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Production and application of biosurfactant produced from alkaline-tolerant bacteria

utilizing rice bran oil refining waste as substrate
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UVIARED (MMEAINTE)

Biosurfactants have been used considerably as alternatives to chemical surfactants due
to their high surface activity and low toxicity. In this study, alkaliphilic bacteria were isolated from
alkaline contaminated soils collected from a rice bran oil refinery plant using crude rice bran oil,
soapstock and wax as substrates. Among all isolates, three bacterial strains showed great results
of surface tension reduction and were identified as Brevibacterium casei NK8 (28.31 mN/m),
Microbacterium paraoxydans NK22 (29.92 mN/m) and Pseudomonas mendocina NK41 (29.45
mN/m). Moreover, cell-free broth of Brevibacterium casei NK8 had high emulsification index
(45.83 %), oil displacement (73.33 %) and critical micelle dilution (18.5 times) values.
Biosurfactant from Brevibacterium casei NK8 was classified as phospholipid using FTIR and
chemical analyses. Rice husk was the suitable immobilized material for biosurfactant production
by immobilized Brevibacterium casei NK8. The optimum immobilization time and concentration
of immobilized cells were 2 days and 6%, respectively. The amounts of peptone and yeast extract
at 3.0 and 3.0 g/L could achieved highest biosurfactant concentration of 5.9 g/L. Moreover,
biosurfactant could enhance grease and oil degradation from oily wastewater of rice bran oil

production plant.
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RAG-1 #3301 &AR polyanionic,amphipathic, heteropolysaccharide, bioemulsifier Wia@siium 24

[ 1

1
flasaadredsznaudnemberaslasuanailesfidn iuay 3 98n Aa N-acetyl amino sugar Taeid

nanladiudanseriunadusanlsdmewisy o-ester Afaumuiiuarsineliiisddads (emulsifying

14 1
agent) sxwinanssznavlalasasueuiusy Tnalfifies 0.001 - 0.01 Wafifus waziiudiadud
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fianuasa davlalwuruanunsondnlfanild candida lipolytica Usznaudasmslulamsnianay
4
83 uazhlsiudetas 17 Inadausaslalnearsuawdu heteropolysaccharide ftlsznausae nglag

muaalng  nuaalamilu  uaznianuaaylsila  (galacturonic  acid)  Tmailnassienaudn

1%
vl o

Saccharomyces cerevisiae AusnuanuNuInllsiu daduanneddaduladiuungu damu uay
Wusdavinazaeduidd  Tnsdsznaudamirmnaunulauaiesas 40 uasldsfiutz  wefidush

(Cameron, Cooper azNeufeld, 1988)

2.3.3  ananuNFRaTanweiineyna (particulate biosurfactant)
A2 - Y N a}
m‘mmLL‘Nmm%mwmumﬂgmﬂLﬂudou‘ﬂm extracellular membrane viscle %

sudafududaduriuansisenavlalnsasuauls  Geilumuandadnyluninilalnsanfueuidng

a =l

VIanUReqauYTE [neeNuidtaes Desai WavBanat (1997) Wudn Acinobacter sp. &1eiug HO1-N

9

ANNTONANRNTAALIFETINNITABYNIATUINA 20-50 WITWINAS UAZHA M ULUNNTAREIFY

1.158 niNsegnunAilTURmes Inedsenaudelushiv waalWwafa uasdliwadudaanlss

2.4 AMANTRUBIAITAALTIFNAITININ

ansaauas Ao T milkasldannaawid e llannsonaseunmaaiRiteysy @
UstRvBnmuazAnENIWIBsaTaALSS AR TFT NAaeLAnANTR IR

241 A1ANFNEA (Surface tension)

asaauisiodannillassairalsznaudastuanaiidn viedauiertih uazliids vide
dnuiiraulaiy ﬁé'ammmamﬁhmfmﬁqﬁfmudw’:’{]mﬂ 2 3)n7A AR TEEMAInUiNG wATIRIMAY

s aa o

o 1 1 82 = 13 1 ] a = 1

furesivar Tnemdisaasanuseiefia oun lmliamuiwms (dynesicm) vizaRadtisusainmns
d' %’ al R = d' a aa o ] dl' a g a o %’

(mN/m) TURAIAMNFNELT 72 Rafilosurawwns ilaina1saausmaiotaninaslminasaiunsm

] 8 a YR a aa o 1 1 [ a’ dl 1

ARALIIFNRN LATIA 30 NaATAUFaWAT (Youssef LazAnLy, 2004) atindlsAniuiastfdnasanis
1 SR o b ) ) J - . N

nagauAusesaiia 1iun Aannsndunaa-ane, aumnl, ionic strength uazdaulsznauluanmns

X 4’ ﬁll [ %4 1 o~ s y

AT (Bodour WAY Miller-Maier, 1998) ImenidlinnsdmAianumsiaanunsodnlaaiaiag

tensiometer sl 3 Faanmnsndalinanes TggLaeumau (Dunouy Ring) wisadmggilusiuing

(Wilhelmy Plate) Tneifiudnnns A dngazgnauadluzeavasiinasey anduuiuingazgnaniy
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] o 1 = =S A' nal 4’ di n‘l S 1 e )
NIUHINUITANIRNURILAZRZHUTI AN LTHIWH T UL TR q TﬂﬂLLNQQQﬂVI'l‘ﬂuﬂ’]Tﬂ\?LLN‘HQMQQ’EIH’MHNQ

1agmaasgn I lunmsAunnimussivinaassaatng

|

MN 3 WARILATAY tensiometer NATNNTDLUREUAT R LTI AV LU L WIS RLEULNG

(https://www.kruss-scientific.com)

242  apnndnduEuiunnalumas (Critical Micelle Concentration)

b

=

L =R o A v o ¥ =
LN’BNﬂ"J’]Nﬂ'ﬂNL‘]JN‘lIuQQ‘Hﬂ\M’]?@ﬂI.LNIfl\‘lN"ﬁ'Jﬂ’]W'lui‘SU‘]JWﬂi‘xﬂ’ﬂUWlf;l’ﬂ’m’]ﬂﬂ‘]_luq nM

1 4
o

uiudud Tuiananesansanwsaiivinazidoui llsanindamn i fsuseduiumesansanui

oY

Rn@anw (surfactant self-association) WsilulaseainafiFanda luad (micelle) Famauidudo o

v Winenatasansanuseiviann mniuiug e fiewi s sanusiiliadanmustay

9

14

1ilm Banandidu o qnildn critical micelle concentration (CMC) 1iannuidndurasansanise
A o a 4 2 a P = - ' a2
i wluasavans NIy AMusRIRNTe9aNTaaEAsiAIanaAuNgA CMC Al AR
- \ al P - v o & a P

Bnaasansazangadldanaidn  Dawlaviiupnududusnsasanusamiaioasdilluansazaefnu
(Fiechter, 1992) A1 CMC 184@15aaUNANRNTan mannsadn talneaians i auduwussemning

' R a o 1 T 7 ] 2 a = e ¥ v =l o v 1 4 a
ﬂWﬂQ’]NﬂQN’JﬂUﬂQWNL‘HN‘HNE‘I’N“’] PAIANTRALIIFNHITININ ‘NWJ’INL’lJN‘IIuVWI’]‘lMﬁ’WﬂQ’WWNNQ
v
[ 1

anaaldinnignaf fia A1 CMC A w 4 fafudrAn CMC Ain uaavinfiaududusasansanussi

a ol ) @ v o o v o = ] a 1
NATAINTNINERLANLIAE ﬂ’ﬂ:ﬁﬂﬁ‘hﬂLﬂﬂiNL’ﬂﬂﬁMi'ﬂﬂﬂLLNﬁl\m’ﬂm
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75
70 1
65
60 4
55 4
50 4
45 4
40 -

Swrface tension {mi/m)

35 4

3a

, Concentration {(mg/L)
] ¥ v L = = al a L4 . .
MAN 4 UAASAIANLI NI UL NAUURIRISARALSIFNAATIN WAL L daa critical micelle

concentration (CMC) (Migahed WaAdz, 2013)

243 AnnslRaangeaniifinluged (Critical Micelle Dilution)

o 2 a o P v P v % o

LN’I’J@'\?@V]LL‘NVNNQTQJ‘]WWI‘N?ZUUNﬂ'l'\uL‘llN’ﬂuEﬁ\'lLWHQW’I‘]'lﬁTNLﬂflﬂﬁ']“']?ﬂﬂul.‘lnﬂ’]ﬂuuﬂz
] o & & Y d} o & o -l a‘ 1 ¥ [d
ﬂﬂﬁ]’lmﬂlﬂugﬂuﬁﬂvl“mﬂﬂ (micelle) TﬂﬂLNﬂuqﬂqTﬂﬂLLT\WNNQ‘HQﬂ'\WV]IhJV]?TUﬂQ'\NL‘HN‘IluN']VI"I

S d' o 1 9 S o o a <5 dl =HI

NITIRDAWNNTEALIF N { ANHLTHTUUDNATAALIFNHNITINTNAZAAAIATINATIALNITIR ARG TILNA
< dl o o as &R & o o o
mﬂmuu\m’l?@umnummmmmLL’;\mmLl.ﬁ\‘lmm'mn’\w'lugﬂLLUU‘JJ’rJ\‘l'lNmezuﬂﬂﬂﬂnmnnu

% . ! P -
nateidulpsainsuuunauaias  (monomer) Ines2AUNI91RBANSTNN T ANANTAALNENRY

L4
1 o/

Tonwdsmdans lugluiusaslusad Funaanudndis os 9atidn critical micelle dilution (CMD) Ad

wana NN 5
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e Culture mediom dilition ol

Aje

Surface

o P B
qa SRS
e |

Fenrnang
L

B s

- Sstinlm paan
s 3 :

‘ -

Surfactant
1 8% surface

“

- Surbace tension {5T)

e = m e

Critical micelle dilution {CMD)

10 2
=} 0 =t

] - o o al a L4 ™" .
NN S u.ammnwmammwngm'nmmsammem%mwmnm'lmmaa critical micelle
dilution (CMD) (Migahed wazAtuz, 2013)

o o

244 mannddady (Emulsification index)

o

2 a o =| 1 Ya a o o 1
A1TRALNFNRNTIINWHAMNAINNTaNe INABNAaTY  Taenisuaniusswdnaansan

AR o ’o’ [ 1) ] =4 dl 1 g d‘ =] 9
memﬁomw U1 LLﬂzllﬂTﬂ?ﬂqi‘Uﬂu‘ﬂuﬂm’N "| Miﬂﬂﬁ?ﬂllN@Z@ﬁﬂuﬁ IHANNNTNANAUNANLT

[ % o L=y o o o

ngfuarm liinadady wananniignsanuseiainganngeanunsnyinananisindsadulaiduniu

o

4' o 1 = a a o =l aa s R a
mmmmmm’mLanm‘nmm?mm@umuvﬂu@mﬁ'lum?wmaﬂur’}mﬂuummmmmmem

] [
a [¥ =

Fanw  TaenasiiassviazdaunaainmnuguiiinduannisHaNiuszndnsansaauNAIRaTanw

v ¥ ] b
Mlalnsanfueuiaiield 24 dalue Geihadeaadlalasanfuewild Wy wonim(hexane), Ingdu
(toluene), tAALAL(decane), nlaAlAL(dodecane) LaziantzinalAL(hexadecane) Wl (Desai

IazBanat, 1997)

245 MINsEAnefa1adnid (Ol displacement)

1 ¥ 1 1 1 v
ansaaudiotanmidluanalssnausediufitauin (@47) uazdouiliteini

1 4 1
o’ | oy

visaraula (fidn) FeFunanauinil

1 UANWWIRAN (amphiphatic) enaldFatranisafaiia
= ] (% 9 o o O 9/ ] o o/ ) 4’ o o O

Fanmllgunsamumdfusninazanela wiRgaNAATUNgNUUALRL I N azane
(Zawawi, 2005) 1ntl Youssef uazaniy, (2004) naaadleuangsasaneimafunaRuA N dsng

1 4
0 o

7 uman (plate) AUTUALAREBgLUUNURMIAMIWINs AR STW(clear zone) vianldT
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- sj’ o H o d} 2 a a d‘ ] o o
NATUANNNITNTZANEAIUBIUTNU LN’I’J'VIFJﬂﬂ']?’ﬁﬂLL?\WNN"J‘H’)JT'\W@QM TANUIMNANANNUS

