpecCN, MI, USA) Total lipid content was analyzed according to Bligh and
Dyer (1959).

3. Shrimp and feeding experiment

Postlarvae white shrimp (PL10 stage) from a commercial hatchery (in the
southern region of Thailand) were transferred into a 200-liter plastic tank with 100
liters of aerated seawater at a salinity of 20 psu. Test white shrimp postlarvae were
fed using the control diet for 5 days and then transferred into an 8-liter working
volume at PL 15 stage (Initial length at 1.06+0.10 cm). Each experiment tank was
stocked with 100 white shrimp postlarvae cultivated to tank 10 liters (8 liters working
volume) of aerated seawater at a salinity of 20 psu, 30 controlled temperature and
water exchange every 3 days. The ammonia and nitrite were measured using a phenol
hypochlorite method and NED method respectively (Jiwyam, 2001) calcium, hardness
were measured using EDTA titrimetric method, magnesium by calculations based on
the EDTA titrimetric method, alkalinity was measured using indicator method
(Tuntoollavest, 2000) and pH with pH pen Smart Sensor (PH818, China). For control,
a control diet with live A. coffeaeformis and 4 experimental diet treatments were
randomly transferred into 5 replicate tanks. The postlarvae were fed 7 times daily at
07.00, 10.00, 13.00, 16.00, 19.00, 21.00 and 01.00 h to satiation (Xie et al., 2018) and
water was changed daily with 20% sediment removal (Lage et al,, 2017). After 14
days, white shrimp postlarvae were collected to assess final length, survival rate, SGR
based on the length of shrimp (Karim, 2007), and tissue of shrimp (20-50 mg) in 500
microliters TriPure Isolation Reagent (Roche, USA) for gene expression analysis and
then bring 20 shrimp (for 3 replicates, n = 60 shrimp/treatment) to the stress test with
100 ppm formalin for 1 hour (Samocha et al., 1998; Wangsoontorn et al., 2013).

Specific growth rate (SGR, %) = (InL¢- InLe)/t x 100
where “Ly” is the initial body length of shrimp, “L¢” is the final body

length of shrimp and “t” is the day of experiment.
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Survival rate (%) = (Ns/Ng) x 100

where “Np” is the initial number of shrimp and “N¢” is the final number of

shrimp.
Survival rate stress test (%) = (N¢ /Ng) x 100

where “Ny” is the initial number of shrimp before the stress test and “N¢”

is the final number of shrimp after the stress test.
4. Gene expression

Gene expression was studied using a real-time PCR technique with the
Applied Biosystems 7300 real-time PCR system (Thermo Fisher Scientific, CA, USA). In
10 microliter reaction with white shrimp tissue cDNA as a prototype DNA line and using
the forward and reverse primer designed to increase PCR production at 95°C for 15
minutes, 95°C for 30 seconds, 60°C for 30 seconds and 72°C for 30 seconds, 40 cycles
and select dissociation curve to observe the melting curve and beta-actin genes as
reference genes, prepared with standard DNA concentrations 1, 101102, 1073, and 10
times for comparison of gene expression. This study was interested in the growth-
related gene for white shrimp postlarvae. CHIT gene is a gene that is involved in the
production of chitin digestion enzymes (Spindler-Barth et al., 1990), PRKAG AMP-
activated protein kinase (AMPK) is a crucial cellular energy sensor (Hardie et al., 2012),
Cathepsin gene is enzymes that digestive proteins (McGrath, 1999).

5. Statistical analysis

Statistical significance was considered at p < 0.05 by one-way ANOVA following

Duncan’s Multiple Range Test.

Results
1. The nutritional composition of culture and the experimental diets
The dry weight of A. coffeaeformis contained 8.69% moisture, 17.71% crude
protein, 23.11% crude lipid and 49.62% ash on average. The nutritional values of diets
supplemented with A. coffeaeformis at different levels are shown in Table 1. Protein
content decreased with the levels of A. coffeaeformis supplementation and vice versa
for lipid and ash (p < 0.05)

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020
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Table 1 Protein, lipid and ash (dry weight basis) of diets in the experiment.

Treatment Protein (%) Lipid (%) Ash (%)

Control 49.87+0.11° 11.25+0.21° 17.85+0.46°
A. coffeaeformis 4.31% 48.10+0.10° 11.75+0.26" 19.02+0.44°
A. coffeaeformis 8.26% 47.07+0.40° 13.09+0.29° 20.03+0.06"
A. coffeaeformis 11.89% 46.23+0.22° 14.06+0.27° 21.60+0.55°
A. coffeaeformis 15.25% 44.46+0.25° 15.2120.15° 21.94+0.09°

Note: Values are expressed as means + SD (n=3) with different superscript (a-e) differ significantly

(p < 0.05) between treatments

2. Growth performance and survival rate

Based on the final length and SGR length, white shrimp postlarvae fed with

live algae exhibited superior performance, followed by 4.31% supplementation and

control treatments, respectively (p < 0.05). High survival rate was found for white

shrimp postlarvae fed with live algae and the treatments containing 4.31% and 8.26%

(p > 0.05) relative to the remaining treatments. Formalin stress test values did not

differ among all treatments (Table 2).

Table 2 Final length, specific growth rate, survival rate, and formalin stress test of

white shrimp postlarvae larvae fed with A. coffeaeformis at different levels

for 14 days
Final length SGRLength Survival  Formalin Stress
Treatment
(cm) (%/day) rate (%) test (%)
Control 1.92+0.02° 1.83£0.02°  90+1.00° 100
A. coffeaeformis 6.31% 1.98+0.02¢  1.9240.02"  97+2.65° 100
A. coffeaeformis 8.26% 1.82+0.03° 1.67£0.05°  99+1.73° 100
A. coffeaeformis 11.89% 1.75+0.01° 1.54+0.02°  85+1.00° 100
A. coffeaeformis 15.25% 1.74+0.02° 1.52+0.03*  79+3.21° 100
Live A. coffeaeformis 2.12+0.02° 2.14+0.02°  97+0.00° 100

Note: Values are expressed as means + SD (n=3) with different superscript (a-d) differ significantly

(p < 0.05) between treatments

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020
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3. Gene Expression
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Figure 1 CHIT (A), PRKAG (B) and Cathepsin (C) gene expression from white shrimp
postlarvae tissue fed with A. coffeaeformis at different levels for 14 days.
The values are expressed as means + SD (n=3) with different superscript
(a-c) differ significantly (p < 0.05) between treatments.
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Significant improvement in CHIT (Fig. 1A), PRKAG (Fig. 1B) and cathepsin (Fig. 1C)
expressions were observed in the shrimp fed with live A. coffeaeformis supplemented
diet. No differences in these three genes were found between the four levels of dried
algal supplementation relative to the control treatment.

4. Water quality

The water parameters were assessed during 14 days of white shrimp
postlarvae cultivation (every 3 days). The pH value was found to be insignificant for
alkaline (7.76-8.11). The values for alkalinity, hardness, calcium, and magnesium were
found to vary between 180-220 mg/L, 4134-4800 mg/L, 220-256 mg/L and 970-1134
me/L, respectively. Ammonia and nitrite measures found that the experiment with
live A. coffeaeformis had lower ammonia and nitrite values than all other treatments,

though there was no statistically significant difference (p < 0.05).

