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ABSTRACT

This research project is to study upstream to downstram processes for production of
biopolymers of polyhydroxyalkanoates (PHAs) from two sugar based agricultural raw
materials as sweet sorghum juice (SSJ) and sugarcane juice by three bacterial strains of
Alcaligenes latus TISTR 1403, Alcaligenes eutrophus TISTR 1095 and Hydrogenophaga sp.
and including 3 strains coded as S4, S6 and S11 that were isolated from soil environment. It
was found that the Isolate S4, identified by 16s rDNA morphology and found as Bacillus
aryabhattai (99.7 % similarly), can be grown better than other strains. Thus, it was choosen
to further study for production of PHAs from sweet sorghum juice. Then, composition of the
both juices were characterised and found that the juice contained of total sugar
concentrations at 207.43 gl_—1 for the SSJ and at 105.5 gL_1 for the sugarcane juice. Batch
fermentationa of the SSJ were performed in both flask and fermentor. The results from flask
scale revealed that maximum biomass, biomass yields (Y,s), PHAs vyield (Y, and
productivity of 6.22 oL, 0.17 ¢, 2.43 oL, 0.066 gg = and 0.037 gLflhfl,respectively, were
obtained after 66 h fermentation while in case of fermentor, a maximum dry biomass of
10.38 gl_-1 biomass yields (Y ,,) and PHAs content at 4.36 gL—1 were obtained after 72 hr
fermentation. The results were equivalent to biomass (Y,), PHAs yield (Y,,) and productivity
at 0.19 eg, 0.081eg and 0.061 gL 'h", respectively. When fed-batch fermentation was
further considered, it was found that the cell density, PHAs concentration and the
productivity could improve and showed maximum values at 14.20 gLfl, 4.84 g'L’1 and 0.073
gL_lh_1, respectively after 66 h fed batch cultivation. In case of batch fermentation of sugar
cane juice in shake flask by pure bacterial strains of A. (atus TISTR 1403 and A. eutrophus
TISTR 1095, it was found that the A. eutrophus could grow better than the A. latus. Thus,
only the A. eutrophus was further cultivated via batch fermentation in both shask flask and
fermentor. For flask scale, the dry cell mass (DCM) and maximum PHAs were obtained at
6.013 gl_’1 and 1.84 gL’1 after 60 hr fermentation that were converted to biomass yield (Y,/)
and product yield (Y,) of 0.163 and 0.050 gL—lh_1 while, specific product yield (Yg,) and
productivity were reached at 0.306 and 0.031 gLflhfl. In case of fermentor, the DCM and the
maximum PHAs were obtainec at 5.881 gl__land 1.281 gL_1 that were calculated to values of
Yus Yo Yoi and productivity at about 0.190, 0.041, 0.218 and 0.0213 oL 'h”, respectively.
The results obtained clearly demonstrated the great potential use of the SSJ and the

sugarcane juice as raw materials for production of added value product of PHAs.



Executive Summary

Bioplastic of polyhydroxyalkanoates (PHAs), thermoplastic polyester, can be
synthesized by various microbes but mostly by bacteria under nutrient limitation as energy
storage and accumulated as inclusions in cytoplasm of these bacteria. Bioplastics could
lower the contribution of plastic wastes to municipal landfills, about 20% of the total
waste by volume and 10% by weight, by substituting for conventional plastic in a wide
range of applications. However, the most important problem preventing the commercial
application of PHAs is their price. PHAs cost 10 times more when compared to synthetic
plastic. Much attention has been devoted to reduce the price for PHAs production by the
development of improving bacteria strains as recombinant strain, enhancing production via
optimization of fermentation process, more economical recovery process, and most
importantly, the use of cheap carbon sources. The carbon source contributes most
significantly to the overall cost in PHAs production.A number of carbon sources, including
carbohydrates and sugar based materials such as corn, potato, cassava, sugar cane, sweet
sorghum, acidsand crude carbon substrates (food waste or by products etc.), can be used
by various bacterias, have attracted much attention by many researchers around the
World. Since, Thailand is an agro-industrial country fruitfulled with many agricultural
products and by products which can be extendsively used as raw materials to produce
value added products. Therefore, the aims of this research project is to apply cheap crops
such as sugar cane and sweet sorghum juice as carbon sources to produce PHAs via batch
and fed-batch fermentaion in both small scale of shake flask and in bioreactor by using
sucrose utilizing bacterial strains of Alcaligenes latus, A. eutrophus and bacteria isolated
from environment. Effects of operating conditions such as initial pH, ionic strength of the
medium, concentration of trace elements, and type of nitrogen source were also
investigated. After fermentation, downstream processes such as cell disruption,
centrifugation, and extraction were applied to recovery PHAs product and vyield of
production. The characterizations of PHAs were examined and compared to the standard
of synthetic plastic. In addition, potential use of the raw materials of sweet sorghum and

sugar cane juice were evaluated.
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UNn 1
UNUI

(Introdution)

1.1 anudunuazanudrdgyvestymn (Research rationale)

seilagiiunanaiindansizst (Synthetic plastic) angmamnssaiiasied Wuianiiduiideuuas
fnsihuldnutuegtouns vaneidluzuresnivugusy 09 Makasusunanainla fiduie noonaudses
wdodldrnerludinusedriu wae Meiidesnnanafninueudafiivasetns wu Sanumilsuasdany
dovgu Huaunuuarliduaiy Sdwinin seesauiinegnnirfagduuatssiin deudailigasmms
TwanaRniadesionugeis 100 Alansw/au/Al warifviuvsinumsliBafuganniudeny umgliiuey
ﬁflwaﬂmwmaaﬂgﬂﬁq@éqLmé’auﬁwmumﬂLLazsmLm'ﬂ’ﬁﬁﬁm msgmnmaalaensilenauiigndies
pamdnguiAuna (Sanitary landfil)  9duvddifleglusssumdgesaasldonuagldinaunuansaud
(Young, 1981; Huang WazAdy, 1995) wazmninlumdnlaedsiuinalauds AazyilmAnaTusadanaumiiy
nelmAnteynmaiiuwniseinia (Air pollution)
Usgnaufuingansaimsnanraundsnuitemdniniiidlasden vhliussmadagialan
sutaUsanalngliuamminenssssundag  (Natural resources)  flazanansanianldlunisidu
fmghvissilunsidamdsnunaunulusiuuuinng uasilesmnussmalnedulssmeanunanssy Sohli
fmgAvilldanmainuasussamutls (starch based materials) Wy 413lna Sudends a0 uazinna
Wuesiuseneu (sugar based materials) 1w sesuazd1vieniny Wudy lasuanuaulalunisianld
Huingiulumswanndsnunaunuluguveseniuea vausierfumsanuiidouasiannlubesnisuussy
fmghumananeasdanan  dundndusitsargaiunimandasifiduinumnnuasdyanein
o3 Iesuanuavlafuegianirenne Tnsemzetnidansainsesdrnuiuasimuiismsulssunands
NnfmgAunensnens  endaduussetusiidulinseduanden  vie  “nanadnfiaanssale”
(Degradable plastic) wdefifieuisonin “wanafindinin” (Bioplastic)
Togluszozanunnndt 10 Bk $nidelusessmadudnlnglianuadlalunsise
LAy sKaRanTaeinanainfiaaedlimetanm et ldeununsliwarainduasziiuas
wanaindrnnaulnajinasduaszituanasiulenedwed  Biopolymers)  fildansssumi 1wy
wwaglad (cellulose) luuau (xylan) waguau (pullulan) lafu (chitin) lalaugu (chitosan) waznsnuania
(lactic acid) Judu  luvssmanslulewediwesinaril  nuianslungunefiunlensendsanluen
(Polyhydroxyalkanoates: PHAS) fifiurnndn 40 viin muﬁg«msayﬁué (monomer) maawaﬁma%mjw‘iﬂu
anstamitléfunnuaulafinuuniign vadwmszamsodunsdadunarafindainnlduds Safinuauh
ppUszmsndneadatunaainduanssivianedingidy uazannsnamedldlussoznandu Vs
6 \ou s 17) (Evan wag Sikder, 1990) @nansaaangdmiadinmilsegauysal (Bassas et al, 2006)
uenniansondldnnguedunidvasaneius  nsawgetisbuunfiselunduresaeiusenag
W Alcaligenes spp., Pseudomonas spp., Ralstonia spp., Bacillus spp. udu Imaqﬁuw%éLméﬁﬁﬂz
asazazavaswedweasiazlanediues (copolymen) ineluwad (storage polymer) ailouduumas
Afuouvieuvamdsny  Wewadedunidindytuanngliaunaveaumaemns (Nutrent imbalance)
WU Wewadqaunidegluangifiuiinaumasnsuounniuly (Excess carbon) usivazifiedfufiunn
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Uhnamsewnsviedu wu lulnsiau veaveda “av SuilvilueiiZeliaunsoainsnesiluionis
Wydulald wiesdsuluaauazasanasindwesogneluwadunu (Chua, 1997; Rhee, et al ,1999;
Steinbuchel tlag Lutke-Eversloh, 2003; Bassas, et al, 2006)
og1lsfinn nisléusslevtiannansindiuas PHAs  iilenandundndnsinaraindanw

famailguassauazdadiiniiddgludesvesdunulunisudn dewuinganinniswdananaindaunsisi
410 wi1 (Chang, 1994) Tasuuammilsivnazdululfuasidnanmuniigalunisuftywiioan
Funulunisudnlndimainguil anarildlaenisldundsvesarfuvauiigdunidasldifuasdedu
(Substrate) #ifisnAngn 1u nndudUnds (cassava waste) nntATa (molasses) wagydsanszuy
thdnlugnanvnssuemsuazinuns Wudu  Aevdaanil inmfuazans (2543) Uszaunudnialu
nsAnwiileUssdiudnenmanudululdlunsuarasinduesauglufumaussuutintindsiuy
nznoutaniniidelsanuuiafudends lnonisadsannefmungauiiotmirlinguedunidnan
(mixed cultures) Gsanlng)funuaiiSovinfesmssendauiiaesineludufivenniAvesssuy @i
dovaaedsanysnUszinnansdunisiifoglutinde waransfortufeeiinisadwosavanindiuosly
meluwad naensunisadnarsindwesfinanesnuniioussiiunald (vield) waznuinindwesiiadnld
Hulwdweslungu PHAs desnnnmfuazany (2544) IdfnwinissdnlulenedmeslunguPHas 91ntiide
fuasizd  Ingldndugdunidnauainssuutitnindsnuungnowss iewieuifisuiutunisld
wuniSeusavdaneus Alcaligenes eutrophus TISTR 1095 wudnianguiduniduauuazteuians
anunsouan PHAs I usteenslsfimusunumanandsgeglunnsiinaldves PHAs duh atioraiiomnan
Yadvursusznslidinesiduasunsedisifnafuiivivgduniduioudnseisaalimnzanvesunas
asveuiilivhliadunidliannsonsydulamelfindsemsiuglfedasiui msnuauszuudeudng
gnlimdeutunisldunaansuoundeunamdsnuien wu mﬂ%’ﬁwmau‘%qm‘éﬁ’mlﬂ