TPeANIEMINIRNATRdLARL T IR L AN NS e ma Fun AR Y

2.46 ninyNgNla (Contract angle)

v
o/

yuANTA (contact angle) AR yuITMIaMEATaILaAMas InedalfeuiuRadas o aafiRan

]
o o

apumzRany  BansdnyuddasslinaunmsutivAnaesndnladauananaixnsalunisiia
v o X a dery a4 \ & 1 val yal
inMzaasasmsiudaguRonld wrsFundimadunsesmatuvaasudvindunlatvzalls Tae

o/

ool o
NEUNH AL

—

1) yudNdawiniu o aemn Aenisdanadwanysal dadunsaiiusstiafaldArunnan
A 1 | - -
wiFaNedaNn  iaTeamAdgnuEAsIUNEY  aaamaaznssaneluUmmuRoued

rasideannaneiiiudurazeanacuns  aguiuisrasteudaimFinnndae

o’

(2)  yndudadiA1TznI 0 Da 90 asen Aa Manadan1én aasmasasnszaneluuwiale

o’

=y 1 1 of : [ L) (3
haiFonndng uifidsasnieiiduneayguindniesainioraseaduds

(3)  wwANEATA AW 90 wiiline 180 a9AN Fandnfallangnn AeaaamarazsaNiulu

q

venginssAaudanan  asfivdunudng  Iguremeantesmactiiasunsiuia
. (4
S NITN

1 o - t

4)  wnAudadA L 180 a9 Fandn Aaliidlan MatullauseiinfnilAndasndiusa

q

1]
A |

o’ :14 Qs — A o’ -3
ITaNaENaNIn ARiuadAzIaNuluvs AnnaN UnnMaaamacwnziuiauaduds
ldl dl -3 d! [ %4 d’l :
aragfguIeemanan Tuaniinauuwnuaziivgn Jeludnwniriizasvaaaanianas
Tunnuuin lnaasy

< 1

Fannadlen (wetting) Ao ﬁnwmzmmmmmmﬁ@:ﬂmLmzﬂquuﬁw@wmu,ﬁq NsRAT89IMAY
azdlenuurasuddldmiteiiduss Reatasiussacusaidaning A
(1) widenuul (cohesive force) AausEimMTENIEMINAITRMALTY Aol
wenenavin iluianatesredmaainienguiiiuves
(2) unilefia (adhesive force) AeussBiawlEnsyminanssnafiafiy An usesEwang

[ dl n‘ 2/ o d; 1 < S -
TNL@Q@‘HQQ MAILASTBAILLIN Falduuiaanase e LT UTaN LU ABUINEAFIAND

wengu I arasnsnatuanaananiu waznrzanewldiuiaresanauda
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1 4
o w o L4

2.5 MsuAnasannseaeiadanningldraadenisaaninduiniluasnnu

v v
readanngramnssuiaiuialagnihan diduansdssudmiunanarsaausaiiia

1
=

Fanmlunaneanddasqeiu wianiseniAgaansudnenmannisunne BaeseiuauIAeNTad

dalruasimanndad afuaetufl 8 Sunnan w.a. 2557 v T iuAT GeRBRA19a AL RN

o

14 ) 14
ambiiuimansaidlagnaniduuueaiiFanelsn ldun Pseudomonas aeruginosa PA1 Aldring

' v 1
=] o o

UNUUA4 (babassu oil) (Santa Anna et al., 2001) Pseudomonas aeruginosa GS9-119 N 14N
\WMA®Y (Rahman et al., 2002) Pseudomonas aeruginosa LBl Nlduaa@aainnssununisnainingu
AANNIUAZIY (Benincasa and Accorsini, 2008) Klebsiella pneumoniae fldupadaarnnisu@n

nludnan (Parveen et al., 2012) wlusid inlild@runsoviuuaiFawan il 19 wd@ew el wsl

o alal o o o = = ~a A - = ) =l' ) o =II
ﬂQN’ﬂﬂ‘VI@’]ﬂ\ﬂuQ@HﬂﬂLLﬂﬂLL‘lJﬂVILT?JNﬂL‘lﬂ’]?ﬂﬂLLNFNN’J‘HQJ']’\WT]@.NWLNHETTP] fanans lumn$199 1

Da

siiingafimonadullalunsnanansanisaiatindannineuuainFe lulnan deaadaannnig

3
a o =l

- .D’ e 0 Y ﬂi
nanNusd 9 Naulalueaaail

ar =N

A9 1 udnasaatanuaviselinalsannanansanussfaiadoniwlnglfindufduas
aadgannisuanvitiun tuansseny

WA ansmaR TUARNTAAUTIFIHITININ | 1ONANTEN9DY
Bacillus aaaBaannisudn | alwalding Li et al.
pseudomycoides BS6 diudaimaes (2016)
Bacillus subtilis SK320 vindhuznen alwilnel Sekhon et al.
(2011)
Lactobacillus delbrueckii | nminaudaags nalrdfin Thavasi et al.
(2011)
Corynebacterium kutscheri nmintudiaad Tnaladlwidyng Thavasi et al.
(2007)
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13
© o O W

1 1 4 14
uananaztheeddaiduiniainnen@nunduidng ww s lasy wand unldifluans

:l/ilﬂ [ o o H n‘

a &R = e’l’v 14 @ © o 0 9
mqmummumwamm:‘amui‘qmm%mw UL ﬂmmnanmmuummqwLﬂu’umtﬁﬂﬂ?zmw

v
v v []

o » . :’/ o at al = =2 a =
anTumaqTaﬂ (Lignocellulosic wastes) HURANTFNAUA ML UL AN FRRARA7AA LI FNRN TN W

s w
anang
readelszinnanTugaglan fesdlsznay 3 dowliun eglan, 1ERioagles uavAniiu
o/ A I o’ A’ [ o = d .I/
Taenziignmdouiuansriavegiuafinveaelsvinnanusaglaa T linwuinaglas

(Cellulose) Fasiaz 35-50, Lailitagiaa (Hemicellulose) a¥agiaz 20-35, Anflu (Lignin) fatiay 15-20
LaveaAlsznaLay 7 fataz 15-20

wwaglag (Cellulose) WilaluinAmefanwnisiduiduns i Useneudaemmiag
dende wih-a-nglalnalua (B-D-Glucopyranose) fansasaemiusziudn 1 4-naladin (B-1,4-
glycosidic bond) ialulnawainguan (glucan) JANKENaAINETTHTIIFUsEN 10,000 Wl
Bawiaamudaniiuslalnsian Tneniali usssuAinuisaglag 2 wu e crystalline cellulose WA
amorphous  celluloselneidauans  crystalline  cellulose  azgnélaaaaiasmeeulmdainng

amorphous cellulose Inalarainenaiaisastasiraglaaninimi 6

e uandlassaiamnaaiirasdaglaailsznaunisluanasanglaafidensanu
2 v ) a \
AaENUSZILAT 1,4-InalaBAn (Eriksson wAzAME,1990)

wliraglas  (Hemicellulose) Lm‘iLmaq‘faaLﬂumﬂ’ﬂi:nﬂmﬁmuﬁﬂw’fmqﬂﬁzmwanm
waglag ulaluin@as (homopolymer)ﬁﬁ‘fﬂsm%’w@ain’uuazl.mnmjuwanimﬂLﬁu‘tumqmm
Ymariiadeai daanmeslsinames (heteropolymer) JanAATIARNg " M IlAnaniu
vu nglag, wulua lalaa uazevsniilua ﬁé'qwu'ag:'lugﬂ‘iwamﬂﬂmmu, WNUUUY, NUANUAY

uwavazaiuuy dwiumatniasanaiveasfiviaglasuanslunin 7
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MW7 udnslasedsramaiaiivadlauay (Xylan) (Bastawde,1992)
antlu (Lignin) iuamalsnefwamillasadiauuy 3 86 wavlidanuan Uszneudae
arsusznavasisuniin 3 gila liun p-coumaryl alcohol, coniferyl alcohool La% p-sinapyl alcohol
Tedniuiilanaiviussdenadiumaglas  wazaliaglas  Inaaniuflvihiliacuudowseun
a rdi = ] H v =l .
milaainetlaen1sducuaein Taseainaniaaiaes p-coumaryl alcohol, coniferyl alcohool WAL

p-sinapy! alcohol NN 8 (Kumari Wag Singh, 2018)

CilH JOH (‘ZH&OH ?H;OH
CH H
i }
CH
H

W8 UWARANERTIASINGI9NaLANYAY coniferyl alcohol, p-sinapyl alcohol WAT pcoumaryl
alcohol (Kumari W% Singh, 2018)

L 4
o e o’

Huaneandseiildiasadedssinmantuizaglaa (Lignocellulosic wastes) undiflusnass

¥ o

[ = =t = &L a = ) d’l [7 o < :
AUATNTULLANLTENAARATITAALLINFNHITININ Tmﬂ‘nmLRHmmummmm'lmmmﬂQmaﬂm'vm

v
o A =l

NSNEATUALGAANUNITNINGEAT AIAN397 2 AsuAefiuur iduiaztihninadminiusndhauans

v t 2

AUl AInauTes Jain uazanuz (2013) wudnanansaldninaudesuazninadminduaysn (Tag
= 1: :lz [] [ a Y 1 1 e P =’\’

wineeangagvnsuinem:)  ilusssiudwiunanansanussiisiiaianmligendndagmaeic

NNNTINTHAT
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AN 2 LdneRlatnanuandalinalsanuangisanuseiiatinganningldunduiduas
PAWALAINNNITHARUNNUN

wuAfiGarARAsanLNEY | saadelszinndniy | andnduansanuse | Avede
Rqd@anw iaglaa ARadann (NFNsie
an39)
Klebsiella sp. RJ-03 wWaande 0.94 (Jain wazAniy,
ANTIUARE 6.20 2013)
Wedaand 1.03
NN 1.58
Jatropha
Bacillus subtilis ICF-PC FadqInm 3.95 (Prado uazAniy,
2019)
Pseudomonas Birch woodchip 2.34 (HrCIzové LAy
aeruginosa DBM 3774 Spruce woodchip 231 AndE, 2020)
Achromobacter sp. Rice straw 0.10 (Ni'matuzahroh
BP(1)5 Corn cob 0.07 LazALY, 2020)

2.6 UAqgNNHAADNITHANFITANLTIAIEITININ

b 14
tHaumsATIeuIMINANTY  HAnudAtyslansriaun AR sAnUNEER TN

- a ¢ = o

\fiasann qauvireineninfiuiaonann o lunnslduaamueusieiy 1ne Desai et al. (1994)

9

Yo

sxyduuAiEe Corynebacterium hydrocarboclastus WanaNsanLsmaia liRfga Walddaiauans

v
o ] 14

ANATAUIUATIRLDLAANAIUA 12 TN 14 azpeN WigsFewiu luanied Mulligan uae Gibbs

¥ o

| R a = i | o o
(1993) W31 Rhodococcus erythropolis WARANIAALINANRN AR (ile ddaiAuanensaRiaIwou
ry 3