Discussion

Cultivation of A. coffeaeformis with WU medium in the laboratory, providing
24-hour light and controlled at 24°C for 5 days was used for supplementary diet in the
nursery of white shrimp postlarvae. When analyzing nutritional values, A. coffeaeformis
had high lipid content at 23.11%, though protein content was 17.71%. This is different
from a report by Gordon et al. (2006), which used cultured A. (uciae with Guillard F/2
medium. There was high protein at 32.65%, while lipid content was at 6.43% because
the nitrogen source in the culture is different. Although nitrite, nitrate, and urea are
suitable sources of nitrogen for the growth of algae (Fabregas et al., 1989; Yanqun et al.,
2008), using different nitrogen sources results in the growth and nutritional values of
microalgae (Fidalgo et al., 1995). This is consistent with the study of Pimolrat (2009),
in which Cheatoceros sp. was cultured in a laboratory with different nitrogen sources.
It was found that the culture content showed high lipid level with urea treatment.
There are other factors that can cause the nutritional value of algae to be different.
It was reported from Vicose et al. (2012), who compared the growth stages of 4
diatoms, that diatom in the exponential phase has higher protein and lipid values in
the stationary phase and more carbohydrates accumulate. However, although the
nitrogen source of the results in the nutritional value of algae may differ, there are
other factors that can affect the nutritional value of algae, such as the type of algae,
salinity, and culture time as well as cell harvest.

The results of white shrimp postlarvae supplemented with different A. coffeaeformis
levels found that a higher level of A. coffeaeformis supplementation caused reduced

protein values and increased lipid content. The growth of white shrimp postlarvae in
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this study showed that white shrimp postlarvae fed with live A. coffeaeformis had the
longest length. A. coffeaeformis at 4.31% showed higher growth than the control because
A. coffeaeformis supplementation has a high protein value of 48.10 percent. According
to Biedenbach et al. (1989), optimum protein for growth and survival of white shrimp
should be greater than 44 percent. Also, Abdurahman et al. (2017) supplemented
Tetraselmis chuii in diets for white shrimp postlarvae, which showed that T. chuii
supplementation at 50% had the best survival and growth rate, with protein nutrition
at 57.30 percent. However, this study demonstrated that white shrimp postlarvae
need high protein content for use in fast growth.

The lipid in this study showed that A. coffeaeformis 4.31% had 11.75 percent
lipid, which was inconsistent with the report by Perez and Lawrence (2004), who
suggested that the lipid for shrimp postlarvae should not exceed 10 percent. However,
there are reports that shrimp postlarvae can grow to 30 percent (Banerjee et al., 2010).
A. coffeaeformis supplementation increased lipid and high ash value as well. New (1990)
reported that the ash content in diets is suitable for shrimp in the range of 12-18
percent. However, it was found in this study that supplementation with A. coffeaeformis
is greater than the ash range suitable for white shrimp postlarvae growth. A. coffeaeformis
at 4.31% enables high growth, but the ash value is slightly higher than the suitable
range. In this study, A. coffeaeformis supplementation can be performed in diets for
white shrimp postlarvae, both live and powder (should not exceed 4.31%).
Supplements of this microalgae in live form can be stored by filtering methods.
Sedimentation cells can be stored at 4°C for up to 2 weeks. The cells are still alive
and can be cultured further (Pankaew et al., 2011).

The formalin stress test was carried out by immersing in water containing a
concentration of formalin, 100 ppm for 1 hour (Samocha et al., 1998; Wangsoontomn
et al., 2013). It was found that all 6 treatments had 100% survival rate and there was
no significant difference (p < 0.05). The acute stress test for white shrimp postlarvae
was able to differentiate between healthy shrimp and weak shrimp larvae (Nietes,
1990). Such a test is an assessment of the quality of shrimp postlarvae that are
commonly used on farms (Samocha et al., 1993). It is also an easy, convenient and
fast method for farmers to check the quality of shrimp postlarvae (Castille et al.,
1993). Samocha et al. (1998) conducted a comparative study between shrimp
postlarvae PL2 and PL7 against a formalin stress test. It was found that the older
shrimp postlarvae had better survival rates. However, the reports of Anh et al. (2018)
and Immanuel et al. (2007) revealed that stress tests for tiger shrimp postlarvae were
used to study tiger shrimp PL40 and showed that even though the shrimp postlarvae
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will get older, the stress test using formalin still gave the shrimp mortality rate. The
results of formalin stress testing showed no shrimp deaths. Shrimp death is dependent
on the environmental conditions as well as the strength of the shrimp.

Gene expression is consistent with the growth for the final length of white
shrimp postlarvae. The highest gene expression was found in white shrimp postlarvae
that consumed live A. coffeaeformis. Although all treatments showed gene expression
greater than control, supplementation with dry A. coffeaeformis at than 4.31% caused
a decrease in the expression of growth related-gene. All of the Chitinase genes (CHIT),
PRKAG AMP-activated protein kinase (AMPK) and Cathepsin gene related to the growth
of white shrimp postlarvae. Spindler-Barth et al. (1990) and Kono et al. (1995) reported
that CHIT genes were involved in the production of chitin digesting enzymes in
crustaceans, whereas AMPK was an important controller in the metabolism of energy
that has been stored in the cell and involved the salinity fluctuations (Dan et al., 2016).
Besides, the Cathepsin gene was also important for shrimp growth. Stephens et al.
(2012) studied the expression of the Cathepsin B gene from white shrimp with different
tissues. The results showed that the amount of food directly affected gene expression
and growth. The nutritional value in the treatment showed high nutrition and less
shrimp consumption than other treatments, affecting low growth as well as gene
expression.

Water quality showed that all treatments had ammonia and nitrite levels in the
non-toxic range for water, the salinity of 20 psu. Supplementation of live A. coffeaeformis
for white shrimp postlarvae can help the shrimp to survive and grow. It also has a better
effect on water quality than treatment without adding live A. coffeaeformis. While the
ammonia and nitrite values for all treatments were not statistically different, the
addition of live A. coffeaeformis resulted in lower ammonia and nitrite values than other
treatments. This is consistent with the reports of Banerjee et al. (2010) and Ge et al. (2016),
who showed that shrimp culture along with supplementing live microalgae without
changing water effectively helped to maintain water quality. A report from Ichsan et al.
(2014) found that microalgae could be used to treat wastewater from agricultural
wastewater sources efficiently as well as provide bio-energy. Limheng et al. (2005)
reported that nitrite content derived from amounts of organic substances accumulated
in shrimp ponds, likely due to the large amounts of food leftovers and waste generated
in the pond. In this study, the water was exchanged every day, and sucking the sediment
helped the nitrite to prevent reaching a level that was toxic to the shrimp postlarvae.
In addition, a report from Khatoon et al. (2009) studied the feeding of black tiger shrimp

postlarvae using 3 diatom species (Amphora, Navicula and Cymbella) without changing



NIANTIVY) UNNINIRUTIVAYUATATITINGY 109

the water for 19 days. They found that, aside from helping to maintain water quality,
this diatom group has a high amount of eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA), and amino acids that can increase growth and survival rate.

