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Applications of Lactic Acid Bacteria for

Environmental Approaches
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%u"lmzﬁ'iwnmﬁ'mu Ao TaTuosusiniiv
FunuaiiGonanfndii
MINAANIAIAAARIINNG Inagetaiosaz 85 lay
B mauinieesaanl  (Embden-Meyerhof
pathway) #agilfi 1 uaziemes Tsilesaniimiin

(Homofermentative)

wazunamivou laeend ludrvidvea T Aluaa
(Phosphoketolase pathway) ﬁdgﬂﬁ 2. daaIuved
ﬁﬁtﬂﬁﬁa‘lﬂtiﬂﬁl.!‘ljﬂﬁl:gﬂLLaﬂaﬂﬂijnﬁﬂaﬁ‘ﬁuﬂ:
ulsAumnanziedonlumsaiay (Seppo and
von Wright, 1993; Salminen and von Wright, 1998;

(Heterofermentative) IHUUATISoUAAAANNAANTA  Axelsson, 2004)

HanAna eI oeas 50 Aaunmassziuesiuea

Homofermentative pathway

Glucose

¢(1ATP

Fructose 6 P

¢{1ATP

Fructose 6 P
Fructose 1.6 Bi P

Glyceraldehyde P <——— Dihydroxyacetone P

*\..4ATP__ 2NADH
2 Pyruvate

LDH w NADH
2 Lactate

LDH = Lactate dehydrogenase

U 1 msldndanuveswniGuuanaaninTs Tumssmuimirkiumaitid uaumsesaon
(111: Aaulaanin Salminen and von Wright, 1998)

Heterofermentative pathway

Glucose

1 NADH <J¢f'1ATP

6P-gluconate

coﬂj¢\>

1 NADH

Xylulose 5 P

Glyceraldehyde P ————» Acetyl P

. v

2 Pyruvate 1ATP ¢/ ¢—¢( 2NADH
LDH w NADH
2 Lactate Acetate Ethanol

LDH = Lactate dehydrogenase

M3 IanasnuIe AN suanaanInEmes 15mes wunmiiumain e WA Taaa
(N1: Aaas9n Salminen and von Wright, 1998)
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Fuilqunimmvewntlaiudfs  uflaiy
: g =

“rovas Wluad nd msuy i Tne
s 1 o/ A
comimndfluunadsemsdimfumamziaog
AN olanAn Tﬂﬂwawmil.,'lﬂmﬂﬁsauawuag
wawilite iy yievesvas ulasiou yile

: v A 9/ e o =) =t
sszuaumsniini@enly  aewufuuaiiGe

wan mmensasy uazilviememenin udu
““vendahl and Hahn-Hégerdal, 2000; Reddy et al.,

% Wee and Ryu, 2009) wonnniigaiimsld

! uaﬂmmaﬂﬂmﬂuuamm Y LUUTNDA
selink et al., 2002) LUAINDS 19FY (Salminen

¢ von Wright, 1998) 1804 leweduwnnailse

“ooolysaccharide) (Seesuriyachan et al., 2010)

fnamuwlumsdesaseogennuazansiuean
(Phenolic compounds) A3atuATIISELAAAR

asiuedmduarnaiifiawisony 14
Wl luisazituas fiiaumIuuudy (benzene
ring) 1uesdlsznoumaniisanidassiai
aiflumstosnnaiianila Tssnweaamnssuin
wazwa 1 Tasmwizes1da Tssnunzneniilym
1umi*ﬁ'ﬂmi1?1t?rmmwm;ﬁumnnixmummﬁm
iosnnidioriudef s aas
ﬂuﬂaﬂﬂmﬂauaqqa
unﬁwuwﬂam~m“lﬁswunmnﬂui]cym INT1Z

rﬂuashamﬂ
e lvansgszuuiha
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azneugaunidluszuuinda Trsnudaudilym
deimsandSunamsilueanluindeouldos
Whindniulnaasdszumha  snmsfnm
AngNINNIsEoeaIsogeInLazaIsiuadnves
uunnGouananagllag Rodriguez et al. (2009)
WU Lactobacillus plantarum 1NINYDYAAY
MTH00UINANG  IANINNIENAEFIA 19U LT
uPANDEDA (Benzyl alcohol) nianIMingn
(Caffeic acid) Fuwriausanosod (Cinnamyl
alcohol) NSARNISN (Coumaric acid) nsmneizan
(Ferulic acid) nIANaan (Gallic acid) nyalnla-
IANYDN (Protocatechuic acid) NIAAIUN (Quinic
acid) NIAUNULN (Tannic acid) Wudn Tawerds
ulesiunuiueg (Tannase) 1oy lsidusdnueda
Amsvendiaa (Phenolic acid decarboxylase)
wulmlinuFausansaean ls lasdiua  (Benzyl
alcohol dehydrogenase) ﬁ'lu#’i’u (Rodriguez et al.,
2009) usnnNRLIdTMsAnEIFnen N IuMS
go8d3800eINNINHUDANYDILUANSULANAR
¥11AdY (¥ Lactobacillus hilgardii (Alberto et al.,
2004) Lactobacillus brevis (De las Rivas et al.,
2009; Curiel et al., 2010) Pediococcus pentosaceus
(De las Rivas et al., 2009) Lia% Oenococcus oeni

i
(Boido et al., 2002) iudu fariudaldinswamn
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FuuaitGonananlumahiasndenn s
u:ﬂﬂﬂﬂmﬁ’m!‘gﬂ Lactobacillus plantarum (Lamia
2004)
Iﬂm%rﬂ Lactobacillus plantarum limstesaaiy

and Moktar, 2003; Kachouri and Hamdi,

astuodniiivinaTuanaiidnas Fuoarind
1909 Feuaz 58 M laamdlod (COD: Chemical
Oxygen Demand) vonhiae18%ooaz 55 uazamisn
miamsluednitvanas fesaz 46 drumslyd
Lactobacillus paracasei wazfimsiauihinglu
fuaeumaina wuhaunsamiadluiideld
Jovay 47 uazmiamiuedniduanadiosas
227 winiims ldjuamsiudsazsi iise@niam
1unﬁmmmmamnéummsnmaﬂﬂ"lﬂﬁwu
Wufevaz 93 uazmﬂﬂmsﬂuaanmﬂmwnﬁu
nefavay 50 (Aouidi et al., 2009) wazldnmudy
ngInafumsafannbad (yeast extract) lums
1%1%‘6 Oenococcus oeni Lﬁﬂﬂ13ﬂ1ﬁﬂ1§11§ﬂmﬂ
Tsanuuznen wuhensamiulsz@nsainms
ﬁwﬁﬂiﬁqqi‘fu“lﬁ' (Ben Othman et al., 2008)
wennii185ms 1% Lactobacillus plantarum No.
PV71-1861
pigment; MP) TushitaTuana ﬂsmgin%rmmﬂﬁﬁa

URUAITAUAIUBYAY  (Melanoidin

uaﬂﬁﬂmuﬁufﬁ’mmﬁﬂéﬂﬂﬂﬁﬁmamaﬂﬁu%’f
Yovay 68.12 welimudunglnadosaz 2 s
afanINGaRiouaz 0.4 KH PO, 0.1%, MgSO e 7HO
0.05% wazimsdiuiieniiu 6 fgumngd 30
samaidea Taoliwi luvaiztiudoTunm 7 fu
(Tondee and Sirianuntapiboon, 2008)

) = v =

M3eeadez] (Azo dye) AIBUUANGHIAAAN

oz Tdildiuetamsvawlugamvnssy
7 5 A ] & o o 4
foud 8113 1nToad119 Falu ludu iloann
gn daala amuuazdweaemsly sz
auilanims 1¥a@lunguiinandy 1 Swududel)
naziesaz 20 veadnl1¥illdinis1ldesacq

55508 lag 11 185 uns1hia (Stolz, 2001) 1Ng

ninlssnudoudiezides Tveglugae 10 - 200
Uaaniumoans (Levine, 1991) myildeminae
ﬁﬁmﬁﬂmﬁﬂwmﬁaﬂwanmzjémmﬁ'&mﬁﬂiﬁ
Aalamansuaisaziaionmnedunadey
AN uﬂm]'mi”:?m:Tmmunﬂmﬁﬂﬁﬁauﬂiznﬂu
fuihuiiv devamumusssunildon 1ewia
ilassadumuniidqudnvazidumsne
weids uagdituiiouasllhumanihinaua
mMIfunIE v IINaIiAB Az AT i
W Tgems luszuninminannuauga v
‘Tf'i'sz‘uwmﬂiiaamzjunduﬁmms'imﬂﬁ%’qms
135umainialildunsgndonon  Tasialy
msmiadvonin@ennlssurendounss 1453
msnamenmiazail 1wy mM3l¥lelau (ozone
treatment) mmamﬂﬁau"laaau (ion exchange)
MSNSOIRIONAUIND (membrane filtration) HAZAT
ANAZADUAIATIAT (chemical coagulation) L@I3
myttiasenanidedofeladadiall (chemical
sludge) UAY mﬂﬁﬁwnmwmﬂuwymnaﬂqiu
YSunwun 6ﬂ1’|~3ﬂ11‘lﬁ]1611‘lﬂ1iv1ﬂﬂﬁd Al
m3litihdaned iz asuazilsenda
aldie fswnundes lwazasdumosiinon
(intermediate) TAATUNIGHEINITd0OAAI
fnumuidadiumsnewzf wazmsnominaroiug
Feamnsoasaeny1dluhwezszihsasn
T399118AaMNI5U (Robinson et al., 2001) ¥
1511{4“151'1{{@nﬂdaumszmdqﬁmmﬁsmmﬁ
wisliiAanamevesdaiuasinldin iosnn
weta hieansadesasgldinninaz ez fidymims
navendauiazmelninumn gnfumanie
Fhudlousnhnesedanusuduedss msld
maTuTaddmmlumsiiieinnanmaludion
forImiuiidedniitmsmand Ao 51 Tl
e lumsdeanad Tuiidlgywilumsmia
aznowntindasy Midamsnifidifumonds

¥
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] o 1ol = = 3/

vvsdanlvhm hiaadianuweowlumsdum
soyrunsanuauannalumsdesaaedes Tol8
e haazilsz@niam ninmgrading

= . y=2

i e 19E e msithTades Ty 14

oS wauIemstosdes Iy laeeuuaiicey

T=A 1az31 (Pearce et al, 2003) nalnmstosd
. } = & ny &
= lymwsanatuld 3 g0z fe

3 5

1. @an1213918 (anaerobic) Tﬂumﬂ

= ugaunTawINUE TUNY (methanogen) Fave

sadons Wenssunsdisudumeslumasmsusy

'-':;-.\fa'mf‘i:num’am‘ssﬁﬁtyua:ﬂmiauﬁ Mstioy

;‘;.=--ww3-‘1%’mmﬁn}uﬁ"l:}ﬁmms‘ium*mzm

#2 las i amaniivuesd gaumammmuaﬂﬁ

TELERTE 31umiﬂﬂwuagnummmwu

s 4y

F nasanuuTuY s auns oA 1
2005)

- . a  ada

2. @NNZUBUBNHN (anoxic) JaunIun

Mendez-Paz et al.,

S lumstoudil 2 wan fe ﬁgﬁun?énﬁmmdw

L ®at il

.—H

£DONFIIU (aerobic) nazwInanld

= ;-&aanmmumg’iugﬂ“lumsﬂ (nitrate) 1Az
TauWa (sulfate) 1.13'?11‘?:’!‘1]?&3 (facultative anae;-obic)
"Sur ‘Eﬁﬂﬂ‘l!!ﬂﬂk‘ﬁﬂﬂ?’c‘[ﬂ%ﬂ' Pseudomonas luteola
“mamz et al, 2001) Aeromonas hydrophila (Chen
© 2. 2003) Bacillus subtilis (Zissi and Lyberatos,
% Proteus mirabilis (Chen et al., 1999) 1Hudy
Frusadeoaaudes Taluanzigui
3. a0z 1¥0ImA (aerobic) 1&1n15
C 2L 1stataawde: laly Pseudomonas aeroginosa
“amal et al, 2005) Xenophilus azovorans (Blumel
=002) Pigmentiphaga kullae (Blumel and Stolz,
~ W5 Hydrogenophaga intermedia (Blumel et al.,
#% Sphingomonas sp. (Blumel et al., 2002) lag
SomRvAImM veutaze TS T uTuie
seszansam lumsdoud
m-sziatm*awﬁawiﬂﬁmgﬂqﬁuw‘%ﬂmﬂ

soymonionanit hidyianazdad mveaaunis

-

T
. |

dnegdiflygur Ao dszAnsammsthidaline
wazndemsmuauidelimsn/feunlassiiauas
dadaugdunidanldnndy JanmIdimsdnm
ﬁnfmmmitiaUﬁawﬁim%au?qﬁlﬁumnﬁu
udnsssgnmindousaninlflumsinsa’ld
wesududesdmseenuuuszuninialiidese
manguarmsegseaveutoyaunituqnivia
11314«1 fsenunamsanums19ise Oenococcus
oeni ML 34 lumstasamoFoeniiieglungu
oz 1% Ao WaA-13@ (Fast red), Yhad-aoi5us (Fast
orange) UAZINMILA (Metanil) waﬂsm;]'ini’;a
annsodesthad-saldafigaiadesar 68 Tuvag
fivhad- amsumm:m‘nmaqnaaa"lmwmmaa"
30 Wi uﬂnmﬂumwmmnmnmmaﬂqTﬂﬁ
5 niudeansasluemindsude aunsoiy
Uszdninmmsdesnniesaz 66 1Hudovas 93
waziusaIMsesdsimzan 13 lulasniude
luTasnsuwad du 18 luTasnsuaelulasniu
¥ad (El Ahwany, 2008) l&TmsAnuimsdond
NINITYU (Tartrazine) NITANTIAINIIADIVOS
Lactobacillus casei LA1133 Ua¥ Lactobacillus
paracasei LA0471 ']Jﬂﬂg‘i“n%ﬂ Lactobacillus casei
LA1133 fauaiaysumiz 0.052 ded Tualusiunde
Imsgesdunnniovas 35 meluy 17 Su dw
Lactobacillus paracasei LA0471 ﬁ?i‘lul?tg‘ﬁumx
0032 dedaTue hniundeuazimsdesdunn
fovay 80 muelu 13 Su Mewiuildudifylu
Mstosdalsd laudnsInIstauaaIsIzanas
tﬁﬂﬁ';m?ﬂﬂuﬁnwﬁnﬂuﬂsﬂ (Pérez-Diaz et al.,
2007) druideuunfiGananan Lactobacillus casei
TISTR 1500 AiflszaAniamgalumsdesdos Ta
ANNTNDUIUNTA-15A (Methyl red) 1Ay wnfa-
BOISUY (Methyl orange) ANUITUIU 75 Tadniuy
aoans 1ddesaz 100 melu 25 #alus Taeld
IFRUVINABEBATY (resting cells) ATMIANLIAA
gflasar 20 FaTwand iile el dihumasmuon
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wazndan uuaiiGenandnieiudaause
goodoy o ldnarnvane Tasanuisoges Tnsiau-
To (Tropaeoline O), TasiruonIsud-3 (Crocein
orange G), 80ISUI-II (Orange 1I), UBFA 15A-151
(Acid red 151), 1BFABBITUI-8 (Acid orange 8),
1047%-3-915 (Ponceau 3 R), nFa-15a uaz noeln-
138 (Congo red) AIwSATIMTdRERUANAIIT UMY
IURUseez Tauay Tnssadamanll  msanen
ﬁygqL’ﬁuﬂﬁﬁﬂﬂ1ﬂ135ﬂﬂﬁ'ﬂ$1°ﬁ§u!!§ﬂ1uﬂfjij
nuaiisonanan  uazldiguiiition el
o 193ANIAA (azoreductase) 1HuANTIFATN
nnAnenINdenanIaigiseiiuuafamnis
Anmmseudiiinsmunuittesldifunaaite
iudssansamlumsdosluewing ifiee91n
omsiasadprianmiunsanendandas
ﬂ1‘3!]’e‘)£lm?il§u (Seesuriyachan et al., 2007;
Seesuriyachan et al., 2009b) uanmnﬁyﬁﬂﬁﬁmi
Animstesies Tiazarn 18 luihuazazaiely
sy NBa-159, Yol Tioer (Ponceau BS),
80I5US-Y (Orange G), HBNMISUT (Amaranth),
DOITUT-II (Orange II), hlﬁlci‘ﬂﬁ'-‘ug (Direct blue),
YAW-I (Sudan 1), AT (Sudan TD), PAIN-III
(Sudan TII), gAMLV (Sudan 1V) Sudu druiite
Lactobacillus acidophilus 8% Lactobacillus
fermentum Tuann'laildo1ner (Chen et al., 2009)
vlﬁ'ﬁﬂﬁﬁ'l Lactococcus lactis W8S Lactobacillus casei
whimihdeivuilouddoutes Tuviiaduonii
HUAA-5 (Reactive Black 5; RBS) Tutlszmaldnsu
Tao 195201 Anaerobic sequencing batch reactor
(Anaerobic SBR) 5IUNY  Aerobic membrane
bioreactor (Aerobic MBR) 131ng315zuvuannsg
miad ldsevas 74.6 uazdosas 9.1 uazawnsn
hiingTlef1dsesay 92.3 uazdesaz 52 (You
and Teng, 2009)