& :l/ ] P=3 o W =’l’ 2
ANTUAUALADNAALS 12 T4 18 arAaNItuaNsAIAU u@nmnu’lufl 2009 Das uarAtle "lmﬁnmua

o

YT RATAUUAIANTUAUABNTNARANTAALIN AR TRLLAR GENARLan da Ny TaINL9N

)
| &

uuAFaaNnsnnAnasanussivda lfunigaifialdndteseailuumsimsuey  tnafiFunninis

¥
o o &L o

naAsegR 2.9 nfNdadnT sasasniAe wls nglag ussnglaa mudiu daduaesududesdneua

U 5 el' ] = - R a v
ABY memmﬂumu'lfamﬂszawﬁmwNammmmmmmmﬁ
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rilauariunnuunasiuinaiay Adudnfadaniienfandnmasugiuhlivadauas Funn
unasansuaw Ine Zawawi (2005) szydnaiinuasiBunnuueslulngiau Anasasi pH 195201 Teaz
ganansznusianisisRLTnaesuuaiBe wianvisansaetnauwuaii@e Arthrobacter paraffineu B4
filseAvBnwmandnansanusaiialage e ldinReuenTuilanuazyFawumadlulnsiau Tuaue
#i Pseudomonas aerogenosa @ wnInNARsNIanURYlAgegallald lumsmiduunaslulnsiau
14 1 U
wanannil Silva et al. (2010) lAAnETlALs L FuTasUa luTATIRUINA AN LT ANENWTa9N13
a s o =t - ¥
HARANTAALINFNEINURY Pseudomonas aerogenosa UCP0992 aglldnadlrasaanaciuidndy 3%
Wuunasanfuey wudn wuaiBadnanaansoaausssisinliunfigaiiald NaNoO, iluumas
Tulasiau WanFauiiounug@e, (NH,),S0,, 1w, (NH,)NO,, comn steep liquor WAy yeast
v J - o = -~ o :’, dl
extract  Imglmpradnlunisnanansanusemsdortiausnluaiatiy - nssusuntsiidly  rate-
. . =] Y ey ejd 1 ] o o :" 17
determining factor AaNsELAUNNIAIATA Laznisnidlatatwatinadiuinsawiu aznszgunig
sanafinluigad  Abunsmasgniddsunidululasauldeanndenludls Wefearsunany
o o’ o :'a = al v aa Al o |
nezuaunslusEiiady  dsiulumvasdanaisanszuaunisaiusnTudinuesuuaFafingnn

Silva etal. (2010) £l4ldAnENaTEs C/N ratio Taeulsifumnaduduradiulnsiauild uazasuauly

WEnundaseaansiif 3% Tneld NaNoO, 0.05, 0.1, 0.2, 0.4 0.6% Wan1InAABINLLN AAudidy

[l
%

1 e a d a i o | a -1 Y .
Wi 0.6% MfFunuansanussiiniafindnliunfigaia 5.5 niuse@ns wanantldaiis C/N ratio

Windu 150, 75, 46, 37.5 WAY 18 MINAIAY AENANITVNAABINLINITANEATAUAINEa 1o

v v
o o

guafunisadnansanissseiarauuafiGy AisinneBiauldiannuiiiuin ON ratio Runnitulilag

v
Yo o = =

Aaaliinansazanananslaiuns MnlidudinnaasgaesuaiGels lunieansuiuanudndu
raslulmsiauiganuliviniigadad celiuiar material inniiuly deaalvinsziaunisaudednssing

1 dheaniradilaauliuazdaasianandnansanusaiialofanwiduien i

2.7 msndseansnwnistininladunasiniuludndslneansanugefsiodanw

nsiRNdNanL AR TIn wa I BadNsndosRNLs L AnE nmnasLinTa lasiuuay
¥ 1 % ] v
Wiilih@eld Ineanranussiia@adanmagliifunisdnticlaiuuazini  (Bioavailability) 4
o« a = o |

iradqauvtitasaany lusiunasiniuldainnmsasaaladuuasin e luglvacluitad (Micelle)

L 2 o & - y X '
Hues  Tegnansoulszgnalldvisluglrenidandnansanussisinfonmuanidaleendens
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14 14 1
4 Serratia marcescens EU555434 tiiasiinanmshuin@e Tewudngaunsoingnalageiis of

&

wasirus Raonudunsa-anawindu 7 aneluszazingn 12 4u =7 dn 2565
o’ 1 -] ~ g X J = ’Dl |

Daudazdslinunnirgnranusaieindaniwiiainiaevlsaaima U Gnasluin@eiiados

.=.' Gy o o s %’ ar 1@l lldll =l = o 4 °

Winsz@nBnanwnnstintdnladuuaziingdy waddanuiuldidisiasanndaudsafaunsoingansan

2 a o ’0/ n=’ll .&' 173 a' 1 = di a‘ ] ) %’ %’ v

ussmsiadanmuasiiaesenme il difunisdesaaanafivdu Aldazateun uu iy

Hlnndaan égetie 70 wedidusd luaneildiuansanussdiviiadanmaztininlfifies 3o wadfifus

(Laorrattanasak et al., 2016) Ineniainansanusessidafannlillszegnafldluniainin@eus ndan

] b 4 v )
mhutlawilaifasnisansanussiinionilaonuiignage Aadunnalszudnfuyuuarlszane s

dng
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uUNA 3

38N1SNARDY

3.1 ansiafinazarnsol

3.1.1 aunsoluaziAsaslia

- ieitnathain@agnnusaislarh (autoclave) 1 HICLAVE HG-50 fisfa Hirayama, Japan

1 ]
o

- iATaedaveny (balance for approximate weighing)
- Lﬂ?‘m’ﬁ'\‘lmtﬁﬂﬂ (balance for accurate weighing)
T T Y T R (optical Tensiometer)
- ipiasinAnTlio (pH meter) 31 Lab 875 fivia SI Analytics, Germany
- 1AT84A79TAN2GANAULAY (UV spectrophotometer) 14 UV-1800 fia SHIMADZU,
Japan
- @y (hot air oven)
. - tulmstlulms (micropipette)
- dNﬂ?i"ummﬁ'qq (sonicator bath)
BN AN AN (vortex mixer) fivia DLAB U MX-S
- iaenauansazanemian laaniay (Hotplate Stirrer) v LMS, Japan 14 HTS-1003
- Lﬂ?"ﬂ\‘l FT-IR (fourier transform infrared spectroscopy)
- Lﬂ‘%‘lmffmuuﬁuﬁa (contact angle)
- wineluiiesnnaznas (Universal Centrifuge) §u PLC-012E-12 Eitfa GEMMY, Taiwan
- \ismaLatihans (shaker) §4 0S-400 S HYSC, KOREA
- filaenide (laminar flow cabinet {1 HCB-1300V fit¥a Haier Bio-Medical, China
- ia%lasi Ju Class I, Type A2 Biosafety Cabinets fivia LABCONCO, USA
- c-iqmmm‘%mtunﬁm?uu“‘mtmum 70 A7 §u ST 70-A fi%a NORTHMAN, Thailand
- uiuiaAU (stirring rod)

b7 -3 .
. - AIAUNITUIALAN (vial)

- 99@U5uLEN AT (volumetric flask)
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- 19mg1l 1NN (erlenmeyer flask)

- fininaf (beaker)

- NFLUBNAN (cylinder)

-InTmsTluln (Micropipette) 2147m 100, 5000 lulasans LTt Eppendorf, Germany
- lulastlulm (Micropipette) a141m 200, 1000 ‘lulAsans LM Thermo Scientific

- IuTastlide (Micropipette) 1una 1000 Inlnsans 134 Boeco, Germany
-ulastlulm (Micropipette) aunm 100 lulasans Usem Sartorius

- TulauAn (pasteur pipettes) 1unm 230 JaALNAT 130 Volac by Poulten & Graf Ltd., UK
- NaRAVIAAaaY (test tube)

- N[aRAULIaA (dropper)

- N9anTaq (filtering funnel)

- N9MELEIN (separating funnel) TUNA 125, 250 NARAS

- 99@afUNaN (round bottom flask)

- 99AWra (duran bottle)

- WA3WAN (parafim) U319 Bemis, USA

- WNWNIMANNAUANT (magnetic stirring bars)

- PIANAIARN 120,1000 HAARANT

3.1.2 YAuATATLAN

- n@,Tﬂa (CeHy,04) U715 KEMAUS by Elago Enterprises Pty. Ltd., Australia

- 1hiTnu (peptone) 1i5H% Himedia Laboratories Pvt. Ltd., India

- aganmANEAs (yeast extract powder) 138 Himedia Laboratories Pvt. Ltd., India
- Iatwunaiunaamn (K,HPO,) U3 Ajex Finechem, Australia

- unnfifendamialnslamsmn (MgSO, 7H,0) 11 Ajex Finechem, Australia

- ImAsuAFUaIR (Na,CO,) 138 Loba Chemie Pvt. Ltd., India

- b1 (agar powder) 1131 Himedia Laboratories Pvt. Ltd., India

- HAAMLANTYIZY (maltodextrin) Li3Hm
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- wanTuiflendamin (NH,),SO,) 1380 E. Merck, Dramstadt, Germany
- ImReiAanalssd (NaCl) 1319 Loba Chemie Pyt. Ltd., India

- Indenlansanlas (NaOH) 1 Fisher Scientific, UK

- l@anuaa (Ethyl alcohol 95%) 1i31% RCI Labscan Limited, Thailand
- lunuaA (CH,OH) 131 RCI Labscan, Thailand

- aaalsvas (CHCI,) 131m RCI Labscan, Thailand

v

- nsalalnsangia (Hydrochloric acid 37%) E‘; A Qrec, New Zealand
- n?m'ﬁ'é“/j?n (Sulfuric acid 98%) 131w RCI Labscan, Thailand

- nsauan (C,H.OH) 151

- Phenol detached crystals (C,H,0) 1i31 Fisher Scientific, UK

- nsanlaanain (H,PO,) 1i31m

- 1UARU (CH,0,) 1T

- Brilliant blue G 1/7%¥% PanReac AppliChem, Germany

- Dehydol LS3 TH 1i31% Thai ethoxylate, Thailand

o

a o = ¥ 9 o o [ 0 o/
- HARATR N UTiAdNdY 158 318n Ussinalne A
- Wnsiudu (palm oil) U3 Tedu A
=) ’t{ o’ v . o o 4 o o
- NINUUUNNUNENWTT (coconut oil cake) LFEN mwavﬂmd Cuhly

- WaARHA@Ea (Mung bean) 151w 1Rels a0

3.2 gRTAIMTIALNLTA

3.2.1 81114 Horikoshi (HM) 14 lunssuaunisnseiuinidanuafitdadaunig

(Inoculum stimulation)

- Glucose 10 nfN
- Peptone 5 Ny
- Beef extract 5NN
- K,HPO, 1 nfu
- MgS0,.7H,0 0.2 NN
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- Na,CO, 10 N5

- Distilled water 1,000 {adans

Taeninsnangauszneusing 4 mudadouideliudninnazaslutingu 900 Aadans
wazviNsIRsENAITaZATE 10% Na,CO, tntazane Na,CO,10 niu ludndu 100 Aaddns 1
A17aTANY 10% Na,CO, lulilesindaiinnadidle 15 Yeusaniasiia goamni 121 avAmaLtea

=l ) o as dl 1 j [ = di dl ] %/ nll o
wWuaan 15 w1 LLW]@’]MTUﬂq?u\WJ’]L’ﬂ@’rﬂﬂ’]i‘ﬂ')‘é‘ﬂ?ﬁﬂ)fﬂﬂ!ﬂ]ﬂ‘ﬂﬂﬂLﬂi"ﬂ\iu\i’&l’ll ’r]VIﬂQ’]NﬂH1‘fJ 156

L d ] 1 4 !
Uaussiani319tia gauugi 110 easaiaaidas iunan 20 il edeeiunsinlaaninaafldas

lluams Asacilssindaiiguunfiiaandn Tnsaunsiildazian pH wirfy 7 aanifusia

o/ 4 U ) s
41782818 Na,CO, saniuazldamnsiilian pH wiaiu 10

3.2.2 @119 Horikoshi (HM) laifivinmna ldlunszuaunisnanansanusamanadanw

(biosurfactant production)

- Peptone 5 niu
- Beef extract 5 NFu
- K,HPO, 1 N3N
- MgS0,.7H,0 0.2 N3N
- Na,CO, 10 niu
= %’ o v o/
- MAUUUNHUHNSWTII 50 N9y
- Distilled water 1,000 Naaamng

Tagvinnisuandaulsznausiag o audndoundald udaiiunazanaludangdu 1000

1
=

fadan? ihlUilslndangungfl 110 asrngaidus wiaan 20 i BannsnszuaunMalFIan

(pretreatment) Tneanaildasian pH wiadu 10

29



&y 1a19 R2562C003

3.3 l@aqduniduazasnmun linandsanusamaiadanw

3.3.1 WUANITUHARFITAALTIFNRITININ

oo

a o A ¥ 3 N . ]
wupfFananansanusaiaiadanmildlunsdsaiine Brevibacterium casei NK8 (nwil

o

9) FaiduuuafiFateausng (alkaliphilic bacteria) 7 muﬂn"lo%’mnauﬂutﬁﬂu”lmmaiﬁﬁ pH 10 184

14
Trennidudadig A Avis Usenalne

MmN 9 uansanwuzlalailaag Brevibacterium casei NK8 Uua 1u1suda HM

3.3.2 #N9AUAIUTUNRARITAALSIFIRITINW

= AN TR0 v > v v 1 % o oo oy |
Ud8N Laﬂ'ﬂ’mﬂ’l?Nﬂmu’mui"]‘ﬂ"lfmu’m’mmam'l‘nLﬂumi‘mx‘lmu ‘lﬂlln UAHUTINEIU 1‘]]@1;[

wazuINgd AMnLEEy CEO Agrifood Co.,Ltd.