Conclusion

This study indicated that A. coffeaeformis powder supplementation with
commercial flake caused reduced protein and increased lipid content. White shrimp
postlarvae showed the highest growth rate and growth-related genes expression with
live A. coffeaeformis. If supplemented with A. coffeaeformis, dry powder should be
added at no more 4.31%. The water in live A. coffeaeformis treatment had lower

ammonia and nitrite levels than other treatments
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Abstract

Kung-Som from Pak Phanang is a local food that is popular for consumption
and for its health benefits. The objective of this research was to study the chemical
and microbiological compositions of the formula of traditional Kung-som and the
formula of Kung-som produced by using Lactobacillus pentosus L35 as a fermentation
starter. The results showed that L. pentosus L35, or lactic acid bacteria, had a stable
growth for about 24 hours. The chemical compositions of traditional Kung-Som and
Kung-Som produced by L. pentosus L35 as a starter were found significant differences
(p > 0.05) in protein, ash, fat, salt, pH and total acid whereas the moisture was not.
Microbial counts during fermentation were found that the total viable count increased
at day 5 and decreased at the end of fermentation time (10 days). Total yeast and
fungi slightly increased while lactic acid bacteria continually increased until day 10.
The microbiological quality of results of Kung-Som showed that the numbers of
pathogenic bacteria (Salmonella sp., Staphylococcus aureus, Bacillus cereus,
Clostridium perfringens and Escherichia coli) did not exceed the Thai community

product standard criteria for Kung-Som.
Keywords: Kung-Som, lactic acid bacteria, fermentation
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91113 NFUINEIANEANTNITUNNE (2558)
5. NTIATIZANENIEDA
Tunsneassaginismang 9 S1uau 3 81 dwadildumaade Sinsed
dudsauuinnsgiu (Mean + 5.0) uazthdoyafilsiuniinseiniauususiu (analysis of
variance, ANOVA) W3 Uil s unanuunnd19909A 1123 862835 Duncan’s new multiple

'
a

range test (DMRT) fiszdiupanandesiu 95 wesidus Tagldlusunsu SPSS version 16
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NANIINAADY
1. nMsaseysAulavas L. pentosus L35
INHANISNAGBINUTN L. pentosus L35 fiiansuduiian Logl0OCFU/faddns
WinAv 4.28 LLazﬁmsw%‘szﬁUTmﬁu?Tu wuﬁmsw%zytﬁuimqaqmﬁnm 36 42l fiA
log:(CFU/Radans wiifu 8.88 (nwil 1)

10
9
- 8
(©
& 7
=
3 6
L
Y, 5
o
3’4
al§3
=
c 2
1
0

0 6 12 18 24 30 36 42 48
L@ (k)

AN 1 NM5LR3LAULAYEY L. pentosus L35 Tusgiia 48 4alus

2. MFUATIERAUNNNIAT VDI 9EY

nsAnwesdUsznaumaaiivessdugradaiuuasgnaiifinnsld L pentosus
L35 WHutaude wuhluiuludusuesnmsviindsduiindnlagldgnadaiu uasgasiiineiy
i ediuTanaanudu (65.5£0.25 wa 65.23+0.15) TUsfu (15.02+0.04 wag15.7+0.06)
L1 (8.41+0.03 Uay 8.39+0.04) Lusiu (0.50+0.02 kag 0.54+0.03) Lnfo (5.60+0.03 way
5.6320.01) N3A-AN3 (7.70+0.05 Wa 7.73+0.01) uaznsavavua (0.80£0.01 wag 0.80£0.02)
lsiunnshsiuosedideddnymead (o < 0.05) WleAuganssuumevinluiuil 10 wuiifedu
fiviinlngldgmsaaiy uazgmafifniafiiadeduiunulusiu (11.61£0,08 waw 10.01x0.05)
161 (3.09+0.03 way 3.51+0.04) lasTu (0.20+0.01 way 0.10+0.01) 1nde (2.80+0.02 Lag
3.09+0.17) N3A-AS (5.32+0.06 Lay 4.53+0.02) LAYNTAATLR (1.30+0.02 Wag 1.80+0.02)
WANF19AUBE N TBEAEYNI9EdR (p > 0.05) LLG]I‘U%?,J’]ﬂJﬂ’J’]JJ%H‘UENﬁ:ﬂﬁuﬁﬂﬁﬂiﬂﬂi‘gqmi
G%’IﬁLaiJLLazqmﬁﬁﬁﬂ’]iLauﬁ’JL‘?}jﬁJ (82.00+0.50 way 81.07+0.31) Lifauunnaneiuagadl
tfuddy (p < 0.05) (A197991 1)
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meft 1 aunnaeiivesdsduiindnlagldgnsduiy uaransiifinsiuiaie

R UsE U iA _ Aﬁaé’ugm%«ﬁu& i’i f’uﬁumsmumwa

ui 0 Uil 10 Ui 0 Tuil 10
mm%u (% wet basis) 65.5+0.25" 82.00+0.50° 65.23+0.15" 81.07+0.31°
1UsAu (% wet basis) 15.02+0.04° 11.61+0.08" 15.7+0.06° 10.01+0.05°
101 (% wet basis) 8.41+0.03° 3.09+0.03° 8.39+0.04° 3.51+0.04°
sl (% wet basis) 0.50+0.02° 0.20+0.01° 0.54+0.03° 0.10+0.01°
UTuaunde (% NaCl) 5.60+0.03° 2.80+0.02° 5.63+0.01° 3.09+0.17°
N3A-A"3 (pH) 7.70:0.05°  53240.06°  7.73:0.01°  4.53x0.02°
USanaunseiava

o 0.80+0.01° 1.30£0.02° 0.80+0.02° 1.80+0.02°
(% as lactic acid)

o

NHULNE: ?Jﬂ‘lf}i‘]/lLL(ﬂﬂ(ﬂN AulunafgriulanIauLanA i ueg19iie e

o

WN9EnA (p > 0.05)