wazanmsfivszmAlnedanuldiuiounsduninensnsnuesidanuvannvats  faluds
VRIUTINUUALANN é'faﬁ?u"l,umﬁfi’]’aﬂ%&ﬁmmaﬂwaﬁ%’sé'fqmy"qLﬁulﬂﬁmﬂi’f"imqauﬁu’qéfumami
mwmﬁﬁmmgﬂ Tnsianzegedsdesuard iy wie Sweet Sorghum (Sorghum bicolor L.
Moench.) ﬁgﬂﬁLWﬁ%ﬁsﬁﬁgﬂam%ﬁﬂﬁmLazLﬂuﬁﬂﬂﬂiiﬂgﬁﬁmﬁﬂ%mﬂi%LWﬂLLazﬁm’iL‘WWUQﬂE}EJ'NLL‘WSIMa”lﬁJ
Tnsanzegnsdslumanguen doanie Tnefidesiudusunuvesiivlienguilsd vasiludiumesdin
shavuiudusunuvesivlsifogdu Ussanw 100 Surdeussinmuauifouiny wasihduana i
G?J”nﬂwmﬂu%ﬂL?;Juﬁﬂi'ﬁmwﬂgﬂlﬁdw fmiluddu Guicy stem: D gene) uasilsanny (sweet
stalk; x gene) Adnedas FnunldustlodldvanuanssuuuuidlugUresivormsdn wu vhvdmdnly
Juomadesdnildlasnss  uazewnsuyudlasmsfiuiemivmuiidueenunlfaziinnumiuegsswing
1524 U3nd dvmuildennandunieglesa Weliusslovidmivinhma viadurdalassy (syrup)
dwsuviniis sethdhamiundesiy Wesenfivinaniinna3agd (reducing sugar) g USinasiheal
filsvegsewing 40-45% e pH maqﬁmmu%agizmw 4.5-5.2 Gﬁuaguiﬁ’w%mm aconitic acid wagile
AT IINERgsEIg 1.05-1.08 uennitremudaduiiviiufusldftuaninuiuds deans
¥ 250350 @ms iilensnantmitnuds 1 Alandy vuanmRwfuseziussldliunas pH (5.0-8.5)
saviamusoanmihnddldnoauns drhemuiuggnlutiantu Iiendnduandaud 5-12 fustols
Mndeyavesdinnuaysiansnuns  wuiussmalveiiuiivgndninsssna 6 uauldimuasd
USinamananiaridu 146,455 fu uitrvisdndunigninludiesdnd egndlsfinnalussesine 10 U7
M inwasnsBudinisugndrhanuiiei lunaandssoumaumiluguieniuea
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uazanmslFeuiisusmdunuingiunamsinens faunsathumdn PHAs 16 sisedy
(Ww/nn) Wy Fravheau (049 viwnn)  Sa (0.8 uw/An) ninthana (3.8 uw/nn) du
dzuas (1.7 uw/nn.) wazdalwe (5.34 vaw/nn.) %ﬂwudﬂimﬁmqﬁwaqsﬁnwwmmﬁiwmgﬂﬁqﬂ
uazdosidudiiuseos (Useans uasamy, 2509) Wlefinnsunlubomesiuuuesnaingiu Usenoudy
eAfefinmiuazame, 2550 Tifnwnsnanasiulewadiues PHAs ainnsithdudvinemiuly
niinuuungluseaunaian %’ﬁmams‘wmaaawudﬂﬁﬁy’u%’nwwmmﬁé’fﬂaquqﬁ%ﬁﬂﬂwammﬂﬂawaa
wos PHAs lélaenss iswgaulufeuaemsueuliiuiordunisuashanmefivanzaunuenenis
waRluszAUSminuun 5 03 awuin waldvesanslulewsdiues PHAS g

Srfunnziifeiainuunfnuasiomnisfiarifouasitauinssuiunssdanaiaindanm w38
wanaRniiaaneflinussIuTR faunszuaunsEu aunselEenstuaunsdanen wWiethanslulene
dlwes  PHAs ‘ﬁw?ﬂmiéfm'wuﬂsvmumWﬁﬂ’?mauﬁﬁﬂfwmaLﬁuaaﬁﬂi“ﬂawé’ﬂ é’waéw?émaﬁuﬁ‘ﬁﬁ
AHANNIOIUNTNERNES LLavLmaﬂivmumwaamwmwumimummmamm% (product recovery) ) loy
miaﬂmmﬂdawaaLuaimmuaaﬂmﬂLsuaaaaauma Welunay  (blending) LLavmsﬁJugUmme
(compoundine) Tnensldfuszauiivhwinfiidu pasticiser fildainansinduesainsssuwd wu udiy
dUsnds o wazndwesea Wudu ievwndaduuianssundnsasimatafindanim  (Innovative
bioplastic  product) LLa“mmsaﬁuEnEJmamimamlé‘[,mvc?fuammmiw‘%aL%qwm‘}ué Tneazi3u9N
nsenwiiendesdutazhAu e wndunvasmsvoudmniugdu vsdanenugnianisen laun
Alcaligenes latus, A. euthophus Wag Bacillus spp. mmmmswuqmﬂmLLsmlmmﬂﬁiiu‘mm (mﬂﬁuaa&awa

mineaedtuszAurlaraniauedIdelafnunuiludidesrunasiiuinarhvmny . Tesusenauves
TG R N I PR P R F e IV P L PR A TR DN VLI RGTK: lngangogneBaiivnmaglasadu

osAUszneUndn)  Bsqduvddarvhanuldedsiiussavsnmlusdnanslulonedweslungy  PHAs  Tneld
nsrUALMISLUUNEWALLUURINY felussdunaatuarlusziurensrunnelufafnsaldanm
(Bioreactor) wiademin (Fermentor) wuin 5 &n3 iofiuuSinamandn sauvanisdnuianioi
winzauvesgduvsdluniskdnanslulenefiwes PHAs Usgandamasgn naenaunsAinwinssuiunisiiu
Aeudtensnanslulewediaes PHAs senantmtn wisniussthanslulewedwes PHAs finanlsily
Jutmghudeiulunssdaduuinssundasuinaaininm  dieliAnnsuenesanisudnudndios
wanafnTanmidendediely  Turamifntuamuanysaivedesaimsidel  azasouaquludsnisfine
danmsaanedmsTinm (Biodegradation)  maeaaumsAnwiiteilunisuszidiuengmisldiuves
nAnSausiwanaindinmikantuitannesnslunmsthnanainanmldliselovdludnuaeseg Wy ms
Tnelululesion viomslifigamgiias Hudu ddansiiteldmaniihdogannuanisitoasaig
aulstlovd Tnsannsmilusenaifiewmuignisudnanslolenediues PHAs ieliduinghueiuly
mawdmsAnSuTmaaRntanmlusssudondudieluuoninisaduateyedifin  (Value  added
product) Wfufiglsmeniainuasldun Sosuazdmsneniu dilimeuesdosuasirnmugsdu uay
dedunsdastuuaninduussgdaliinunsns isndgndesuasdriihavmufisdulumsdomduns
afeeldlitunuesns  asemsuunisinudwnndendasndunistisuiamnisianisvesnanain
dups1eh Aidsdifusnniulunngiuiivialansely
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1.2 InqUszeaeAvaslasen1side (Objectives of the research)

1.2.1 ngUszaeAndnvalasenis

a

WoddehasWaunIsHannan g uTnnssunatafintin i dulinsfuaawInasuaIn

[

oAumensineasTitimadussdussnoundnlagldnssuiuntstuihdsuanedh

1.2.2 InqusrasALanvadlins

1. Wiefnwitesdusznounasanauiiviinisnmuasaiidourenidesfunazidy  and
dudnasineu e lfduingAuilunsnanasiulewaiues PHAS

2. WieAnwansfimnzaulunisuan PHAs anvesindesautasthduduininemu
Tagl#Bnsnsinuuunzuasuuufsnglusedures foanns Quranariuei)

3. ethwansAnwannsivanzauilaludlunisudn PHAs Tngldisnsmiuuunsuasuuuiiony
Tusgduvredumeludafnsaiinmviedmiindfivuinanug 5 ans

a. Lﬁaﬁmanﬂizmumiﬁﬁﬂiz?m%quaLLazﬁmmmmzamiamﬂﬁmﬁ'm PHAs 7ia%19
wazarauagnelunduwadaiuvsy

5. WlevasouanautAivIInIsnmuazaiiues PHAs Tindsldannuesihdesdunastihdudn
ArevnulSeufisuiu PHAs 119115@1

6. tieUsiudnonwlunisuan PHAs annsminuesinessmutazinmusinmmugg
AunIdlunddunulunsndn

7. LﬁaﬁmmmsmamLLasmiﬁugﬂmm PHAs Tunszuiun1swaananadndaunsiet nuansiuloned
wosnnsssud Wiendndundasausilulewarafnuienanafniidesaanslafuuuy

1.3 YBULINYBIN15IY (Scope of research work)

Tnsimsifeiinsouaquiiinisinwesduszneuiavanaudfidesiuresingiumens  inumsiid
osfdsznoundniduhoa  luitdsdenyinisinuluhdossuuasihduanddududriomu
iy Vinaninationun Usinashmaglesa dmanglea uazarnunse-ans Wuduiionanld
HutngRudasilumsudn PHAs nsnuanefivuzaslunisndn PHAs Mnluthdesdunazidy
drudnainevnu TagldismantnlussdurosfiRinng uasmsfinuinisndn PHAs anluthdosy
wazthAutinenu Tagldaunisifienuanmsogddunisndn PHAS 1usz¢'1’uﬁmﬂ§jﬁ§ms (flask
scale) Lagv818UUIN (Up scale) ”Lumwmﬂgﬂmmmw (fermentor) ¥u1A 5 303 Lileliu3ann
KA mamwmmmﬂmmamavmmm“aaﬂ,umimammi PHAS WazAToUARUTNISANYINTEUIMS
AuRemandae PHAs Tlavauegnelumadqdunidsanstuagluimin owen PHAS 980911
umuﬂmaasJﬂuLLaJLuu’mzmsum/\mmm ilausinasnn (vield) uardimnuuiansas  dadu
nszvIL MaTAnTuMendnduganssuaunsninudy udinduasin PHAs findaldiludy
fnghuifionauuartuguiuinduefsssuniniasagn wu ulleiudlends o1e uazndwosen lu
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MsuARUTRNTSUNARS sNaNERNTIN ML TUTRSAAWINGL LB WARNISUEIENANISHNARNER
Augnanaindinnluseaudanaivdnsld

1.4 Uszlavunaininazlasuainnisiae

1.4.1 nauanautinnIen nwasmeaiiveusensvesingaunantaundesuas i1
vy Aldlunszuiumsntn erdnanslulenedues PHAs
1.4.2 MUTNSTIUTIN AALen uazn1TUsidnvzvesmeiug naenaudiIINIsiates
wuaiFeaeiuguiasuazaneiusiidausnldviazldlunisudn PHA
1.4.3 novanmzfangadlumninfagaufitinaduesddsznoundniftendnluloned
weduiln PHAs Tagldidoraunisadauannsn Tussfures foRnisuarlusesuuene
druludonsin elildnandn (Productivity) wiewald (Yield) fifluszansnmdsazanunse
dluduingavlunsudanaraindinnuielulenanafnsely
1.4.4 nywisnmsivang adlumsusnisadesnantviinuasiuie s fasinnsed
AUNIE
1.4.5 MUNa/ABnsuan PHAs filussdurlanariuagludmiinugisuua
1.4.6 AuansAveslulelndied (PHAS) ameunen ™ manawasnI9nafouLns
Uszns Wisuiiguiuaaandivesnaladindunsies
1.4.7 lokEniasinanafinTan mauLuy
1.4.8 NIIUKA/TTNITHEN WAASUNNAERNTINNAULUY
1.4.9 iﬁ%’ayja%’aLLazLLu'm"miumiﬁwLauamamu%’aﬁy’ﬂugﬂLLUUTuﬁﬂﬁzﬁqﬁﬁmmiizé’fuma
LazuLAnaenIuNseuuAIITeeRfulunasivimsssiuuuea
1.4.10 iunsaayadfislsiiuTngiumanisnens Tasanzegtsdeivlsiminadu
sAUsENBY WU S8y uazd1hem Suazdmarlunsdorliiuinunsnsiivgniiels
wiendl Tunstleusugpamnasumandnnatafinganm
1.4.11 \udeonaiddntitugramnssudnnaiaindunsiey naesaugnamnssuduantiema
Tumsveneanenisnan videdgravinssumananlulenedmesandosiiletonug
TsanunBananadin uaz/v3e donavnssunisnannanaindinimasuises easuly
sHARNAnAusInanaRnTidesamevienaaininm Mduliasiuduindeslusesu
gaamnssusaly
1.4.12 shlviiluanidsunazdevenmaliladsznieinideluniasggnimensy wie
negeavnssunelulsema wag/mM3ersUseina suavilugnisvenenanisuaniy
sgaulgandvdlueunan
1.4.13 ledoyamsidefiannsathluafaninanuidelusuuuy manuscript wounslunsanside
madneneanidadufivensulusyiuunmiuazidadansenu (Impact factor) 113

PEUaNaUNIITINSHUUlUANBIHAY /Msawuutinian (Poster / oral
presentations)
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2

=b.