3.4 NMsAauEnLazAnlRanuuARSalinalsANRNAITRALIIRIRATINN
ol al ) a Ao >, a ¥ o
HUANBENUANKANAITAALIFNENTININAZARLENAIN AL UL aUYa L ARNnNTLINNAY
WlNin98913 CEO Agrifood Co.,Ltd Tneinfiu 1% uazaeddsannnisudningdiusiing 1%
Buasluamng HM 1wdhd 200 sausewn? unan 5 uanmiuirldindauvanvisuds HM A
v 1 1 74 3
1914 (Spread plate) uaquenialaiily Streak uuanusuds HM Aidvnana dauinldidesluams
maq HM Aflzea@aannniandningfisidng 1% 7 200 sauseundl Wunan 5 54 udaaainlddu
o \ a o o e o ¢ &
WREn 8000 fausiaun? uan 15 wh Wannaznawgas nauttinassvasa e lunaaey
qmauu’”ﬁmmmmﬁ@wiw] 11U AIWSNASRY  (Surface  tension) nasnIvAnEindu (Ol
displacement) wasnsiinaNadu (Emulsification index, E24) Wazn1saAsIEyAN Critical micelle
diluton (CMD) s nduAnidanuuARGFanuaenduur Tdunsuanatsanusaieiinles  udads

Anianduiliadlalng 165 ONA Aud¥nnauen  udniwafila i Fanfsuiudeyalu
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gwiaya GenBank Tneldlsunsn Blastn drwiuthunldvasaunisudnansanusediefindanw

piall

4.1 NFIATITUATUTIRNRAA (Surface tension) WAzAN Critical micelle dilution (CMD)

1 Y ’D' ¢=’l’ ¥ o’ dll . = 1
ARl TaReel aaaiedNsadn lalatLATaY Tensiometer LAZNNTAATIZUAD
Critical micelle dilution (CMD) Tagiilun1smn A92AUN1TIAEA 94 ATBNANTAZ AN TANTAALT
" A L ] o ) .ﬂ’ ¥ &’ Y o
Asfiadanmiideasiulutaday IneiasanuseisRauuinini@ecilaani@a (cell-free broth) fivin
= 1% ’D’ cI/ nl' o < 1 Y o 1 &
NTIRANARLUNAUNIEAUNNTIRE]N 0, 2, 5, 10, 20, 50, 100, 500 WA 1000 Wi WRISAAIUIIAN
s v d‘ . :I/ 1 % o & 1 ! ]| a o o P
RamaeiLATeY Tensiometer AMN1iUAT19NT N AN NANRUTIE NI NANLNAIRI LT AUNTIRAANTES

ANFAANRAIR AU AN TN WA ATUIUWI AT CMD

NN 10 1A524 Tensiometer Yia KRUSS

- I'4 :’ s » .
4.2 N15ILATIZKUNITNSZANEUINU (Oil displacement)

v v ]
NSNARBLATNNINISAN A UNNUE N TanAdaUlAaUnWuInawilINIAT 20 RAAART AN
adluwanuia (glass petri dish) antiuveamlattslalnsanfien (hydrocarbon) ydatngiu dalu

snAstiaenldianduianiau (hexadecane) wazinaihau 5unmg 40 luiasans adliuuinanuda

v ) v
o < o o ] ]

n; - o aI/ ' ° 17 Y R
Adnnausaaunszislalasansuen (hydrocarbon) vieunsusnetnautaaniiuaeande uddAg
d’l’ =i| d’ ] J e} = =
neaRMNIMAILaeALTa (cell-free broth) Nnunsthsin@engnugil 121 avAitadag szazinan
15 Wil i lihlumesseasas (centrifuge) 4000 sausauni srezoan 15 Wi Inauaaasliluu
lalasanfueu viveraudaetnaEuimns 20 lulas@ne dunpdnwuzniaifianiela (clear zone) Tns

o/ 1 Y Y | = : o/ &I ° 1 i o
TaduiuAuinaeasiuioglanifstundsannisvanamnsivailaanida A lAldA
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(1 o ' Ly %’ o ' &’ o’
wefidudifauiuduuguinanaedlalnsafuen  deinlunaunanamsivadilaaniads

A4unNIT

. y _  Tuaramaifiaagla(Clear zone)(.4.)
ANIINTEALINTI= —5— x 100
minresdushiguenaaniumu.)

4.3 NMINATILUNSINIAANATY (Emulsification index, E24)

N1IMARALNIIINARNATY (Emulsification Index, E24) Iasiravnsmanlaanida (cell-free

broth) 1511m7 2 ml aslunaaanaaas axmiluanlalasanfueu (hydrocarbon) visatnsusnating

o s

Rurl ianzianiAY (hexadecane) uaztiniluthdu3anns 2 Radans aagan snaaesinluaany
v v

dhriudaenatas Vortex ifluszeionn 5 il senelSigamaiifies szazioan 24 datie dunmnasal

a2 A o o

LY v v
Andadulnggannduaainsfaddadudiouiudimiomn tuiinaanmaaes Gernsfdaddadu

¥ v
o ol o o e

Aunnlditluiesazaasnanisddaduiisuiuduiualng Auandldaingunig

MY ANgIae LAt (. 1. )
mannadady = 7 X 100
AYNGeTIRIANTHANTIaUNA (1. o, )

3.5 MINARITAAUTIFIRITINNTRLLUANIFERTILUIRAMRAAINNNSINEAS

3.5.1 NSLASENNILTBULANLTE

° [ &’ i - L4 = - e J
dniigereslundigeses udgnmgl -4 asdmallisa avuu 1 Dadans ldaelulidely

=

BIMNTWMAT HM (pH10) 100 Hadans gaumndvias uanvnlilwdnfannuiss 200 sausauni flu

o/ d Y i &l -y 4 | i P2 :l/ 1 j’
e 3 U Tduszeznaniaafigaiidamslduniign (1x10° CFU salladans) anniudneidens

1
=

luamsinas HM (pH 10) 100 Hadans 10 % tatFunas igungies udnirliaebrfiaauga
1 olf :l/ ° [ % ' 4 o '
200 sausiaui uinan 24 4alus st lidnAnisganaunasi 600 unluwms UsuAnas

ganauuadldiviaiy 1.0 newh il lunswdnarsanussisfindannsaly

=R

3.5.2 NMSNARAITAALTITURITIMNIALLTAR 75

| ) a ana J
WtamgUTny Rl aWMNTALIda HM (pH 10) althinma 400 Tadans ikeidedt 110

ATAITEE 20 W ANnviANEe 10 % laeLFunms (aanda 5.1) a17A9 (1891R887NNNS

nduindfuindng) 0.5 % uazanuReiennnianmens 1-10 % adluranglrayiflamsdeds
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HM (pH 10) 400 Haddans udairliinenfiaaanida 150 sausaund Agmumgides unan 1-5 Ju

4“ A s a = ) [ =4 ] s ° e © -4’ v = ‘#I
LWﬂm‘i‘ﬂL‘ﬁ@@LLUﬂV]L?ﬂV]Hﬂ’]\?U‘HQ@QﬂN 'luLLma:Qu%m‘lﬂuummul.‘nﬂm&lL‘wﬂuﬂ drop plate Lla

o d' =2 :Iz ! J d’l’ | (-
ATUATUIBIATNATY ANNUUaI8aMTIRTauaNLARNaMNTIAY HM (pH 10) asld Iusiniay

1
LR 4

¥ oli %’ @ 0 9 d} = R a = L
A8 A176NRU (’umLﬁﬂmnmiﬂ@umuu:‘ww) 1.0-10.0 % WANARANTAALNFANNITININANNLIRA
< ] dl 1 =t o @ o =l =l e <R o :l/ ¥ d’l

AT el 150 sausiau? 1uan 3 du UURTUIUULANITEUULTARANYINIU ATNUULENUILAELIN

J o/ [-] ] o d ] ¥ i
\1aaanandagsielaeitlinsasinuesunse udminluflssingad 110 asansaidas iunan 20

Y A

a o a < ¢ [ 4 2 a o A a v 1 [ %
wl IkasinTaqdunTdudaliamsilinauanranuseieidodonnindnldsasusazdy Tan
¥ o ] o/ é’
nnafnuilazAnwniladesine Aol

1) WAUBNTTLNAN TN AT AR AT S FLEIZINATINNIFTUT A RTINS ANAzLTIY
sz Ndungaudiaaasan inansondnasanuseieiiafonwldunign
2) wagasLFunnimaassa e vnaaseda dnFunnusadssadasivllanani lWunanans
&£ a VRS 1 & a ° ¥ o AR ] 9 & 1%
ARLIIFNRN LAae watuniAuazin gagszaunedoulianunsadndeamsls
:’» [ 9 = ¥ ¥ ¥ & <& ai -
i eziuiduguge  aondidusessadsiaiasAnnasfiansnainnafs
B 2o
NSTAE I ITAR AT 1AM IA LTS

E % 1
3) WAAIANNIT NI FUNEN s SR NN s AN Aa e lTuuan Ga lumagmsa

v
o

ddwsunasudn  wasesldunniavlilawinWinansdaumaaluans Teanadenasa

UrEANENINNNTRRUATANLBAND LA TR ALIFNER TN WA

(n) (2) (m) () (%)

*
[

MW 11 udnIanEUzaMsIaeNda HM aasdusau (n) nsesuidansadl 1 (1) nszsuida

ATIN 2 (A) NBUASILEIRA (I) NRIRTILAR WA (3) URINARAITAALIIFIRITINN

3.5.3 NM9ILASIENLSHIURS AN ANENLUDIAITAALTIBN R TI NN

o ® a o e’l’ 1 al ° N dl
mumun’ﬁﬂnmuﬂnmmmLLNmmmmwmnmnmwmamFﬁfawumnn%‘m"lﬂﬂutmm

dl' n=l' < 1 = =l :'z o’ )
IWALINAZNAULTIANNIAIINLTY 5,000 FRUAAUIN unan 30 Wi anuudFuaulunsafeea

33



Frynyiaaf R2562C003

4’ - | o - ) [ %4
amnsaeade i 2 dansalalnsnaesn (HCI) 6 Twang anIN1IANAZNAUANIU LAdAIARRA
&2 a = o O o 1 n’ll %/
LeNATanuIIANENTIN N Inafnazattaaslaias : lwWn1uea (2:1) 1 dausaa nisiaseide 1
3 o 1 ﬂl -1 3 =l =l o :l/ v s :’,
dau wdnillaenianuda 200 sausaun? Wunan 30 W s liAan suandwlungaeuen
v 1 | 73 [ 73 1 (] v
WBuduidusainasans iidusnvinazaanngian 1 sau waifiu 24 4979 iNaRanTULENTY udn
Y :l/ ° A o © - [ A .
gaamisdativuenaan antiuihdaunifluiiiazanallszimalui fauiiguiugl so asan
o o o o v Y - ¥ v & a T
wariea vaszmaiavinarateaaniuun auldassnarmilaafunnia udrdeacanafinafamnei

o g 1% el = =l . v
Muaa uanianzduasNniueasaniiuazsit lszme lwihfaungnmagi 70 esraidos Tug

1 1 4
o O o

AnAdu anntinhatsadavenunlalldadmin uazsesuliunnansaausaiefialumdaaniusia

o/

ans InedlgnaAuani Fanuasaianenuaail

v v
daminaaaudann —uwminuaanauana

UFurnuansanavey (nsufeans) = ( ) x 1000

oo o
1FuNATaaTe

MW 12 LARIRNBUSANSAN ANENLURIRITAALSIFNRVTINTNALA

3.6 NMFRIUIERTAIMTANINEAN IUNTHAARITAAUTIFIRITINN

unsfnngasanmsiimnzanazaulainsineuaesiadsiie wu slinlulanay
v :l/ iy - - a 2L a «
waztBunnaadlulnsian Wil isimatssiiulss@ninmnisuanarsanaussivindanan Az