3. NFIATIRVAUNINNINRATI TNV 98u

ﬁ]’lﬂﬂ’]’ﬁm'ﬁ’]uﬁﬂ 1NN TN VRN sduTIIINITNAEgATAGLAL uag

€

ansfdmaiuiage L pentosus L35 WU Auns dvimunlud sduiivindrogns
LA LLauam‘wumimummaimwsmwuaqmsmﬂmi”]mmaumwwm 3.20+0.03
way 4.33+0.04 log;)CFU/N3U AuaIAY mmuﬁum@aw%aﬁwmmmil,wmnmua,nﬂsuu"lu
Fufi 5 v0n15MeN (8.40+0.02 uay 7.40+0.06 logiCFU/nFu) wazluudi 10 veenisusin
Wudﬁ’lmmmﬁﬁw%ﬁwmaﬂﬁfﬂaﬂ (5.22+0.01 wag 7.01+0.05 log;oCFU/nFw) 115y
nsAamuduuLuaiiieuandnaaeansinnuitluiuisuduresnsusindsdusegns
Fafu uazgasfdnisiduind edduiuuuaiiSonanin 4.1020.03 uay 5.45+0.06
log1oCFU/N3H Anwaay warlutieiud 5 uay 10 vesmsvinsnweuATiSouanfniinng
Wasuuedesewes Tneluiudl 10 vesnsminsruiuveuafiB ouand nuiud wiu
8.28+0.03 Uag 9.96+0.05 logyCFU/ATH MIUAIAY INUIUT AR iwﬁqwumiuﬁﬂé’mqmsﬁg«ﬁm
wargnaf finaifnidenuinddmaudan 51 1.1520.03 wag 1.08+0.04 log;CFU/N
audsiu waslonsnaolunuinsuaudas suiudulaglutudl 10 vesnsusiniisuaudad

31 4.70+0.01 Wag 2.40+0.03 log;)CFU/NFN sudaU (#1547 2)
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M19199 2 FIWUEUNTY Wt waviuaSsuandnnmualulsduivdnlavansaaiy wae
gosninsifuige

muquaauwsé bR 5 MIULUATISEY
GEGH] u haviun havan wanfAnsienun

(log1oCFU/NF)  (log:oCFU/n3w) (log10CFU/N5W)
gmsﬁ”’uﬁm 0 3.20+0.03 1.15+0.03 4.10+0.03
8.40+0.02 2.65+0.02 6.33+0.01
10 5.22+0.01 4.70+0.01 2.28+0.03
gnsTiEimsLfa 0 4.33+0.04 1.08+0.04 5.45+0.06
ﬁ?L%@ 5 7.40+0.06 1.52+0.02 7.40+0.09
10 7.01+0.05 2.40+0.03 9.96+0.05

1nN15ASINUTINIULUATIISunelsa 5 afia Llawn Salmonella sp. S. aureus
B. cereus C. perfr/ngens ey £ coli m’mmmmuwammwjmu mau 1032/2548 ’Lumam
muﬂmaammmm LLauﬁmmmmmmjaluwu Salmonella sp. S. aureus Way C. perfringens
naaANTEUINNITVINAIdY AN15959INU B. cereus way £. coli WaliiAunugNInggIu
wan Sy (11399 3)

M19199 3 usuefisenelsaludedunndnlegldansauiiy uazgnsiinisiuiie

uluy yiauuaiitse

fladtu 15 Salmonella  S. C )
9N sp. aureus B. cereus perfringens £ col

GRGEY

ans 5 lainy liwu < 3lalail/ndu lainy <3 lalail/ndu

N 10

flad

iy 5 laiwu lawu < 31alafi/ndu laiwu < 3 1aladl/nsu

wade 10

AUTIINANITIVY

naneaesluasllald L. pentosus L35 Aidauanliandsduiniuiedisludmin
=~ < A a a Py a a

UATAISIINTIY L. pentosus L35 unuaiitiauanin & pH Muizaulunisiaigiiuls
5.5-6.2 fipanseandiaulun1siasaiuladas (microaerophilic) dneglungu facultative
heterofermentative lactobacilli sinwulundndaeiuy nandueisgyie nanduaiie Yad
Tl dwalsl dneee wazusnadadeluienaduemis uazdesnaenvesdniiegneie
Wruy (Garinig, 2536) 99N15ANYINUI L. pentosus L35 dn1siasqiiulalafaiigad
5¥81Ia1 36 219 9INN13ANYIVBS Saraniya and Jeevaratnam (2014) wuan L. pentosus
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5165 Aifanenldnunuinduieiniseigiulngagaiissoziia 48 9alus uaganunsn
wan wuamesleduliUiunigegaing 36 $2Tus uonanndsuins (2554) TdAnwmaLaiey
909 L. plantarum wa L. pentosus fifauenldainmielinemuindnisedysseyai
nan 18 Halus

91NM5ANYIYY Dangkhaw (2013) ¥inmaiiusherdsdufidwiglusiesnandiuom
55 f10819 Wil afALNLUATLS suaNAnuAYaILNTSEY aneiug vosuuadiTonandnlddy
Enterococcus hirae K34 L. pentosus K39 wag L. pentosus K50 9n@n®1ved Phithakpol
et al. (1995) Wu71 L. plantarum Pediococcus halophilus Bacillus sp. Micrococcus sp.
Streptococcus epidermidis S. feacalis Saccharomyces sp. Candida sp. Wag Pichia sp. R
Sauonldandedu Uandu ibudogaundiitunumddylunssuiuniswandsduuas ardu

nsrUIuNIHARd st A TmaRuidAtfe A inde thaaain uasthuls Tae
wuafidsuanindunuimlunssuiuneiindewivnalidunsauanin Tuanmiifienne
\dntios wuediSaiieunniadesmsewnsiifindeieuudniios indellnmautilunsiauen
yinvegdunsy wuafiseuaninaiunsausvanimlinuieaniizanuduvauniels way
Frufudimaasyivinvemuaiidenolse tmanuaziuiaduwmadeiveunazunds
ndsuliuniuafidouanin msfnussdusenaunaaivesteduisinunszuiunis i
Fegasnaiy uardsdufiininiuiate L pentosus L35 oduganisnasaduiudl 10
wuddsdurisansgnatianuduliunndretu Tnedsduiifinmaduideliviamend inde
wazanudunsnsganiidsduiindndegnadadu feduiindnlnenafuiudeduin
Tusfu luu n3n-rns sndfsduiiviindnegrsnadu fedudiimsiusiade L pentosus L35
fUsuandn (Fesar 3.510.08) genindsdugmanaiu (Fasay 3.09:0.03) aonadasiy
nsAinwvasiyy uarlinag, (2556) nuiidsduiindalagldidousans L plantarum
(USunauansesay 6.08) Pediococcus sp. (USinaninseway 5.42) fiUsunauaunnninnady
finanlasiBiaRu (Usinaidn¥esay 2.94) Usinauduaniisesdusznautesansotunisd
sasndoogrinnnanlvg wieUSinuuiseluonms wuuimnandoludsdugnsnaiy uas
qmﬁﬁmi@mﬁw‘gﬁj L. pentosus L35 Sowag 2.80+0.02 uae 3.09+0.17 sudndiu Jelndifes
funansdsIavessdl uazane (2527) wuinfeduiismmingludminaswan Jnani wagnis
fiusinaundedesay 3.06 3.46 uag 3.14 audiu indeidudsddnlunisaueuesviili
A1 Water activity vesevnsanas uenanindeduiumsifeustusealufings weldadu
psagyliinluems uasiluwadedunidgniseanuvilidunislaanunsa
wigdulaldidesnnwadqaunidifien (plasmolysis) waziddindodadaud@lunis
dnidenqdunislnelamzuuaiiisouannannsawigdulaliluanneifmudutuves
indegusuuailiseunsyialiamnsanuldnasaely lunssuiunsmindedulaewuniise
wanfinfinisgosaanslusiuluiods dilufdagnisoonuinisuenaindninavennie
Snviedadinnfiniutivluiud 7 vesmaiindsdualviuiinaundoludsduanmasdutuil 10
vosnsnsin annsAnuTinalusiunuirludsdugnsdafndusialusiu (Gevas
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11.610.08) snignsfifinisiiuiande L pentosus L35 ($08a¢10.0120.05) IndiAssfiy
MsAnw1vesngdl wazang (2557) nuindaduiismungludminawan Ui uaznds
fusinalusiudosas 8.3 11.25 way 11.35 suadu Tudniuhdsy ssdiviinalusiu Jovas
17-18 laiinmsvsinlaeqaun3diianisaaieiivedusiu wazesdusznaululnsioudy o
ilesanAanssuvesuuadife waztoululushisiliuimnallsiuandas