mslsuuaiGatandnlumstiniaide)seun

1ainsUszgndlfuuniiGonananlu
msthdmindenn Tsasdunmshsasudy (Pre -
treatment)  vnFeninTsauuiududefinions
Juiloumsdunidgann ioswniiTusiuuas
fwﬂwauaﬂiﬁmmzﬂmﬁﬂmﬁﬂuﬂgjmn il
niudumsialili w@u (Casein) FuTisdu
hniitidadmgefedosar 80 sufudadiil
uﬂueudnfuﬁamnhqumzﬁmc‘?‘suﬂmﬁauaﬂqa
Uiy InanueTaninatldnms 1dnatia
[WUTU (Membrane) N131A3 (Chemical) MIMENN
oAl (Physico - chemical) 1WOHONIATUBONIN
Wi Fevzdwlhindefuenesnnfuilas
suniddudouanas udmsldmadiamariinm
¥wlumsamuluniessniazaldsielums
auiiunsgeaenduilymedinnamimindeann
TseuufiSuennn dufumsldimaiianisthie
nuFInmsenszdumadennilafimnganly
msthiaduduienoninduoonniminde s
wieaninduamagianiu ) ldmassugmans
i nuisonazinnaildinsasuniduaznsa
ofluniglumalfuiorvenindelssunlidig
wloladianain (isoelectric) voUATUR 4.5 1ile
IWindufuanaznen dau Dyrest et al. (1998) ‘1@
Fuuniisouandnuinminde seunTasuuaiise
amﬂﬁﬂﬁ]zuJ'E%t]u1fm1a“lmfn§'ru1ﬁﬁ‘luniﬂunﬂﬁﬂ
Woldiliovanmassudagale Tndianasniess
aunsonenduesnvintnde Tasldszuuns
Hﬁmmuﬁimf}m (continuous fermentation) Ay
namiinyiianiuedieauysal 1591Me (anaerobic
complete mix bioreactor) (Dyrset et al., 1998) e
e ldinunmaves Dyrest et al. (1998) 11MAABY
1 ualseme Inendunuiins 14nszurumsniin
wuAerite A A I asIazITad AT
aduliminsondansauananluszuuia’ldodis
i szunhiadmsduiiouydunidviadu
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sunsgReszudumaInelu 30 Su (Seesuriyachan
et al., 2001) ﬁ'ﬂfu%eﬁmmﬁﬂmﬁﬂ%ﬁzuu Micro
- aerobic sequencing batch reactor (Micro - aerobic
GBR) (Seesuriyachan et al.,, 2009c) éﬁmﬁmilau
dudvaluszuy  udh i Renduiuiy s
mlduuaiiGouandnannsonin ldudradrense
uaﬂﬁﬂﬁﬂ?’r’ﬁswnﬂmwﬁq 3.8 m,gmu“luﬁ'ﬂymwﬁy
ama@mmm °1u=uuﬂﬂuuﬂsmmﬂmﬂﬂ:"lﬂuumms
mmumwﬂqaumﬂwﬂau druszumhiian
delsauusiiad snsoduasuldunaiice
nandneigudndaniauandafeanaznou
Tusauluindolsandududy  Snhdoidn
msthiassfivSamssunidduidoud 5
mm*vauﬂmﬂaaﬂ'lwuuﬁau"lﬁmﬂmﬁ guuiia
Hufiresdol nngilit 3 uaaadseAnsnmues

coD (gL)

8o N o ®» ®» o
3

-

Protein (mgL™")
sg2Ee

g

=
o

Total sugar (gL™)

s = . P P
0.0 | T=F: st — —
0 10 20 30 40 50 50 ?0 80 30 100 119 120 130 140 150

Cycle

YUY Micro - aerobic SBR lumisthiatinde
Tiqunﬁﬁmqmmu (Solid retention time; SRT)
A9 fudad 3 - 15 $u swfussumide
dunsandansauanan lulTunuaedaniiies
voniudvaioglusag 3.8 - 42 Idesrdeduis
150 sewileldszaznadnininde (Hydraulic
retention time; HRT) Tudeudsowmiu 1.25 Ju
aunsmihindlen 1é%evas 44 - 74 Misathaa
luinded2ovas 85 - 88 anaznouTUsiuly
vindodesaz 85 - o1 MlSmmnsanity 182 -
2.84 niu@edans Awmsniuquiruuldiieny
aznaumIngs 15 Ju weliuuafiSouandn
A yuaziu N af U AU diia
oud Saanalugudi 4

Total acidity as
Lactic acid (g L")

pH
S = N W & oo D o~

T

IJ 10 20 30 40 50 60 70 80 901011110321}130140150

Cycle

1 Ed
3N 8 AlszdAnFamuesszun Micro - aerobic SBR lumsiiniadled A) Talséiu B) 1hata ©) waansa

[ L :
D) uaziiey E) Aimsmunuszuyliiiogazneu 3 - 15 fu: (@) Wududh uaz (O) e

RITREETTARE (N; Seesuriyachan et al.,

2009b)
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—
L]

The number of viable LAB
(Log CFU mL™)

SRT
101 |< 3 S T S TR T ]

Cycle

=

0 4 PSinanuaiiFonandndiidinluszun Micro - aerobic SBR Miimsaruguszuuliiegazneu
3 - 15 U (MU1: Seesuriyachan et al., 2009b)

Fwaasluzildl 4 wud demwauszuy
Iviogaznewminy 15 Ju Usuamvaiise
Ll.ﬁﬂaﬂ‘i]‘::q\‘lﬁa 79 Log CFU (Colony - Forming
Unit) sefiadans wmziiminaruquszuuihda
Trfiogaznaumny 3 Ju WSinamuaiiGouanan
floglusulfnsensilosninfios 6.63 Log CFU
@iaﬁaé‘ﬁmzmﬂfu (Seesuriyachan et al.-, 2009c¢)
wonmnimansAnEEainssuL g um ity
wieegluanmei hinnzaulszdninmmsnan
NIALAAANIZANAY uﬁmmmﬁuﬂszuﬂﬁ'ﬁm
Sms@Enindelsaiihaannududugadhg
I¥VU (Seesuriyachan et al., 2009a)
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NIsNeIUNIENISa5akaztiusw Clostridium

perfringens luaiw1siazun

Development of Detection and Confirmation

Methods for Clostridium perfringens in Food and Water

=t o a
%1758 93550895049

Clostridium perfringens hunuaiGone 15a
ﬂmﬂmm‘luﬂuua da3 Taoiluaiguesnising
R ORI Y TATUAT (gas gangrene) o114
Sniruiilutitons (ecrotic enteritis) @13ty
(food poisoning) LLﬁ‘”Q‘Jﬂﬁu‘i"N (diarrhea) (Petit
et al., 1999) wmsuﬂummmwu"lﬂm"lﬂiu
mmﬂé’au GU AU UMANINBITUA HAzIHES
vy udu asssnludlduazeinszusinu
nazdnd uaﬂummwmwﬁ@ W 1Hodn ey
wammmmnma"lnum"lnna ogns oIMINI
ada w819 udy (Bryan, 1988) SavaaNTe
aaalofAnanumumudeanziadeuil
munganla $aii Temaodranndiszaluidion
luomwns hawnazinld duiluilgmdidgues
FTUVANTITU VUV EMAAZUIUNNA
' Zrovgd IR MISIAZEMI MY
st iudhifuReveuludamnlasadis
Y9915 luraey Usene saatlszmetIng

Samvualdiinisasrvaounisduitleuwns

C. perfringens luemisiaziiay (Health Protection
Agency, 2004; International Organization for
Standardization, 1978; Rhodehamel and Harmon,
@ v ¥
2001) Tagazdealinumstduilouveureiily
o A d o
pMsiaziay uendnil C. perfringens 89
slﬂ [ cl::?cu @ u,; A
g ladudriiyiannuilasanisvearinay
1 i - !
uazmstuilouveuyeno lanfinnngansy o
3 3 ¥
Yudloulunnauin duiu mInTianazsuduna
C. perfringens 3aamuddnuazsuiludos]dizms
fndszAninmgs gnAenuudl uazan
o ] :i’ g Uyl e
paasralunaifsangl unanuielanang
] ¥
s N ldNannludiiumsasiay
fufiuma C. perfringens Aanavude dNTounaz
@eilSen nSedenfavedizainan

anwaznalilves C. perfringens

C. perfringens \HunuaRiSouATILIN 1A
undiorenumatenadunsuaudie Fuilu
ﬁﬂumsﬁﬁﬂﬂ‘i'l Gram-variable %mﬁuﬁa C. welchii

" madrnadiing auginownaad uminedeRathng eaies v.unsilgy 73000

E-mail: chaowaree@su.ac.th
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FasigUiaduveunss vinalug (1 x 3-9
Tunsow) SaununiGefildoime (anaerobic
bacterium) TuiidAoUT adrweulamlosz il
Aunvaseu lilmatlaeiaad (subterminal) 130
wiyldAfiqafigungdl 4347 ssmaidea Taod

= = a’; c.'f ' o
OUNDN 41 DMK AUU waﬁ]zﬁm'sumwaa

suiuduaswildnmelunanfieslszum 7.1
UITHNIY (Adams and  Moss, 2008) 391U
= v A A A 9 o A
C. perfringens Lﬁusmﬂmmmwfy"lﬂmmﬂmﬂ

HoufuIuaARGodue

msnalin

anuiuthed1aq 90 C. perfringens 1y
Rannasivideadrsiudi lidesndt 12 ¥ila
Tasmisiundn 4 wila ufwdnlefondu
(exotoxins) HAZILYNIUBONNIMBUBNIHAT flo
uea (alpha, o) i (beta, B) D1lFaou (epsilon,
e) uazlaTom (iota, 1) v gnldilunaailums
TMUANGNYDY C. perfringens 1Al 5 Agu fio
19 (A) 1 (B) % (C) A (D) Hazd (E) (Baums et al,,
2004) ﬂqnmm Y93 C. perfringens MINBYAN
mﬂ'é;mmawnquﬁﬂwu aaoavuMIAe Tsnvoude
usazngy Idagl 1 lumsadi 1

MR 1 AGUYBN. C. perfringens AsMuMANTES azmsrialan
NgHUBa msRundnfiad msnelsnvesteuRazngy
C. perfringens
19 uoavh 911151 UNY 1Az Gas gangrene Tuau

] i o g
Necrotic enteritis 1uﬁm‘ﬂﬂ

g 1=a v L

il upavh T 10UFaeu | Tsnfessaalugnuny uee Enterotoxemia luumne
|
| unz gnih

= = - N— 3 ] 3/
| %Y waaw Ia Necrotic enteritis 1HAY (Pig-bel syndrome) wazi 14
| onauedNguTslugngns uazgnia
‘ A ueanh 191UFaeu Enterotoxemia 1uunz Tn nszile
| 5 woah leTem aldmaunaziessaalunszd

f1: Niilo (1980)

C. perfringens WINGUANITOAT 9 TNY
viiauoar FelAsnssuvesroainlamasd
(phospholipase C) #39130n11 @FAIMEA (lecitinase)
ou'lsdsiafiarnisadosaarsdoalndiia
Fuiluosdilsznoundnvestiotumadls nazihy
mmmmuwanfamauiwﬁﬂﬁuﬁﬁ (Petit et al.,
1999)  C. perfringens VIO UFFIAIU N0z
oglunguie  auseafiseumelsnendu

4 v
(C. perfringens enterotoxin, CPE) cmﬁ'lufmm}mn

veaTsaomsifuiivluau msiuriinfiszgnad
wazilamldeseenunniraduaeidoningadis
ades lud Idvesdihe vildTemsthaResedi
s Sufauasfeadondnnldsudedll
8-15 $2Tua Tausssunduds Fowiiaiier il
alosluems  endulusmsdsadosime
dmsvnszdumsadumlesvoude Wy modified
AE sporulation medium 8% Duncan-Strong

sporulation medium (Rhodehamel and Harmon, 2001)
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cPE iiluesnvi hdennuden uazgnianla
groanudoun 60 seruwadea W 10 w#
¥ ¥
(Jay, 2000) @4y windimsuileuves CPE 1u
= ;‘ A = o 1 )
P1¥IsToMAY  Jeeusamare lddiealems
Wanuiou

= A
D1HISIABT
msuen C. perfringens a8y majaz 19o1ins
Laﬂdl%ﬂﬂizmﬂ selective/differential media ‘ﬁﬁﬁﬁ
¥
UFFuzlumsnaniedudaimsnigyvowuaiiGe
Alidoams Snnatiansilsznovveada Ind (sulfite
compounds) LaZ@131TLNOUVBUMAN (iron
compounds) tie¥ 0 IiuAMIANMIvEITAYIE
e h g - o
Talaiifufavu Tae C. perfringens Mow Taidalvla
FANNE (sulfite reductase) E‘\’m'}iﬂgajﬁfﬂffa"lﬂﬁ
@ & o & aa @ o
Wudaldd (sulfide) Fvzvinlgnsorduman
9 =!'.q o ar 3 al =
Taassznouniae aaiy dnvay lalatived
o Y = P
C. perfringens UaziuANEdUY Naw1Insad
#alnald aaa1UueIMITAINE1 (de Jong et al.,
3 v 3
2003: Mead, 1992) HOAINN TUDIMITIALLYD
s = A 4 L] =) =1 ] J 1
dufuasoug imeduasumsnSyveuie laun
1) Tnu (peptone) 3TN (tryptone) AMIENA
= o - 4:§ o o
9INDad (yeast extract) 1udu Fadailued
A A
UsENoUNUFIUYOIDIHIT (medium base) A1MTU
a ' :i e 1 | o i 9 =
dregnasdonontalesuileoy vwwdeuny
o o) ' 3y g A 9
Jupeumstaesa ldlianudon enszqu
mssonvoeales U N 80 ssruTATYE 10 WIT
¥
nout1 1Uiniz1as9uU81M15 (Adams and Moss,
2008)
pnsnlelumsuen C. perfringens u
FLULUTNY '1ﬁliﬁ Iron sulfite (IS) agar, Sulfite
polymyxin sulfadiazine (SPS) agar 141l A.f. 1971
Shahidi and Ferguson 1AWAIN101%15 Shahidi
Ferguson perfringens (SFP) agar Ansvuen
C. perfringens ua:ﬁ'maﬁunﬁwﬁﬁ]wﬁu
Tuemisiesndsznouveani Inu 5l Inuua

gouTnu (soytone) tieiiluuvdsvesmisueu
Tulasiou Tailu uazussig Imsianansana
nnBadaenaudie lhaduinmesiaionszdu
mm?mﬂmﬁ;ﬁ) fladenluda’ldd (sodium
bisulfite) naziWessnuenTwiioudiasn (ferric
ammonium citrate) Lﬁﬂ“lﬁmmsnﬁamwﬁnumz
amdunannmaniaeTadaa rdiuda lnduas
ylafsedumdn wennndi Tuennsiuduas
U§Fuzanariia fio mmuwu (kanamycin) 110
Twauwu 1l (polymyxin B) maﬂumqaumwuﬂ
au d1%31 Tryptose sulfite cycloserine (TSC) agar
ﬁ’i’%mmgmﬁm’lmﬂﬁﬂﬂ%ﬁu WAWININE NS
SFP 1A8 Harmon wazamy Wil 1971 Feemis
TSC ﬁﬂaﬁﬂs:ﬂauﬁugmmimﬁmﬁumms SFP
uei"l%’m'iﬂﬁ%'m:ﬁ-”lﬂﬂa%‘%‘u (D-cycloserine)
ununnndedunas Inadedu 1 lumsldau sFp
uaz TSC o1wiimsAndlasuuosluuas (egg yolk
emulsion) a3lild1w ienadeufisnssuadina
499 C. perfringens Fa9zinaiuIuIYUTONY
Tﬂiﬁﬁﬁ'ﬁ] (Rhodehamel and Harmon, 2001)
UBNIINDIMITAINANAT Balioisonualsyila
fannaudmiumsuen C. perfringens Hadu
Tngjofondnmstdedfiuemns TSC uronldas
UiFruzniearsdsznevvesda lrduazinan
ity anoasufiesmlszneuiuguuand
fudnitos Susuinaasdiedislumsd 2
ufsenuaentiuIrIzYAsIiud TSC
Huomsildsuanuivugege  wazldwaia
dmsumsanulsunm C perfringens TueItag
‘1}1 (Bymne et al., 2008; de Jong et al., 2003; Mead,
1985) BavaduomsilFluitinasgudimiy
msmwﬁ';aﬁqnain (Health Protection Agency, 2004;
Rhodehamel and Harmon, 2001) 1@ TSC 19191319
pmshtnzauiiqaluyansdl durudiedis

ao'luil
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=; qv Ag o o 4:;’ o s
139N 2 a1141smamm'nwmmﬂmmmumiuﬂﬂuamms