L) ° %’ ar al = [ o o a =l o £
wmsmﬁmﬂnwmmuunﬂ‘lﬁlﬂqLﬂmwﬂ?mmmsmnmuﬂfm LL@S’Q'\W)‘“LL‘LIﬂVILTEIUuQﬂQﬁIN

3.7 NM9ANENTUAUDIRI9AALSIFIRATI N WL TR
= 2L a dl” £ el o s I
Tuns@nneinaesdnsanisamaindonniesdiu agldanmiasziasdlsznaunig
willngldudnnisresanininsinfiunas(spectrophotometer) mMammajiaridulnaldinalla FT-IR
(Fourier transform infrared) n1sn1n2aluianalaeldinafim GPC (Gel Permeation

[ %

174
Chromatography) lun1siiamzvisatne Inafiseazidennail
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3.7.1 nsaasedFunadlaiu Tneds Sulfo-phospho-vanillin

RNANTAZ AU AN A TRl Aan@nsan s ReRaTanwaas Brevibacterium
casei NK8 fiaglugrlansrianenuluansazaneni wesvialalnsaaeinnaamniusuAfiasi 8 W
¥annadindu 0.04 Daansureans amitiansazangdnsaausiRa e 100 nlnsans
naNfuasazarensadayinidudu innnl 2 adans fiurrden 100 asAn Wunan 20 undt (e

v v 1
o vl a

pstaieligoimgiies 5wl iRnansazant phosphor-vanillin Uinme 5 Badng dhunsialu

v 1

¥ - L ot o
wngungl 37 a9 hanan 15 wiil Adlingumgi

a

faafluiaan 10 1wt anthainladnganau
ugaTANENaRAY 530 wiTuias WisdHuAganauLasilFainnarlunsgau ieduany
a3 TaeildanslnsTedu Wuansunmsgudwindaiunndladi

Taemsisanarsasateanmsg i Wazantlnsleauasuidudu 0 50 100 200 300 400 500

fadnfuseRafing anunAgaLAINAE sulfo-phospho-vanilin AaAIN17ANALLAITN 530 WiTuums

aaeanuiddusiig o anduannainasg s A AnauLssiuA N dd

3.7.2 nsaasiendsunalilsfunaeis Bradford assay
v ¥ X 4 & . . .
WiIRNANTazaN A aaadan iR nansansemaiiaGananaas Brevibacterium casei
A [} o/ o o o .Y dl o’ [}
NK8 Rag/lugtansataveuluaisazaeiiasvialalnsnaeindaainiiiudranuidunsn-
[} v 1
a1ef 8 Wildanuidudy 0.04 Hadnsuraans anduinansazansansanissAeRaMmsaNNa 100
lulnsans wantuatsazanslnmsnlansanlasaciududy 0.15 Twans U3unnd 100 tuinsans uay
ansazaelmfonaaalasdnnidudy 0.15 Twanfliuans 100 lulasdns wasiindnsazant

=

Coomeassie reagent 13unt 5 Radans dwlidniufiguugiveaduamm 10 ui anmiuin
asuaangRANNIgANAULAT 595 unTuwms WituiFeuAnisaanAunasiilAnawanasgu
ieAunnBinnilusiu Tasldanslududsueayiiu usisnnsgudmsunisdallssiy
TnamsFanaisunnsgru IWazaraanstududinueayfiuaaadudu 0 25 50 125 250
500 faaniuAaNaANT AINTUNARALANKAS Bradford assay ':“mmm?qnﬁuumﬁ 595 W luiums

1 3 :" 14 ' ] L=y o L
ABIANHLTNIUAN 7 mnuum‘wﬂmwmmg'\u?zm'mmn'\i@,mnauuamummmem
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3.7.3 MsiATiEwlsuainmaniuunnqeds Phenol-sulfuric acid
v ¥ ¥ 4 - , , ,
WrtNANTaLaNtiaINUsanTaR lAanaNIa AL AIRa TN WaRY Brevibacterium casei
4 |1 o/ o’ o = =y i o’ 1 | [ 74
NK8 haglugiansinnenuluansazarainmaivialalnsaaainasminuiuaAfiamvingu 8 1
1 ¥ Y -4 1A :'/ o &L a AJ = a an )
AR NN 0.04 NaANTNARART ANIRNINANIALAHANTAALINASRIMGTENNT 1 DaAaNT NANN
v
o/ ¥

uaadiums 25 lulrsdng uaznsadayiniduduiliunms 2.5 Raddns auaAu seigrugiva

gl 10 Wil andihansuaunndnAMaganfuuail 485 wnluiues WisuifiauAignauuas

[l
=

Aldtunsimsg e Bunnllsiu Taaldnglaa uansuimsgudmiunisiabian
e
Ingnsisizanansninsgu luarsasatanglaaaanuidudi 0 10 20 40 60 80 100 Radni

AeNadanNT ANUUVAAEUANNTE phenol-sulfuric acid TAARANALIATT 485 UTNAS 299A"N

tY
Vidusing 7 anmiaiiansminansgussndAgAnRuLAsiuAYNN

3.7.4 nsaszvdiunuvaanasalaedsuaunlaluauiaaaasnuadn

(1) Funaunnsseninfaslansantasd (Sodium hydroxide) Aansdid 6 Normal

Faanslainanlansanlas 240 nfuanuANdnaulFUIFHmsN 1 ARednaanaLfu
UFumg (Volumetric flask)

(2) TURBUNNTIFTHUNANTASAELUNLAN-INALAN

- ansazane 0 azatsnanluiflanlufuiay ( Ammonium molybdate:
(NH4)6M07024+4H20) 25 nial lutinnay 300 adans

= .
- 41782818 U : aLA18LaNTNIHEN IHAIUAN (Ammonium metavanadate :

¥

v 1 ¥
NH4V03) 1.25 nfu luinau 300 Aadans Auliinanaudisazans Aeliansazanaifiugoma

a v

gomnivies anthusnnsalalnsasein 330 Fadans udahansavans n RNaluasazane B
UfuFnmaitly 1000 Radans luwaawlfnfsuins

(3) Tumaunistiasaans ingldnsadaWa3n (Sulfuric acid) - namluesn (Nitric acid)

1
] =

Usnagenfaanistasiiuams 10 Nadans BNAENTATaNIIN 1 NARARTLAZNIALUATN

5 Andang W ldassosmnlipanieu (Hot plate) ugpardu (Fume hood) iiialansaaan aunsy

1 4
v =

} 7 1 £ 1]
alaarazaren gl iR Wifiuas ANUNAULTNNAT 20 AARAMT LasHURAWEAU 1 nea el
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Whdhfuanifudinansazanelniiealansanled 6 normal auwlaewihi@aadsuiSunnsidu so
Nadanssevanliudinnms Midiiedlaeinfetrelfuafiegiidunans Tidufier s Tuls
Finatiann 35 Nadans avlurintfuliuaes iinansazanewauaniuduan 10 Aaans U5y
Baunandu s0 Aadansfaetnnduadnlfidniuiidlizrazinon 10 will nanauasasanadivias

(4) %’um'ﬂun'mm?wmsmmﬂmmj'}uvxlﬂamlm

hanslalwunaidesweaiin (Dipotassium phosphate:K2HPO4) a1l amiudalils
YFunnd 219.5 NAANTN YFudTuamaidu 1000 Raddansluaealiufiunns Inugaatsaz ane
NIMIFUNILTNAAT 0,2, 4, 6, 8 UaT 10 NaRART WieANdNduIasasasanelnTnuna Fan
Waanfi 0, 8.78, 17.56, 26.34, 35.12, ua¥ 43.90 NaAniusaans aniudilndatnemn 35
HaRanT avlunnilfinFuins Binaisazanawauianiudunn 10 13ans JsuFuamatlu so

v ]
o o’

aa 1 ] v ¥ o Ay ¥ =l =
ﬂ@ﬂD’Ii‘ﬂ’)ﬂu'm@ul.‘ﬂﬂ’]'lﬂL‘IﬂﬂuVNvL’J?:iEIZL’)@’] 10 UM nmmﬂummzmﬂﬂmam

)

v
as

(5) dumaun1TIaTvlsuNasiaanesa

uiete wazanrazatennsguneamallinaAganaunassosirTasaniniasin in
o ' nll :’4 o = [ ] o’
e (UV-VIS spectrophotometer) 490 Wnlulums aniininlifimazivnAaaness

3.7.5 msaaszvinnNandulag FT-IR (Fourier transform infrared)

= 1 o/ o | o A = = o/
lunrsiassinvgfeiduansanavany inedasiunaisunauainaniivdsazansanin

7=y

wenustasalsaiy 2 sau avbiiclugdauansau anumgfl 70 asamaidas haaan 24 dalug

1
& v G-

e WAiass eusndnfiuaananiantng asiiaseil #aenias Fourier transform infrared
spectrometer (FT-IR) E‘;‘ﬁ"ﬂ Perkin Elmer ‘g"u Spectrum GX Tmﬂﬁi"mﬂmﬁﬂmﬂ?}m FT-IR oﬁ’\‘l‘ﬁ EPATNT
uas fatesilszundn (Sealed) n'm'luﬁmsqmmw%u (Desiccated) etlaafupaiiliinans
sruuaandn, unaenilaLgs (source) LiluTemperature stabilized Mid/Far IR range 10000-30
cm-1,n7zaniiNugs (Beam splitter) Lilumtia Optimized KBr (7000-370 cm-1), fafLiuas (Detector)
11114 DTGS Mid -IR (KBr) and DTGS Far—lR,fé’ﬂ?thyn_mcuLﬁmG\'ﬂﬂ%‘luwmu 36,000/ 1 Peak to
peak(1min meas., 4 cm-1 resolution), AANazIaEAlUN1TUENAN A. 0.3 cm-1, AINLSY OPD

Aa Aaullesielilaessndne0.05 uaz 5.0 cm/s, Tanyiuas 1l Windows Base including Iasidmlutaq

o/ ] = A o oA = = '3 - o/
allnmsn 4000-400 slaltuRILaT wquﬂ'ﬂgummmwmmmm{ ATUSINENANARNT NUINNENAEULTANT
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3.8 NI NUsERNEMumstdnlaturazitiuluindelnasasanusefafiadanin

1 &g = = n: dl' v - = as t:
Tunmasadldansanuseiivindonin - wananiliNaansuyuniandn  «RdeliazdAnm
sUuuvassansanusadeindaninniawillldnu TnanasaniansadndeniuaiiGandnansan
v [ %

uwnBRuaAENINARNmINzanTiudY fRstarAnwnFauiiautsy@niatwnisininlasiului

1R 1997 aULNTUINTNG FaNTUNTaRLISANEG TN
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UNA 4

NANITVNIAAAN

4.1 MIARKENLALARLRANLL AN ETIAUANNNAAFITANLFIRIRNITININ

AMNNNTAR u.ﬂnLmﬂﬁG‘ﬂmammwmLLNﬁqﬁq%mwmnﬁuﬂutﬁﬂmm [@eannn1sRARLNTY

L

srdaldianum o9 lelmian Tnewwdn 41 lanian uuuaf Bemav s Taagnnnsaaausaielialiom
n191 45 mN/m ANNITINABNATY 25.9-54.2 % AnMEnsANEngd 11.1-83.3 % (nw 13-15) Ineila
Tnanfisilss@vanwnisuanansaaussinindanmuasssoyiulnl4a aldritusdnameny
wand uarlaas] An NK8 NK22 Uaz NK41 muandiy Jain LazAE (2012) ARLENULATIEETALANY
Cronobacter sakazakii RJ-06 gnans0anusaiaiald 46.1 mN/m deldmnndnemiddei e
Aeaanidaannii 3 lalsanliman Critical micelle dilution (CMD) Wi NK3 NK22 uag NK41
A1 CMD WinffL 18.5 6.0 LA 23.0 W1 AwEL (1 16) ArniuAniT sz areiugudanwdn
ulW Brevibacterium casei (Strain NK8), Microbacterium paraoxydans (Strain NK22) and
Pseudomonas mendocina (Strain NK41). atinalsfimnu Pseudomonas mendocina NK41 'ﬂfg:'lu

seda WL malsaLaseandnd Adldaan Brevibacterium casei NK8 WU aRFuteuANEn

ANIARUNBNEN T NN MU e anssall)