MmN sduifinaduiate L pentosus L35 Sarnnudunsa-ns
(4.53+0.02) sndfsdugasaaiiu (5.32+0.06) anuidunsn-drslunszuaumsndniinain
AunssuvesnuafiSeuaninflenaUs i ingiu wazanniidediduaslrliainga-ang
anas wudeaiulundnsusiuumin dnuassaliines nansuaideuazormsneianidn ifia
nsudannsndunidlasianizniauanin Dund, 2546) inpueiunnsgiundasasiaguvuls
sl aduienanmdunsa-ssliiiu 4.6 Farnsa-sadusvsimuvasndedingy
n3uslaa onsusiniidannsn-aatosndt 4.6 avanansndudinisaigvenaunisiidu
anveanisiindeluemisuazadunidnelsald 9N51891Uv89E3UA1 WazAMy (2548)
WUI1A1 pH ﬁamaaLLamJ%mmﬂim'?wmﬁLﬁ'wfﬂummwﬁﬂﬁﬁuaq'ﬁ’umim?igmm
wuafiFefiaiensalundndug venanidmuindeduiiinnduiude L pentosus L35 &
Aanuidunseviavin (1.800.02) qm’jﬁmmLﬁuﬂﬁmﬁgﬂwmluﬁﬂé’uqm%qLﬁu (1.30+0.02)
Fonndiuldnanan-ane Sanuduiusiuiinanseiamn denedastunisnumemnmi
(2559) Anwwaveandesensusindsdeniiiuindesesas 5 7 uas 10 Taovsiniigamadl 30
perwadea Wunm 10 u nuidusinansanmuniuduegseidewas i pH anaq
pdsarnnisvin 5 Yu laedsdeuiiinindodosay 5 fUsinunsnviaungsan uazddn pH
amaquﬂmﬁ'qm Tunsiesizvdrudsznaulaguszunu (proximate analysis) 999629874
pnsfasiimsliareiviinanut Lo Wl wasdh dwsuanslulamsnranuao
druiimdelaenanis (by difference) (338, 2558) §sa1nnisinwissduszneunaaiilag
nsfnwanUszneulaevessdunuindmiivdelnenadiisfeniflulemsailesand
ihaann thinduanidudunanlunsudadedy Sntaudendudunslulawseluana
vy (chitin) anMsAnwsRUsznaumsalivesdsdulag Chaisr et al. (2557) Wuinredy
fusinaansTulewsmegluting 9.60+0.21-13.16+0.17 Feesdusznoumaniivesisdaluusaz
vipsduaziimnuunnssiuluiFesweanszuiunsudn Sngiunazsiinveqduviislusssuua
fifununddalunsyuiunisngn

nsfasuduugdunidvameludadugnnaiu wargesfidnaduiadonud
$rnugdunisiomalufedugnsiafuidnuuuaiie (5.22+0.01 logCFU/n3u) 1nmn
Feduifinignfniude (3.37+0.02 log;CFU/n3u) dmdusiuunuaiiouanindsruiy
Lﬁﬁgj’uashwiaLﬁaqﬁ”’ﬂuﬁqé’mqmg’qlﬁ:u (8.28+0.03 log;oCFU/n351) LLazﬁaﬁuﬁﬁmiLauﬁa
o (9.96:0.05 log;CFU/n3w) uasiilefnundunudad swimunludsdugnanainiiuiim
Hat TR (4.700.01 logiCFU/n) ganndsdufifiniaianiadie (2.40£0.03 logCFU/M3w)
il hdnauresiuniiivmedanuduiussuinuiueiiFewaninlasluszesdu



NIANTIVY) WIINUIFEIVAUATATETINTIY 123

voensrUInN I AsdusuugAunisimun uasuuadi Souanfininafiusuutueds
sowl evaudsszeznatweanszuaunisudn (Tuil 5 vesnisudn) ndsandusiuuves
wuaTiEerniinsanswiuateg ey lunmeandutsnureuaiiSeuanindndinis
w%zy@uimﬁw’fu wazdduiusiuUsnansanmun wazanudunsa-issnsae osen
Tunszvaunsndndewvalsuanfnasayiiulndnisndansnd unsdeanuniliiane
dunsadsnaliannglimunzaluninaiyiviavesgdunidviadu o vivliddwau
fﬂaumaamaqaamﬂaaqﬂ‘ummmzmsuaamﬂmimmﬁuam%ﬂqm wazItian (2559) WUl
$nousuafidowaninlussmininsminvarduas sty uig1uUg AunFSTvIL
g1side (Wu Bad wazsn) uazqduvsdnalsrngunne 9 (Salmonella sp. S. aureus way
E. coli) ndufluunltiufianadasionzegsbelanduiifimsiunddouuaiiieuaninasly

LLUﬂﬁfﬁ&Jd@IﬁﬁWqLaummiﬁﬁwmmﬁﬁmmuLﬂzwﬁmmmuwamﬁmﬂmmuﬁﬁu
laun Salmonella SPp- S. aureus B cereus C. perfr/ngens wag £ coli 9nNSANYINUITIY
mimmmammmmu LLauamwmsmumLﬁna L. pentosus L35 laiwu Salmonella sp.
S. aureus Wag C. perfringens AN19MTIANU B. cereus wag E. coli aqiuiumuwuﬂaﬂmﬂaamﬂs
PUNAUTINRSTILHARS AL sl FadenndesiunsTenuvesduiiin wagg1uTl (2560)
wunsuilounes 8. cereus ua £ coli lushegdsduiisiminelusminuasaisssusy
Tnesseglusziuifianuuasnsomuinnsiuinsgundn susiguwudsdy wagainnsine
vaafingn wardail (2560) wuiUsinameadelnslulednilpuaidludiunauvosuanda
finasion1sanases B. subtilis Ineaziiulaianduiminlaglddomusssuwidsuu
94 B. subtilis 1ANIT 3 logioCFU/n$u Tuvuziivanduiivsinsauiulnslulefnynynnis
naaoddT1uIuves B. subtilis Uoenin 3 logCFU/N3u §48ns1n15anasues B. subtilis
funlfuiuduedeiituddameda (o < 0.05) muvsinandelnslulefniduadly was
AsAnweHTIR (2559) wumsUudeuves B, cereus 2.0 CFU/nSu wae E. coli oenin
3.0 CFU/g GenssudanisialiivlavesuuafiSenelsaunainaudunsaiiiuundy
wariinavhlvaanundunsn-asansias nsndunidanunsaunsniululueadiuuusuves
wupiisaziinn1suandvinldainnudunsa-asdulelanaraduanaiinalysuniu
NTYUIUNTTUDATLYELUATIS Y UBnINlusEHI ST LUAT IS Buanfingt@ansa
afauuamesTedulddainadudanisaiyesqdunidnelsa £ coli S. aureus B. cereus
Vibrio parahaemolyticus waz Salmonella spp. 19 (Hwanhlem et al., 2010)