UN

L

N e uazuIdeNngIvas

(Theory and Literature reviews)

2.1 419W19%27U (Sweet sorghum)

F19%19991u (Sweet  sorshum:  Sorghum  bicolor (L) Moench) TeguUnfududufiudild
Uselominnihduvasdrduundn Sanumiuduietudes Shmanarevdaduesduszney
Tnenawiz thmanglasa signlna gleasa ddludiuvesimaglasassiiviinasnnininavindu
Wuieiuiuses waluvugifgltuiaunsalduselevdannudalauieiiutiiiaudn (grain
sorghum) Fadufisiilivsslonilduvvenyszasdisluguonms ndsu wasTngiulugaamnsss
A9 mamaﬂgﬂlé’maamﬁ"’qﬂ ffmgﬂiuamwmﬁ’aﬁmuﬁalﬂﬁ]ziﬁwamamﬁuaﬂLa?{wszmm 4-7
sols wininugnluanwdiiisaussnuagldandaduantszana 15-20 fusiols fengfuiien
100-120 fu Faduitendefiliuanvaulaelfiduingivlunisndnaisdneg 1wy leniuoa
(Loapaiboon wazamz 2009) nn uanin (Hetényi wazamz 2010) lalasiau (Antonopoulou
uagAMy 2008) “a1 nAmanTARInd i AuInd R amnefiasialdiiedu
uwnasingAvdmsuaunEels Tnatanzdraihamumetus wa. 40 fagu 2.1 FsldSumsiaunans
fiusannumAInendeveuniy azlvinandniade 5-7 dusiels To1giiufer 90-100 Tu (25-35 Yunds
aonuw) Tivnuaeae 2500-3500 aasdels (Usyans, 2551)

A 2.1 919919940 40”7 MHUUTUUTas ALIRUEI NN INedeva ULy

2.2 909 (Sugar cane)

PoeiYoMIng1eansin Saccharum officinarum L. egluiid Poaceae (Graminceae)

v v

d' o A = v @ A Y  a = aa o w1 3 ]
ﬁ]ﬂﬂuiu%@ammﬂa Sugar Cane 6(]'\‘1@@EJL‘UU‘WGUW’JﬂVﬁqJJ']GUUWVUQV]Nﬂ']qmaqﬂ@lmamwwﬁﬂqﬂIULLQGU@Q

Calle
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[ YY)

Y < v Y [ = ] a 1% 1Y
sl due19uis veutullunsdiAnyousdu 4 ¥aslan i@ﬂﬁ]ﬂﬂwamaﬁ%’]ﬂﬂﬂim‘@ﬁ]ilﬂLLﬂ U117

o
= =) o

a1 $17lna waedn anudidu Sen AefivddnyiilutngRvresonaunssuimaressuna ua
Inedseanihniasesain unda annmylsy uazeeaands afemeldidssmalazannniaes
wituduum luwsastussmelnedifuiiugndoslssnulsitosndn 5.4 &wils WinanandosUszun
49 &y wandniade 9.5 fusiols

tdl v AT 9 a [ v v 5 14 [ a
AINN 2.2 2RYNUY VDY 9 V]N'TUUTU‘UEQLLa8WWUWWU§LLﬁglﬁﬂW§§‘U§8ﬂ®EJ AUIYINTITLNYHT

(www. locals.in.th)

dufulsmmalvglafinisugndesuuilununia  winshidmanndesldEiluatonss
alrfouszanad wa. 1920 undwind Woyegfidiosaluty fvalon wasiunanysinadingeld
Tuadeduduinanseuns (muscovado) uifethdessy Wedudmnidudu  fiiieinssuisnig
NAnmans1euAdsndunsHERImanIeY (centrifugal sugar) Tuldsufismiagunaile
Y . 2480 nda1ntunsHantmansevnldvseiuiviulaedidu (Fude was aneudl, 2536)
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Fenuldvatuanysel yuensAmans @nd (DBG 5380013)

W.A. 2555

A1519% 2.1 dauUsenauvaindes (FakUasann James, 1985)

indesnu Wasidud (%)
1 (water) 73-76
YoIuda (solid) 24 - 27
voaudsfiaraneld (soluble solid) 10 - 16
\Jo (fiber) 11 - 16
druusznavlutides Wasidudanvasudsfiazaneld (%)
¥ana (sugar) 75-92
wlasa (Sucrose) 70 - 88
nalaa (glucose) 2-4
WsAlad (fructose) 2-4
\nae (salts) 3.0 -4.5
\ndousnIneiunse 15-4.5
INADYDINTABUNIE 1.0-30
NINBUNIEDETY (organic acid) 1.5-55
NIAAN5UB3AN (carboxylic acids) 1.1-30
nsAoxdllu (amino acid) 0.5-2.5
ansauitlailavaa (Other organic nonsugars)
1Us@u (protein) 0.5-0.6
wia (starch) 0.001 - 0.050
614 (gums) 0.30 - 0.60
Tyuazia (wax and fats) 0.05-10.15
a5 30-50

AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny
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2.3 lulenedwesvianedlansanddaniluion (Polyhydroxyalkanoates; PHAS)

Tuszeznanfiinumnysemasegilaninistuiisesdymiudunedeuliieadudgwilan
Zau Yainde rassaulamnisidavende wievezinag lnslawizegidwesiinanwanadn
flFnmsdaessimaeidudeddinasnuumanstlunsaasd duludagdunmsideiaun
wagnAnmanainfianunsndesaasld (Biodegradable plastic) Faduwuamadildsunisauladi
mMAsguaziontu Smaainitesaaelsiivaiseia wu neduanfinuedn (Polylactic acid ; PLA)
woalafiaudaBiun  (Polybutylene  succinate ;  PBS)  uaz wedlgasenddaniluien
(Polyhydroxyalkanoates ; PHAs) %awaﬂaaﬂﬁﬂ@aaawlé’mmﬁ%gﬂmémﬁumﬂaﬁw‘%&ﬁmwasﬂu
sUveaedes vieiFunin lulenedmes (Biopolymen) Fstlagtiululonedmesiilssuauaulaiy
oghande aslunduuomedlensenddanluion (PHAs) aslulewedwesudindgndunuidundy
wsntut a.e. 1926 aeg Lemoigne UnNanena1answiie Pasteur Institute a4 ng3U13a (Anderson way
Dawes, 1990)

il 2.3 lulenediwesnudnuazainlaangaunsd (Mun: http://www.ucd.ie/biocata)

PHAs Usznaumeluluweindn fe nsnlansenddanludn (hydroxyalkanoic acids) uag
aansnduunegnanhedld 2 naumumnusnaelsvesvgunui (;R) lumbeluluwes fo Amnuen
anelgvaavyunuiidu ddilumesasysznaudsernonaiueu 3 - 5 axnon wagANEIAElTYDS
yajunuiivunans Salulumesazyszneusneeznoumiuey 6 - 14 axasu PHAs findnlslagiialy
Usenaumeluluiwes 100 - 30,000 B LLazﬁmmm’meﬁmamyjLmuﬁé’?u Wil PHAs SU33na
nanlulassasiage (Seway 60 - 70) Jvhlvimediues  darudumusedvinazalgieiuiniag
arudnumnuseluiunazihiuuunanded vennidfienuiuniudesd UV @ udlinusionse
Laged Liesa N PHAs dnmsunssnuvesinaeendiaui silvianansalfiduussydsiilidesnisl
Sudatuonnia uasdiannsoldmnndoulunistugldie  ddneiilunds PHAs  asfinmauds
AdneAdaftu wealnsiau (Polypropylene ; PP)  (Evan uag Sikdar, 1990) §an15197t 2.2 uandnis
Wiguieuauaudfnequesas PHAs  dunatadnduasievivlianadlnsiiau Agumngiian
waouwad (Melting point) flelndidesiuun saumerndesazuesvasnisifiandn (Crystallinity)
Sedudlefinsanmuananiimluudianasaidenld i PHAs Ty Thermoplastic Snuinnils

AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny 9wl



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

M13197 2.2 AauaudRves PHB Wiguiu weadlwsiau (Evan wag Sikder, 1990)

Property PHB Polypropylene

Melting point, °C 175 176

Crystallinity, % 80 70

Molecular weight, daltons 5x 105 20 x 1O5

Glass transition, °c 15 -10

Density, g/cm3 1.25 0.905

Tensile strength, Mpa 40 38

Tutlagtunisldussloviann PHAs  awnsaldlivarsdnuvaslagmluudalulsanu

gnaunssudn1sudn PHAs iieiduussydne waneqaiia ludnasdu v g9 wieldduiiduadou
n33A1Y (Steinbuchel wag Fuchtenbusch, 1998) Tusnunmsinuasagldiluaneriuuasanlass
gngiwua e iviiy vielemugisianfinmun viiewlinseidlumenisunmg wu Wuiasvieuda
- | N 9 v [ = = Y v Yvwo
gvsegeiluueg viieldiluluuazarsiduuna Weoean PHAs - Hadwauisatunisidriulanu
sEUUHINM (biocompatible) AuaUsAgNAATH (bioresorbable) Tunszuumslusnanieyililyl
= v = ' I3 4 o ' v a . o X v
finat1ufesialgaduatyed  wavdiaunsodasaanglanis@inin (biodegradable) usiviatinasly
PHAs Tunsnisunméiidaiidedninge PHAs AiladeldiinnuuSansiieans uagAuyusaddiodnas
nITingRvwiindu

2.4 [aunsdmbhanlglunisudnlulewadiwes PHAs (PHAs producing microorganisms)

Tudagdunisudn PHAs azanunsananlangdunsdvansviin Wariuin PHAs 19aun3dnin

[

Fullashuihniluunasazauaisuautaznasny yenaniideraviwmihinuaudnauasdeyayia

¥

wnadosluad Iefimsndn PHAs Suagiintundsannisiasyuosdunididndsrosgaaanda uay
nsazan PHAs  neluwadasiatudlowaduesgdunideyluannsfiansemsnanuauna
(Nutrient imbalance) Tnefiuvasnnsueusnniiume Tuvaziivina lulnsau Weanesa sendiau
flodedrin Tneflyaunidudasaiinasdinisavay PHAs  usnenefu Sufuaniiznisimneides ie

v
=< 2 1

PuiuwasnTusuldiaeaunsduug
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Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

QAunFsildlunsnEn PHAs aunsosuunldmunsideade by 2 ndu fe
1. nguidesnisansormsiisndulutiunuddin (Limiting  substrate) L9 Weawesa
wuniiBey lulasiau wiedaules qaunidlunguilldun wuafli3e Ralstonia eutrophus,
Protomonas oleovorans Lﬁu{;]}u
2. nguitlsidiosnisansemsndnduludianadiin (Non-Limiting substrate) awnsaazas
woRlwosszninnisiaiyivin dunidlunguilldud wuadi3e Azotobacter vinelandi

recombinant E. coli Wae Alcaligenes latus

AWl 2.4 A, latus WunuaiiGounsuay nvasduuvisdu Talatinier Wug vieiduaelsduy
(http://www.nrc-cnrc.gc.ca/fra/actualites/cnrc/2007/03/07/marche-sirop-erable.html

AT 2.4 uanagauvEduin A latus Feilsidiosnisansemsfisndulutiinadia 1Ju
wuafiounsuay dnuvazduuisdu Talafiien 1Hug vieduasldduy WoRiansunysumms
Arauved PHAs Tuwadvuaqauvsdnigg Fapn5797i 2.3 Wui1gdun3gdman Alcaligenes spp. Ty
anansnazan PHAs Ténndige fla 96 Wedldudveuuadu

AYIANENT19158 AT, NN WATULAT InTinedeveunnu 11|11



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

A58 2.3 Uinal PHAs Tiaganluqduvisdusazyie
(http://members.rediff.com/jogsn/BP6.htm)

YAYDIRAUYISY shwiindetminLeaduRa (%)
Ralstonia eutropha 96
(reclassified Alcaligenes
eutrophus) 75
Azospirillum 73
Azotobacter 57
Baggiatoa 67
Leptothrix 70
Methylocystis 67
Pseudomonas 57
Rhizobium 80
Rhodobacter

definnsanlunivesnisléundsansuouiiuandstudanuiigdunidudasydadud
anuasatunsidunasanvoudieldlunisudn PHAs  fluansnefu @Wu R eutropha  ¥3e
A. eutrophus ﬁ?ummsai%’ﬁwmaﬂgﬂmalﬁﬁ (Khanna way Srivastava, 2005) A. latus @1u15ald
ﬁjﬂmﬁaégiﬂialﬁa (Grothe Wagay 1999) Azotobacter valandii a’lmiaisi’fﬂgiﬂalﬁa PS.
oleovolan @nsald n-octane 167 uaydsilqauviduindug Mkumsusuleiugnssuanunsaiias
Tunasensusulunisw@n PHAs lavatnuane wu £ coli \udu

v
a a IS

P a ] v i ¢ A a R
ndoyalunis1edl 2.4 agiuladundsarsvaunldlunisiasyivlnvesqduniduull

o
[ 1 1

warnuanesila nsdenwnasasveudmsudunsdiduladeniiauddysdenisuanlulenwsdiues
WaannmeraninusmvesingAursewnasasusuiuladedrdandnveanisndn PHAs (Choi
wag Lee, 1997) vibvilulagdumisldqaunsdntunsususaiugnssunmdn PHAs lasuanuaula
I3 1 a 1 ) . aa [ 1 1y . R dy 95

uegBady n1si £ coli Min15USuwseiugnssu (Recombinant £ coli) uidgdluniniinig

\endn PHAs F1 mnihanaureanieninnszuiunsndmhnauazisnnign
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Fenuldvatuanysel yuensAmans @nd (DBG 5380013)