Emulsification index BSXIOil displacement —0— Surface tension

100 1 - 50
S~ - 45
PR g
[ - 40 =
g &
j 60 1 [
5 5 % 30 3
g4 4 - Z55;";.‘\0\«:»—-”":'/"(:&:E: B
2= N N | - 25 g

© N y 5 N 50 §
g N 20 §
*1 § R N N R 15
N N N N
0 . 10

NK1 NK2 NK3 NK4 NKJ3 NK6 NK7 NK8 NK9 NKIO

Isolates

L
o o ) =

AN 13 BWAAIATLSIFNRT N1TNTEAE1ENNY WASNSINAANATY JadinRaIdaandaain

a

lalgiansne g Arnuenls Waldiniusrdraveny 1% Wluarsnasu
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Emulsification index EXX¥Oil displacement —o0— Surface tension

Emulsification index (%)
Oil displacement (%)
b3 N =] S
< < o o

[ %)
o
1

NK11 NKiI2 NK13 NK14 NK15 NK16 NK17 NKI8 NK19 NK20 NK21 NK22 NK23 NK24 NK25 NK26

Isolates

MN 14 WARIAILSIR9ET N19NTzaNeinNNY LaznsiiAadaty aaiiassdaani@asann

lalnansne g Aaaunanls Walduand 1% dluaisnanu

Emnlsification index EX=N Oil displacement —O0— Surface tension
100 1 r
£ |
g 30 N |
9 EH :
8 N N N
58«0 N N o N
't‘—ﬂa =5 ™ .“ q .\ [~
g 2 : N N N
Hg 40 ) ; :.i b« i
EF N N R
é’j :E 5: § § 5
201 N N R
A NN T
0 N BN N W |

NK27 NK28 NK29 NK30 NK3i NK32 NK33 NK34 NK35 NK36 NK37 NK38 NK39 NK40 NK41

Isolates

Surface tension (mN/m)

MN 15 WAAIAILSIFNRI N1FNTEANEUNNY LAzNSINABNATY 1aunReslaanida’nn

[ L

laldiansing g fanuenls Waldlagy 1% Huansaasiu
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Surface tension (mN/m)

Surface tension (mN/m)

= N W o OO OO N ©©
O O O O O O o o o

80
70
60
50
40
30
20
10

dryeyniaai R2562C003

NK8

e

y = 2.3421In(x) + 29.300 )

y = 9.9015In(x) + 7.2284

2 Dilution (times) W 1000

NK22

y = 1.4326In(x) + 30.6890

y = 7.7787In(x) + 19.2840

e Dilution (times) o 1000
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NK41
80

70 4
60

50 y = 1.3105In(x) + 29.7630
40 A

)____e___,..o_——e———"
30 < y = 11.897In(x) - 3.4228

Surface tension (mN/m)

10 4
0 T |

1 10 100 1000
Dilution (times)

MW 16 WARINISUWAT Critical micelle dilution (CMD) TaginAwsasstarasdfnelaan

1] 1
=i [

Wauaslaldian NK8 NK22 NK41#1szaunglaaanesing 4 e ldaaadeainnng

Lo

AU s 1% 1luaisnanu

4.2 NEANMNATRIEITHINULAZIAR G5 IHBN1SNANETANLTITIRI TN NI ALIERART

wiaenludannaduauszildendragminumeaaasldiduians®e  Brevibacterium  casei

v 14 14 1

NKs daulagyjgminandiduansiasiuduiunanaisaausaiiaindonn nglaslfiduansdaduine
o a = ST o, & ° o =
adunaTyaesiuAfGe  adndanisnaaasnudilaandiadluianpradivinicandaniuni e

IARIAANNTON AR AR R RN T dunnnd L Aen ludaannduante NTHARANTARKIIRN

v
o ¥

Radanwwuliunnigaannmisldlasysuiunglaauanssioiu (1w 17) Tesanadaaiuanuau
wuaiFelwasdanialnailamunglaaazdoaiinarunuiuafzelusadsise  dealiaunsongn

&f a = &/ d"
A3AAUTARNE N IANANTW ("N 18-19)
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B ‘Waenluiaguen | \aendnn
5.00

o

4.00

(NFN/aRT)

3.00

FNRTNW

=S

2.00

1.00

UFUIURNTAALTN

0.00

nglaa 1% + 11 nglaa 0.1% + nglaa 1%  nglAa 0.1%  lasy 1%

ay 1% Tugy] 1% }

HREITNINY]

w17 waeanalasladgivasnalagsianisnanaisanusssiaidatanin T Brevibacterium
casei NK8 maeuuilaanluninisdumiuaziddaandia 52208 105Ma8 3 JU

FLULIINRANAITAAUSIFIRITININ 3 M YT TRans 2%
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B WaenludnmBuanaundn g waenludimagunnasn@n

1.00E+12
1.00E+10
S 1.00E+08
[T
e
= 1.00E+06
LEH
1=
«
2 1.00E+04
=
S
£ 1.00E+02
1.00E+00

nglea 1% + nalas 0.1% + nglaa 1%  nglaa 0.1%  laay 1%

logy 1% lasy 1% .
ATAIFIL

AN 18 uansnaradlasuaznglaasad Ul Brevibacterium casei NK8 sisquuil@anluan
ANBUAT FEEZIRIFSIIRA 3 U FEASAMNARAITAALSIGNAITAMN 3 U

USunutaanse 2%

W Waandeneundn B Waandrandinan

1.00E+12

1.00E+10

1.00E+08

(CFU/n3)

1.00E+06

= =l

AMUAULLLIANLTE

1.00E+04

[

1.00E+02

1.00E+00
nglaa 1% + nglad 0.1% + nglaa 1% nglaa 0.1%  lasy 1%
Tasy 1% laay 1%

v

ATHIH
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w19 uansnaraslaguaznglaasiadnuay Brevibacterium casei NK8 sisauuiL@anda
<2 d [ o g a a’ 4
SHSINIATIUTAR 3 U FEUSIAMNAARITAALSIFWRITIMN 3 WU UFannuitaa

M54 2%

4.3 MIANEMITTHZIINAFATAA NUNZAN
< rei ¥ n; nal =8 2
nsAnE sz naaTaaniuNI AU ssEaz A A URgAN AN FTILTA A
. . . = = A |
Brevibacterium casei NKg uuilaandrauazudnansanusssiaiiofonnldninngs ivalismunu
a L a o o o ] =S 2 os
wazszazna N IRARATaRLNIREa N ATqA TaawLdnsTEznasTes 2 AW iussazion
i i A = Y ! ! o o
Amunzanngainanaisanusaseiadoninlduiniign (1w 20) TeaaanfaInUaIUIY
t 4

o

, , , o = O Y P 4 yor =< -
Brevibacterium casei NK8 NF3aUUUaandg AEFANIUsausdIuy 2 999019670988 (N 21)

A AVTAALNAIRNTININ  —O— WINFNRD

6 32
g 5 c: R . :
= Jor— N 31
(E 4 /t‘i = —N ré\
S ' =
S ) E
e 3 4 30 &
& =
o
< =
g 2 &
2 20
Go
E 1
0 28
1 2 3 4 5

= 6 , o
FLULINATRNTITAR (W)
N 20 UWARSHRUDITLESIIRIASILIRR Brevibacterium casei NK8 uulUaandq Aausuin

ANTRALTIPNRITINTNUASALTIAINT TLELIRNAR 3 T4 UFUNDITRan5e 2%
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%  1.0E+09
=
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4
§ 1.0E+08
=
°@
1.0E+07
1.0E+06

1 2 3 4 5
STHLINANFTTAS (T)
N 21 WRASHATDISZEZIIRGI5IIAR Brevibacterium casei NK8 uuilaandia sasdnuau

KWUANITELULTARASY SEESIIANAR 3 T4 USHULIRAM54 2%

4.4 psAnmIvUS i e AR I UL A

i a ) ) ¥ J
Bunnmaasaiuinifullasdenannnisoisnun agn99291919819N 9 AT A UALITARHITY

o <2 2 = o

] ¥ &
doutFunnumassnaniesiiulilazynlinanatsaniseanafnoninlplasas Aiueauddaiiaa

& R

(s e‘ 1 1 1
AnsvnBunnumaas TNz InsnudnFunolmasmae 6% iiFunniimunsaNfgnnnm

1
=

a a2 a = v =2 = s;c'» =‘l I =
Nﬂlﬂﬁ’]’iﬂﬂLLNIFNNQ‘H’JJ'I’IWVLﬂN']ﬂVI’AﬂLLﬂL’@mLLNGNN’ﬂmFI’WIGﬂ (N 22) LA lUTENINNINARAY

9 q

Ve P ¢4 . Y o o &
WUAIMRNUAULLANLTHULITARM NN 4 LAY 6% QZNLLuQTuNLWNQ']u'Jquﬂ‘Hu (NN 23)
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—A— RITAAUIIBNENTININ  —O— WINPT

6
§5
=
a 4
=
ad
=
=3
<
Go
c
g 2
=
.
=T

0

4 6 8 10

FHTRAFI (%)

34
33
32 €
Z
E
31 =
=<
’7
1=
30 %
29
28

MW 22 WAANHAD9US NI AR M9 Brevibacterium casei NK8 uullaandnq sadsuim

AFRALTITNAITININLALANLTIFNEL S2ELIAHAR 3 U USNIUTIARESY 2%

1.0E+12
1.0E+11

S 1.0E+10

L

&)

-

& 1.0E+00

[

3

& 1.0E+08

=

°@
1.0E+07
1.0E+06

2 4 6 8

SR AFIT (%)

10

NN 23 WARIHATDILUTNILIARASIUDN Brevibacterium casei NK8 uullaandn saaiuiu

LUANISEUUTIARAEY SEUZANAR 3 T8 USHAIIRa AN 2%
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v oW al
4.5 ﬂ']‘iﬁﬂ‘l:n“'l AANL N'ﬂu’ﬂ’ﬂq‘luim'ﬂquﬂ (87 FUa A~ Y]

Hunalulnsauluaimaidesldassgaiivllawinlduuaii Galifaanisudnasanusais

14

Andanw v lemdseiAnsaatasanudiduumadiulanag 2 18 lwawsiaseds HV fe o

=l &

Ulnu wazdnsanmanniias anuanimmaaaanudFununldinu uasansannaindas Munnzau

= el'a

AB 3.0 WAY 3.0 NTNABANT ANANGL (NN 24 UaL 26) IAUUTNIIANTAARIIANEN TN INANAR

b

Y

Ifuniigade 5.9 nfusedns egandneddeau (A9 3) daurusaiivansngad
mN/m gausuasuaielumasssiasuulasunntnifiasanuuaslulnseulilfgdeua iy

naRTy AL nIauAfFaetndanuuAlnaden1sanaNsanusasNATAAN (NN 25 WAL 27)

—A— ANTAAUNANRNTINN —O— W3RN

’éﬁ 5
e 31
2 4 €
2 £
Y 30 &
1A =<
& 1%
g 2 &
» 29
51

0 28

3.0 3% 4.0 4.5 5.0 55
Fuauddlou (n/a.)

AN 24 udesnaraslFunanddinusanisuanansanusebaiiadaniwing Brevibacterium
casei NK8 AU ULLRANUNILARZATLSIANRT TLESIATNANAITAALTIFIRITAIN 3

W Bunndaanse 2%
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=
°e 1.0E+07 : . S . .
1.0E+06
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Puoudis (n/a.)

M 25 wdnsnatasdiuantddinusdadiuay Brevibacterium casei NK8 uuidfaanang

FLELLIRHARRITAALSIAIRITNIN 3 T USHIUTIRARASY 2%

2L a a &£ a
~A— ANTAALTIFNNITINTN —O— UTIPNHI

Sunauansanaveny (n./a.)