d3UNaN1339Y

nnmsfinesAdszneunnaiiuay AMNINN199aTIINENTRIadgm IR LA
ansild L. pentosus 135 LUumLﬁuawmﬂmmmwmamumumm%mmmumammwmu
fada nsfinnunaatyuesyauvsd Barie uasuunaiiGouantn Lmaaua@ﬂivmumwm
wuirdeduiifuiadeisiuunuaiiGouanindiudunnningnsiain dealviuuaiise
flavun uagBarasiauaansiuiuas uenanidvuhdsdufindndognsdaiy uasgnsiia



124 M5ETIVYT UMY UATASTTINTIY

NSWUILTe L. pentosus L35 1A1uUaenieantuailizenalsanunaiiunmsgunansioe
YUYUA Y

AnAnssuUsENA
uATeTlATvIvUszuatuayuantuganyunTITesuUszaad we. 2560
UAINYIUTIVAUATAITITUIY

LANE1591989

NSWINAENTNSWINE. (2558). TFUIMIFINAIMSUTATIEOINIT.NIUINEWTIANTAITUNNE
ASENTING 157U Y. duduidle 19 uns1Ax 2562 31n:http://bgsf.dmsc.moph.go.th/
bgsfWeb/wp-content/uploads/2017/Publish/e-book/StandardMethodVolumel.pdf.

Fuian aswow uazg1Uil alunna. (2560). MsnTRTeTesiaunInngadinendowiuves
fedaluiuiidoriaunsrissssm. 51e97un5398, aninerdosmaguasaiosus .

yyy qa3n uazlinng qsgail. (2556). MandndsduussalunvurUadiiunisuussuse
ANNTBU. 5789IUNTITIVE. WTINEIREmAlUlagT NIRRT ITe.

afgnaen giufin uagadion uds. (2559). madadenuuaiiGeuanfnuaslfidusudeuiavs
Tumsvdnuandy. 153199nenmansuazinalulad, 24(6) atuniag), 952-967.

5uINT V1595307, (2550). n7susnuas TuunuuaiSauandnainuie liinouiieldiiude
Suduaslunig vain. nerdinusuSyaamninge. aninedeveuniy, veuuny.
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356-373.
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UATASTITUTI.

M3 NTYY WU Yyan 5551138 yndu Ainvna wazaniind Sesudllnesd (2527).
asdlszneumuaiivesewnsvdnaedulssmalne. Tu s189WnsUsrEum 19395
uIngrdenumsmans adadt 2 i 53-76). nganm: winedoinunseans
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waztnAlulad NN INEIREENTAIUATUNS.

Fum guaan wile yunla Ainaves veliuming uazgniuan miud. (2548). N1
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Abstract

Over the next 20 years, Thailand wants to increase the amount of electricity
generation capacity from the solar energy from 2,663 MW in 2018 to 15,574 MW in
2037. Therefore, the Thai government has attempted to increase its capacity from
solar energy by promoting subsidy programs including Adder program (old policy) and
Feed in Tariff (FiT) program (current policy). The objective of this research was to
examine the efficiency of subsidy programs used in Thailand by comparing the project
financial return including net present value (NPV), internal rate of return (IRR), and
payback period (PB). The results showed that the most cost-effective mechanism is
the FiT program because it provided the profitable financial return while spending less
money from the government subsidy than that of Adder program. Under FiT program,
the NPV, IRR and PB of 1 MW solar power plant were 10,767,026 baht, 9 percent and
10 years 1 month, respectively, with governmental subsidy about 73,495,017 baht.

Keywords: governmental subsidy policy, solar power plant, financial return

uniin

Usewelneinisldnuanssuundaliiihonnmdnunasenfindundausd w.e. 2530
Tngadudundsuuasorfindgnldif edagusrasdlunaduunsadsouliiuiiui
wslnasyuvanedalniindlads deundsanmdsauiiudsuwlasiuussnautumalulad
A9 9 wwmlﬂa&mmmn nsuannasnulnianndnunasefindlanareunundasuy
‘1/1’1\‘1LaE]ﬂ‘UEJQMﬂWUVIEJEJ’NLLWiMa’IEJ LwaamﬂﬂmmmﬂﬂfrﬂﬂmaLwaﬂWaa%amaamme\]’m
AneUsend sadsademutursmmdsnudosaniduumamdsnudilid unue du uay
waHasundsuazeailiifenansenusednaden (nNsuRMUMEsLTALNLILAYaY3NY
WANY, 2561)

nswandsuLasefindlulsemdlne it uegnsewios iWunamnanuloune
duasunisudnnislindsnunauny IngianiznsidauazeylugUveandeaului
(Chaichana et al., 2017) Useinealnednisldndsnuuaterindluguvaandaaulih sy
N 376.72 wineSes T wa. 2555080 1,.298.51 wwingSas Tt w.a. 2557 Wieiudufady
300 Wosidud (NsulmuINd s uMaLNULazeysnYnaeI, 2558) sourlud w.a.2560
fnonuinssmdlnendandsnuliihdsdondanuaeindifiutuog 2,663.12 wngTas
avvoulmsiunisiulnesnisnanndsnunaaeindiduluognasinsi (AsUNmuINg 991
NALVULALDUYTNENFIY, 2561)

INT N URRILINAINUNAUNULATNEIIUNLEBN N.A.2561-2580 (AEDP 2018)
Igmvundmunendsulnifndandnuiasefingliaa 15,574 wnzdad azudiulaan



128 15E1TIVY) UNTINGNSUTUAYUASASTITUIIY

Uszindalngdndudousinsudalniinnndanuuaseriindiiou 13,000 wnnging aelu
1387 20 U (@7na Ul UNgLaTWHUNE 9, 2562)

aglsimunisudnliiiainndunaseind el Uymguassanarausznis
(Chires and Wongwises, 2016) lagianigdiiAgiteaiuulouisainsguaznsileuieg
nMIUATR Silinseuaquuagldfinrudaay sauisdonguine ngasdeu uagnsuims
Sanssruvanedslaiiigilidoronisaumdsnunauny FA909ANTVRITFEIVIAAIY
Wuenam audwailinszuiunisiauiaaiuaidn wazdnisunsnueaainngy
waUselovi (w1din1, 2559) uenainiinisudnluiianwdsnuuaseniingfdunugedian
WINAUNY 322.30 UIRNDNRUIE LﬁaLﬁwﬁuwé’amwmLmugﬂl,wuﬁu 9 (NTENTNNANY,
2558)