W.A. 2555

M13197 2.4 N15HER PHAs lagqdunsdusazyilaleldunasnsuauiunnsiaiu (Lee, 1996)

Bacterium PHA Major Culture Cell PHA PHA Productivity
carbon time(h) | conc. | conc. | content (g/L.h)
source (/L) | (g/L) (%)

Alcalagenes P(3HB) Glucose 50 164 121 76 2.42
eutrophus
A. eutrophus P(3HB) CO, 40 91.3 61.9 67.8 1.55
A. eutrophus P(3HB) Tapioca 59 106 61.9 57.5 1.03
hydrolysate
A. eutrophus P(3HB- | Glucose+pr a6 158 117 74 2.55
co-3HV) | opionic acid
Alcaligenes latus | P(3HB) Sucrose 18 143 714 50 3.97
Alcaligenes. latus | P(3HB) Sucrose D=0.16h" - 16.2 - 2.6
Azotobacter P(3HB) Glucose a7 40.1 32 79.8 0.68
vinelandii
Chromobacteriu P(3HV) | Valeric acid - 39.5 24.5 62 -
m violaceum
Methylobacteriu | P(3HB) | Methanol 70 250 130 52 1.68
m organophilum
Protomonas P(3HB) Methanol 170 233 149 64 0.88
extoquens
Pseudomonas P(3HBx- | n-Octane | D=02h" | 11.6 2.9 25 0.58
olevorans co-3HO)
P. oleovorans P(3HBx- n-Octane 38 37.1 12.1 33 0.32
co-3HO)
Recombinant P(3HB) Glucose 39 1014 | 812 80.1 2.08
Escherichia coli
Recombinant P(3HB) Molasses 32 37 24 65 0.75
Klebsiella
aerogenes
AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny 13 | 7 11
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o/ a

2.5 uvaedngauntdliunisnanlulenadueas PHAs

q

1 [y

mﬂ‘mﬂmqmLLm:mmssumamiwamliﬂ,awaaLuasmuqizﬂuamammiuuumamﬂmﬁ’]ﬁ’ ey
Fuyures gy Sen1sinrsanfauvdinisuauildluntsndn PHAs fngautiudutiaderiddy
Tnsameidedunamesingivdu dunuideludetuldingliudmvouiiunndraiuly
n13HER PHAS Gensldundsmiveuiiunnenafudufiazililassadaves PHAs findnlduanseiu
s (Steinbuchel wag Valentin, 1995)

Bassas WagAny (2006) lémaaeainsalusiuiifidnmdruvesniueusznonuaniaiuuly
HAR PHAs 1neqduvse Pseudomonas aeruginosa NCIBIM 40045 wudnqduvisdanunsandn lule
wedies PHAs 1¢ Tnglsihwiinlanana (Molecular weight) ogllutiag 200-230 Alanadu (KDa)
Khanna wag Srivastava (2005) nasadldunasnsuaumanvanssiia Wy taasnlag nsawanin
thaaglasa n1ntha ndlwesea tintanglaa nsnesdin lulaa nsrluslwledn uils uazthma
waelaa Tneqdunid Ralstonia eutropha @sliinaingdunidanunsandn PHAs Iigeanainnsld
thena wignlea

Yu uazAmz (2005) Anwmavasmsdouthmangleawasledeulusiuloiun Tunisudn PHBY
Fadulawodiedves PHAs nvilanils Inglinszurumminuuudeidedudinsal@anm wui
msteulmidenluslnlewn fiflaududu 5 nfusedns qaunidazazau HB so HV Tushsidu 70
#o 30 wazideriveanduduves Tudeslusinlowndu 7 ndusedns 9duvidazasan HB s HV
Tudnandu 60 de 40 wanslifuiladeilusinlowm Adoudlulusenineniswdn PHAs @nnsa
dushduvadlanediues HY 1¢RTy

Lee waz Gilmore (2006) lal49auvsd R. eutropha et mdnueddeainanamngsy

o

lemnSu Bsansandn PHAs Wity 16.2 fadniusiofadanslusiu

Grothe wazAz (1999) naaasanmzfunyaulunisudn PHAs wuunglagldinaglasa
Fusu 20 nfusiodng Wuundsaniueulifugdunse A latus ATCC 29713 ndsannszuaunsnsin
WUIAUVEIaTliNanAngIEnves PHAS 10 2.97 nSusiedns

Liu uazansz (1998) laldqdun3d £ coli mmumﬁﬂimmawuﬁﬂiiu L‘wamam PHAs 971
nntmalnsmsuinuuung wuigaunidannsnazay PHAs  9anmintimaiiinnududues
thenald 40 n¥udedns 16 77 Weddudvousaduia

Lee uazaniz (1994) ldmsaaaey £ coli MlF3U DNA anewan Tunisndn PHAs Tngldemns
AesqBuvEeiuanenaty 39 £ coli anetus XL1-bule laia3ajlu Lactose Broth sasfunisuiy
nglaa 20 nusiodns agvilviAnnisazau PHAs Tuwaduinduwiniu 0.369 nfu PHAs da nfu
glucose #IBWINAU 7 NU PHAs siodns

antildimsldundensuveuiiunnsiutu faslfnandnues PHAs funnsnafu dadedu
sAvosundsaniveudutiafeiiianuddey fufunisassundsingiviiisagniuazaiunn
Pglvinsadn PHAs anansniulmdngszdugnanyngsy ddlussuszmaliinazidu vida elsm
yieUszmamsanamelsy 1iTnsndntuosnanieds wi PHAs findnlddaiisnauns Usemdlnedy
IfU3euusemadu Tusuvesnnuvanvanevesingaviiazianldlunisudn PHAs  Tagianne
og1sBsTngAunensinuasliinesduntaiudends Soe nieusinseistnrinemmu Alvnanangs
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swmnmdeglunaeian wagausamnzlgnlanaent AauwuIvawenIsuan PHAs luusewme
InedslaUspulszmanus) 8nann

2.6 NSTUAUMIALINLIENAR PHAS (Fermentation processes for PHAs production)
dmsunszurunaviin PHAs Taevialuthuusls 3 386
2.6.1 mavsinuung (Batch fermentation)
nMsmzidsauunsifunsmgdssgdunisluemsiidmuauiuasiuueuly
syogavngan auvidezaiyiiulaneldanneiidivun Ssnsasullamesanin windex
wnnmsavautesende vionansusiigdunisaiely mawizdeniunisisiiedussuy
Un Aofinstvuadsuinssuduresermsly Tnefisnsnisasyivinzananions wasiiuuiliy
Juguéidesanannznisviaunauemsiazdunidegluansdldmunzay (@lseyd uazaas
2544)
dmsunszuaumaiinuuunzdiendn PHAs 1 1dTnsduaiifeudunaiu Taed
nszvaunIvEinuUUngiiy Qaun3sAldlunismanasiinisazan PHAs wdsInnssuIunsLaiageqn
wazuviadlulasiau vsevleavesa Suazvinuaau uaznsIAURLY PHAs sananisadqduvidasifu
pdufeulegdunisinnsazanues PHAs  gegn lneflszezinavesmaiiuifotuiuiueinves
9auv3s uazvilnveaunasingAuild dnandlunsnsil 4.3 axdiulédn 98uv3d A eutrophus 1o
nifnuuunglagldundinfveufiunndratu narluninfuifeifasuansietu samfaianmes
PHAs Tindnldfazunndaiuge
2.6.2 miﬁﬁmwuﬁﬂm (Fed-batch fermentation)
mavnuuuisngvidemandinuuuaiinsridunsmedsniunisiiivssaniamgs
Tnaanizluanmitiinngnssudsnmaaiydvlnesgduidnningfududuiifianududugs way
anansalvinsmandn (Productivity) wagdiuiuiead gendimsvsinuuung Tasmsninuuuisngas
uAuEnTINISANe I sTagilinsneidsegluanitsfimnzaudoniaiulnuiewinndn S
paeaan lnsmaifuesasfuadiuegaaidoslifinmafufenininesnainssuy (alsed
wazany 2504) Tunszurumswiinuuuiensifiondn PHAs Tasausnnagiinisninlay 9dunid A

latus  Wudnlng esnaunsalinandavensadauas duvsdvialdaunsaldingaund
579919 Wunaglasa Wuwasesuay

2.6.3 nMsvinuuuseLiies (Continuous fermentation)

ﬂﬁl,ﬁymﬁuw%smuwiaLﬁmﬁ?wﬂummﬁﬂzgmﬁuaqmwmauqammamwmwﬂﬂ N
Wunisuddymuesnisuinuuung ﬁﬂﬁLaﬁ'qmaaa;%um%égmﬁ’wﬁ’mimamémﬁm%ﬁqaw‘%éa%ﬁmm
(Product inhibition) nsvsinuuuseLiesazannsailfnszuiumnaiyvesgauvidaniusioldls
desannisiuevnsludludasnsifufivnzauasiu vildiinaniusasda (Steady  state)
ﬁ]auma‘mLf\]smLmuimmuiﬁuauuﬂawuammaﬂuf\]aumwlwaaaﬂmﬂmmm (@591 uay ARy 2544)

TunSEUIUMSHAN PHAS  tuanunsanandienszuaumsusinuuusories §e91nnns
NAADIVEY YU wasAny (2005) ldveasuiiunandnvedlanediued PHAs laenszuiunisviin
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wuumeLiles Ingldlumeulusinlotumn (Sodium propionate) LUuasintn wuinnsiiusnduaes
lanediueagiiudununisiiuvasloionlusinlalunime wazann1s1ei 2.3 N15.899aunsd
Alatus  wuusailes Ingldinanaglasailuuvasmisueu awnsondn PHAs 16 2.6 niusedinssie
Al

2.7 UavuNlinadanszuaun1sndin (Factors affecting on fermentation processes)

2.7.1 aeiuguesgdun3d (Microorganism strain)

Steinbuchel  (1991) IdAnwdnenmueInIssan PHAs 1uvs03dUsenouTes PHAS
MNQAUNIHaUSA19Y nuaeTusAunIETdisty azlidneniwlunisndn PHAs  Iéisnadu
naontliesAUsENoUTes PHAS  Tiuansefiusie wagnanisvaaeses Tmm  uavanglud o,
1990  Alfnanisveasauiiiontiu wiliesnnalnnsdauasiesk PHB 970 Butyric acid Tneld
fg%uw‘%é Alcaligenes spp. Wwag Rhodospirillum rubrum ﬁmmma%mammmeehwaqmaﬁuﬁ:
AofnanINnISHEn PHAS Toguriu

2.7.2 unaslulnsiau (Nitrogen source)
wadlulasiouduasemnsiinadelasaiauaznisavanvos PHAs lulwadqaun3s
Fauvadlulsiauaziutedefidesinsdriniiieliqaunidinisasanyes PHAs WagNaINNSANY
94 Rhee wagamz Ul 1982 Iéinismaaosudn PHAs 299n98un3d A eutrophus wuinilelyt
uwnaslulasiauiisnetu agvililduInnaes PHAs uazdadauued 3HB/3HYV uans1sfuse Jeuand
Tumsnadi 2.5 il
2.7.3 5¥8213811151dn (Fermentation time)

HANISNAADY Timm  wagAnglul A.A. 1990 WUIINITHER PHAS  ¥B99auUN3Y
Pseudomonas aeruginosa Mé’ﬂﬁ]’mﬁ%ﬁuw%éﬁﬂéiwz Stationary phase a7 USununisavay
PHAs melulwadasSuanastenountil Lageveen (1998) wAn PHAs 910 n-octane lngqauv3s
Pseudomonas oleovorans  WuNBRTmaNzaNdmTunsIAuRe PHAs  eglutasszesiianils
ity uaflqAurSdusaneriugiianansoavay PHAs lundonfunisiasadulagu A (atus anunsadi
Azdzau PHAs lUndonadunisiasey  wedlsasend@damiluion (Polyhydroxyalkanoates ; PHAs)

2.7.4 45519719 (Minerals)

QaunISusaraneiusiesnisussmiiuandreiuly dinsiiniinaveussusiay
vinazdeamnzauiuamonuduosdunidililunszuiunisndndg wu n1swdn PHAs  Tagld P,
loeovorans agsipasninU3ualulasiaulidosasiia 0.05 wWesidud \Jusu