3.0 3.5 4.0 4.5 5.0 5.5

Buaidnsanmanntias (n./a.)
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31
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29

28

(mN/m)

& o
LLINBRNHA

NN 26 WARIHATRIUSNTUAITANAAINEAAAANITSHARNRITAALTIRIRITan NI

Brevibacterium casei NK8 a34URLUAANT1uAZANLSIRIRT SSESIRNANFITAR

WFIFAIRNENIN 3 MU USHNnaamse 2%
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AN 27 WAASHAT RSN ANS AN AN EFARAAIUIY Brevibacterium casei NK8 uullaan

419 STHSIIRINANAITAALSIAIRITNIN 3 M USHULTIRRATI 2%
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A9 3 wansmratranuaniselinalsafindnaisanssfaladamnleeldinsdundnas
e dEannsAMINNURT I ug1sAINY

wuAGe ANTHIU IUARNIAALNAN | UFuNuaTan | 1anansaneds
O | 8
Radan UINAIRY
=] o |
43NN (NTHHD
an9)
Brevibacterium sy Naanadn 5.9 NTLTD]
casei NK8
Bacillus gaqdaannie | atwiddng 2.1 Li et al.
pseudomycoides BS6 | iam1iniiin (2016)
=y
WRGLE
Bacillus subtilis YaiNgnan Al ng 1.25 Sekhon et al.
SK320 (2011)
Lactobacillus nniduddge | Inalediin 1.07 Thavasi et
delbrueckii al. (2011)
Corynebacterium aninsiunags | Tnalediwiilng | 3.4 Thavasi et
kutscheri al. (2007)

4.6 TUAUBIRNTAALTIF9RATIN WL LRI

ANTANANENLUBIANIBALINFINHATININANT Brevibacterium casei NK8 ilasseuuann

L

9 ° -l a > v o e ¥ o o w A
419 azsitnwFeuiiaunarasiagrsfesuiureaiearnnisnausiiusidroiluansiesiu
(Wrusdraveny uand ussluay) AMNHANIINARAIN LT aa1 AR urawdaannisnay
’t{ e O P LY ] = AR a < ell a v = 1 ] g
st i lddenasetiinaasdnsanuseiatindonmfuan lafsauAdenanadndauseaiinig
(7.9-9.6%) 113/ (0.3-0.8%) 113U (46.6-58.3%) uazwaainm (5.1-7.4%) luasananeny annis
AamyvivgWadulag FTIR wud1# aliphatic C-H of fatty acid chains (2922-2850 cm™), C=0 of

ester (1636-1600 cm™) and C-N of choline (1512-1500 cm™ and 1450-1428 cm™), asymmetric
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v
o o &L

PO, (1260-1204 cm™), symmetric PO, (1166-1008 cm™) wax P-O (816-798) sariuAsaglddnans

ARLINFNRTINIWANN Brevibacterium casei NK8 iluaiianagWainm
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NN 28 WAANEA FTIR 209815ARLSIRA9R2TaNIWANA Brevibacterium casei NK8 via tdauag

a ) 1 (%4 | & o
\WReannisudmindusiinsaniunglasitiuasaisiu

4.7 mawndszansnnnisindedudsduitlewlasuazdiiulned15an wsaReR @AW
dll ° &L a aa %’ A=’l‘ d’l’ . A .
Wannaanirarsanusaiaiagan wlugliuuuniRestaaniavas Brevibacterium casei

NK8 Tdindsz@ngnannistinimin@aluideawleiuuasinduainissunamindusidiolag

A o o , ! 2 o A P a
wuaFastiauganelusiu Ae Bacillus sp. PO1 WUINENTaALNFNEREIN N NN L RANENW

-] %4 [ %4 ’o’ s &l
astinda lnsiuuazinaiuluunnuann 38% Wi 91% (ANw 29)
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DR. Wijarn Simachaya is the Permanent Secretary of the Ministry of Natural Resources and
Environment, Thailand. His main responsibilities are natural resources and environmental plans,
strategy development, as well as international cooperation on natural resources and environment
issues. He is also a representative of the ministry of various UN, Sub-regional, and ASEAN forums.
He has worked as a leader of green growth and government reform strategy development for Thailand.
Besides, He serves as a chairman of the long-term strategy (20-year plan) on natural resources and
environmental management, including water resources management, sustainable forest management,
together with pollution control management and environmental governance for the Ministry. He has
been a supervisor of 16 departments and public organizations of the ministry, along with the 76
provincial offices for natural resources and environment throughout the country.

DR. Wijarn joined the Office of Environmental Policy and Planning Board in 1984 and
Pollution Control Department in 1992. He used to serve as a director of the Environment Division
of the Mekong River Commission Secretariat (International Organization) in Lao PDR during 1997 -
1998. He has served as several high ranking positions in the Ministry, including Inspector-General
and Deputy Permanent Secretary of the Ministry of Natural Resources and Environment, Director-
General of the Pollution Control Department for 2 terms and the Secretary -General of the Office of
Natural Resources and Environmental Policy and Planning.

DR. Wijarn holds 2 Bachelor’s degrees in Chemical Education and Laws from Chiang Mai
University and Ramkhamhaeng University, respectively, a Master’s in Environmental Science from
Kasetsart University and a Graduate Diploma in Sanitary Engineering from Chulalongkorn University.
His highest degree is a Doctorate in Philosophy (Ph.D.) in Environmental Engineering from
University of Guelph, Canada in 1990.
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Work Experience
® October 2016 — Present Governor of Chonburi Province
e 2012 Governor of Sa Kaeo Province
e 2010 Vice Governor of Chonburi Province
e 2009 Vice Govemor of Yasothon Province
Education

e Master of Arts (M.A.), National Institute of Development Administration (NIDA)
e Bachelor of Political Science (B.Pol.Sc.), Thammasat University
Training
e The National Defence College Program (NCD)
e Executive Development Program, Ministry of Interior (MOI)
e District Chief Officer Development Program
¢ Department of Provincial Administration (DOPA)
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Alex B. Brillantes, Jr, is Professor at the National College of Public Administration and
Governance at the University of the Philippines where he also served as its dean for two terms from
2002 to 2008. He obtained his PhD and MA in Political Science from the University of Hawaii as
scholar of the East West Center, and MPA and AB Political Science from the University of the
Philippines. He also took special courses at the Institute for Policy Studies and the Institute for
Public-Private Partnership in Washington DC, and at the Kennedy School of Government at Harvard
University. Dr. Brillantes is a member of the Pi Gamma Mu and Phi Kappa Pi International Honor
Societies.

Brillantes is President of the Asian Association for Public Administration with its secretariat in
Seoul, Korea. He is also President of the Philippine Society for Public Administration. He earlier
served as Chairman of the Philippine Social Science Council, Board Member of the Galing Pook
Foundation, the Local Government Development Foundation and Trustee of the Local Government
Academy.

Brillantes has had close to ten years of actual government experience when he was seconded
full time to work in the government as Commissioner of the Commission on Higher Education where
he served as Chair of the Board of Regents of 21 State Universities and Colleges. Brillantes also was
Executive Director of the Local Government Academy of the Department of Interior and Local
Government.

Brillantes was visiting Professor in Kobe University, Meiji University and at the Graduate
Research Institute for Policy Studies in Japan; Visiting Fellow at Queensland University of
Technology in Brisbane, Australia; delivered lectures at the National Institute of Development
Administration in Bangkok, Thailand, Tunghai University in Taiwan, Gadajah Maddah University in
Jogjakarta and University of Indonesia in Jakarta, Indonesia. He taught a special course on Poverty

Reduction: Gawad Kalinga at the Euromed School in Marseilles, France.
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He served as international consultant on institutional development, decentralization and
governance for several local and international agencies including the Asian Development Bank, the
World Bank, the United Nations Development Program. the US Agency for International
Development, the Canadian International Development Agency, the Australian Agency for
International Development, the Japan International Cooperation Agency, and the European Union,
among others.

Professor Brillantes has published articles on public administration and governance and
institutions, decentralization and development administration in several local and international journals
including the Asian Survey, Administrative Science Quarterly, Kasarinlan, the Asian Review of Public
Administration, International Public Management Review, and the Philippine Journal of Public
Administration where he served as Editor in Chief. He has written and co-edtied several books
including Dictatorship and Martial Law; The Philippine Presidency (with Bienvenida Amarles-Ilago;
and Innovations and Excellence in Local Governance. He was the lead editor of the book, Reinventing
A Local Government in the Philippines: The Makati Experience and was one of the contributors to
the book, The Quest for a Federal Republic: The PDP Laban Model of Philippine Federalism. 3.0,
(2017. He was editor of the book Local Governments in the Philippines: A Book of Readings with
Proserpina Domingo Tapales.

Dr. Brillantes was a recipient of the International Publications Award (IPA) of the University
of the Philippines for several years from 2003 to 2018. Professor Brillantes was Centennial
Professorial Chair Awardee for UP Diliman in celebration of the Centennial of the University. He
was also awarded the Centennial Achievement Award by the University of the Philippines Baguio
Alumni Association; the Tanglaw ng Bayan Award by the Polytechnic University of the Philippines;
Outstanding Ilocano Educator by the University of Northern Philippines; and Distinguished Alumnus
of the East West Center / East West Center Association (Hawaii).
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Isolation and Screening of Alkaliphilic Bacteria for Biosurfactant
Production Using Agricultural/Agro-Industrial Wastes as Substrate

Natcha Ruamyat?, Ekawan Luepromchai®® and Nichakorn Khondee®*

“Faculty of Agriculture, Natural Resources and Environment, Naresuan University, Thailand
tMicrobial Technology for Marine Pollution Treatment Research Unit, Department of Microbiology, Faculty of Science,
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“Research Program on Remediation Technologies for Petroleum Contamination, Center of Excellence on Hazardous Substance
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Abstract

Biosurfactants have been used considerably as alternatives to chemical surfactants due to their high
surface activity and low toxicity. In this study, alkaliphilic bacteria were isolated from alkaline contaminated
soils collected from a rice bran oil refinery plant using crude rice bran oil, soapstock and wax as substrates.
Among all isolates, three bacterial strains showed great results of surface tension reduction and were
identified as Brevibacterium casei NK8 (28.31 mN/m), Microbacterium paraoxydans NK22 (29.92 mN/m)
and Pseudomonas mendocina NK41 (29.45 mN/m). Moreover, cell-free broth of Brevibacterium casei NK8
had high emulsification index (45.83 %), oil displacement (73.33 %) and critical micelle dilution (18.5 times)
values. The potential of an alkaliphilic Brevibacterium casei NK8 to utilize different agricultural/agro-
industrial wastes for biosurfactant production was evaluated. The wastes were hydrolyzed by alkali during
sterilization process. Production of biosurfactant was found to be the highest with defatted rice bran (1.86 g/L)
as compared to rice husk, durian shell and corn husk. The using of low-price lignocellulosic substrates
enhance potential economical production of biosurfactant on further industrial scale.