Turasnaiiusmiisaiunedy 01wy nsuiaundsnumauuLazoysng
nAwu ddnnuulovsuaziiung s Mstiidmugiiaig mslwiuasais naslida
Aendnuisusznelne wazdinaudsaiunisamuldsiuiueenuinsnisnig 4 Lile
atuayy duasunisuanlrifhamdanumeunlfifstudulunmumuiingd dilusuuoy
Y9158 3UNE nMsatvaywivUszanawuuilaT nisaduayudeya nsdanuvas
Fudnenidesi lnsanzessBaninfiudannisfudoluihindnanundamdnunauny
(Uguvimd, 2553; Cory et al., 2009; Boomsma et al., 2012) 1nsnsmandasidutade
ddlunistisananudsaainduyuiias uazanaliuiueususing 9 donansuunuly
nsaululassnsndsuLasering (Mitchell and Connor, 2012) fatusuisdeiisad
fnguszasdiofinuiUisudfisuinasnisaduayulasnassieiiuuagldlutagudid
wasenanauunulassnsndsanuliihanwdsnunaseniing iedunuimsunsuiuuss
smsnsatuayulngnasglidenumngan Husssusderamululassnislaslid
WAL TINEUAE STUR

A/andun153e
1. aunfgulseluiindsnuuaseniing
Tsslwindsnunasndindildlunsidedulsduiaundnunn (very small
power producer, VSPP) 1u1a 1 wineind Ja8198emeanidenning 4 ananuidevesessona,
2558 Fapn37197 1 Imﬁuﬁﬁ%kﬂﬂﬂﬂﬁﬁaeﬂuaﬁ’wi’mazm Unenll us187d wag 4 8110w
Tudawrinasvan laun 0.98ug om0 8.d8vUd08 Lay 0.uN73



NIANTIVY) UNNINIRYTIVAYUATATITINGY 129

A15799 1 anudgiulssbiihndsnunaseing
sgazideaauufgIulssliiwasnuuaseingnldlunisfne

1. AMdansHEn 1 wneing

2. auduiedvesmsaniingidenad 18.455 LNzIafan"T 1IN

3. sl wihiinels 1,845,360 Alaind-1ilas (miae) siod

4. sgezhantumsatuauulaganis 251

5. §nsdenanimuesivad 0.64 Wosidudel

6. FUUNDATIY 76,286,135 UM

7. Anguasnwigunal 444,000 UMl

8. Alganganiiunis 840,000 Unsial

9. dnduviirieny 75:25

10. Samendeiug (MLR-1) 4.5 ymsiedl

11. szgglimniseiiug 109

12. $hsnaiintuvesdquasnungunsal 3 Wesldudsed
wageAlddneaniung

13. Sunsatiuayuiiun1sain BOI Uil 1- 8 $a31718 0 Wosidud

Uil 9 - 25 Sns1n® 30 Wedldud
14. §n5r@naniilosnintiuile 3 Wosidud

UBYE): 81999 VBIRITONA (2558) Uaw Peerapong and Limmeechokchai (2014)

2. AnuduiusneatinAansYaFULUUM SETUALUNA LA Tind

UsendlnglFpenunnsmsduaiunmsiudelvifinnnndanumuisusuddeiu
2 3Uuuu laun 1) 3ULUU Adder wag 2) 3ULUU FIT (Pita et al., 2015) i eUszifiunaveq
wnsnsatdvayulaeniasgranisdandsuliinnnndnunaseing Fedugasvinns
assduiuinendneansvessUuuuMIaTUA N suLAseIngvia 2 JUuuy Feil

2.1 aruduitusvneadinmansvesguuuy Adder snsnisaaaiunissuiielih
PNNFUYUIEUTURUY Adder Iimundnssudelaiianndsnuuaseniingdmiy
daslaimdsnunyuisusunndnann (VSPP) fansnadl 2

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




130 215ETIVY) UMTINGNSUT VA UASASTITUINY
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Figure 1 The specific activities (U/mg protein) of pepsin (a), trypsin (b), chymotrypsin (c)

and amylase (d) in giant freshwater prawns subjected to various dietary

replacements of protein from fish meal with mackerel condensate (MC). The

data are expressed as mean + SEM (n = 3). Different superscripts indicate

significant differences between groups (p < 0.05). CD, commercial diet.
Source: Wattanakul et al. (2017)

A139a5UFULUUNSIREWE LU TN UYRIUNADIY

dauusenau anwoe IUN JUnuu
YBIUNAY VDIAIDNYS YDIAONTS NSIANTIUNAIN
Foi304
1) Mwlng N 18 pt. Aanang
2) MWDy i 18 pt. Asnang
FoffiTouunany vy 15 pt. Faun
UNANED
1) nmwlney Un# 15 pt.
2) MWDINOY Uni 15 pt.
AdNARY WIVDAINUY Y
N o o v 15 pt. e
warAE@IAUNA
1399550 Un@ 13 pt. gy
- Fadenan N 15 pt. Badgy (liddauniiu)
- pE0Y Y 1. Iage (1.5 93.)
Unf 15 pt. 1.1 Idine (2 93.)
Unf 1.1.1 Inde (2.75 @31.)




NIFANTIVY) WIINUIFEIVAUATATETINTIY 145

dquusznau anwog U Funuy
YDIUNAIN YDIADNYT YDIADNWT ANTIAREIUNAIY
e Un#l 15 pt.
A1319 Un#l 15 pt.

4. 1581984 (citation)
1591989999133V W INedeTuiuasAIsITNIlEULUUNM SO
AALUAINIINENANTNTING a1 TFOLITNT (American Psychological Association: APA)

De
=)

[V

4.1 msdslution (in-text citation) W¥nsg1sdauuy “uw-0Waidlildder
wite war DAL Wuieafunsensdaineunaay
4.1.1 m3deursdeewiom
fuatudun1slneg: 355007 (2550) AN .eeereeeeeeeeeeeeeeeeeeeeene
Auatulunw18angy: Tomson (2018) TOAII........vvvverccvoeeeen.
4.1.2 msdeuiiomneunisensds

FUaTULTUN 1 NG: DDA e [RAyia, 2554)
AURTUTUNISINGY: VORI oo (Tomson, 2014)
NS LAIAULAED

1) duatudunwilne: Jo/D w.e)
2) fuatiuiliunwdangy: Jeana/@ a.e)
NIUTAUAL 2 AU
1) Auatudunwilne: %aﬂuﬁ 1/LLa°°?iaﬂuﬁ 2/(?1 ..
2) @ uaumﬂummaqﬂqw suaaﬂaﬂuw 1/ and suaaﬂaﬂuw 2/ a.e)
nsdiilfudsisous 3 puguly
1) fuatudunwilve: Joaudl 1/uwavaaz/@ we)
2) fuatuidunndsngu: Jeanaauil 1/et al/@ A

4.2 NM19971999M8UNAIY (reference section)

& &

4.2.1 wilsd@enanuiiluguiay (print version)

©

o aa

%a/%aaqa./(ﬂﬁ faish)./Fonlede /(A3aTiRun)./aaudifiun/diin it

§28819

nsdifnRuasauan

asuis AB5UTNN5. (2551). (e FImmanneihlyusauunuadssa. wunys: ausnda.
Almond, G.A. and Powell, B.G. (1976). Comparative political today. Boston: Little

Brown and Company.