2.7.5 QmMQﬁLLaxmﬂmﬁuﬂiﬂ— A3 (Temperature / pH)

nsWAN PHAs sinazsdniigaumndl 30 esmiwailea anudunsa-rs (pH) 7.0 it}

dN1ERINaIDIAMNEANTUNIINER PHAS Y099auvsdlnadiulngy
2.7.6 N5lie1ne (Aeration)

INNTNAGBIVBL AT TWUN1T8L (2536) WUTINTHER PHB 9INQAUNTE
Ps.  loeovorans \iielUinauesewnsideaunisdeuinanatadivindu 20 wWesidudae
mngauiunawzdedussiurineiardaadulifinedaamet PHAs 16gs
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W.A. 2555

A15199 2.5 LanINavewnadlulnsauneasrlsenaunIsNan PHAs (Rhee; 1982)

Carbon Nitrogen Cell dry PHAs PHAs
source source Weigh (g/0) content 3HB 3HV
(Wt%)

Yeast 3.2 45.2 98.4 1.6

Glucose extract
Urea 14 14.8 85.6 14.4
(NHg)2SOq4 1.8 29.3 93.3 6.7
Yeast 1.5 18.9 98.3 1.7

Sucrose extract
Urea 1.3 4.0 93.5 6.5
(NH4),SO4 1.2 15.1 92.0 8.0
Yeast 3.1 44.8 93.4 6.9

Sorbitol extract
Urea 1.8 37.2 85.7 14.3
(NH4),SO4 1.7 28.1 93.5 6.5
Yeast 34 58.7 94.1 59

Mannitol extract
Urea 2.2 18.2 925 7.5
(NH4),SO4 1.8 29.0 93.3 6.7
Yeast 2.3 34.5 91.9 8.1

Na- extract
gluconate Urea 1.6 53 78.1 21.9
(NH4),SO4 2.7 41.1 66.7 133

2.8 NMIWEN PHASs 1Bawalve
luganivdinindosiasaundadesiiendwioluil

2.8.1 Yauvsdninnmsdesseaduriafiindviuwadliognssings

2.8.2 ansomsilfdudndadeniafisesiunldlunmsinnsandadenaienuggaunse

wsgalgReiuasomislualdanelunisuds PHAs dwluqduvsdfihunldaisduaneiudnln

8RTINTHEN PHAS g9 LilaiieuiuuSunae st
1.1 Qaun3dnudn PHAs Tuldandue wiseanledu 2 nqulugjq fe

1. qAun3dnazan PHAs  luwadiuduldlagsadinisdninsigemsidday
lulpsiau WeavleSa uunii@en Inunadey oendiau visemuziu LielilinAuATeAfUIEUNS

™o =

Y

1Y a a s d‘ = a a 6 [} v o 1 3 1
LARDINUTUIUAITUDUNUINND TIPAUNITYIZLINFSAUNAINIUAITDY (PHAS) Maneluwad Aeens

qﬁum%ﬁuﬂfjmﬁ WU A. eutrophus, Protomonas etorquens, P. oleovorans Wudu

AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny

17 | % 11



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

2. aunsdnguillidndusesindasigomsiieligauvsddaunsisy PHAs 1oy
3 Uanuanusalunsdansizi PHAs 1amesiies naonszezn1siasgivle foeny
unsdlunguiliiu A. latus Azotobacter vielandii aneiugnanewse recombinant E.coli 10usiu

aun3dlungy
q

a
98
1.2 ghegnananadndesaanslamngg ndmiuduiszdiugnanmnissuluinaszime
1. BKK (lutees wosdudl) ndnlagldinaluladnodieamasialun (Polyester amide

technology) kagldfin1sldingAuainiiv sveziainisdevaals fog1gu naladnvuln 200
lunsou (0.2 fiadwns) axldinanlunisdesdats 1 ou wanahn BKK  AinanTunnidnues
AaneAdsUNaaAnYtn PE %30 PP nisazihunldauldvinszarssulduvugesaasls nzninld
suldl gevey lunsiSounasndndneunde ddnwaeanzn@naIvngsy Ae dnwasdntasulaseasng
Tameivdman Uu Us 1 wiseweda didsnsuan 4,000 dusedl

2. ECO-PLA (ashalanediues ansgawsni) nanlagldimaluladneduaniniedn
(Polylactic acid technology) mmf']a]wm’h'ﬂww%aﬁaﬁﬂmmmmuazﬁmﬂﬂfﬁfmqaumﬂﬁ% IPYY
Mstionaans 4-6 §UAY wanaRn ECO-PLA finBniusniiidnueadoadstunatannude PE, PP,
PS v30 PET nisuunlgeu wu Tdvinusuidnluinunsnssy nszdedleiidn whiusesdunndaunse
Ao (auihe) s1aUszana 49 viseRlaniy fdnuuegaamnsINAe W §a 0 Tugy
L%mﬁqmmﬁﬁﬂ JAMaensuan 13,000 Aumel

3. Biopol (ouwuln anigewidni) waslasnviintinalaeqdunid lueuanena
Hanlaanfivlagorfeainuinaniimeiugininssy Instdingavainiiy Idnalunisdevaany
nanedUnviEaanesiou naafn Biopol indntuaniiidneusadundstunatainyia PVC, PE
w30 PP n1sunanldau Wlunisussgenms ussadaaidmsundndaiaiinianisinens wasy
NTEAY ﬁwﬁmqqﬂﬂaéw anesnUan nsednunuanliii sianilansuas 560 v Sl manediay
yilfsaanasduiindaneoud a.m2005  fensldfisivauimetugianss fdnvazna
gnamnssu A 8a W1 8a Aiaen1suan 1,000 fusied

4. Mate-Bi (lunuueud 8913d) Mskdndunisuaunaiuiuszninamediuesdinim
dunsgituutleinad d1lne viesfuma fmsldingiuaniie szevnailunmsdesamesioue 2-
3 Ui 4 iiou nanafin Mater-Bi Tindntuildnvasadieadaiunatainein PE wie PP 113
nldoldideudenluiuemnsmadiia vied miuussremns ludunssunn ddnuniu g
viedlduviouss siaAlanfuar 175210 v (gandwedwesiildey 3 i) idnuasiamizma
gRENMNTI Ae aoNmeALFeunsABlY 3n & 1wh didsnnsnan 8,000 fusiod

5 Biomax (guawi ansgewsnn) nanlagldinalulad PET  (Polyethylene
technology) waziin1sl¥ingRuaniivssezainisdesanty 8 dUnm Tnefindnnedioamesfiues
Tiushendadnsdn 1 wWesiWudandsuazazaaelilunan 9 Weu luaninuwindeud
WnzaN fennsgesdanenanann Biomax TRARTUINTNENvarAdeAdiuNeaRn ia PE, PP
wienedieaned mawldiulunisndnuiusesduindon uiuildudmsusemanainvanety
(Lamination) nsganesiuldl gavsdn s1A1UsERIRN 196 UnspAlansy TanuuLaNIENNEAAINNTIY
Ch) amﬁugﬂ 1A189n13WER 30,000 Aumal

6. Plymat (I51e39 WSuea) nanlaenisiudednalsdlnduaa wasuliilasead
WL BANEUIIBLEANEEDREIINYIA MINNTEUIUNISVRIANTUSRveasiu (GV) imsldingdu
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ndly wanadn Polymat 7inanTuiliidnvasadenasiunanainuia PE vi5e PP nnsthunldenld
v wazdeudonluduems mdliemnsdnifidssmumdn 1szesnanlunisdesans 4-6
dUnv dmTun1sunndd kagdn 6 ey dmsunistesaans similansuag 84-126 v
dnwazlanynegaavingstfe aadnidrumeienieu ddulasiaiede  Tnuesvesu Ue
wazdtiy IMdsnsuanuszana 5,000 susiel

2.9 n1sdegaaslanisdanin (Biodegradability)

PHAs anansagesaaeldluanizwaindondivarnvans wu lufiu 1 Gldluhiauasimeia) as
whlew (compost)  warluan1izdiieandiau (Aerobic condition) warlifieandiau (Anaerobic
condition) wefitios (Anoxic  condition) 1w Tsetdnunide lunsdives Biopol® nui1 PHAS
ansagesaaneifevanysainielunan 10 §Uni flgaumgdl 60 ssmiwadoa Amududosay 55
warss1aau CN wiriu 18:1 Tawedied PHB/PHY Tushsndudosay 92/8 Tneniwidn anunsades
aaewiovanysainmelunan 20 fu meldannensdesaasuuulildoondiauluini lusmedine
Sleamesdunszaiaug wWu PLA PBS waz PBSA diliinnisdesaanetunelunian 100 fu neld
annzihanu nelaanizilsnaulanediwes PHBY  aunsadesaaiunislunal 6 ey wodlea
wesdunreiiinlasiaieasldnsagiinisgdoiniinegadulddnaeluna 1 Tuduildly
nsnnzUgn LLazﬂ’]'ﬁ@@Lﬁﬂﬁ’]Mﬁﬂﬁgﬂa’lu’liﬂLﬁﬂ%ulmuaﬂ”l’wﬁLﬁuﬂiﬁﬁmﬁaﬁu’lmﬂmi&jaElﬁa’lEJ

YDUAYIMITIUTZNBUMEVELVRILTIINYUTUSoEaz 34 tneUszunal
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UNN 3

5N NUUNITIVY
(Research methodology)

3.1 IngAu (Raw materials)
1 [ a v !
wiseanidu 2 yialaun

1) hdeeikunsiiu Belasuanueasizrianlssnudinaiingua .00y Jamintdugil
2) WAUAINEIR LTI @eiiug 1. 40 FalaumnueasIeiaInlasinsiTenIsunas

L@‘V]']‘L!@ﬁL‘ﬁuwg\‘iﬂ’]u%ﬂLLV]U?]’]ﬂ“ﬁ’]’JW’]\‘iWJ’]WUEN 5A.05.U5¢8%5 lafa AaginuasAEns

URINYIFLVDULAU

(Microorganisms)

¥ U

(%
[ o

AunIdanenuguIansnlilunsfinuasslfeds@oinanaudITeInemans

Useimnalng (11.) NJAVNEMIUAT Usenaume
1. wuAe Alcalisenes latus TISTR 1403

2. LUATlL3Y Alcaligenes eutrophus TISTR 1095

v ca o ¥ a a r-N' v ¥ !
LL@ZG’]EJ‘INL!ﬁq‘VIﬂ@LLEJﬂlﬂﬁ]’]ﬂWUUiLﬁﬂJWUQﬂQQS laun

3. LUATIL3Y Hydrogenophaga sp.

4. wuaSenlaannIsAnLenaInGy (Bacillus SV13)

3.3 Jaauazaunsal (Materials and Equipments)
wuseanidu 3 ngusasialuil

3.3.1 1A3098IALAZIATIZH (Analytical mechines)
1.