¥
1809 C. perfringens wazuuniiFelungy clostridia

MR M3l M3 19Na1591984
Bismuth iron sulfite a-lo Tnadsu mmﬁyumwammms Gubash and Ingham
cycloserine (BISC) agar (1997)

Chromogenic m-CP a-1aTnad5u uaz Tndsiedu o MINTBUAZIMNZIALY | Bisson and Cabelli

medium VUITUDIUIT (1979)

CP ChromoSelect agar a-lo Tnad5u uaz Tnavodu 1 MINTOWALINIZIADS Sartory et al. (1998).
UUUBINIG

Differential reinforeced | i} MPN Gibbs and Freame (1965)

clostridial medium (DRCM)

Fluorocult TSC agar a-lylnadsu AN MBS Manafi (2000)

Iron sulfite (IS) agar i) mm?:awumummﬁ de Jong et al. (2003)
Lactose sulfite (LS) medium| 1331 MPN Beerens et al. (1982)
Oleandomycin polymyxin | Ta@eudanlaozdu (Sodium WNzEsaI e TN Handford (1974)
sulfadiazine perfringens sulfadiazine) Taﬁuhﬁuiuﬂﬂmﬂﬂ
(OPSP) agar (Oleandomycin phosphate) (1A%

Tnasdosu 0
PEM A-loTnadsu MPN Debevere (1979)
Reinforced clostridial Taii W ‘Izlﬁyﬂﬂuﬂﬁﬂﬁ Hirsch and Grinsted
medium (RCM) nanog (1954)

Shahidi Ferguson

Wy oo e =1
MUBFY uas Inavedy 1

¥
IISIBEUUIIUDINAS

Shahidi and Ferguson

perfringens (SFP) agar iag FDT (1971)
o
Sulfite cycloserine azide | #- 1w InadTunas Tadoue s IWIZIABIUUDIUBINIS | Eisgruber and Reuter

(SCA)

(sodium azide)

(1995)

Sulfite polymyxin

sulfadiazine (SPS) agar

¥avh laozdy uay Indiledu i

v
INIZIRBIUUITUDIHAS

Angelotti et al. (1962)

Tryptose sulfite

cycloserine (TSC) agar

a- 1o Tnaasu

L
INIZIABIVUITIUDINS

Uas FDT

Harmon et al. (1971)

Tryptone sulfite

neomycin (TSN)

Tnadiodu 1 uaz i lasody

(neomycin)

TYD-C

¥
INZIAUIUUIIUDINIS

Marshall et al. (1965)

@ e 4 .
Hlotodunazie'lyd (azide)

Green and Litsky (1966)
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lumsasn C perfringens Ta3% most
probable number (MPN) fu msld TsC dou
YimuzamiiesimPuemisuds  Sadeqld
9113187 #118un Differential reinforeced
clostridial medium (DRCM), Lactose sulfite (LS)
medium, TYD-C uag PEM 1fudu daums
sﬂdﬂumﬂ‘ummimmﬁ?awﬂmqq AMIDIMIT TSC
Wy e el (1985) Wy 01m1s LS Inima
Aanimazldinaniosni Tsc Fermdumamn
minmsiems Ls ldumalgiuzlang Bt
Susmsmariitiestlszneummnzay Jaduasy
mm?tgmm;%a"lﬁﬁ @2Y Gubash and Ingham (1997)
WeI1191%15 Bismuth iron sulfite cyclo§erine (BISC)
agar WaziTouNBUN15195 YV C. perfringens YN
9IM13AINAIINUBINIS TSC Lag blood agar (BA)
wuh e BA iwaddigalundvesmsinia
913 BISC fifednih TSC assiaunsaduna
Tnlafidhwinelddwndn ieswn C. perfringens
AnaaounianualifiaTafidauuens BISC ua
TWinlafidvnnedosar 39.6 VUM TSC A
o msassnananaa’ld el Hneeudh
wnesasuseanmdunsavzilfas
Uszneumindalndaasdiuas Inlatizldeon
Wudv1d (Mead, 1992)

dwmsuuaninaeinislszneumsdaduls

A Y .::’ l-‘i‘ = : Ag 1o d
meonl¥omsidsadoriialaiuyusgiugasseasn

maeﬁ‘l% mswmmﬁﬂgmumawmsﬂsmawa"lﬂm

du udezdwliaunsafaiden C. perfringens
2

ety uddondwalifiFenieldhidiias

winl# s uamunmnuly Taena Tz ldda g

linudesaz 0.05 (Mead, 1992) 9111311IFUA
TiiAuesdFuzlan o 1dun DRCM, IS uay
<5 o o a & =

Ls iudu FaeniuuaiGeviiagug Ao

3

Saagralnaldinsalda ernsueria ludui

amfFmzuazmslsznoudaliduazman 1dun

; 0 . 4 4

Reinforced clostridial medium (RCM) ¥afluivinsi
1 1 =1 A

Hrwaduaiuli C perfringens 1A clostridia 819

= - o 9 é’ % N
IR 11U |ANINYY (Hirsch and Grinsted, 1954)
1 1 o @ M o oo i q.
umv”lumuaﬂymw'Iﬂ'Iauz'rmmwuwﬂﬂﬂguu
pmsfilansszneudalianaziman Sadeni
zdssunemssumzasly emisuniia
SmsRusuasaveasnIng 1wy Chromogenic
m-CP medium a2 CP ChromoSelect agar R
FUAATAVDIAT NI OIS 19U Fluorocult TSC agar
Al o x
Waliamnsodudunaves C. perfringens 1414
s .
YUADULAY
= = 1= 1 9
vannasaulSeufeusErI1an1s 1y
I -1
DML UIAZOIMITINAY WIS 1FBIMITUA
s dunaanyazvadla latduaziudiuiy
Rt ' P=) =
Talafitfavuld uamninms@uiaiaaslldae
A 1 r A at
Wotluunandsny  Kwistenaasun1suun
:' .g o Y o o d’ o a Y
Weaveude 2m nauNavuIIUIUNINAY 1¥
¥ LT
o quuan daiu Tunsdifimsldonnsimani
MIMINANAI (Mead, 1992) n3ommiluaning
4 d i e =
udafarsldiiaa lunudssay 0.1 wazAITAN
o o 9/ 4:1’.I =S
ilives luemisale wenvntl IUASANITAIIN
asd o
C. perfringens 1a635 MPN psuiludealderns
A NFUNU

mimwmsﬂuﬁlaumm C. perfringens

mimwmiﬂmﬂamm C. perfringens Tu
oAzt 1dun miasaniuieds
aﬁmmgm (standard plate count) 3% MPN M3
N394 (membrane filtration) LA 1% Fung’s Double
Tube (FDT) iudu daulwajrrinluanngis
oon@u fgangll 35-44 esrusaiea il
qmngﬁﬁs%m%’mflé’ﬁ (Health Protection Agency,
2004; Rhodehamel and Harmon, 2001) 3531a5§ 11
11937 s Iiuuiigaingi 44 ssnaiFoa
iiedeenisuen C. perfringens Mgt it
W clostridia duq 1w3a 18 Tesas v ldanse
LoniFonAedn13 14108934 (Health Protection
Agency, 2004)
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Most probable number (MPN)

143) A.7. 1965 Gibbs and Freame TAW@IL
2113 DRCM (M5 2) dmsuasisuuniise
-m;n clostridia #471039% MPN B1H15ﬁiﬁﬁiﬁﬁkan
Hnl§ruzlag udveiduladonludalvduay
sossnuonTuflouFiasa ilodunadnyazdm
S uRaninmsiaaaalid ueneInt dauRnFaady
cysteine) Lﬁﬂ‘ﬁ’lﬂgﬂﬂ'lﬂﬂnﬁﬁ?“}? (reducing
condition) Tumsmziasadev: 19unadundead
Tdomsaufeuduaziladh Fevzihldfionma
naeogionnialidestnluaniiz1feengioun
Hnedeianudutuaemanududua 5 va
d e 37 essnaaidod 1funal 2-3 4 Gibbs
and Freame (1965) 15‘3:1{5’1 3% MPN ﬁﬁ?ﬂﬂ.ﬁ
WReunidmsauildemsudanarelszms iy
sz angnmlumsaseanhlunsdingietuiide
1oy u.%ﬁ)mmsf\m?ty“lummsmm“lﬁﬁn’hmmi
139 naz DRCM hifiesilfFuzlas Fafinn
Huiwdewados a5 MPN i ludeaiuly
anne 1§eandion daudednavesds MPN ldun
1AUYNADY (accuracy) # Aunldesemnsiaoud
LAZUSINANN BAT9e IS DRCM eduaiy
mswigvewuafiGedug  Amlfemaiiam
U Bacteroides spp. Ltﬁﬁﬂiju Enterobacteriaceae

Fouand 1999935 MPN 7119011113 DRCM
t_fi‘mﬂ'%‘ﬂmﬁwﬁ'u’i'ﬁumsgmﬁnmng&n%ﬂuu
sWsUTe TSC Ae 33 MPN axldenmismanii
li@nesig¥aug  Mddredludsumamnann
w198 nauswesaeg N §atu 33 MPN
sumnzaulunsdidredomsuazihingg
Juidouvesdelulsunaniosy uenvIneIMS
DRCM 181 Failenmsous dmiuasin clostridia
Tae3% MPN 1dun 01111349 modified DRCM 116
Lidhuftton vennnd Saullemsvan LS, PEM
1ay TYD-C (Mead, 1985; 1992)

N3N389 (Membrane filtration)
asnseudiuisiioulduaz 185ums
tmu‘su”lmi‘lmmmsgmhm'smuﬁ] C. perfringens
‘1umamqm (Health Protection Agency, 2004) Tavaz
N904UNITDDONIINEIDE1AM ummmxmu
nseallnauomsdmsuenisedely Fadau
Tngjiiouldornis TSC wisernldennsviia
guq U Chromogenic m-CP medium lag CP
ChromoSelect agar 1Hudu FaRanndudmiums
@339 C. perfringens et uanmnfi‘ii’ms
A304UAY MIATIV C. perfringens “lumamam
awsnlHEoug wu 33 MPN M
ITBTMISIABAE 1L Bonde pour tbe Hu
o lduoviiddyvesdimanseaienfiouidiou
fuitouq fe awsolddreinhluliuas
N9 Wetivlszanamlumsasi wiouia
fml13mﬁﬂnwmauumaﬂymw"lﬂiamamﬁa"lﬂ
(Bisson and Cabelli, 1979) sty Famansoil
'ﬁ&mm:'smﬁ"uﬁ"mmauwwwaﬂsmmuﬁﬂq
A M A UR1061991M3 11099 INIANDINNS

VLRAAUIHUNTD

Fung's Double Tube (FDT)
Y o S

Fung and Lee (1980) ldWaiun35 FDT

1 lumsmnzidsanuaiionguuoune Tsud
= ] 1 P 3w @&
(anaerobes) @aaursntnluduunlgiunaly
midansomauldedsazanuazaa l491e
3 Ed
adld1duin  3581F1dwad lumsnizidos
C. perfringens 91NAIBEWOIMITUAZUT HANMS
10435 FDT Tegagl fe mﬂwaﬂﬂ‘ummaﬂ
smw11aﬂmm'lﬂ“lmyﬂ"lmmﬁ'mﬂu‘lumimwvlaua
(o 'Iﬂﬂ“lﬂamﬁuazwaaﬂuﬁaaﬁ"lmyua'mﬂﬂ
A df & ° 9 = q’:
nasalannlasayeadll Fzmlvnaduues
3 3

pIMIsUAZIFETY NI INARAN a0 duaziiuanIn
= = - e
i l3emer gl swazBeaaunsofny Ay
1891518914909 Fung and Lee (1980) @3y
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¥ T 3
@081 IMNIeINIUT o @I ldIsmsniog
Il 3
AU FDT IagtiAUnI0aNNI8dd1981910
as d L L ; g
udnuseunasmanneuldemisidaouyeasly

vaealng dredrenuidenldinis or 114

Tun1suenyseImIzIaes C. perfringens 1%
Ruengwilysup et al. (2009) uag Sabah and Fung

BT TSC

Tnlatiddrwes
Closmidium pe rfringens '1

3l 1

A o '
maguguNa (Confirmation)
@
Wa91nNA3599 C. perfringens A8 1H151A84
df o = ar 4 2 ey
wontimanuazda Iddilueadysznoumuisns
' o ' F 4 3 b4 o E 43
ane asnandiaduudy suuszdesivuneu
g & - oo A =
mMstuduwa tesnniuuanGedug dnvaty
suanasomIminada luems 1dwuin 35
wasguaulvgeziuiuna C perfringens 1ag

o yﬁ' = a‘t =4 =
ﬂﬂﬂl‘h‘ﬂﬂﬁi’!’ﬂﬁ gﬂlltkfﬁll LHAZNATDUN N UAY

&£ a A o a - 1 A o e
WINTUIINAVUANTIAY AD ”lmﬂaﬂu'n IAY

Tumsa wimhaauanTaaiduasrhlfieasy
Juveanar wiefiBuni mInadey  MNLG
(motility, nitrate reduction, lactose fermentation, and
gelatin liquefaction test)

pdWlsfay wiitnasgudinaae
1asumssousuetiantiaune uansuiudeslsd
l%ﬂﬁﬂ?ﬁﬂﬁhﬁz’iﬂﬂ? nazAvInIfeAUTIIY

2002) ludu Tavswnudananszyh 35 FDT
14018 FeuitonSouivufuismne@ousey
1ueMs Av hidesl¥lal$e1m e (anaerobic jar)
"l:mammimnumwuwmmms (overlay) 1z
i lunsinteenimsmg@saudounu
0IM13

naganAaRLL funRer
vumngnisurhia

=
HagANAREITU RN

MSINEIAY C. perfringens 1A835 FDT (A1 Fung and Lee, 1980)