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




146  M5ENTIVYT UNINUISIIUAYUATASETINTIY

nsdifARuased 2 Juduly

Woduns walin uariases guiiing. (2550). N13aUATILRIINITEAMAN YUY
NTEUIUNITUGNANDSEGTTNYIUTENAN N 9. (Rurindafl 2). ngamwa: gy
aunsalnsinensiisusemealne.

Carpenter, J.W., Mashima, T.Y. and Rupiper, D.J. (2001). Exotic animal formulary.
(2" ed). Philadelphia: W.B. Saunders Company.

4.2.2 wilsdefieaulatl (electronic book)

Fo/Foana./(Diooular))./Fomleds /Auduidie/Su/fowA /an/http....... :

The World Society for the Protection of Animals. (2013). The Cayman Turtle Farm:
A continued case for change. Retrieved 10 July 2017, from:
https://d31j74pdlpxrfp.cloudfront.net/sites/default/files/us_files/turtle a co
ntinued _case for _change report.pdf.

4.2.3 315613

Fo/Aoana./ANuN)./Aeunnu./F9215975,/ANviseweui @UUN),/miusn-vigane.

#1819

nsdifinnsansiivaanti

ausny senLasey warn13d NesUseguii. (2559). anmnaaaressUsznaumaad
yesamieddewnuibu (Nostoc commune TISTR 8870) fikun1ssauUseae
maulalasan. 275m1555smTIesenaluladyimuinaasicey, 8(2), 219-229.

Palzzo, A.J., Cory, T.J. and Hardy, S.E. (2003). Root growth and metal uptake in four
grasses grown on Zn-contaminated soil. Journal of Environmental Quality,
32(3), 834-840.

nsfifinsansdslifaanii

Whan-air, W., Thongprajukaew, K., Salaeharae, T. and Yoonram, K. (2018).
Identification of wild and farmed broadhead catfish (Clarias macrocephalus
GUnther, 1864) based on morphometry, digestive indexes and flesh quality.
Journal of Oceanology and Limnolology, doi:
https://doi.org/10.1007/s00343-018-7205-7.

4.2.4 Jpgasusevitiadafiun

Fo/Hoana./(hu/weuw/A)./Aeune ./ Jodngarsnsenisdediun /AN, min.

f28814
1all ey, (3 nsngnau 2560). awmstlouauan. Lav, 50, Nt 12,

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




NIANTIVY) WNINUIFEIVAUATATETINTY 147

4.2.5 unnilslunilsde (book chapter)

Wo/veanaileuun./ AN Aeunvsenau./lu/de/Aeanaussansnis./ senlide,/
VIN-NTNEATINEVDIUN. /AN /ETnALA.

MDY

AU TN, (2560). amdreniedu. Tu Tadia And. inwsyidluy, i 100-110.
nyawne: gaudad.

Zambonino-Infante, J., Gisbert, E., Sarasquete, C., Navarro, |., Gutiérrez, J. and Cahu,
C.I. (2009). Ontogeny and physiology of the digestive system of the marine
fish larvae. In Cyrino, J.E.O., Bureau, D. and Kapoor, B.G. (Eds.). Feeding and
digestive function of fish, pp. 277-344. Enfield: Science Publishers, Inc.

4.2.6 ININUS

Fo/Hoana./ANNUN)./ FoTnerdnus./seAuineninug. /Aeunine1de,/

LRI INYAY.

faEg

vednwal Siiula. (2550). aussousuimusion siihse Salsanausiulaiingses
018719UAT
mﬁﬁmgwa"unamwﬁu 970174, e dnusneruamansuiI U,
UMYl Weeln.

Mirera, D.O. (2013). Capture-based mud crab (Scylla serrata) aquaculture and
artisanal fishery in East Africa — Practical and ecolosgical perspectives. Ph.D.

thesis in Environmental Science. Linnaeus University, Kalmar.

4.2.7 Hulas (website)

ForInvih/(Uneeulat)./Fei5a9./Ausuile/fuisiew/d /a1 /http........... .

MDY

o350fws 2Audllsan. (2562). parwenuanysafeedy. Auduile 2 nanau 2542, 9n:
http://158.108.200.11//scil/009hom~1/009421/chapl.html.

Adkins, J. (2016). Marine scientist devotes career to reversing trend of by catch.
Retrieved 1 July 2018, from: https://phys.org/news/2016-03-marine-

scientist-devotes-career-reversing.html.

4.2.8 51899UN5U T8

6

Yo Aoana./ [Uniun)./¥ei3es./79n15Usz gy Ton 15a%LL)./a0 TURTIUN.

43N5 UILAA. (2559). ANUTUAINIBIMTVRYNYUTINUINUIN. NI5UsEINTYINIT
AIULUAIN NI ITUVNYIF. DTN,




148 15ETIVYT UMY UATASETINTIY

4.2.9 unvildlunilsdion1susyya (proceeding) waglonansnsduun
o oA Nda e = ) = o B v
Yo/goana./Aniui)./Aeunanuvvoun./lu/Fansuszgunson)sauuy) (iusn-vi
gnvNe)./AlloaNun:/ v eundnv.

30819
N3350 UINGY. (2555). MIMNIsuaNINvesnisenAnyimisludmin

uATASEIINIIY. MU NI5UsranTvINITseAUYIATIvANIIE ATIT 3 (i 22-
35). UATASEITUIIY: UNINLTETIWAYUATATEITUTIY.

4.2.10 undngalun1susyyaivInis (abstract in conference)
Yo Aoana./Aniu).Aeunau./luundnde/Ton15uszgw (). /Allosifium/
MIBUNTANN.

Kovitvadhi, A., Chandang, P., Luapan, J., Sriyaphai, P., Buahom, R., Cham-iam, T,
Leelehapongsathon, K., Tirawattanawanich, C. and Thongprajukaew, K.
(2018). Screening three cricket species (Gryllus bimaculatus, Acheta
domestica and Modlicogryllus confirmata) for broiler diets by in vitro
digestibility techniques. In Abstract of the 6" Mediterranean Poultry
Summit (pp. 62). Torino: The Mediterranean Poultry Network of the
World's Poultry Science Association.

WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




WICHCHA JOURNAL Vol. 39 No. 1 January - June 2020




NATTNIINIS TTATUASAS IS SNSTT
ISSN (Print) :0125-2380

ISSN (Online) :2672-958X

Wichcha Journal

Nakhon Si Thammarat Rajabhat University