Y 0o N o RN

T = S
» N = O

14.

i

awalalnlnsiimes (Spectrophotometer)
wesilumuiFigs (Centrifuge)
wilofadnmnusu (Auto clave)
w3eatiunau (Vortex mixer)
\Sestazidun (Analytical balances)
w3astaAmundunse s (pH meter)
§eUfnsaidInm (Fermenter) vun 5 8ms
AoUAINTOULA (Hot air oven)
AULLUULET (Incubator shaker)
Lﬂ%‘aﬁmmmmm (Hand refractometer)

. aalalnlasimeas (Spectrophotometer)
. NavIRansseu (Microscopy)

wisaeluiesnusaas (Centrifuge)
nileflsdnAusiu (Auto clave)

VWANENTIATY AT, WNTIA WAIAULUAT UANINGIRIYOULA

LaLLNALULATLAY
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15. n3estiunan (Vortex mixer)

16. é’d']&ﬂ%@ (Laminar flow)

17. #auAUITBULI (Hot air oven)

18. High Performance Liquid Chromatography (HPLC)

19. §9UfNTITIN M (Fermenter) YU 3 &ns

20. 1A30393AAINNNIN (Hand refractometer)

21. Lﬂ%ﬁmmwa@mmm (Differential scanning calorimetry ; DSC)
22. Lﬂéaﬁmqmgﬁmi*&iaﬂﬂma (Thermo-gravimetry; TG)

3.3.2 gunsal (Equipments)

1. Wanan aum 250 Jadans
NTEUDNANTUIA 100 Laz 1000 dadans
Jninasuun 50 wag 100, 250 wag 500 Jadans
laulasUimaunm 200, 1000 wag 10000 lulasans
JouRnans
#1881
239 Vial
lalasiy

0 o Ny bR W

WASLAIAUETS

10. Tngeaudy

11. Aaunilunseay

12. Yousnans

13. gy 19Talauy

14. 9734 Vial

15. lulasyiag

16. WAWAIAUENT

17. Ia@mmmggu

18. mummaﬁmaﬁuw%é

3.3.3 @19tAd (Chemicals)

1. lawenluflougamln ((NH,),SO,)
Wunaweulalalasiaunaawls (KH,PO,)
Talaneulalasunaamn (Na,HPO,12H,0)
wunil@eugae (MgSO, 7H,0)
lonsulugaumn (Na,Mo04H,0)
poUllasdawna (CuSO, 5H,0)

Aaelswesu (CHCL,)
Tonenlalunanlsa (NaOCL 6% active chlorine)
Wwnuea (CH,OH)

O o N o R LN
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10. 9xalau (C3H:O)
11. nsadaisa (H,SO,)

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny

wonlaflundang (NHq),SO,)
8138 ((NH,),CO)
Tupaweulalalasiaunaamn (KH,PO,)
losoudawn (FeSO,)
wAaLReuAaalsa (CaCl, )
NSAUBIN (H3BO5)
Iavsannaalsa (CoCl, 6H,0)
Fargawa (ZnSO, 7H,0)
wusn1flgmanlsa (MnCl, 4H,0)
loneuludunn (Na,MoO, 4H,0)
Wwnuea (CH,OH)

p3Alau (C5HO)
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3.4 A5aniiuni1snaaag (Methods)

4 ¥

1) NSAUIANTI1INI9MIU (Sweet sorghum juice)

3.4.1 nsnseiesdusEnaunanluingiu
nMeseiUinaessEnoundnesgluhdudud i snufisianlddutaghu

Tunsnaaesiasdunmsimsesiesdussneviidfaiitinasenssuiumsmindionaslulonedwes
(PHAS) Taefhindududsnamuiiiumsduaindduudrasiiluiulflugibu -20 ssrmwaldea
Tunsdifgslaldilundniuil anduiieseivunarimasuduluidugidudiainemn dd
iharanglaa diaansnlng uaziimnaglasa lngldaias High Performance Liquid
Chromatography (HPLC) Usinashmasiuanuelneda fuea- Fa3A (Phenol-sulfuric  acid)
USinaveudefiazansld (Briv) Tneldusudsunsalaiwes (Hand refractometer) Ustnadlulasiau
Hanualaes 1wana (Total  Kjeldahl Nitrogen;TKN) wazenamudunsa- se (oH) Tnglddit- Low
11,93 (pH meter)

3.4.2 MsAnwdadanydunisiifanumunzaudmiunananlulewedimeslasldihaudu
drrsnudunvasansuau

nsfmdengaunisiiinrumngaudeniandnlulewsdiwe fanmindugudiiney
Tneldqaunisilaannisdausnaniululidos mntuhuiuisuiisufugaunidaetussnads
(Referenced strains) fianunsandn PHASIH 3 aneusdsil qdunidusavdarewus A eutrophus
TISTR 1095, A. (atus TISTR 1403 waz Hydrogenophaga sp. NSt AUFeE AUz iufeg19RLT
oglulsdosiifimanaunmmimadieifuemsdmivdosuanielildadunisifinnuaunselunis
Thmaglasaldd Tnewfusegnsfuinadlunninfudszata 15-30 wufiuns MntutAudandn
Fulineldgamad ¢ esrwaidoa Megrsiuildthudauengaunidlaglimoiedu 1 n3ud
hundefhunissiidennudutu 09 wWesidudlaetmin (0.9% NaCl) uduhluideslusziy
7199 (Serial dilution method) fs3Uil 3.1 thdegrshanuasavanes 0.1 fadans luindeide
(Spread plate) Lﬁ@iﬁﬁ;éuw%uaﬂaaﬂmLﬂuiﬂiaﬁtﬁaﬂumummslﬁmL%jaﬁﬁﬁﬂﬁguéfu%’nv\mumu
Huundsemnaifissedraderlaslduiuaimnanudu 10 nfudedns nelfangsiiaumas
lulmsiau (Nitrogen limitation) (U3UU53370 Grothe waganiy 1990) Tasnsidud Nile blue A B
azanelu dimethyl sulfoxide (DMSO) Tarundudugavingluewnadssaunididu 0.5 lulasniu
siodladans (Ug/mL) (Spiekermann wazAuy 1999) fmﬂﬁ?uﬁwmmmiLgamauﬁéﬁ'ﬂﬂénlﬂﬂmﬁ
gauvindl 35 asmuwaidea iune 12 Su wdnhuenadesgduniddeangliduaseifidianny
g17AAY 280 - 360 wiluiing (nm) Wedanansaiiesuaseslalall tnleladifefifinisEeuasnn
WneiReaudmagounsazan il 1% 1o Snadslasn1sdeud Sudan black B uavdananishndneld
n&oaganssmi TeqAunisiifinisazan Ml 1w 1o tuaslinsfindsives Sudan black B AunIsiils
mﬂmiﬁﬂLLaﬂﬁ?uazgﬂé“ﬂmjmimmié’qms;Lﬁaaﬁumﬂé’ﬂwmwaﬂﬂ‘[aﬁ LagnsAndvesuuadite Fa
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a ae 1 oA o A o ™ a a o a a6 v eV a o Y
QaumiﬂﬂQNWQﬂﬂﬂLa@ﬂﬂguqlﬂLU?EJ‘ULV]EJ'Uﬂ”IiNaG] PHAs ﬂUﬁ!aumiHaqa‘WUﬁq MNWONVNANUAYNUDT

sananivedaidenydunidnianuminzailanisudn PHAs lngldhauduiainmausiely

A 3.1 n5ieanadudidu 10 wih (Ten fold serial dilution method)

dmsunszuaumandinidfiowFeudisudnennnisudn PHAs vesqdunidusaaneiugi
szsmusliruduturesimasBudu (Total sugar) Aagldlumswinwidy 20 ndusedns Tne
ldgnsemnsemsisamsninlulenedwes vieiiondt Mineral salt medium  Assgazidenly
aanuan n luranadouie 250 Haddns Tasussgemnsluyiuims 100 faddns weonmgll 35
psrnwallea ANISITEU 200 s8UsBT TaeimunmnsganAuLATIALE1IARY 600 UuLAS
Susulvivhiuluusassiavedunis Taglimnisganduuasmeluomaidesduniemini 0.1
(n&ndogauvddusranas 2% Tnetiunms) TeilidleAuganisviinagiies eyt Uhinaudmdnisaduis
(Dry cell weight; DCW) Ussnailulewedimes (PHAS) LLazﬂ%mmﬁ:ﬂmaLwiazﬁuﬁmﬁammsaﬁﬁaaga
fananuUssduenumngaudwiunsdonldqauniaielilunsnanlulenedmesluss fuvene
un Meludaufnsaldinmauin 3 ans

3.4.3 N33 uuUNUsYvlinvaaunIdnuenlaainau

) o

aunsgndauenlaanfuniidneninlunisudelulonedwesainisovsvenyinues
aun3dlagldinatianaiugnssulagldls 165 rONA waNISMIARULEYEIRAUNTE (Sequencing
method) a1ntuthdeyadinanuldideuduumunimdulil (Phylogenetic tree)
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3.4.4 nsanwAraadunsa ane Adnadenisiadyuaznanlulonadiuas PHAs
1n193.4.2 AuvISATAnenmilaginnEn fote Mntduiuiimuazgmily
Aodluemsitiesdussnevvenindududninmmudundnlaesmuaainnudunsasiesudy
LUSILANANSNY 9 Sydusad 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 az 9.0 WAIIINATLUIUNITULIN
wSaau (Usvanas 24 $Tu9) szthwadildvinnisneassiely

3.4.5 nsanwviiaveslulnsiauiiinadenisiadyuazndnlulonadinas PHAs
PAunIsfignAnidenturstihundsatisudioy wsturinvesunadlulnsiouyiadsdl 1
Wuumadlulasiau (No added) e138 (Urea) WUl (Peptone) Basarin (Yeast extract) wouluiien
aaalss (NH,CY waswouludoudamn (NH.),S00) TutSina 1 nfusedns anwadildaziiluvinis
nnasnaly

3.4.6 n1sAnwanIzIwnnzanlun1snanlulanaames PHAs a1nu1Audud1Innenianu
Inglda5n1susinuuung (Batch fermentation) Tuseduiasufjufnis Flask scale)

1. msAnengnsesimanzaudmiunisnanlulewsdweslnenisvinuuuns
dmumsmngasennsimsnzauninisieaiyuazndnlulenedmefuosqauned
dnndoniniayldlusunsudniagu Design expert ver. 7.0 Liipoonuuunisnaaes lasdunsnasiing
Fansostadendn (Main factor) fifnasienisadyuavandalulonedues Tng3in1sues Plackett way
Burman  (1946) antuhiladendniifnauivhnisneaesdelngeenuuunismaaesiuy Central
composite design (CCD) e lldgnsonsivnzandmiunsisdguazndnlulenedues
2. msdnnsasiadendniitinananisasyuaznisnanlulenadiwefuosgaunss
1nde 3.4.2 aunsnfndongaunidifinnumunzaudmiunszuiunismiinuga
Qaunidiildazgninunedsdugnsemseine dldannslilusunsudidasy Design  expert
ver. 7.0 WpssnuuumsvaasdiaeilitlaseiiinalnouUsiudadene el

A15199 3.1 ﬂ']’iE]@ﬂLLUUﬂ’]iV]ﬂaaﬂLﬁ@ﬁ?%{m’ﬁﬁl'wﬁ'ﬁﬁLMMWSﬁﬂJéWM%Uﬂ']ﬁN%G] PHAs

Level
Factors Name
Low (-1) High (+1)
A (g/L) Total sugar 10 40
B(g/L) KH,PO, 1 4
Clg/L) Na,HPO, 1 4
D(g/L) MgSO, 7H,0 0.1 0.4
E(g/L) Urea 2 4
F(mL/L) Trace element 1 5
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mMsfnnsosadelngs Placket-burman design wisldlunsdansesdadedilifduddaymng
GAGLLR mmﬁuﬁwﬂa%’aﬁﬁ@w%waa&J'Nﬁﬁ'aﬁwﬁ’fyyiaﬁmauauaammqmmmiﬁmmzamﬁm%’ums
A3uuazuan PHAs lagln U‘%mmﬁmﬁmﬁwawﬁuw%é (Dry cell weight (DCW)) wazUsunalule
wedwes (PHB) JuAmouaues (Response) EIUSUNITRANTUNANUUNILANVDIATOTUAY

Usunaesansonmsmdudnld  Iesfinunsesuvesdadenazldidudiulsznauvssonisiass
A

o—

wn3e WurmuazAIgaran1se 3.1 fseaziBenaal dinnasiu (Total sugar) seAusl 10 n3u
28R 52AUEY 40 n3usedns Inuwvadeulalalasiauneamn (KHPO, ) sedusn 1 niusedns
szAvad 4 n3usedns la-luideulalasiauneain (Na,HPO,) s¥AUA1 0.5 NFusedns seAUEs 4 N3y

Y

a N a o v o v 1 a Y} v 1 a a
AT LUNULTEULALNG (’\/\gSO4 7H,0) 5¢aUR1 0.1 NTUNDANT igﬂ‘UQ\‘] 0.4 NUFDANT glﬁ&' (Urea)

B LD

=3_

o

LAUR 1 NINARANT S¥AUEY 4 NFUrDART Lavan5e1MN5584 (Trace element) SeAUR 1 Hadansse

an

493 spAvad 5 Tadansreding naeann1snaaesasladadeniavinanen1siasyvesgdursduaznis

NARNLEYLE Yad8nanannaztilusanwuunIsnnassmslagldn1eenwuuNITNAaad 1nenN15e8nkUY

[
a 1

HuRmeuauesreoly (Response Surface Methods and Designs; RSM)

A151971 3.2 NMAABILUY Placket-Burman design (N=12)

Expt. A B C D E F G H J K L
no.
1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1

nanewn Jade A-F 1 utlidenagnaunses waztade G-L Wy Dummy variables
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A15797 3.3 N15VAABLUU Placket-Burman design (N=12) 91nA1934