Keywords: Alkaliphilic bacteria/ Biosurfactant/ Agricultural/agro-industrial wastes/ Lignocellulosic wastes/
Alkaline pretreatment

1. Introduction :

Biosurfactants, amphipathic products of neutral condition. To prevent contamination and
biological origin, have generated wide interest as enhance biosurfactant solubilization, this research
potential nontoxic alternative surface-active agents interest in the production of biosurfactant by
(Gutnick and Bach, 2017). Biosurfactant have the alkaliphilic =~ bacteria. ~ Moreover, alkaliphilic
unique property of reducing the surface and exoenzymes produced during fermentation, such as
interfacial tension of liquids, resulting to their many alkaline cellulases and/or alkaline proteases, can
applications in the field of agriculture, petroleum, enhance biosurfactant effectiveness (Horikoshi,
microbial enhanced oil recovery, biomedical 1996; Satyanarayana et al., 2005). Alkaliphiles can
sciences, cosmetics, food processing and be isolated from normal environments such as
pharmaceuticals. Chemically, the biosurfactants are garden soil, while they can be found higher in

classified- into lipopeptides, glycolipids, neutral alkaline environments. Highly alkaline
lipids, fatty acids, phospholipids, polymeric and environments for microorganisms include alkaline
particulate compounds (Chen et al., 2015). contaminated soils and industrial-derived alkaline

Many Dbiosurfactants are produced by effluents.
microorganisms during aerobic fermentation at

*Comresponding Author: Nichakorn Khondee
E-mail address: nichakornk@nu.ac.th
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A major limitation of the commercialization
of biosurfactant has always been their cost, as they
are more expensive than petroleum-based surfactant.
To overcome this obstacle, agricultural/agro-
industrial wastes comprised of lignocellulosic
biomass are inexpensive, renewable and abundant,
thus provides a unique natural resource for large-
scale and cost-effective biosurfactant production.
Lignocellulosic biomass is a complex matrix that is
relatively resistant to degradation. Sugars are locked
in a recalcitrant structure that requires a
pretreatment step to release them (Hassan et al.,
2018). Many conventional methods are currently
used to pretreat lignocellulosic biomass such as
steam/steam  explosion, grinding/milling, hot
water/autohydrolysis, acid ftreatment and alkali
treatment (Amin et al.,, 2017) . In this research,
agricultural/agro-industrial wastes were pretreated
during sterilization process in Horikoshi alkaline
medium. Then, alkaliphilic biosurfactant-producing
bacteria could be cultivated subsequently without
pH adjustment. The advantage of alkali pretreatment
is carried out under milder condition than acid
method by using non-polluting and non-corrosive
chemicals such as ammonia, sodium hydroxide,
sodium carbonate, and calcium hydroxide. Alkali
pretreatment have been identified as methods that
release low concentrations of inhibitors (e.g., acetic
and formic acid, furfural, 5-hydroxymethylfurfural
(HMF), and phenolic compounds) that are
potentially inhibitory to microbes (Koppram et al.,
2014). :
The objective of this work was to screen the
effective alkaliphilic bacteria and investigate the
potential agriculture residues as substrate for
biosurfactant production. Firstly, alkaliphilic
biosurfactant-producing bacteria were isolated from
alkaline oil contaminated soils from vegetable
refinery plant using oily-byproducts as substrate.
Secondly, several parameters were used to test
surface activity of isolated strains such as surface
tension, oil displacement, emulsification index and
critical micelle dilution. Thirdly, agricultural/agro-
industrial wastes in Thailand were hydrolyzed by
alkali and utilized by the isolated alkaliphilic
bacteria to produce biosurfactant. The pretreated
agricultural/agro-industrial wastes contain soluble
sugar and oil that could be used as substrates instead
of oily-byproduct from crude rice bran oil refinery.

2, Methodology
2.1 Soil samples and oily by-products

Soil samples and oily by-products were
collected from rice bran oil refinery plant in
Thailand. Soil samples were collected at a depth of
15 cm and stored at 4°C. The pH of all soil samples
was about 10. Oily by-products were obtained from
CEO Agrifood Co. Ltd, included crude rice bran oil,
soapstock and wax.

2.2 Isolation and screening of alkaliphilic bacteria

Soil samples were inoculated into Horikoshi
medium (HM) of pH 10 for enrichment of bacteria
using oily-byproducts as substrate. Enriched
samples were diluted and spread on the HM agar
plates containing (g/L) glucose 10, peptone 5, yeast
extract 5, KoHPO4 1, MgS047H20 0.2, Na,COs 10
and agar 20, pH 10. Plates were incubated at 30°C
for 24 h and individual colonies were picked up and
further streaked on HM agar plate in order to obtain
pure culture. All the bacterial isolates were
maintained on HM agar at 4°C for subsequent
experiments.

To study biosurfactant production potential,
each isolate was cultured in HM broth using oily-by
products as substrate. The culture medium samples
were autoclaved at 110°C for 10 min and
centrifuged at 8,000 rpm for 30 min to remove
bacterial cells. Various methods were used to study
surface activity of cell-free broth such as surface
tension, emulsification index and oil displacement.
The surface tension was measured by digital
tensiometer (Kruss, BP100) at 25°C using the plate
method.

The emulsification index was determined by
voriexed an equal volume of rice bran oil and cell-
free broth for 2 min. Then, left the mixture to stand
for 24 h. The emulsification index was determined
as the percentage of the height of the emulsified
layer (mm) divided by the total height of the liquid
column (mm).

The oil spreading assay was performed by
added 20 mL of distilled water to glass petri dishes,
followed by 10 pL of rice bran oil on the surface of
the water. Then, 10 puL of the cell-free broth was
dropped to the center of the oil layer. The diameter
of the clear zone formed by the oil displacement was
measured and calculated compared to the diameter
of the oil layer.
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2.3 Selection of alkaliphilic bacteria for bio-
surfactant production _

Critical micelle dilution (CMD) value was
used to selected alkaliphilic bacteria for further
study. The culture medium samples were autoclaved
at 110°C for 10 min and centrifuged at 8000 rpm for
30 min to remove bacterial cells. Cell-free broth was
diluted with distilled water from 2 to 512 times.
Then, the diluted cell-free broth was measured the
surface tension. The CMD value was determined
from plotting dilution versus surface tension.

2.4 Molecular identification of the selected
alkaliphilic bacterial strains

Pure culture plate of the selected strains was
sent to a sequencing service by Macrogen Inc
(Seoul, South Korea). The 16S rRNA gene
sequences were compared with GenBank using the
BLASTn program.

2.5 Biosurfactant production using agricultural/
agro-industrial wastes under alkaline condition

Several agricultural/agro-industrial wastes in
Thailand was examined as alternative substrate for
biosurfactant production: rice husk, durian shell,
corn husk and defatted rice bran. Rice husk, durian
shell and corn husk were collected from agricultural
area in Phitsanulok province. Defatted rice bran
was supported by CEO Agrifood Co. Ltd. All
agricultural/agro-industrial wastes were dried and
mashed into size of 1 mm. For inoculum
preparation, a loopful of bacteria was transferred to
HM broth and incubated for 48 h at 30°C with
agitation of 200 rpm. The optical density of
inoculum was adjusted to 1.0 at 600 nm,
Biosurfactant was produced by culturing 10% (v/v)
inoculum in HM broth without glucose containing
1.0% (w/v) mashed agricultural/agro-industrial
wastes for 4 days at 30°C with agitation of 200 rpm.
Amount of produced biosurfactant was analyzed by
acid precipitation and solvent extraction method.
The cell number was analyzed by the plate count
technique.

2.6 Biosurfactant yield analysis
The produced biosurfactant was extracted from
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culture broth by using the same procedure as
Khondee et al. (2015). Briefly, the cell-free broth
was adjusted pH to 2.0 by using 6 M HCI to
precipitate the biosurfactant. Then, an equal volume
of chloroform:methanol (2:1) was added to the
acidic cell-free broth and shaking for 30 min. The
solvent mixture was separated and evaporated by a
rotary evaporator at 45°C. The product was
dissolved in methanol and separated from remaining
oil. The solvent was evaporated at 60°C. Dry
weight of crude product was measured to calculate
biosurfactant yield.

3. Results and discussion
3.1 Isolation of biosurfactant-producing alkali-
philic bacteria

A total of 41 isolates with different
morphological types were isolated from alkaline
contaminated soils collected from rice bran oil
refinery plant. All isolated were identified surface
activity by various methods which are surface
tension, emulsification index and oil displacement.
Three strains were selected from each oil inducers:
NK8, NK22 and NK41 (Formerly known as
NKHMS8, NKHM22 and NKHMA41). All three
strains could reduce surface tension of HM broth
from 37.55 to below 30.00 mN/m. Emulsification
index of these strains were in the range from 45 to
50%. However, oil displacement of bacterial strain
NKS8 and NK41 showed much higher than NK22.
The residual wax used as inducer for NK22 might
affect to oil displacement activity. Jain et al. (2012)
reported that the cell-free broth of alkaliphilic
Cronobacter sakazakii RJ-06 showed the highest
surface tension reduction to 46.07 mN/m, while
emulsification index with vegetable oils were in
between 90% to 100%. The uronic acid and
proteinaceous component of bacterial biosurfactant
played an important role in the emulsification of
hydrocarbons and oils, apart from functional groups
(acetyl) present in the biopolymer, which also
provide hydrophobicity, imparting enhanced
emulsifying activity (Bramhachari et al., 2007).
Therefore, different chemical structure of
biosurfactant from diverse bacterial strain affect to
the variation of surface activities.
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Figure 1. Cell-free broth surface tension (mN/m), emulsification index (%) and oil displacement (%) of the isolated
strains cultivated in HM using crude rice bran oil as carbon source.
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Figure 2. Cell-free broth surface tension (mN/m), emulsification index (%) and oil displacement (%) of the isolated
strains cultivated in HM using wax as carbon source.
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Figure 3. Cell-free broth surface tension (mN/m), emulsification index (%) and oil displacement (%) of the isolated
strains cultivated in HM using soapstock as carbon source.
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3.2 Selection of alkaliphilic bacteria for bio-
surfactant production

CMD value was used to evaluate surface
activity of the produced biosurfactant in cell-free
broth. It was determined by calculating graph
intersection from two equations showed in Figure 4.
The high CMD value indicated that the produced
biosurfactant provided great interfacial tension
reduction between air-water interface. NK8, NK22
and NK41 had CMD values of 18.5, 6.0 and 23.0
times respectively. Molecular identification of the
isolates was performed with NK8, NK22 and NK41

strains by comparing 16S rRNA gene sequencing
from Macrogen Inc to the database of known 16S
rRNA sequences. The molecular identification of
these strains show that these strains belongs to:
Brevibacterium casei (Strain NK8), Microbacterium
paraoxydans (Strain NK22) and Pseudomonas
mendocina (Strain NK41). Pseudomonas spp. have
been in the pathogens list of Department of Medical
Sciences, Ministry of Public Health, Thailand.
Therefore, Brevibacterium casei NK8 was selected
for further study.
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Figure 4. Surface tension of cell-free broth dilutions of (a) NK8, (b) NK22 and (c) NK41.

3.3 Utilization of agricultural/agro-industrial
wastes for biosurfactant production by
alkaliphilic bacteria

This research considered on the using of
agricultural/agro-industrial wastes instead of
glucose and oil to enhance cost-effective
biosurfactant production. Moreover, the using of
oily-byproduct lead to the cleaning problem of pilot-
scale fermenter. The lignocellulosic wastes were
pretreated by alkali hydrolysis during media
sterilization process. The majority of hemicellulose
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and some portion of lignin are dissolved away from
cellulose into pre-hydrolysis liquid through
depolymerization and degradation (Bujanovic
et al,, 2012). This pre-hydrolysis liquid contains
carbon sources for bacterial growth. Various
agricultural/agro-industrial wastes used in the
research were rice husk, durian shell, corn husk and
defatted rice bran. Defatted rice bran provides
greater biosurfactant production than other wastes
(Figure 5(a)). The lower amount of Brevibacterium
casei NK8 in HM broth of rice husk was from
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the attachment on the remaining biomass, while
pre-hydrolysis process (Figure 5(b)). Defatted rice
bran contains starchy, cellulosic polysaccharide,
lipid and soluble proteins remains unutilized (Lee et
al., 2009; Jojima et al., 2010). Therefore, the higher
biosurfactant production from the vegetable oil
extracted waste might due to the using of sugar as
substrate couple with residual oil as inducer. Jain et

{a) Biosurfactant prodiction

other wastes were almost degraded from
al. (2013) produced biosurfactant from several
lignocellulosic wastes by alkaliphilic Kiebsiella sp.
RJ-03. They also reported the higher biosurfactant
yield obtained from de-oiled Jatropha cake (1.58
g/L) than rice husk (0.94 g/L). The vegetable oil
extracted wastes were found to be the promising
substrate with respect to yield of biosurfactant.
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Figure 5. Amount of crude biosurfactant (a) and number of Brevibacterium casei NK8 in media (b) after culturing with

agricultural/agro-industrial wastes in HM broth.

4, Conclusions

Biosurfactant producing bacteria were found
from alkaline contaminated soils collected from rice
bran oil refinery plant. Among 41 alkaliphilic
bacteria, 14 strains could reduce surface tension of
HM broth lower than 30 mN/m using oily-
byproducts as substrate. Emulsification index and
oil displacement values were varied which resulted
from different chemical structure of the produced
biosurfactant. Brevibacterium casei NK& was the
effective  biosurfactant-producing bacteria that
providle CMD values up to 18.5 times. The
production of biosurfactant from Brevibacterium
casei NK8 with pretreated defatted rice bran under
alkaline condition proved to be a useful application
of alkaliphilic bacteria. This benefit plays an
important role in the assessment of the economic
feasibility of agricultural/agro-industrial wastes as
substrates for biosurfactant production. In addition,
the optimization of media compositions and
culturing conditions should be studied in future
research.
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