Tunisdunanaiiiedlostuanuianaralunis
ATIVADUNA ﬂmw1ﬁﬁ15mummsmaauma
Fual (MNLG) fio szinannunanainludnyue
false negative 18410 Lﬁﬂdmﬂ C. perfringens 1114
mewufnaauialuniard lumsa  (Sartory
et al., 2006) am"uwmﬂwuwmﬂsﬁmmmu"l=1m
ARIAMIN (Eisgruber et al., 2000) UBNIING
e 1dnannuas Funldoassminn s 5
fimswan35oug dmsunstudu C perfringens
fionld 1Aun msl¥Fuamsavesmsioaua
uazmsﬁiﬁ'ﬁ (fluorogenic and chromogenic
substrate) INANA reverse CAMP test tazilfnsen
@ﬂi‘ﬂ‘ﬂammiﬁ (polymerase chain reaction, PCR)

dmsumstuduwalag Nagler,s reaction
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nl¥lunisasivaevaisnuyiiaueani1veg
1

C. perfringens WU ﬂﬂqﬁu"lu"!ﬁ’fummﬁﬂu




UNad

e = o
MFINTINUIFFAT V. T 38 ajun 4

457

dosnndanusumeza sazFernemonuflud
Aanssnvouou lylladniua (Adams and Moss,
2008) 35M13 lavargilues Nagler's reaction fio 19
e msudaiinaylinas Tasutemsosmiiy
Tod i eI unilezgnindedaudsdedin
Tinuyiauoan (anti-a-toxin) Hhadenaon
Taomniduduaseiuemsiaaeadin 1dai
lihiy wmiefinadey Ao C perfringens 3N
Tsniyamsesanassduudsziuys
ULAY (zone of opacity) souTalathamzdui
lifimsded s iuminiy

nn“hteu‘ummmaamsmmaumumms
Alva

9w | A w
Ueno et al. (1970) TAWNaITNs8UTY

Qe L4
Ha C. perfringens lawofonanssuvesou luyy

oavunaimanluaaziiiunsa  (acid
phosphatase) lumstssFumase As 1-uunsa
aaWa (1-naphthyl phosphate) Yamiasenunsa

vz ldmdgaserdulaes Tamfiow-ees In-

i

RO UFAU (diazonium o-dianisidine) AATTUFIY
‘jwma Adcock and Saint (2001) I¥Fuaasaves
F3niSoa fi 4wiasuuadmesanomma

<-methylumbelliferyl phosphate, MUP) Tunis
naraunInssnveINaawunaly C perfringens
Fuzlandesarsifoauas fo 4udfiasuiva
amo15u (4-methylumbelliferone) fiannsodana
waldFanuilodesgnielfuasdans1laTenad
amonnay 365 wluuas uenaInd Adcock
and Saint (2001) GaldFumasavesasiIng fe

295 In-Tulasmiia-da-a-nwanlalns Tu'less

‘ortho-nitrophenyl-f-D-galactopyranoside,
- ' y ar ;
ONPG) sauduiie Iiausotudunaldaay
3 F - a = =
\#0 C. perfringens YNNI sNVBILM-N AR laTiad
B-galactosidase) WANITNEVUFUNATAUDIANT

i hiaaananldesnig fe oes In-lulasuea

(ortho-nitrophenol) JiFsu Idnacoumsldasazaw
fiannTae Adcock and Saint (2001) ¥sil MUP
uag ONPG (Hudruilseney wuheamnsodauna
waldlunauiios 4 $21u9 Tae C perfringens
awsonlasudasazaediudinies uazilodes
gmolduasdansilalema AnumsiSowes &
dnuaizdananlinuly Clostridium difficile 719
nageunlSoudioy U 2) Fredrduvesns
I¥dumasavesasiisoaauasnsfIvg
91113 Fluorocult TSC agar, Chromogenic m-CP
11ag CP ChromoSelect Lﬂuﬁu

ms ¥ Fuaasavosasisowaaz s
Al sﬂu?’ﬁﬁﬁﬂﬂ%’mﬂﬁuiuﬂm;ﬁ'mﬁ"m%m
azaInsiadazuuiedie Adcock and Saint
(2001) 318U MsdudunaTasldarsazar
MUP-ONPG 111 fiaan'la (sensitivity, ANAINITD
voeiinagouiilinanisnaasuifuuinly
nqudt0619fiiiu C. perfringens) tazAMUTIWIE
(specificity, ANUANNIDUBIIENAADURINAMS
nageuiiluaulunguiedeiihile ¢ perfringens)
fifovar 99.3 uaz 93.3 mwady enliey
HeunuIBNIAIYIU Tﬂmﬁmmgmuuima false
negative ﬂ?)m}"lﬁﬁd N UV Eisgruber
et al. (2000) uag Sartory et al. (2006) lAtudu
asafud manaasufanisuvesoarmeniy
dnnulageniuaziia false negative Yosni1is
WATgILTinadeudIs MNLG

M31935 reverse CAMP test (RCT)

3% RCT shlasmsanide C perfringens
Qe Streptococcus agalactiae 11.!!.!13’.1&&%11’1514
YueMITAsude A aunHunsflszno
(Sheep blood agar) F4vzWUANUEATIOIQNAS
(arrowhead-shaped zone) BUINATINMININUTIWAY
Tumsaarsiadoauasvesmisniyusan1ves
C. perfringens 1lag CAMP ulnines (CAMP factor)
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A A 4 (B o = . A g 3 o [ £ L= |
nsofionludeluyi TUsdu T (protein B)  woduadgnimsuazm Iviradiiaaeauauan
Y84 S, agalactize laoa13nuueaw19zg08day  (Hansen and Elliott, 1980; Hansen and Skov Se

ad =
aflaTn'ludau (sphingomyeliny vouIAoAAs  rensen, 2003; Petit et al., 1999) Tavvzmiugy
¥ "

uazanlaoosIud (ceramide) @0ANT 1IMIU  gRAsuSMIBEAD AITUN 3

=t =t L L] S-":; ar
Tis@u 4 szdufves luddawalidu luduyes

st 2 dnvuznmsesauiletuduma C. perfringens Taoldasazawiivannlas Adcock and Saint
(2001) a1l MUP-ONPG iludnnlsznou desgmuolduassansialoma uasuugainde
wqu‘n 1.2, 5 4 o C. perfringens sd NCTC 8533, NCTC 3180, NCTC 8503 ttaz NCTC 8084
AWAEL waudl 5 Al C. difficile nauii 6 TifiamsazanaAADY

4 s o A ey
sUn 8 dnvazmsuanveuiiadeauauilugiiiagnes YueIMII Blood agar lionaaeulagds RCT
(A, B 1z C fi® C. perfringens; D A0 C. bifermentans; E 10 S. agalactiae)
-
(Mu": Hansen and Elliott, 1980)
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Hansen and Elliott (1980) ldnaaesld
nala RCT lumstiuduna C perfringens Wy
fanyluazanusumwizgaddesas 96.7 1as 97.8
Amady 061915701 Hansen and Elliott (1980)
#3735 ReT dWhwissmasmunide oy
vy Eisgruber et al. (2000) 518097135 RCT

sanuhganiimsnegeudis MNLG

q v
MslEmaiia PCR
= 9 | =
MAUA PCR 81150 19a579¥18U cpa 4
AU wasieyiaueavhlu C. perfringens
NANAY (Baums et al., 2004) us iwulunuafise
o 4 W0l »
Ay Al ansoldinatia PR Tums
' Vv
s o aca =
Juduna C. perfringens 19 351 1imasaasa
aediehinn waziinnwlige uddesend
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-fm:ffrmjmﬂﬁﬁ?m Ruengwilysup et al. (2009)
171935 FDT lumsien C. perfringens 91nd708714
" g a o 2 M o @ =
s W wazyadad udbuiumnadiumaiia
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VNLG wunvwalndifesdu uamaie pCcr 14
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and Popoff (1997); Kalender and Ertas (2005);
Kanakaraj et al. (1998) ﬁ‘i&ﬂ’j‘lmﬂﬁﬂ PCR 1
UszaninmgalumsasiuazBudu . perfringens

Wang UazAme (1994) 1aWau13% PCR
79778 16s rDNA dnsunmisasianaziudu
C. perfringens 19115 WUI1IT PCR #34na1)
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mmmﬂuﬂuumm"hsaum 96.5 LNBHEUUI.TIEJ‘U
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‘h
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= ar =4 { = ar = ﬂ!‘l
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a1 - LT Y oA
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(Baums et al.,

F50uq 19U M3 DNA hybridization N1TATI
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8 @
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MPUTUNAAIBITNTAI MTNATEUNIIT AT
Wudfinesglumstuiuna udldnannunas
L1
0100A false negative 18 aaiu msld¥vumasa
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Sauuun, 2548)
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Butylated hydroxyltoluene (BHT)

"

O

OH

2-tert-butylated-4-hydroxyanisole (BHA)

shae viemamsnsyduTaiidalnd Taommz
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phady uennil ludrugaannssueInIs
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TBHQ) iiludy awinaasdnuuzIassadan
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@1 (NANT UIINT, 2548) muummamnﬂu
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HO OH

Tertiary-butylhydroquinone (TBHQ)

S

0]

OH

3-tert-butylated-4-hydroxyanisole (BHA)

sl 4 waaalassadumaniivesasisznouiluedanii ldnnnsdaunsizimani

(ﬁll’l: http://en.wikipedia.org)
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Biomarkers of Aging: F_- isoprostanes

a = o o
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Abstract

Aging is a deteriorate process that activities in cells are slowly declined and ineffective due to
physiological or environmental stresses. The widely accepted cause of aging is the free radical theory of
aging in which free radicals attack biomolecules leading to damage and malfunctioning. Well known visible
signs of aging are wrinkles and loss of muscle strength whereas several useful biomarkers of aging reside in
the body. F - isoprostanes is the product of nonenzymatic peroxidation of arachidonic acid. It has been used

as indicators for several diseases relating to cellular oxidative damage including diabetes and atherosclerosis.

' sy TlsAuuaz TsaTedindg madnduail auzdnemans umInedeveuuni 8.1509 2.U9UAY 40002

* Corresponding Author, E-mail: narin@kku.ac.th



unanA

MIaFINgeaas v, U0 38 avun 4

473

Several techniques such as GC/MS and LC/MS-MS have been developed to quantify F; isoprostanes as

biomarker for oxidative stress and aging. However, these approaches are infeasible and costly. Advances in

technique development to be simpler, accurate, and less expensive might be publicly accessible to determine

individual health status and rate of®aging.
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3
T1)5@u (Breusing et al., 2009; Requena et al., 2003)  dwsuldlszfiunnzmamannuysn 52uMa3s
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DNA (Kasai et al., 1986) wazana wieiwaae  mMIinsialSadriyiasiiedn (Gil et al.,

2006; Voss and Siems, 2006)
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Biomarker Abbreviation Aging Method
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Abstract

The aim of this study was to assess the contamination of halotolerant bacteria and Enterobacteriaceae
in dried squid products distributed in Chon Buri Province. The 21 samples of dried squid products were in
investigated. Results showed that all samples were contaminated with halotolerant bacteria (100%) while
three samples (12.5%) detected Enterobacteriaceae. Kobi squid and Bake squid presented the most numbers
of halotolerant bacteria (1.97+0.16x10° CFU/g) and Enterobacteriaceae (1.70+0.21x10" CFU/g), respectively.
The most predominant halotolerant bacteria found in dried squid were Staphylococcus, followed by
Micrococcus and Bacillus. Enterobacteriaceae found in those samples were Proteus, Enterobacter and
Klebsiella. As a consequence, some of dried squid products distributed in Chon Buri Province should be

sporadically monitored and be aware of food safety, especially the contamination of bacteria in dried seafood

products consumed daily and exported.
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=}

Keywords. Dried squid products, Salt tolerant bacteria, Enterobacteriaceae
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Biological Evaluation of Crude Extracts of
Kanchanaburi gratum (Wight) S.W. Mitra

aunuie Yeaaaly © uaz audna 33 2

UNAALD

m'snnﬁaqu%‘dmﬁamwmmmsﬁﬁ'ﬁmgu"lwsﬁmﬁﬂ Tasmsanaasonlundanin 300 afu
Arwd1azaredun3s 1Aun @iy (hexane) anAaolsiiny (dichloromethane) toRaNBFAR (ethyl
acetate) UNIUDA (methanol) LHAL BMUDA (ethanol) 15ﬁ1iﬂﬁﬂﬁﬂ1nﬁﬁﬁ1ﬂﬁ'ﬂ 2221 60.01 80.14
4236 waz 90.03 nfu mwddy WerhasatansuudazyiialUwsinaves polyphenolic content
nATBUGNINMIA ey asEAIUMATIA 2,2-Diphenyl-1-picrylhydrazyl radical (DPPH) 1@z ferric
reducing/antioxidant power (FRAP) pazanuasa lumsduuuaiSoyiia E.coli, Klebsiella spp.,
Enterobacter spp. a2 Citrobacter spp. WUN ﬁWiﬁﬁﬁﬁﬂTﬂﬁﬁﬂ?u1mﬁjﬂﬁ polyphenolic content 4 1Aun
crude methanol UAY crude ethanol @IuANUANNIAlUMIMUBYYABAsy DPPH' WU ensananey
MNEINIAZAY methanol 1A ethyl acetate DONYNS lAARIOA IC_ fimlusedy 53.019 way 59.910
daaniwans dmfuanumwsalumsdeyyadaszlasds FRAP nuh ssafansuiiiianuannsa
Tumsidad Fe* 18unfige fie crude dichloromethane dauanuanin lumsdumsniaau Taves
HUANISY WU crude dichloromethane crude ethyl acetate crude methanol 118 crude ethanol @U1ID
511“’1'1‘5“]?@@‘”1@‘1]6& E.coli, Klebsiella spp., Etherobacter spp. \ta¥ Citrobacter spp. 149
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Abstract

Biological investigation of crude extracts of Kanchanaburi gratum (Wight) S.W. Mitra, belonging
to the family of the Hypericaceae was conducted by using 300 g of dry leaves, extracted by hexane,
dichloromethane, ethyl acetate, methanol and ethanol. The crude extracts were found at amount of 22.21.
60.01, 80.14, 90.03 and 42.36 g, respectively. When each crude extract was analyzed to find polyphenolic
content, to investigate antioxidant capacity by 2,2-Diphenyl-1-picrylhydrazyl radical (DPPH) and ferric
reducing/antioxidant power (FRAP) techniques, to test the activity of antibacterial, viz. E. coli, Klebsiella
spp., Enterobacter spp. and Citrobacter spp., it was found that the crude extracts which had high polyphenolic
contents were crude methanol and crude ethanol.