Expt. no. A B C D E F Responses

(g/L) (¢/L) (g/L) (¢/L) (g/L) (g/L) DCW PHB

(g/L) (g/L)
1 10 1 4 0.1 4 5
2 10 1 1 0.4 2 5
3 40 1 4 0.4 2 5
4 40 1 4 0.4 4 1
5 40 1 1 0.1 4 1
6 10 4 4 0.1 4 5
7 40 4 1 0.1 2 5
8 40 4 4 0.1 2 1
9 10 4 4 0.4 2 1
10 10 4 1 0.4 4 1
11 10 1 1 0.1 2 1
12 40 4 1 0.4 4 5

vanews) neaduraisiasianldidudiulsznevvesemsusiazannzuazyhnmeaedag
M3uATMAABY LarANILUNIINLNTTNIBAINNTIR 3.3
Nnguiladedifinmsuusiulunsmgnsovnsiuenzandmiunsaaslulenediwe slusziun
ananvuin 250 faddnslasussgemsluyiuns 100 adans Vuilgaumgll 30 ssawadua
AILEIT0U 200 Tousow? InglduTunddeouiiulesar 2 Taeuiues ddugnnismaaosi
Usgnaudeganisvaaosiaan 12 0 lnefilunszuaunisdnagluuiasganisaaosaginai
Jafonovauowienszurumaniniionisnanuazazanlulewedeteiolud
1. mIaiguenaunidlasnsindinisganaunaiianiueniadu 600 uilumns (OD 600
nm) (Patwardhan Wag Srivastava, 2004)
2. dhwinussveneadedunis (Biomass)
ns¥aiminuiessadqiuniddurrannsnialaeldormsifininadyes 9dunid 1
fiaddns thluduwiedegldedestumieauadn (Micro centrifuge) finuisaseu 10000 Sou
sowft Wuian 10 wift ndugedndasonuddremzneudetindu 2 ada thleuiigumgi 90
oarwaLloa aumiinasil udniluvhliduluggarudu (Desicator) anthuiludnimdnuss
TaeiaToada 4 dumis
3 USinadluTenedwes (PHAs) anunsodeswsildssl (Law wag Slepecky, 1960)
3.1 11910819 1 Tadans uasiiiu 6 % Active chlorine w4 lafeulalusaaalsn Usuns
1 fiaddns asluludiegng
3.2 dlUunitgnmgdl 37 ssrwaidoa Wua 1 $alus levhaneniuadvosqdunss
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3.3 thlutluieslagindeaudiandfinnuiaseu 10000 souseudt uaan 10 undl
nduthdanlafiond umeneu detndu 2 ads

3.0 \Putnduuiines 3 Sadans naulidis

3.5 wislegaslurasnanaassiaiunaslsnesuiou (60 asrwadyd) UTung 5
fiadans nalidniude Vortex mixer ileliinaelsnlesuarinien PHAs fioglututiheanin

3.6 gansavansluduvesaaslsvledy (Fuans) laadumasanaass anduiinlssme
Aaalsnesueen wlanednives PHAS finagd1amasn

3.7 Wunsndaiihinidudu 10 Sadans udnilusiluduieadunm 1 9l

3.8 Uadeeliduiiguugiivios udnhluiadinsgandunasiiniueniadu 235 uiluns
Tngldnsadaiindnidudu 10u Blank udnhaildluSsuiiouiunsmunnsgiuves PHAs (Law uag
Slepecky, 1960)

a. Jadedug Aldanuialunszuiunisnn
4.1 nalfupawadseUSinaumasanueuiignidly (Yx/s)
4.2 walsvesUimailulewediue fieUsnauuvaniuouiignltly (Yp/s)
4.3 walsesUuululonedwesiouiunuas (Yp/x)

wé’qmﬂﬂizmumwﬁﬂéuq@LLé”;%ﬁﬁagamaaﬂ%mmmmamaéﬁtﬁm%uuaz
Uiinallulewedmefiazauluwadedunidluusazyanimeassniiesgiinavesnnuduiusves
asusazainindsvsnasensnanawaduazlulenedmesntoll vintuthJedendniiduasents
NARBIAATIEoYNEnTe N TIMINE AT IUNLNNTNARBILUY Central Composite Design

(CCD) ald

3.4.7 msAnwnszusumminuuunzivendnlulenadiwasluffnsaidanwuuin 3 ans
Mndeyaiiliannszuiunsninlusedunaradlude 3.4.6 a1mrsavensruinves
nszuaunITunLuunyluszAaudanauin 3 aas lagusuinsnisviteruntgludandn (Working
volume) 1fu 1.5 a3 Tneldnddovesgdundsilldannisinulude 3.4.2 luuimndesas 2 Tne
U3ums Tgnsnnisnawdu 200 seuseunit wazUSunaeinawindu 1.5 dnsdauil (vwm) 521319
nszuumManagiinitadussfade 3.4.6 deyaildfnananilulddutoyalunsyuiunis
vinuuuiangseld

3.4.8 N15ANBINISHAN MU Ta WAL IAYNTTUIUNITULNLUUNING

ndeaInnsruINnIIndinuuunzIzitdeyantaunldlunse mumwﬁmwuﬁﬂﬂﬂu

ﬂﬂﬂ{]ﬂiﬂJ%’Jﬂ’lW"UU’lﬂ 3 AnS Ima’twimmLsmummmwmLUu 1 805 AN uTedtIANa

PANUALSUAUWNAU 20 NSUADANT way mmmemmmmammmaqmﬂumm']qvflfammums

Uou (Feed stock) winfu 70.17 nSusadns T,mEJ:umsmumm5mqawuﬂaaama adaay 250

fiaddns awvsumsaavnedu 1.5 das Inelinnshienadigdioin 1.5 dnshowit anmsinisniu

[~4

Wi 200 rpm
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3.4.9 nsfneauauUfvadlulanadimasindnldarnuraududriniiemnu
wasnnszuIusuiinlenediuesnlnanmsainniadadursdazsiiuniiagen
AandavsnuTeularAuattAn1anenn lngldisunsgu deseazidendeluil

1. ﬂmauﬂamamw%u (Thermal properties) lngLa3ag differential scanning
calorimetry (DSC)
nsAnwRaNtAnAueuvedlulonadwes Mnanldainnszuunmdniesil

i i

gaunnil al gaviapumian (Melting temperature; Tm) gaunniinanewnd (Glass transition

temperature;Tg) wazgaugiilulenedwesiianuzsudundn (Crystallization temperature; Tc)
IngagilSeuiisuivansiuloneduesunsg

2. mygavaanelaeainudouvaswedwesindnld Tne Thermogravimetry analysis
(TGA)
dvsunistesaanenaudeussldiinsianmedwesileldfumudeulnsends
ﬂ’]i’ajﬂﬁ’lﬂfiﬁﬂ“ﬂaﬂ’?ﬂﬂﬁL‘UﬁlEJ‘LJLLUaQSL‘uLL&iﬁ&ﬁﬁNQﬂMﬂﬁﬁ’)ﬂLﬂ%@ﬂsﬁb\‘iﬁﬁﬂ’a’mh@ﬂ

3 v

¥) NIUUIT8AU (Sugarcane juice)

3.4.10 msfnwasduszneuluidesiifinadenisaiyvesqgduvad
1) mawdeutagiuidesiu Tastimindosiiiiuntsiuanlsanuthmadiosma dmin
Fonfunfuinunieausunmunindnag veuhdeslilidsuuaniolfifiuingiu (Stock)  rou
thluld Tnenfusnulinguindsinuaugamad -18  esrwaldoa Woagiunldnusosazas
hudsrou Tnemsssftonmaiives anthuiltusissfienuidasou 8000 rpm Wuian 10w
$1unu 2 50U Lleusnmnmzneuiivunlvgeen
2) msiwszsimnslnesineg luihdos
O Vimnauhemasasisnun (Total sugar) Tng38tuea-#ay3a (Phenol-sulfuric
acid)
0 Y3unmvesudsiiazareld (Biv lasldusudsuninlaiines (Hand
refractometer)
0 Aaudunsn-as (pH) Taefi-loy fimes (pH meter)
0 rsunailulasiauianun Taeds TKN (Total Kiehldahl Nitrogen)
0 wiinvosimasey Tuihdeslneldindes HPLC

3.4.11 mafnwanzfivanzaulunssdalulawediues PHAs 3ntideslasldasnsvin
wuungluvaaten

1) MswEandgAunIiuians 2 aewug

nédudefl 1 QAuvIdaeRuiusan’ Alcaligenes latus TISTR 1043 Yanimgides

luensauysal (Nutrient broth: NB) USuws 100 fiaddns dsdliadylugumideuuiven

(Incubator shaker) figaumindl 30 ssrnwaioa InsnIuguANAEITEU 200 sOURBNT LTusTEZIM
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1-2 fu 9ntutiun 10 addns ldluemsawuysal (Nutrient broth: NB) 33195 100 fiadans B
Thasnludumdeuuuing (incubator shaker) figaungdi 30 ssmuwaidea TnsniuauaEITOU
200 seusteunit iusveziian 24 Falus wdahanldidundde

n&uTedl 2 qﬁuw%ﬁawﬁuéu‘%qwé Alcaligenes eutrophus TISTR 1095 113
wizdsdluewnsauysal (Nutrent broth: NB) U3inas 100 faddns \dediasgludundowuy
e (Incubator shaker) flgauvindl 30 sarmwaldea lnemuauANEITaY 200 ouUsewdl (u
sgovian 12 fu vt 10 G0dans ldluomnsauysal (Nutrient broth: NB) U3ums 100
foddns Bedviadyludumdauuuiagn (ncubator shaker) flgnmaf 30 aswadea lnsaruam
Aran§seu 200 seusiowd Wuszernan 24 Falus udnianlHidundude

Ml 3.2 maeseuemaideadenglag (Wananddtdneile) watlasa (Waranguinile)
neufiazthlunssunandevss Alcaligenes eutrophus way A. latus

AN 3.3 NSIRTEUNA1LTYRY Alcaligenes eutrophus wa A. latus Tuemsideaienglaa
(ananddeile) wazemsideuetlasa (Waranevinile)
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2) fnwnsiiyvesuuaiiSe A. latus uas A. eutrophus lutdes

thndudied 1 Afimaiaiyuesgdun3s A latus TISTR 1403 1 10 fiaddns (Inoculums
size 10%) asluptmnsgmaindeusvidoomvan Usinms 90 fiaddns luthdesdidaududunes
thana 20 gL' 1Asslinludunideuuuiug (incubator shaker) figamgdl 30 ssmiwaldoa Tng
ATUANAIINSITOU 200 sousiawd Wussezoan 2-3 Tu

hndndedl 2 AifinsaSnuesgdunis A eutrophus TISTR 1095 11 10 Tadans
(Inoculums size 10%) aslusWsgnsindousvioormandn Usinms 90 fadans luthdesiidaa
duduresthna 20 oL dedliatnluguuilouuuingn (Incubator shaker) figaungfi 30 o
walded lnemuauausseu 200 seusewi Wuszeziian 2-3 Tu

=4

3.4.12 nsAnwUBinanimasauluthdesiifiannumuzaudagdunidiialdlunsudn
d1slulawadiues PHAs
nsfnwUiinahmanuluiidesfifaumngaudeqdunidiieldlunisude
ansluTonedues PHAs ity azinisudsdutiinmnmanuvesihdes ienauadlusimaiios
L%aﬁﬁw%é Tnefinnsudstuaududuvesitnasandy 4 sz (20, 30, 40, 50 ol ) 1u
ylanarivunm 250 fadans (Usunsvinen 100 addns) fan1iziugh 200 seusieudt gamnil 30 C
PH 6.5-7 néda 10% CN ratios = 6.8:1.0 iiugheenan 6 Halus WethlUiesgimmisiines
A9 laun
1. Usnahmasavimaelasds fuea-daya
2. M54935y099auN3E (Growth curve)
Tnsmsianisganduuasiinimeniadu 600 wiluiuss (OD 600 nm)
(Patwardhan wag Srivastava, 2004)
3. meimindnisaduiswessadqiun3s (Biomass)
4. mafufgumaznsinuinna PHAS

3.4.13 msAnwanazimanzaniildilulflunsudalulawedwes PHAs Tuszduvene
daumeludaufnsaldanimauin 5 a3
Tnethanneiungauildanmsdnunisudn PHAs lussfumamgniu anldiilondn
PHAs Tuszauvegnediulasldnszuiunisvdnuuuneasludmdnunsai@inimouin 5 &ns 14
UTinnsomnsiassaunisludasinginiu 2 303 (Working volume) §ns1n1snausiiy 200 souste
il e (pH) 6.5-7 aaumgll 30 esrnwalea smsnslvernia 2 wm lasuulsiadosihau
Salu@ (omuauAaudidusendiau (p0, ) Tuthwiinlsidiaasiiil 30 %
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awd 3.4 nsudninoeslusyauvenedlu (neludsdnuung 5 ans)