The ability of antioxidant by DPPH was revealed that crude methanol and crude ethyl acetate were
good antioxidant with the lowest IC:‘0 at the level of 53.019 and 59.910 mg/L. The ability of antioxidant by
FRAP was discovered that the crude extract which highly reduced Fe® was crude dichloromethane. For the

ability of antibacterial, it was found that crude dichloromethane, crude ethyl acetate, crude methanol and

crude ethanol can well resist the growth of E. coli, Klebsiella spp., Enterobacter spp. and Citrobacter spp.

mdng: gnineanm ayulnsdndn m3dweyyadase DPPH FRAP
Keywords: Biological evaluation, Kanchanaburi gratum (Wight) S.W. Mitra, Antioxidant, DPPH, FRAP
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MIPINLARAT 1. 17 38 aluf 4

NUIY 529
MINA 5 wamsaumsiyduTaveniievesmsatanoudazsia @o)
ﬂﬂm.{,’uq‘j’u clear zone (ﬁa%mm)
asanAKENY i ¥
(Wedniw/ans)| E. coli | Klebsiella spp. |Enterobacter spp. |Citrobacter spp.
control - - - -
2000 15.0 16.0 15.0 17.0
Sioe civel 1000 11.0 13.0 10.0 11.0
500 8.0 9.0 8.0 9.0

“control 9 DMSO 1ag clear zone 518U UA IR Y

VMR 5 N MsasaneIUINg
Mmagmedunidineunnyiiadumsniayaula
voauniiseld sndu msafane1uves hexane
hidwaiseiyianTaveanuanisesialag
NI TN ATANANIUUDY ethanol 1AL
methanol ‘E]E)ﬂi]i’lﬁf&uﬂﬁmg‘ﬁylﬁﬂiﬂﬂlﬂﬁlmﬂ‘ﬁﬁﬂ
Wedwialda

ajuazioiseina

MIANTIY phenolic content TutAay
dIuveIMIAnaveI wud TUSuiar phenolic
content fuanaaiy Tasidssdrduninunl
1oy Ao MTANANGIVIIN ethanol methanol AL
ethyl acetate MWMFY Feroandesfuaning
Y095 111999103 U52n0Y polyphenolic 11y
ﬂammmmwu"lamammiu‘[manaﬂumw
neneanuiloafadiednhazaeiiv

nisfinkauiamId e yyasasz lay
75 DPPH assansafaneuudazaia wuhn as
ANANGILIINAINIALAIW methanol ethyl acetate
1a% ethanol Busnumgugaii 53.019
59910 uay

WwenlTsumisusuaisataneuIIngImazaly

M IC,
- =y ar - é 1
189.520 laansw/ans Feln1Tiow

dichloromethane 1A% hexane udagluaalndifes
NUATNATIIY BHT 12 ascorbic acid WHILAA
NNINAYNAIADONUIAIAINALAW methanol

ethyl acetate Az ethanol Ugnslumsmusyya
ALY AIUMTANANGIVYDS hexane HAZ
dichloromethane HiszaAntnmlumsdusyya
daszal  aniudidesmsadadiseangninig
A o 1 1]
Famwnern 114 se Tomi lududieg 19y
1#due Wumsdumsmiuiiuieoueyems
naziludivllsznevusuniesdions asana
A8d1aza0BuUNITINTVINGN methanol ethyl
3 o, !
acetate 119¥ ethanol Fsaaandesnugiilyanmirhy
-::n o/ - L] aiy o ar
nlsuanansouyasnasansi lusne Isaly
AIMAZABLOANBTDA (ethanol) IN5 1241 1T 101AL
Hnmilesnindmazanedunsdou
duramINAaoUgNIMIA LY YaD Y
ﬁ’]&lmﬂﬁﬂ FRAP WU‘J"I crude dichloromethane fl
Useansamlumssans e Uil re 18un
fga tuuaashamseengninadluludngn
1 & 1 1 é
drnmiainziuaslungu polyphenolic Fuilu
1l ey 1 a o =2 9
ninlanumuuinvesdidnasouges 3914
a o as = F ]
ANATOUNUDZABLYDUNAN 1A
o
fviuNanIsnageugnivesaIsafia
wolumsdueyyadaszdlomaiin DPPH (e
FRAP Alanudunusiudos weihiilumsizd
o P aa ¢ & et
msanarenundanymselumssammanlda
pvzaasaNa lumsduoyyadaseAsons I
ovaeulalasounlud (Jem Jwszaud, 2549
o 3
uenIntl  dauegiuanuansalumsazats



530

KKU Science Journal Volume 38 Number 4

Research

wazunaves Twanavesmsadafiszd whlfise
fueuyadase @Taumun nmepnnsal, 2552) Faviu
M5 AAANGIVIIN methanol HANWAIWITD
lumsdmeyyadasy DPPH 144 wsiziiai
aunsalumsazaionin 144 uaz Tuana hilngng
(steric effect) ﬁilﬁﬂﬂﬁﬁ%ﬁﬁﬂ“ﬁ‘l (reduction) 8@
sananuense lumsiadman Idiesnhensana
WYIUDY dichloromethane JUINATA FRAP

dniusanisdunssayaulaves
wuaiiGoireandesfuguantifseg  find1
$1adu fle msvengninanAdIY dichloromethane
ethyl acetate methanol U8 ethanol NgndluMs
MumsdyfuTaveunniiGens 4 sila sndu
MIARANEINN hexane hidmuuaiidelas
msnanealunisi fuiu msasanervesludn
finnndrhazareduniduneriia Sondluns
dueyyaddsy DPPH' uaziianwawninlums
Taadmdn’lda wensinii delianuansadiu
MINIYAY TnuUANIGY E. coli Klebsiella spp.,
Enterobacter spp. HUag Citrobacter spp. Taonaae
suhumsatanomnnTudnisinaiegiils: Tond
TunisinurTsnteadniauguau(community-
acquired pneumonia) (Podschun and Ullmann, 1998)
TsafifannuuaiiGovesszuumadues 1w
T'iﬂqwﬁ:'i'u (diarrheal disease) duasndIm
arawlumsanaedammzay vz ldmsenngni
Tunisdmeyyadasy uazihlall4lse Tonilu
Suaen WU mInueNeIIIileasnaYed
Tt idud ietleafunisiial§smeendiadu
(oxidation) Wannuilueninu Tsafidaumaunein
oyyadasy 1wy Tsauzse Tsammau Tsannw
sudow uazdumssnery Hudu

=Y =y
nafanssulszmea
ANZHIVIVDUDUAUNYIINGIADI YA Y
Aw e ar = e 9 A A
Y3 sugnmivenyunuiteuazeyanalilfniesiie

P o g a o ; o o
anmnsuih ouddeiiseauysel nazvounu
AYI0mans 1 as.nwda Uzadely fingan
ATIVMUAURITD

1BNA15019049

gt Uszandgiusen, wnd funaos, Wyafing
uay q3udz tay Hdud adh. (2553). g
YSugiduiu Ausendiadu uazdu
qa%mmmsﬁﬁ'ﬂrﬁ'ﬂ*f’tﬂuﬂﬁmmzaqu"lwa
BN IPS. 5(2): 99-107.

Faemn magnasel. (2552). inTesdroruitonny
QUUAZFUNIN. DTUNWUHIUAT: ATUNW
n¥as. Wi 80.

W358 IANTUTI. (2550). qwﬁdmﬁm‘iﬁ'mﬂwaﬁmz
voufonduadouire. I18UHANY
e szl 2550, dninauddems
vamsth lduaznaanathld. wih 19-26.

Saun dunsnyilnsal. (2547). mInsaapLIEMS
anauenmsaaynnayulng. nganna:
dniniuiymaInIsiumInedu.

Ton Jwsend. (2549). arsdusyyadase.
njamN: a5, wih 28-34.
Cancer facts and figures. (2007). [Online]
Available: http://www.cancer.org/downloads/
STT/ Global_Facts_and_Figures_2007_rev2.

pdf (8 WHENIAN 2553)

Sharma,N., K., Dey ,S. and Prasad, R. (2007). In
vitro antioxidant potential evaluation of
Euphorbia hirta L. Pharmacology online.
1: 91-98.

Hajimahmoodi, M., Sadegh, N., Janat ,B., Oveisi,
M. R., Madani, S., Kaiyi , M., Akrami , M.
R. and Ranjbar, A. M. (2008). Antioxidant
activity, reducing power and total phenolic
content of Iranian olive cultivar. Journal of

Biological Science. 8(4): 779-783.




NI M3 INLIERAT ¥, N 38 aun 4 531

Dulger, B. (2006). Antimicrobial activity of some Podschun, R. and Ullmann, U. (1998). Klebsiella

endemic Scrophulariaceae from Turkey.

Pharmaceutical Biology. 44 (9): 672-676.

11

spp. as nosocomial pathogens: epidemiology,
taxonomy, typing methods, and pathogenicity
factors. Clinical Microbiology Reviews.

1(4):589-603.



21.3N9. N9, 38(4) 532-543 (2553) KKU Sci. J.38(4) 532-543 (2010)

HKL SCIENCE JOLBNAL

Effect of Reducing Propylene Glycol Content
on Conjugated Linoleic Acid Production

from Sunflower Oil

Patcharin S. Pakdeechanuan '~ Aris Salaemae ' and Suwaiba Odpiban :

UNAALD

Conjugated linoleic acid (CLA) iffunsaluiuiifiseTond Hauauialumsdnmmeia flosiu
mygaduveIaoaiden uszuunifuiuazanuialulu Taoia 'l cLA wzafoudanlgiserleTewe-
151y (isomerization) Tuannziiudalaslddnihazaerialnsiiau lnanea (propylene glycol)
misetieonuuitens aﬂﬂunun13HaﬂTﬁﬂﬁﬂmwmmnﬁaﬂﬂsmmimwnu nanoa Aewandamsna
cLA Tudal§ize (reactor) vina 20 Ans Anwimanaa CLA Tusandinveniiude Tnsfiau Inanoa
(©O:P) 2 Sandau fio 1:1 waz 2:1 Wivuifivuguvgilumsinljiten 3 szAn Ae 140 160 uaz 180
parIFAIBER 1aYSAIINITNIUNEY 2 5¥AU AD 300 LA¥ 500 TOUADUIN dhifudamuaz uillu
ﬂﬁwﬁamuﬂimmﬂsﬂ'lwmmﬂ'la"lmaaﬂ $ovaz 57.57 HAMINOWUI WAKAAYDIMIIAA CLA 910
0P W 2 Sandau l.uJ5NuﬂuQmwnuuamaf’lumsmﬂgﬂsm msl#asimsniunauii 300 soudD
wiit fl5ine cLA qenhmsldanmsmunauii 500 seudewi Taseadramdnves CLA il
loTmuosiia cr uaz e mi“hmmmau O:P, 1:1 uay 2:1 "lﬂsﬂﬂawmﬂqn”lahmmu 94.85 1A
0638 vouloTwmos CLA Hanua TavilloTawed ¥ila t mndidovaz 1 Tunnanmaz aaneiiinigld
amﬁguﬁluﬂﬁmﬂgﬂsm 180 pemariue 1Huan 80 Wi Tnandaves CLA Jevar 56.14 1oz 51.88
voansaluiutanun wiefidosazmanldouleTamesnnnsaluiulaTundnisuduiiu CLA 97.45 uag
90.12 Weldsasidmuns O, 1:1 Ay 2:1 MUMAY (p<0.05).

Abstract

Conjugated linoleic acid (CLA) is known as a beneficial lipid which has been reported to have

functions of anticarcinogenesis, anti-atherosclerosis, immune enhancement, and body fat reduction. Propylene

' Department of Food Science and Nutrition Faculty of Science and Technology, Prince of Songkla University, Pattani,

* Corresponding Author, E-mail: Patcharin.psu@ gmail.com
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glycol is generally used in alkaline isomerization for CLA preparation. This work was designed to lower
production costs by investigating the effect of reducing propylene glycol content on CLA formation. Alkaline
isomerization was carried out in a 20 L reactor using two different oil:propylene glycol; O:P ratios (1:1 and
2:1), varying reaction temperatures (140, 160 and 180 C), and stirring speeds of 300 and 500 rpm. Sunflower
oil used in the experiment composed of linoleic acid (LA) 57.57%. The isomerization yield was dependent
on reaction temperature and time for both O:P ratios. A higher CLA yield for every reaction temperature and
time was obtained with a stirring speed of 300 rpm, rather than 500 rpm. The main CLA configuration was
c,t/t,c isomers, of which yields of 94.85% and 96.38% of total CLA were obtained from O:P ratios of 1:1
and 2:1, respectively. At all reaction conditions, t,t isomers constituted less than 1% of total fatty acid.
Maximum CLA yields of 56.14% and 51.88% of total fatty acid, 97.45 and 90.12% conversion of LA

to CLA, were obtained from O:P ratios of 1:1 and 2:1, respectively (p<0.035), at a reaction temperature of

180°C for 80 min.

Keywords:. Conjugated linoleic acid, Propylene glycol, Alkaline isomerization

Introduction

Conjugated linoleic acid (CLA) is a
collective term describing the positional and
geometrical conjugated dienoic isomers of linoleic
acid. CLA has been shown to be a mutagenesis
modulator, with highly effective anticarcinogenic
properties that inhibit induced tumors and cancer
cells in different organs of experimental animals.
For instance, CLA has been tested against mouse
epidermal tumors induced by 7,12-dimethylbenz(a)
anthracene (DMBA) (Pariza, and Hargraves, 1985)
mouse forestomach tumors induced by benzo(a)
pyrene (Ha et al, 1990) and mammary tumors
induced by DMBA in rats (Ip et al., 1991).
CLA has also been shown to inhibit 2-amino-
3-methylimidazol[4,5-f]quinoline-induced lung and
large intestine carcinogenesis (Liew et al., 1995).
CLA has free radical scavenging properties
against DPPH stable radicals (Fagali and Catal4,
2008). In addition, it has also demonstrated other

chemoprotective properties in animal models, such

as inhibiting cholesterol-induced atherosclerosis (Kim
and Liu, 1999; Givino et al., 2000), reducing
fat deposition (Brodie et al., 1999; Park et al.,
1999) improving type II diabetes mellitus, and
immunomodulating (Gnédig et al., 2001; Cho et al.,
2008)

The functional properties of CLA are a
result of chemical and physiological effects which
are different from those of all-cis, nonconjugated
polyunsaturated fatty acids. Bernas et al. (2003)
reported that the double bonds in CLA exhibited
13C NMR signals which were identified for 20
different CLA isomers. These are cis,cis (c,c),
trans,trans (t,t), cis,trans (c,t) and trans,cis (t,c)
isomers of the 7,9; 8,10; 9,11; 10,12 and 11,13-
C18:2 diene acids. However, in numerous research
experiments only two isomers, ¢9,t11 and t10,
c12-CLA, have been shown to have biological
properties.

Alkaline isomerization of linoleic acid-

containing oil in different solvents and under
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different reaction conditions is the primary process
used for CLA production (Berdeaux et al., 1998).
These synthetic mixtures are reported to contain two
major isomers, ¢9,t11-18:2 and t10,c12-18:2. Using
the original method of Nichols et al. (1951),
production yield of these conjugated acids was
about 75%; but now a higher yield of more than
90% can be obtained using the method of Zu and
Schut (1992). Diagram of the isomerization process
is shown in Fig.1. Several different solvents can be
used for the reaction, such as ethylene glycol, isoamyl
alcohol, and ethanol (DianOczki et al., 2004); but
the most frequently reported is propylene glycol
(Towata et al., 1999;' Berdeaux et al., 1998). Dian6czki
et al. (2004) suggested that the volume of apolar

aprotic solvent should preferably be 2 to 100 times

Linolei

higher than that of the oil. In the case of CLA, they
concluded that amount of propylene glycol required
for CLA synthesis is preferably 1.5 to 5 times the
weight of the fat or oil containing linoleic acid.
However, propylene glycol is the most expensive
solvent used for this kind of reaction (~ 600 baht/
L). For purposes of cost reduction, this study was
designed to investigate the effect of propylene
glycol content on CLA formation from sunflower
oil. Two different ratios of oil to propylene glycol
(1:1 and 2:1) were studied. The CLA profiles were
analyzed by gas chromatography (GC), silver
impregnated high performance liquid chromatography
(HPLC), and gas chromatography-mass spectrometry
(GC-MS).

¢ acid

Solvent

Alkaline

Heat at ISOOC

With a slow stream of nitrogen

Coo

v

ling

Acidify to pH 3

v

Conjugated linoleic acid

Figure 1. Partial diagram of alkaline isomerization for CLA preparation (modified from Berdeaux et al.,

1998)
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Materials and Methods

1. Materials

Sunflower oil was purchased from
Thanakorn Vegetable Oil Product Co. Ltd.
(Samutprakran, Thailand). Three standard CLA
methyl ester isomers - 9c,11¢; 9¢,11t and 9¢,11¢ -
of 98% purity were purchased from Matreya Inc.
(Pleasant Gap, PA, USA) and stored at -20 °C.
A mixture of 37 fatty acid methyl ester standard
was purchased from Sigma Chemical Co. (St. Louis,
MO, USA) and stored at -20°C. All chemicals and
solvents were reagent grade, and purchased from
Sigma Chemical Co. and Fisher Scientific Inc.

(Pittsburgh, PA, USA).

2. CLA synthesis by alkaline isomerization

The reaction was carried out in a 20 L
reactor equipped with a stirrer and heat control.
Fatty acid in sunflower oil was isomerized into
conjugated linoleic acid according to the method
modified from that of Berdeaux et al. (1998). Two
ratios of sunflower oil to propylene glycol (O:P 1:1
and 2:1), two different stirring speeds (300 and 500
rpm) and three levels of reaction temperatures (140,
160 and 180°C) were studied. For the O:P ratio of
1:1, isomerization was performed by dissolving 1.5
kg of sodium hydroxide in 3 L of propylene glycol
at 120°C; then 3 L of sunflower oil was added
to the solution. For the O:P of 2:1, 2 kg of
sodium hydroxide, 4 L of sunflower oil and 2 L of
propylene glycol were used. The isomerized oil
was sampled every 20 min for 80 min for CLA

compositional analysis.

3. FAME analysis

3.1 Preparation of fatty acid methyl
ester (FAME)

Approximately 50 mg of isomerized oil
was placed into a 15-mL reaction tube fitted with a
Teflon-lined screw cap. One mL of C17 internal
standard (2.00 mg/ml in hexane) and 5 mL of 4%
HCI in methanol were added and heated at 60°C for
15 min with occasional shaking. After methylation
was completed, 10 mL of deionized water was added.
The solution was transferred to a 40-mL centrifuge
tube, and 9 mL of hexane was added for CLAME
extraction. The solution was centrifuged at 3000 x g
at 10°C for 20 min; then the hexane layer was
collected and dehydrated with anhydrous sodium
sulfate, and analyzed by GC and HPLC.

3.2 FAME and CLA methyl ester
(CLAME) analysis by GC

FAME including CLAME were
analyzed using a GC model 6890N (Agilent
Technologies Inc., Santa Clara, CA, USA) equipped
with a 100 m x 0.25 mm fused-silica capillary
column (SP-2560, Supelco Inc., Bellefonte, PA, USA).
Injector and detector temperatures were set at
240°C. The column temperature was kept at 75°C
for 1 min; then increased at 20 °C /min to 185°C
and held at 185°C for 15 min; then increased at
4°C/min to 220°C and held at 220°C for 35 min.
The FAME and CLAME peaks were identified by
comparison with the retention times of the reference
standards. Percent yield of CLA formation
calculated as % of CLA/total fatty acids.

3.3 CLAME analysis by HPLC

The CLAME were analyzed with a
HPLC model HP 1200 (Hewlett-Packard Inc., Palo
Alto, CA, USA) equipped with a 20-uL. Rheodyne
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injection loop and an UV detector set at 233 nm.
Two ChromSphere 5 (Chrompack International,
Middelburg, Netherlands) silver-impregnated lipid
analytical columns with guard column (4.6 mm i.d.
x 250 mm stainless steel, 5 pm particle size) were
used in series for good resolution. HPLC separation
was isocratically performed with the mobile phase
of 0.1% acetonitrile in hexane freshly prepared and

at a flow rate of 1.0 mL/min (Sehat et al., 1999).

4. 4,4-dimethyloxazoline (DMOX)
derivatives
. The preparation of 4.4-dimethyloxazoline
derivatives was carried out using the method of
Sehat et al. (1998) . CLAME samples were
collected from HPLC fractions and hydrolyzed to
free fatty acids by using KOH in methanol acidified
to pH 3 with HCI, and then solubilized in 10 mL of
petroleum ether. The sample was then placed into a
screw cap reaction tube and a threefold amount of
2-amino-2-methyl-1-propanol was added. The tube
was purged with nitrogen and then heated at 170°C
for 5 h. At the completion of the reaction, 10 mL
of HPLC water was added. The mixture was
transferred to a centrifuge tube, and 10 mL of
petroleum ether was added. Two mL of saturated
NaCl was added to break the emulsion. The mixture
was centrifuged at 2000 x g at 10°C for 20 min.
The petroleum ether layer was dried over sodium
sulfate and concentrated under nitrogen gas. DMOX

derivatives were analyzed by GC-MS.

5. DMOX derivatives analysis by GC-
MS

DMOX derivatives were analyzed by GC-
MS at Mahidol University (GC: Varian, Star 3400DX;

MS: Varian, Saturn 2000; Varian Inc., Palo Alto,
CA, USA) equipped with a 100 m x 0.25 mm
fused-silica capillary column (SP-2560, Supelco Inc.).
Injector and transfer line temperatures were held at
220°C. The column temperature was kept at 7.0
for 1 min; then increased at 20°C/min to 185 C and
held at 185°C for 15 min; then increased at 4 C/min
to 220°C and held at 220°C for 45 min.

6. Statistical analysis

Factorial designs (2x2x3) with three
replications were employed. The data were analyzed
with ANOVA, and a t-test was conducted to

identify differences among means.

Results and Discussion

1. Proportion of oil to propylene glycol
of 11

Sunflower oil used for isomerization in
this experiment was determined for its fatty acid
profile by GC. It was composed of palmitic
acid, stearic acid, oleic acid, linoleic acid and
linolenic acid of 4.97, 2.06, 34.50, 57.57 and
0.91%, respectively. Isomerization was carried out
in a 20 L stirred reactor equipped with temperature
controller and two flat-blade axial-flow impellers.
Sodium hydroxide was completely dissolved in
propylene glycol at 120 °C. The temperature was
then increased to the set points at 140, 160, or
180 °C according to the experimental plan.
Sunflower oil was then added, and stirred at either
300 or 500 rpm. After the reactions finished,
a white paste of sodium soap was obtained, which
was then acidified with HCl to pH 3-3.5. This
resulted in the sodium salt being completely changed

into isomerized oil. At this point, the yield of liquid
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isomerized oil calculated from the weight of the
starting sunflower oil reached 94.61%. The starting
oil used in this experiment was in the form of
triacylglycerol, which differed from that used by
Berdeaux et al. (1998) and Yang and Liu (2004)
which was saponified into the form of free fatty
acids. Therefore, one benefit of this experiment
was to demonstrate the possibility of reducing some
of the preparation steps, while still accomplishing
isomerization equally well. However, CLA
preparation using multi-steps of saponification,
separation of saturated fatty acids, and purification
by urea crystallization provided a high purity of
CLA isomers, esp.ecially c9,t11 and t10,c12 (Yang
and Liu, 2004).

Total CLA concentration in isomerized oil
was determined by integration of GC peak areas.
The effects of reaction temperature, stirring rate,
and proportion of oil:propylene glycol (O:P) on
CLA formation are shown in Table 1. At a stirring
speed of 300 rpm, the formation of CLA during
isomerization was greatly dependent on reaction
temperature and time, which was similar to other
reports (Berdeaux et al., 1998; Jung et al., 2001).
Percent yield of CLA formation at a reaction time
20 min increased from 21.94 to 40.92% (p<0.05)
when temperature was increased from 140 to
180°C. This indicated that higher energy increased
the number of molecular collisions in the starting
material, resulting in higher isomerization. The
maximum percent yield of CLA formation was
56.14% which was obtained from the reaction at
180°C for 80 min. At this point exhibited maximum
conversion percentage of LA to CLA 97.52%
(data no shown). Yang and Liu (2004) reported

that 150 °C was an optimal temperature for the

production of c9,t11 and ¢10,c12 CLA isomers:
however, the reaction time used was 140 min.
Therefore, a reaction time longer than 80 min might
increase the conversion percentage, but the number
of useless t,t-CLA isomers might increase as well
(Pakdeechanuan et al., 2005).

In a heterogeneous system, stirring speed
usually affects the reaction, particularly in a
large-scale production. Both stirring speeds (300 and
500 rpm) demonstrated a similar trend of CLA
production; while an increase of CLA was due to
increasing reaction time and temperature. At a
stirring speed of 500 rpm, the conversion of
linoleic acid to CLA increased from 19.12 to 60.38%
(p<0.05) resulted in increase of CLA yield from
11.01% to 34.76% (p<0.05) (Table 1). when the
reaction temperature was increased from 140 to
180°C at a reaction time of 20 min. The maximum
CLA yield of 54.8% (94.64% conversion of LA to
CLA) was obtained with a stirring speed of 500
rpm at a reaction temperature of 180°C for 80 min.
It was obvious that stirring at 500 rpm gave a lower
CLA yield at every reaction temperature and time,
compared to a stirring speed of 300 rpm. However,
increasing the reaction time could increase CLA
yield when a speed of 500 rpm was used, similar to
the trend shown with a stirring speed of 300 rpm.
Bernas and Murzin (2005) reported no differences
of CLA yield obtained at stirring speeds of 500-

1600 rpm when the isomerization time was 3 h.

2. Proportion of oil to propylene glycol
of 21

The reducing of propylene glycol content
was aimed at cost reduction. When the solvent was

used in a smaller amount (O:P = 2:1), sodium
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hydroxide dissolved more slowly than when O:P
was 1:1, and did not completely dissolve - <5% was
left when the reaction time was 80 min. However,
isomerization occurred quite satisfactorily, as the
results in Table 1 show. The CLA yield depended
on reaction temperature and time, just as when an
O:P ratio of 1:1 was used. Percent CLA yield
increased from 12.06 to 30.03% (p<0.05) when the
reaction temperature was increased from 140 to
180°C with a stirring speed of 300 rpm for 20 min.

The maximum CLA yield in this case was
51.88%, when the reaction was carried out at
180°C for 80 min with a stirring speed of 300 rpm.
The fatty ‘acid profile of isomerized oil obtained
from this condition consisted of: palmitic acid,
stearic acid, oleic acid, linoleic acid, linolenic acid
and total CLA of 4.98, 2.07, 34.56, 5.60, 0.93 and
51.88%, respectively. Compared to the previous O:P
ratio of 1:1, a ratio of 2:1 had less CLA yield
(p<0.05); this might be because of smaller amounts
of hydrogen donated from propylene glycol.
However, the CLA yield could possibly be increased
by using a longer reaction time. Comparing between
stirring  speeds, a similar trend of results was
obtained as previously. A stirring speed at 500 rpm
resulted in a lower CLA yield than at 300 rpm, for

all reaction temperatures and times.

3. Effect of isomerization conditions on
CLA configuration

The maximum content of total CLA
produced from both O:P ratios was obtained at
reaction conditions of 180°C for 80 min and a

stirring speed of 300 rpm. The configurations of

CLA obtained at these conditions were identified
by: analysis of HPLC chromatograms according to
CLA standard (c9,c11-18:2, ¢9,t11-18:2 and 19,
t11-18:2); analysis of DMOX derivatives by
GC-MS; and using supplementary information from
other references (Sehat et al., 1998; Fritsche et al.,
2001). The configurations were: (1) t11,113: 2)
110,612; (3) 9,t11; (4) 8,110; (5) cll,t13/111,¢13;
(6) ¢10,612/t10,¢12; (7) 9,611/9,c11; (8) c8,t10/18,
cl0; (9) cll,cl3; (10) c10,c12: (11) 9,cl1; and
(12) c8,c10. Groups of c,t are reported as c,t/t.c
because the c,t and t,c isomers could not be
separated by Ag-HPLC (Mossoba et al., 1999). The
proportion of individual isomers, calculated as a
percentage of each isomer to total CLA, is shown in
Table 2. The results showed that the quantity of tt
isomers, which are reported to have an adverse
effect of raising LDL cholesterol, increased when
reaction temperature and time increased (Figure 2).
This was in agreement with the report of Yang and
Liu (2004). However, the quantity of t, isomers
obtained from either of the O:P ratios in this study
was less than 1%,

The main configuration obtained was c,t/
t,c, a beneficial CLA isomer, which comprised 94.85%
and 96.38% of total CLAs of the products from the
mixing substrates with O:P ratios of 1:1 and 2:1,
respectively (Figure 3). The ¢9,t11/9,c11 CLA was
47.99% from a mixing proportion of 1:1, and 48.61%
of total CLAs when the reaction was carried out
using O:P of 2:1. The t10,c12/c10,t12 had the
second-highest percentage of CLA isomers: 46.86%
and 47.77% of total CLAs from O:P ratios of 1:1

and 2:1, respectively.
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Table 2. CLA isomer distribution from different proportions of oil to propylene glycol carried out at
180°C 80 min, stirring speed at 300 rpm.

Isomer distribution (% of total CLAs)
CLA isomers
O:P=1:1 O:P=2:1
111,613 0.05+0.00 0.03+0.01
110,112 0.38+0.01 0.30+0.01
9,11 0.35+0.01 0.27+0.01
18,110 0.03+0.01 0.03+0.00
t11,c13/e11,413 0.36+0.04 0.49+0.23
t10,¢12/c10,¢12 47.99x1.77 48.61+0.71
9,111/ 19, 11 46.86+0.43 47.77+£0.23
¢8,110/18,¢10 0.86+0.18 0.65+0.25
cllel3 0.04+0.01 0.03+0.01
c10,c12 1.62+0.24 1.10£0.06
9,cll 1.42+0.04 0.75+0.06
¢8,c10 0.05+0.01 0.02+0.00
Values are means £ SD of three replicate analyses
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Figure 2. Concentration of t,t CLA isomers as a result of different proportions of oil to propylene glycol
(A) 1:1 and (B) 2:1.
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Figure 8. Concentration of c,t/t,c CLA isomers in isomerized oil as a result of different proportions of oil
to propylene glycol (A) 1:1 and (B) 2:1.

Conclusion

Sunflower oil in the form of triacylglycerol
could be a possible substrate for alkaline
isomerization to prodlice CLA equally as good as
the oil in free fatty acid form. The isomerization
yield depended on reaction temperature and time,
as has been observed in other reports. Different
proportions of mixing substrate resulted in different
% CLA yields. A ratio of oil to propylene glycol of
1:1 provided greater conversion of linoleic acid to

CLA, yielding higher CLA content. However, an
O:P ratio of 2:1 was more economical in terms of
preparation cost. Therefore, it could be suggested
that a reaction time longer than 80 min should be
used to possibly increase the CLA yield of an O:P

ratio of 2:1, instead of using an O:P ratio of 1:1.
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Abstract

This study was conducted to determine a feasibility of using seaweeds as water quality control in
a recirculating culture system for the spotted babylon (Babylonia areolata). Two seaweeds, Gracilaria
salicornia and Caulerpa lentillifera were used in the experiment. Three initial biomass of each species (390,
780 and 1,170 g wet weight/m®) were prepared for each identical culturing system. Spotted babylon at an
average initial shell length of 1.32+0.01 cm and body weight of 0.37+0.01 g were used with a stocking
density of 300 snails/m’. The experiment was carried out in duplicates with a period of 120 days. The results
showed that seawater parameters such as water temperature, conductivity, salinity, pH, dissolved oxygen,
total suspended solid and alkalinity gradually changed with no significant differences among treatments
throughout the experimental period. However, ammonia (0.002-0.538 mg/L), nitrite (0.007-0.160 mg/L),
nitrate (0.050-28.644 mg/L) and phosphate (0.038-0.997 mg/L) greatly changed with significant differences
among seaweed and density treatments. There were no significant differences in growth rate in body weight
(1.0040.12-1.17+0.16 g/month), growth rate in shell length (0.35+0.02-0.40+0.02 cm/month), feed conversion
ratio (1.41+0.16-1.76+0.17) and yield (689.5+87.7-826.2+121.0 g) of the spotted babylon cultured among all
seaweed and density treatments, but there was significant differences in survival rate (82.29+2.95-92.97+0.37%)
among all seaweed and density treatments. This study can be concluded that Gracilaria salicornia and
Caulerpa lentillifera can be used for water quality control in a recirculating culture system for spotted

babylon.
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Abstract

Chili paste products produced by The Wife's Household Association (TWHA) did not meet
requirement of food standard qualities due to it contained high water activity, high moisture content,

increasing of microorganism count. These products were stored on market-shelf in a short period of time.
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The major problem of spoiled chili paste products was the growth of microorganisms. The objectives of this
research were to study efficacy of UV disinfection in order to inactivated microorganism in chili paste
products and to compared on extending shelf-life of chili paste products between UV irradiation and control
samples at room temperature for 3 months storage duration. UV-C lamps (18 watt) provided a wavelength
of 253.7 nm with an average intensity of 7270 j.lW/cm2 were used in this study. The optimal condition to
reduce microorganism of 2 groups of chili paste products (high and low water activity) was to expose
foodstuff to UV in a distance of 40 centimeters for 150 min. At this condition, total microorganisms were
1-2 log cfu/g (90-99 %) reduced when they were compared to control samples. The shelf-life of chili paste
products with high water activity (aw) exposed to UV was extended from 7 days to 21 days, while chili paste
products with low water activity exposed to UV had longer shelf-life for 30 days when they were compared

to control samples. The mean sensory scores of chili paste products exposed to UV were not significantly

different (p>0.05) compared to control.
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Preparation of Semi-Interpenetrating Polymer
Network of Modified Chitosan and Natural Rubber
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Abstract

Semi-interpenetrating polymer network (Semi-IPN) of modified chitosan and natural rubber (NR)
was prepared by a sequential method. In this present, dimethylaminoethyl methacrylate (DMAEMA) was
grafted onto chitosan. The effect of molecular weigh of chitosan and amounts of monomer on grafting
percentage were investigated. Chitosan was crosslinked using glutaraldehyde (GA) as a crosslinking agent.

In addition, the crosslinking agent concentrations were varied. An FTIR spectrum of Semi-IPN film showed

MAIBUAT AULINGINAAT UMINIROVOUUAY 045103 2.VDUUAY 40002
* Corresponding Author, E-mail: charuk@kku.ac.th



WY

a P o o
MIFNINLERAT ¥, U9 38 aiJui 4

973

the important peak at 836 cm™', which corresponds to the stretching C=CH of NR. The peak at 1724 cm’

attribute to the C=0 of DMAEMA. The significant peak at 1662 cm” and 1559 cm’ corresponds to the

amide groups of chitosan. The characteristic band of crosslinked chitosan, N=C (1654 cm) is near the band

of amide groups. Thermal properties of Semi-IPN were studied by Differential scanning calorimetry (DSC).

It was found that glass transition temperature (T ) of NR occurs at -61°C but the 'T'g of chitosan did not see.
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Abstract

The study was conducted to investigate characteristics of composted solid waste from landfills for

evaluation of the suitability in agricultural uses. Samples were taken from three landfills, namely Ban Bueng
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Municipality’s landfill, Saen Suk Municipality,s landfill and Saraburi Municipality’s landfill. Heavy metal
contents (Cd, Cr, Cu, Ni, Pb, and Zn) and fertilizing properties (N, P, K, pH, electrical conductivity, organic
carbon, and organic matter) of composted solid waste were analyzed. Seed germination test and plant growth
test were also carried out in this study. The results indicated that samples from Ban Bueng and Saen Suk
Municipality,s landfills were not suitable to use as fertilizer because of low nutrients and organic matter
contents. However, they could be used as soil amendment because they contained low concentrations of
heavy metals. On the other hand, sample from Saraburi Municipality,s landfill contained high amounts of
nutrients, but quite high level of heavy metals such as Cd, Cu, Pb and Zn when compared with Canadian
(Category A) and Chinese compost standards. For this reason, it could be used restrictedly for growing

non-food crops with periodic monitoring of soil quality if it is used repeatedly.
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' 1111: Bureau de Normalization du Quebec (BNQ), the Canadian Council of Ministers of the Environment

(CCME),and Agriculture and Agri-Food Canada (AAFC), 2009
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3

r 3 i 3 ——
A Ysezmansuimnisneas, 2548 (ieennaiiy w.e, 2552 Ti'ldsmuald)
-

N41: Department of Rural and Urban Construction and Environmental Protection, 1987 gﬂ falu Wei, 2000

*§1111: US EPA PART 503-standards for the use or disposal of sewage sludge, 2003
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' 111; Bureau de Normalization du Quebec (BNQ), the Canadian Council of Ministers of the Environment

(CCME), and Agriculture and Agri-Food Canada (AAFC), 2009

2 fi1n: YsemansuismsinEag, 2552

* P Department of Rural and Urban Construction and Environmental Protection, 1987 danalu Wei, 2000
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Abstract

In this paper, we present the numerical modeling for natural convection of steady flow within
trapezoidal enclosures. Boundary conditions are an insulated wall, a uniform temperature wall and a
nonuniform temperature wall. The finite element method is used to solve the problem, The FlexPDE 5.1.0s

student version is used to calculate numerically. The numerical experimentations are demonstrate consider
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the Rayleigh numbers (Ra) from 10’ to 10" and Prandtl numbers (Pr) from 0.6 to 100 to compare the
behavior of fluid flows. Numerical results are illustrated by vectors, velocities and distribution of fluid

temperature. -

Mmdfy :  aumandes-aland Fandndiia mamanufounuusssund Swansen 1w
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Keywords : Navier-Stokes equation, Finite Element Method, Natural Convection, Rayleigh Number, Prandtl

numbers

unin
g ::ny Aot 9
Tuanddoiiladnudywims lvavesves nanuumanudoustianidunmsmanuiounu
= & = J =S ] o
53IUHIA (natural convection) UUAD NIT1MAVDIVDL IHAINATUIDI TATTTNNA AR IFEITIMEUDN
= o o a 1 o o L4
U305 1HANNAIINUTIA0EAT  (buoyancy force) voduadlvaneluzesila Tassimuasvavisian
(Rayleigh number) HAZFIMIUNTUAD (Prandtl number) NHANAIINBYNAANTIUMST IMDVBIVDI IHA

4 [ a a at ] ot 4 = g4 o
Lﬁ@ﬁ]'lu'.luﬁ Yl NLaAIDAIN A IUVDILLT eaanmsﬁmmnqmﬁgmuuﬂﬂ ’ﬂHﬂﬁﬂﬂluﬁJBﬁ 11‘?@ HAaza1uIU

INTUARLAAIBATIAIUYBINITUNTNIZDIBVDI IUNUAN  (momentum  diffusivity) HUMITUNINTLILUDI
¥ 0

WAINUANNIOU (thermal diffusivity) Tapmifitigaulvfdnuesianieeing Taedauidenneidesiy

¥

Yyl 19 Sathiyamoorthy and Basak (2007) l@fnminmisminamasdiiauyedninnnuiouuuy

sssumavesved lvalugestladmaouinia  Wenumilianudouaiuane  Tasnvnisanswawsdan

sgndn 1078 10° wagdaumsuda 0.7 9 100 Roy and Basak (2009) Anmnswianudouuyy

533uNAveIved lnalusestladimdoniaia Teeldszdiouitamndninalumsunilym Ansandau

o o T 3 = 5 o ar = =y or
IFOAYIEHIN 107 D9 107 uagfuaUINIuAR 0.6 14 100 ANTINANEULMT IHaveved Tva

w &

szunaumseyiusdosildlunismuasmdnsauzns lvavuunsmanufeuriaiiiiu

MINIANNIDUNVUTITNTIA AD TTUVANMSITIRYIUTEaoUII0S-a Iand (Navier-Stokes equations)
= £ o o . . o s )

¥a1sznoudlIsaumsoyinyuIa (conservation of mass) HAZAUNITOUSNY LU UAY (conservation of

o o Ay g = - v a ¥ [T

momentums) TINAVHITIABEAINABITININDITAN lunsainIswIANToNuLURasTuas ldaumseysny

WA337U (conservation of energy) A9 (Natarajan et al., 2008; Sathiyamoorthy et al., 2007; Basak et al.,

2009)



NUNY MSRITINLNFFAT Y. TN 38 aun 4 595

ou  ov
—=—r=(] (1)
ox 0Oy

24 2
ua—u+v@=—i6p . +a z (2)
ox oy p Ox ox> oy

v, v _ 1ép 52 %
e R & —+— +aflr_r 3)
ox Oy P 3}’ 5x 6y2 C)

2 2
ua—T+vQZ=a £+ﬂ 4)

Ox oy ax2 ay

Taen

u unu A lunuauny X (wesaedui)

v uny anudiluauny Y uasdeduni)

i U FTUSNWLUUIUDU (1NAT)

y unu 5:831’11%!“’,}?{1 (14n3)

P uny anumui (R lanfudegmnaniung)

p UNY ANUAY (HIAUABATITINNAT)

P iy gungiiveed lva (nadu)

T & ounu gamginnuduiimisdmdis (nadu)

a Wy msiveamnhadey (MsuaTAeIu)

g wmu danmmieiiAennussigavealan (wasdeiniimdan

Vo] unu dulszAnimsviedy (ildemai)

v e anuwtasamans  ibadumnauasdeninidedes)
A utiumIIve

TuanidseiildszfioniTamsndianmamasFadavvesaunismsninnydouvesundlva

HUUBITHARIBTISHNTY FlexPDE 5.1.0s  Student Version IagAnyiaums (1) - @) lugduyums

Ansenauls 13594

i ,X'Zi Y:l U:E£ V:-& P:E—[-‘—z— Pr:i
Ly i a’ @ pPa’ g
i " 3
pats Ao £=1 i gh(T, -T )L
. —-T.° va

h ¢



596 KKU Science Journal Volume 38 Number 4 Research

iile T, fo  qumgiinnudouiiniad e
U unu sowdasudulununnu 1488 x
Voo ownw amudasudulusuannu135@ y
X unu szezmanoueu s x
Y  unu sgezmannueuling y
L unu anugamionnuninuesing
v  ounu landumslva
Vo ounu amnuviaauuman
€ unu gungiilina
Ra unu dwhwisdan
Pr unu $waumsuda
p UMM AIMAY
wla
ou . o iny (5)
oX oY
oU _oU _ oP (82U 82U
U +V ==—"4aPr + (6)
ax ey - Vox "\ ax® " oy*
(=2 2
IO e LA NN 7 R & B )
gx of T or  laxT e
2 2
U69+V69= 69+59 ®)
oX oY |ox? oy?
uny  P=—y aU+ ) (Reddy, 1993) Tu (6)uaz (7) Tas ¥ fio wis1lmesMuuoan
=7 2otag | (Reddy, 2
oX oY

-
(penalty parameter) Q0 ¥ = 10’

g U, 8U 5 (aU aV)+Pr(aQU a’-’c/]

ox " or ~ Tax\ax or e ey o
v oV 8 (8U arf) o oW

Uoia¥— = o (L2 o Ser® lpapro I
ax oy ”ar(aXJraY i r[aX2+ay2 R e

lmuﬁéﬁ%’uawmz U :g— 1nay V:—a—u/ Tu (5)




=, = = i s -"-‘l
NUIY NIFIINYIFIRAS U, U9 38 atlun 4 597

Py Py U oV
S = oo (1)
ax< oy or oX

Tawun1¥luauide

A
y

s y
D HINRUIUANUTOU €

st 1 Tawunfinugldmasunany

TagnvuaEou lvvsua aetl

uu AB: U=0,V=0, 0 =1 u3e 6 =sin(zX), w=0
e BC: U=0,V=0, 0 =0,4=0

wi CD: U=0¥=0, ?ﬁ = ) i =0
oY

wvu AD: U=0,V=0, 8 =0 , w=0

¥ 1
winamao¥auavluaums 8) — (1) wisunuseu lvveualaslUsunsy FlexPDE 5.1.0s

w. o o =1 =
Student Version Haadnaansdun milanduaess aamsmaznsniznivgamgiveved lna

Han15I28

g = ol dy = o = - 3 3/ = i =
1‘1!ﬂ15’J*DUNL‘§Wilz’llﬂ'j']xﬁﬂ’ﬂllﬁil ﬂ'l?ﬂi%ilﬁl@illﬂ{}ﬂ LAZITUTE8H13 Iﬁﬂiﬁﬁ&ﬂﬂﬂ’)‘ﬁﬂ‘ﬂ]‘]ﬁﬂ

$17aA2011/50N351 FlexPDE 5.1.0s Student Version WIofHUaS MM Saiazs mIums uganuanag

o

fu vty 2 nadl dail



5908 KKU Science Journal Volume 38 Number 4 Research

Temperature Temperature
max 1.00
S u: 1.00
u: 1.00
: t: 095 ' ] e L t: 095
d h f 5. 090 h 7 si 090
f r: 085 C f ri 085
T o g i D: 075
FlLp P: o7 : d b: 870
n n; 065 \ l. n: 065
i g ’ K L m: 060
: d s 3:?2 ' f fr: I: 055
¢ | k: 050 ¢ k: 050
| j: 0.45 £/ e 0.45
m | 4 g I / g
C\llg k : h: 035 . h: 035
: J g: 030 d np O g 0.30
3 o ?J: 025 ! | 025
b e: 020 wm r 5/ 5._ 0.%0
W = d: 015 | B ;015
c: 0.J0 c: 010
b: 005 b: 0.05
: 0,00 a: 0.00
(a) :nin 0.00 (a) min 0.00
y Stream Function
Stream Function
o= &2
o 8?3 P P D: 070
b (] | | o C: 065
k v: 050 0 B: 060
) u: 045 r e A: 055
l t: 040 = - P > 050
r 5 0.35 . - y 0.45
'J 30 ; WA y ¥ ¥ 0.40
Bl B ) a: 023 vl - d vi 030
. ho e if bV B, 820 i D | u: 025
W (V3 015 i k 2 f Fi 0.20
yix) it 0///e n: 0.10 0 5: 0.15
m iy m: 0.05 4% b 2 e
} U | I:  0.00 s q: 00s
k: -0.05 B g | p: 222
n ] _}'_ 0.10 =AY f‘ ", pes
4 i: -0.15 \ & = n: 010
| h: -0.20 _ o
} { g: -0.25 0 K 0.25
! f: -0.30 q ;o -0.30
i LIS e: 035 i n . L: gig
d: -0.40 - .
: A : -0.45
(b) b 3% (b) ok
_ e: -0.55
ookl e d: -0.60
min -0.58 c: -0.65
b: -0.70
a: -0.75
min -0.77
e : - ..., Flow Velocity __ . FlowVelocity
. r, ’ . g - 1 5 %_60 " [ o - n‘ i I—’ - o \ J 3‘30
- 300
220 SN ) . 270
2.00 \v 4y gt vyl dda 2'40
1.80 29y ! o LLd 3
: 1.60 \A w ' i 2.10
1.40 AN TS R & I 1.80
1.20 : XA ) ' £ 1.50
/f 9 gOTALL i 120
: 0.60 il ; {l‘ﬁﬂ
; 040 ‘ d
020 _ . 030
0.00 0.00

(c) (c)

< a 7w : = e
i 2 qungil (a), WeAdumens ) vaz  qN 8 gamail (a), WFumMERT (b) A
o A o A o
ANUGEY () WBMHUA Ra = 10° uag ANNGY () Womuua Ra = 10° uay
Pr = 0.6 (QuuNAIN) Pr = 20 (UWQiAIN)



aw a & P | o A
UNY MITNIINLIRAT V. UN 38 aUun 4 599
B R AT A max 100 T “max 1.00
h d / u: 1.00 \ g u: 1.00
e t: 095 t: 095
\ s: 050 s: 090
f -'J_;ﬁ_:- d ; r: 085
0.75 / p‘. . 075
¢ k i o; 0.70 ] a; 070
n: 0.65 n: 0.65
SR m: 060 N\ | m: 060
wd | e I: 055 N i 1: 055
k / k: 050 Lk o k: 050
\ : j: 045 \Uihg j: 045
¢ B\ g k 4 e
\ f ¢k gl lg 030 '__e' i, 0o g: 030
e; 020 - - e: 020
d: 015 d: 015
(a) c: 010 (a) c: 010
b: 005 b: 005
a: 0.00 a: 0.00
min 0.00 min 0.00
Stream thoﬁon_ Stream Function
o 3 £ max so4 T TR ik = T max166
u: 500 Cq: 16.0
\k : Ao g p: 140
5 ('} \ 2 Iln {;hiifll
1 ¥ fv T 200 ¥ L v b I 600
I n: 150 k: 4.00
\ \ LS ot m: |00 19 d o a4 j: 2.00
! b 1: 050 1 0.00
i k ki 000 P h: -2.00
f h ‘ r: -4.00
g h: .150 ] lf: -6.00
: g1 200 c: -8.00
e aal’ ‘ f: 250 d: -10.0
s EI -3.00 : c: -12.0
+ =350 b: -14.0
(b) c: 4w (b) a: -16.0
a: 50 min-17.2
min -5.04
! / L
Y, -\..I f
{
(¢) (c)

Wi 4 guvgil (), Weidumens () uae

N 5 quugl (a), Wendumenis () uaz

] 4 o A o
ANWGI () Wemyua Ra = 10° uag ANUIGT (c) WeMUUA Ra = 10° uaz

Pr = 20 (U1QUAIN) Pr = 20 (QUWUAIN)



600 KKU Science Journal Volume 38 Number 4 Research
Temperature Tempceraturc
max 1.00 maxj 12
1 u: 100 ! Wi 110
\ t: 055 h vi 1.0
i 090 U100
£ 18 b g f e L 0 -,I-.
0.7 d
4 ':.‘.“' :£ 0.75
I ii m {J..m'.\ ¢ ¢ L1 i._! l.l‘n
- i 0.55 c n: (.65
¢ ki 050 _d i ::u:
b ] g g f i-l L .50
h g: 030 g 1 0 :.,
¢ p (5SS ok -h B 035
N e: 020 B & E: 030
\ LA | m d: 015 ! ¥ | f: 025
c: 010 ; : ﬂ'l’?
. 5 T 0.1
(@) 2 000 (a) ¢: 010
min 0.00 b: (.05
a: (.00
min 0.00
Stream Function
s St Pritotiac
1 ¥ T |’ §H 50.0 I
' t: 450 A | ‘ max 45.4
m A . | L 300
' ¢ ri 35.0
_ f ' gl s m g 30.¢
K4 0.0 b =h
¢ 4 ¢ S g
I 15.0 i 0 { 15.0
|' b rln |.u_n . 1 i ’ m lt:]::
X i ip k ;::: h f . k 0 i:n
20 i,
3 " \ -15.0
' h: -15.0 g: =200
g 323 X ' f: -250
1 98 | e: -30.0
e: =300 \ ; d: -35.0
d: -35.0 ¢ =400
c: -40.0 b: -45.0
. & a: =500
®) : : ;}iilg (b) min -52.8
min-51.2
Flow Velocity e L ~— Flow Velocity
g f 480.
ggg' ~450.
/ 300, 420.
270' 390.
540, 360.
210. 330.
180. 300.
]50: 270.
120. %‘l*g-
—90.0 :
60.0 — 180.
30.0 150.
: 060 120.
i 90.0
\ s 60.0
30.0
(c) (¢) 0.00

s 6 quvgll (a) Weddumens ) uay

il 7 qungil @ Weidumens o) uas

= 4 o q o
AT (c) 1BMUUA Ra = 10° uay ANTY () Womuua Ra = 107 uay

Pr = 20 (gungiini)

{ A o o 1 Qs [~ -1
Mg 2 - 7 Wiedmuamisnnueudmarailumisitigumgiinai wadws

1 a o o

Pr = 20 (Qu¥UAIN)

Tauanadronin

o o < = = Vv < v s o
WQﬂ“ﬁHﬂ‘lﬂﬁ'ﬁ ﬂ’.nm‘i’Juazmiﬂ‘izmﬂqqumiﬂwm"lﬁa gﬂ‘ﬂ 2 =3 uﬁﬂdﬁlﬁmu’ﬂmﬂﬂ'l'ﬁuﬂinu’au

o | = o o @ A o A o o = =t 1] = 3/
U NIHUDUNU MUIUWITUAANATNNUY !ﬂﬂﬂTuﬁu!Wiuﬂﬁﬁ]ﬁﬂu!‘lﬂﬂNﬂiﬂﬂ‘liﬂ?gﬂ'lﬂqmﬁﬂll LTUaY

I~ = 4.3}’ o L] [ | o T | ' = 1 o o
'ﬁ'l‘JLIIWﬂ'J'lill'i?‘ilﬁﬂ‘ilﬂﬁ’“lﬁalwﬁ‘uumﬂuEJEI nanne ’i]'l‘l—l'JNLWiHﬂﬁile‘lﬂﬂﬂ'l'i!ﬂﬁﬂuuﬂﬂﬂﬂ’mﬂ\iﬂﬂﬂ‘ﬁu

U513 MInTznegungiuazanuiesved luvadosnn 314 3-5 duausswaumsudanify 20

o L3 o = ¥ ¥ iga d§|I = 1 1 @
HASTUIULTULaNININD 103—‘105 ﬂzlﬁullﬂ?'l ‘Uﬂﬂvlﬁﬁﬂﬂﬂ']"lluinﬂllil']mﬂ'lﬂ!l]%f\'?uﬂfnﬂ‘llﬂﬁﬁuﬁ



JUIY ’]1‘3&“’15’31‘151@1’]&@]‘; ¥%. 1n 38 aUUN 4 601

Mmuanuazimasasiamasui ldwisdmdandosazmisdmdanien dglhathuuvannas

o

& w = - 4 o o
aanwazns lnavzidluns lnavvuvyuaumudunanaznnuduinin uaziies1uiusdiar

=y

4 ' ) o 4 2 = 1 a
IWHTH AU U105 13 !.!.'s'iﬁﬂ'TlllE'i]ﬁ]ﬂ\i‘llﬂQuh’iﬂﬂ“Q‘llu"]Nﬂnﬁﬂﬁz‘i]']ﬂf.}mﬁqn‘\lﬂqmﬂﬁ Ha %31]‘?”'@'”\111

R.

ol ¥ =t 1 A al 1 al 3 { = o @
misiuauasimanauiionszaieds llgmisdidhamsaes tazanglil 6 -7 finsan Siuaumsuda

' ol o 1w 6 7 ¥ = Ill a 1]4:{ lll = ﬂ
WY 20 waziuaMsdEy i 105—107 daneaizns Ivasuldsuninms IvauuusuGeudunis

Twavvviluilu

= ¥ A Lo J = ap v q:,
2. QuHIANUTOUNNITIN A QM lina

sin 8

Temperature
max 1.00
u: 100
t: 095
s 0950

FJuoTnomNo
e
Q

(b ) min -0.44

Flow Velocity

233833

(c)

O OO OO OO0 D m i i
2SEEE2233888588583

gungil (a), Wenduaesis (b) uaz
& g o

ANWGT (c) WeMUUA Ra = 10° uaz

Pr = 0.6 (Ui 1una)

pres

(c)

N 9 quwgil (a), WeadFumoss ) uag
ANMEI () WoMKruA Ra = 10° uas

Temperature
max 1.00
u: 1.00
t: 095
s: 090

n 065
m: 050
i 0.55
k 0.50

025
020
0.15
0.10

onon o

0.05
a: 0.00
min 0.00

Stream Function

max .53
u: 0.0
t: 045
s: 040

n: 018
m: 0,10
l: 005
k 0.00
i =L 015

0.15
-0.20
-0.25
-0.30
-0.35
-0.40
1 =045
-0.50
in-0.53

g2 o6on mnm o

Flow Velocity

240
2.20
2.00
1.80

2

DOO00 e
ShEankibs

Pr = 20 (qungil liinsd)



602

KKU Science Journal Volume 38 Number 4

Research

Temperature
¥ 4 u: 1.00
| _ t: 085
LA s: 090
bl g// /b rr 085
6 / q: 080
p: 075
Wy, o: 070
f/ n: 065
\ h : / m: 0.60
\ \; B J e £ ks 0.55
O s h k: 050
N AN l j: 045
f d ir 040
\ | | 2 ' h: 035
Ay : 030
o S\ f: o025
Do e: 020
d: 015
(a) c: 010
b: 0.05
a: 000
min 0.00
Stream Function
: max 1.6
I i i A: 110
h z: 10.0
b 7 ¥: 900
: 1/ X: B8.00
A e / W ?_.({l]
: Vi 6
g / b u 3 l'}::
i 1 { t:  4.00
I S =: 300
qx kol o L £: o 2.00
fiia ) ks
P 7 o -1.00
m | i g n: -2.00
m: -3.00
- | 1: -4.00
i ; k: -5.00
i it -6.00
.18
(b) i 200
: =100
e: -11.0
d: -12.0
c: -13.0
b: -14.0
a: -15.0
min-15.5
Flow Velocity Flow Velocity
B e e e e 240 e — B e T o 105.
¥ If. . PR S S, \I_ | Il F I - 2 /I 20.0 \ y \I ; : \ ,! %00
i 4 ey . i AL }gg Nt A ggg
H | i - B -\ Vit { : i . .. “x| f “ 14:0 ‘ -“.I s : = :._-\“, / 7510
. : RE A ; i 0 [ o \ W .Iq .- ;rf_. 120 __.\\‘ vy /i : . “ \/ Mt ' gg:g
AW el 00 A N T T T b I - 10.0 Wi 2ol lf I (i f 60.0
b bt LT A Y B 8.00 A\ Vgl ® RO AL f\ 55.0
ALY Gy A ke 6.00 LLAE T 1 i WL & 2L e "sg-g
W i 4.00 o Eat 400
2.00 ; 35.0
f — 0,00 30.0
4 | 2.0
*\ ] 20.0
P 15.0
— = e . T .. = - S 100
(c) :

s 10 quungil (), Heddumosis ) waz
awEa () Wemnua Ra = 10° uaz

: “ Pr = 20 (gamgd linsi)

ou
88:

s 11 qungil (a), WeFumons (b) vaz
ANMEY (c) 1PMMUA Ra =
Pr = 20 (gl hinah)

10° uag




s = 3 l':l ar A:I
Q’Iiﬁ'i]ﬂ ANMIRNIINUNEITAT 4. ﬂ?’l 38 auun 4 603
Temperature Tempera_tu_re
max 1.00 max 1.00
u: 1.00 u: 100
y. b 095 tt: 095
s: 090 s 0.90
b n «.‘85 r UHS
o: 070 ] 0.70
n: 0.65 n: 065
m: 0.60 m: 0.60
I: 055 For 0589
k: 050 k 050
¢ 0.35 0.35
g: 030 g: 030
_ f f: 025 B, f: 025
bbe— e: 020 S e: 020
W T d: 015 Ries d: g}g
c: 0.0 o 3
(a) b: 005 (a) b: 005
a: 000 a: 000
min 0.00 min 0.00
Stream Function Stream Function
max H.g max 16.5
i ' s: 16.0
PP ; ; é.(},g - ' r: 140
= 0 D X: 8o k q: 120
n S Wi 7.00 y: 100
P 5 : ! | | n I. g
| " [ &4 .00 1 § I ;
G ¢ g - 3.00 i n 6.00
_T' b AX ) T "_I;{u P m: 4.00
d . | q: |; 33 I: 200
P 9 6i 1o i k: 0.00
b I n: 2,00 m‘ t j: <2.00
¢ 15 400 / i: -4.00
df p k- 500 £ h: -6.00
i 900 §
: h: g_gg r f: -10.0
E: -5 e: -12.0
S % 1% ®) d: -14.0
d: -12.0 ¢c: -16.0
(b) b oid b: -18.0
#1 SpKiC o
Flow Velocity
90.0 Flow Velocity
85.0
800 ~ 240,
i
65.0 - 180.
60.0 S Ll :gg
55.0 / ¥
50.0 WA 120.
450 i 100.
40.0 _ £80.0
35.0 60.0
30,0 40.0
25.0 20.0
20.0 0.00
15.0
10.0 i Ly
g% YA A
(c) ' (c)

W12 Qungil (a), Wedduaesis ) waz 31018 quvgil (a). Weddumens ) uaz

4 o = A o
= ﬂ’nm%‘a (c) lﬁﬂﬂ']ﬁuﬂ Ra = 10° uag AU (c) WONMHUA Ra = 10" uay

Pr = 20 (Quugi linh) Pr = 20 (@i lunsi)



604 KKU Science Journal Volume 38 Number 4 Research

= A al Y ﬁl (] ﬂ @ A avl ¥ - @ a‘dlllsf kY
iﬂﬂgﬂ‘ﬂ g - I3 IHIMHUUANUIANUIDUATUATUDUAUINUGUNYY LUAIN HAaNWEN ALLTAIAY

a = = < A . ]
awilandumens anuTwazmanizneguvgivesvedlva 31 8 - 9 uaadlimuiuded muaimau

& o o o o 1 o = =
Lﬁglﬁﬁﬂlﬁﬁﬂuﬂu mmummﬂaﬁmaﬂu ‘ﬂ"!‘l!ENﬂﬂﬁﬂiHﬁWUﬁﬁ AUIEFAATNITNITINVIUUYNVDIVON

] 241 9 = a o g/ 1 t:it:d. = d.' 1 ar 9 LY 1
Tna madwsh lamidounumisnnuioudarsiigungiined luanuuandravesisnnuisua a1
Wlgumgiinsiuazimisnnuiouduanniiguvgil lined fe msnszneivesgungivesvedinalu

" [l

-

waniguugd linaiezinisnszaednnuinalamuinnnmiinlgunginai daua1ve30as
3

=

a9

i
= o 1 1

AT ez Mveudumiess misanuiouduaniliguugiinsisziininnimianuiound

gauvgil lunei

agduazeninewanisive

MIANE MUY 109 navetues Ivadiusumsmanud ounuUsI U@ Nan1zad) neluy

=l a

1 :v.ei : - a a9 at 9 = - = 1 td'. 3/
¥oalla neldideu lvvounmisszilumivduaniu misnnuieuniiguugiinsinazguugillinei 19

=1 ac a o o 4/ Y o d Af:;l'
viflsuaTau1®niine a2011Us1n51 FlexPDE student versions 5.1.0s lasldaunmisuides-aland a9

3
e o

Yszneudie aumseyintula nazaumsoysny Tumudy maninmsaneaunsoasl daad

- o 3/ A = o - A

" yFnavenveslamuy s vedved Ivasy Tvas wemesuivusousy Tulamu

Aoy
g = ég A o o d o J
" anuiEaveved Inasziinawiie fMvuas sty
" eiimuaiiuausdadnming Snumsudaiianu avesilanduaiosis msnszay
= =] ' = = = :;‘ L1 1 -
guniuazAuEveves Inaluudas Tawuiimsn/asunlaanuiiuiesunn nanne
frnumsudaiinadenisulasum)asmvesilanduaissis nisnszaegungiinag
=1 9

ATV Inatioy

" anuuandnszr sl nuieuiiguugiiniiuay luneh Arvesilanduaesis ns

= =1 ar = = " -
n3zaTogRNlNazAMTIveIved lva misnnuiounigungi luasziinsnizae
a o - ot " o { - o 1 U o as
ganginuinu Tamuidndmiisnnuiouniigungiinei daumivesilansumenis
uazanuiwesvedlva luminnuieudiiigungineziiamnnmisnnudound
(=1 1 «d’

gauvgil linad

" 15 Inavesved lvanielundag Tawuezisunamsulasuulasninms Tvanvusivisey

Y U y o L4 = '
Sumsnanuuiluilau die snousdariiaisznig 108 59 107

-




- ar A = o A
314298 '3']'35"75"37]“'1?1’]&@{ A, T.J'ﬂ 38 aUun 4 605

v
PNA15919049 Sathiyamoorthy, M., Basak, T., Roy, S. and Pop, I.

Natarajan, E., Basak, T. and Roy, S. (2008). Natural
convection flows in a trapezoidal enclosure
with Uniform and non-uniform heating of
bottom wall. International Journal of Heat

and Mass Transfer. 51; 747-756.

(2007). Steady natural convection flow in a
square cavity filled with a porous medium
for linearly heated side wall(s). International
Journal of Heat and Mass Transfer. 50: 766-
173,

Reddy, J. N. (1993). An Introdution to Finite Basak,T., Roy, S., Singh, A. and Balakrishnan,

Element Method. International Journal of
Heat and Mass Transfer. New York:

McGraw-Hill. pp. 1892-1901.

I

A. R.. (2009). Naturalconvection flows in
porous trapezoidal enclosures with various
inclination angles. International Journal of

Heat and Mass Transfer. 52: 4612-4623.



2.9M8. Y. 38(4) 606-616 (2553) KKU Sci. J.38(4) 606-616 (2010)

N15USSUINIS AN LELWAS A ALNASNULAS
AALUNIFLLANLLANN AU
Binomial Approximation to the Negative
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Abstract
This paper we use Stein’s method for the binomial distribution and the w-function associated with the
negative hypergeometric random variable to determine a result of the binomial approximation to the negative
hypergeometric distribution, in terms of the total variation distance and its upper bound. Furthermore, we also

give some numerical examples to illustrate the result of this approximation.
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