3.4.15 msfnwnszuaumaiuiienlulensdwes PHAs fiadiuazasauagnielunguisas
QeUNIE

wUIN1sAENEany 2 35 sasaludl
(1) msesziUsunululenadwas (PHAS) Inedasieilaeldisues
Law Waz Slepecky, 1960 lavilsngazidunaail
10819 1 Nadans warkdu 6% Active chlorine vasletfeulaluspaslss Usuns 1

1. 10
Taddns aslUludees

§

aa

wlﬂﬂmﬁ'qmﬁgﬁ 37 psmwadod 1Wunan 1 dlus Wievharendusadves

dunsd

3. dludusisdlaewedes Centrifuge finruisasou 8000 seusewid Wuan 10 widl
ntthanlanudidmenaudioinngu 2 ads

4. Haunhndud3unes 3 fadans nasldidiiu

5. Wdegsaslunaennnasaldlfunaslsnesusou (60 esrwalded) USuins 5
fiadans naulidniusie Vortex mixer wiolinaslswasuainiel PHAS ﬁagiu%guﬁw
29N

N
D,

6. gransavanslutuvesaaelavesy  (Fud) Taadunasanaass anifutiiluseme
Aaalsnesuean Aelanadund ved PHAs Aneginaviaen

7. Wunsadawinidudu 10 fa880s wduhludlumidondunan 1 4alus

8. Uaenlsiufigamaiivies udniluiadnisgandunasiinimeniedu 235 uiluwns
Tngldnsadanindutudu Blank  wdnhandildldioudisuiunsmannsgiuves
PHAs
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(2) BNsainarlisnsuulslaensldnisarin Soxlhet extraction

Tneilswasdonnisnaassieluil

1. waalaveegaun3d Alcaligenes eutrophus TISTR 1095 Fldanuinaziudiudie
Tpeulalusmaslse (Sodium hypochlorite) 8n518U1g:10 mL

2. Unilgaumgil 37 ssmwaidoa Wuan 1 4alu

3. Jumisaiieusnwadesnanarsavanslafenlslusaaslss tngldanuidiseu 8000
seustewdt unan 10 wifl Mindudueaddunidfenindu 2 ade

4. wadqauniglfhluatalasaaslswosy Tu Soxthet ignmgil 60 ssmwaidoa 1oy
svIan 2 Tl

5. Wasazaredlalunnazneuluumiveafunioieniueaidu arntuihlussmely
Vacuum  flgamgiivios avldnadunives PHAs wdawinlsurisanely Desiccators
e vesusazganITnaes
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UNN 4
NAKAZIITUNANITNAAD

(Results and Discussion)

n) AsUUIAUYIINIRIU (Sweet sorghum juice)

a

4.1 wan1sAnwrasAusznauluIAudud1IN I MUNTNAR NSRS Y VR IRRUNTE

nmsnUnNAuiildnnstuatauinagdudirinemuiug w.e0 Ui 4.1) Fldsy
ALBLATIZNAINLATINITITENTNEMONIUOALTUNSIUNALNUAINTIINIINIU VBY 3A.75.
Uszans lafta asnumseans aninendeveunny en1stuatniduandidurestiiiion
tfu ashduiinenuiiiiieny 90-1-00 fu (nwdl 4.1) sduedesduatnuuindndgui 2 @
wesfuadadinanazdinimhauadendatuedosiuvindeslulssnuenamnssuialy (ool
suadnnit Tnawetesfuidmiihazausaduihandduresihaionuldlaenss nefidriing
vmulinandnadeogszning 5-6 fusiels wazausavaniaednateslas 3 n¥q
(http://www.aggiethaicom : Topic: wvauuiudafdiiaon) hlshaududninommiud

Anannlunisihungs PHAs Tukdvasdunavesingiu udefiarsandneninvesdnAuaudiimiig
wuluwivesansomsnandunieg lunmsldiduwasasueuiionsiasgyvesgaunsdudiazling
Aasiolull

AN 4.1 WENINITAULNTINIIIUINA P UT IV INULRe TS0 U

4.1.1 YFunaninnasiuiaue (Total sugar)

NNFIATIEIUTINamaTIuimaluiAududimulag s Huea-date du
NUITUSUIUEIAIRTINTINUAWINAU 207.43 n$UAANT welllanasauntatandusssusesnaundn

veu1AuIINaUT1ImIIugIUsEnaUmelinanglaa Wiaaninlea uazdinaglasa 7
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Ansesidneg HPLC wudiluthausudnainemuaneiug uv. 40 Tuniddendsidfiviinashmadad
thenanglaa12.32 n3ustedng thnasgnlng 5.75 ndusedns wawinaglasa 175.97 nfusiodns
audy WelUieuisufuanuddedug Afnsihdninamiuananuraseeg LLazq@miLﬁUﬁm
umnsnatu §ams1e 4.1 wuimihdududnsinemiu w. 40 divsmarhmaglasannniiduan
ddutrinamuanurdanizgndu wazannifisswesenniluliileduuvasansuoudviv
auvsduilacine TneUnfudaUsinashmaiinnzauuiniswdn PHAs  dusdiaUszann 30- 40
n3usiodng Jutuameiuguesqaunisiilingn duiussiuldinihduandidudinineniu 1 destu

wannsndenafielilumsutnifiondn PHAs 1# 4-5 3ns MitidowFeudisunmasaiduaing
Fudihamusufisimariaduuds thauangdudriinemuiinemgnunnndi uaznisugndn
shsvmutuluudasdanunsaugnldds 3 seu dlidhnvemananindusiuininamiugain i
5’1@161%%5146]

A1919% 4.1 YSunanhaasidennegAnuluidnAuana1aud1IinemIuIniunaIge i

o . UTunasnatingngg)
WU \WouilLiu 39 _
, (nSusodng) 13
wnzUgn ik (nSusodng)
lasa nglea | vignlea

ne nsngIAY | 175.97 12.32 5.75 194.04 Aot

ansgeuidm | mane 143.3 39.3 61.0 242.6 Liang wagAny. (2010)
Laopaiboon lLasAtus.
ne * 124.1 20.9 16.8 161.8
(2009)
§In13 Augeu 75.1 25.0 18.1 118.2 Sipos kaganue. (2009)
n3% woedneu | 2119 20.1 - 232.0 Mamma wagAne. (1995)
“ilasey

4.1.2 Usinaweudefiazanels (Brix)
ns¥ausunamedsitasanslddy aitvalddunsusvanaivesimaitaiuise
avane lasanluithAududninamudiesdusenouresimaazaseg dudiulng daannsia
Feusussunsnlafives (Hand  refractometer) wudthuthausudnaihamuagiivinawewded
azangld (Brix) Wiy 21 U3nd FeRmfulsinanimanoiunuszina 210 nfusiodns vlndifes
aonndesiunamneilagldisiiuea-daysa dsiina1iuui
4.1.3 arpundunsn-ang (pH)
dmsuaanufunin-ang H¥adeia3ed pH meter Hunuimeudunse-answeni
dhAugudnimusuduisuszana 5.4 faianufunsauazddduunzausenisiasyves
Qduvdaumnniiesningauriddusnnudannsaiyldflugasensiiitisesdanudunse-
AaUTEIN 6.5-7.0

¥
o
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4.1.4 Yunadlulnsiauviavas
Vsinallulasiauianusluthdugudinamuiiviandnmneadaileeds TKN  wuiadl
Usinallulasiourianunwiiiu 0.41 nfusedns dadlofionsanudimsinsisunaslulasiauiiiaei
TWluewnsdn esannuimnausinanenaliiomesenisiaiquoniunid waznilevininionsls
IdUSnanhaaiiiausnzasazyiliusnalulasouanasdg

4.2 MsfnwAaaanyaunsEnliaumnzandmiunisnanlulenadwaslaglduraududiaiag
wanuluunasasuau

v 6

INMINAFBAALIFAUNTTAERUTUITFVEVR A. latus TISTR 1043 Tt AU i ume

' I
0 w o =

WuiNgaun3sinIsasRulafuislalinsAnuengauvse (Screening) NanunsaLasiulanag

HananslulenedwesainuiAusudniinamule
n3faLenfaunsdtuRzAnLenaunIINausandaasiulonediuesaniuiiiiuimediwnain

<

fiuinsmnzdandes aeldurAusudinamiuduuaiasveuluemsutsniinis@ud Nile

N saa =

blue A umdunnINNsITeMaweRaunIdnglawaeInanimg 4.2 Raun3dninisiodasay
UYL IETIUIURAENAFOUNIIATEY INUUAUNIENLFAIINNIARKENIL UL MAFBUTINAUNI oY

o

d Sudan black B wardunadnvaznisindmanelindssganssal adudnuilaisludinwinis

azaululonediuesvesqaunsd lngqdunidifndiuuazilugdunidniinisazanlulonedweslu
iaaRaandlunIng 4.3

AW 4.2 NMsAinwInIsagan PHAs Yas9aunsdusdazyiinluemsninmsdud Nile blue A Tuemns
159N13WEN PHAS (F18; dnwaiznisiaieyvesgaunidluomisudaninisiiud Nile blue A, 937
anwaurvedlalailnieliuasgd)
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a 6 al

A 4.3 N13AAAA1Y04 Sudan black B v843AuvsdilannisAnuenaIniu

14 p———}
........ O SB

] ——w—— su
—-—A-— - A. eutrophus /.—0/.—.\0/.

R — A. latus
10 4 — —0O—— Hydrogenophagd sp.
_ B

........ O...... —A
£ © "'O"_-.-/---O ........ O vvnennns O vvennn
£ .«
8 ~
Q i
S A
' v R=
=Y p=

15 18 21 24 27 30 33
Time (h)

MW 4.4 MIAUTUTEUNTASYTeRAUNTENIANNISARLENIINAY 59 S4 S6 S13
A. eutrophus TISTR 1095 A. (atus TISTR 1043 wazqdun3e Hydrogenoflaga sp. Uty
FUTTINIUTTANUTNTULTNIAIaTINUTZIN 20 NSURDART
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6

Qaun3sitldannisdausnidosiulaedanaanialadiiddnuusunndsiuluomsauysel
(Nutrient broth) $1uau 18 Taladfidinsosas nduthamnededuewnasenanin PHB 73
drdududinomuluundsnsveundnaniuilaladiesgivlaluomsuds indoulaed
Sudan black B #inmnnsindsn Sudan black B meldindesqansset fagud 4.3 Feandnuazves
QaunEdia 18 Taladl nudaunsausniiidnvazadiondstuld 3 ndu anifugdunisildinun
wnzdedluthausudihwmusudieutugduniasn 3 via fawnsondslulewedweslife A
eutrophus, A. latus Wag Hydrogenoflava sp.

MnnsiadnInaiyesdunisildmannsdauenie 3 oda lastauguuonsad
(OD=600 nm) Tuswnsdsnsndslulonedwesffihdusuiinmudussdusznoundn
Wisuiileuiugaunsd A. eutrophus, A. latus Wag Hydrogenoflava sp. éfﬂgﬂﬁ 4.4 wuinqdunsd
s 4 fimsadyivlnegsnifuazaeanlu Yalusil 30 98uv3S A eutrophus 9AuMIdsa S6
wazdunIdsia S11 anudiu dulunstlveqdunid A latus uag Hydrogenoflaga sp. tuiinns
WEyfiinndaziildannami 4.4 wohdashssegnarinuly 33 aluuds auvddianio

[%
v v a

fugaiidnsinaaigitoglusedum feorvsdosnanluidududininmueisrsiianssuds
(Inhibitor)  uwdiafivhlsiadunidrsaosiaasyiulaldlifvioldinalunsusvanmuiund
Qauniduiingu Wevihnsianinaiyueiunidusazein lnensausinasimidnuis Ory cell
weight; DCW) wazU3una PHB fiintu damsned 4.2 wuihqdunisfdausnldaeiug sa Suiuna
thuiinuiauasUiunn PHB gentadunisaneiugdundniadanunsalidnamandniiganingdunis
¥iindu (PHB productivity= 0.097 g/Lh) wawilethqduvddiis 6 siiaudsduomsiisiiaues
lulnsiouuasndonfuifinaiud Nile blue A adluownsuds mnduludunamadesuasnsld
Sadgifanndl 4.5 nuigduvidanetus sa InsBoauadaglimiuduvesuadndifeaiu qaunid
aeWusensde A eutrophus uag Hydrogenophaga sp. uaziilewSsulfisunisindues Sudan
black B (nwl 4.6) lulwadqauvidanesiug sa wdmuingdunidinisindmededaiau Fauandls
FiuinqAunidvdatannsondn PHB 18 deiulunifediadenqaunidareiug sa fondn PHB
Tneldthduanadudninsmusioly

¢ al

M1919 4.2 N15HEN PHB 91n9auvsdntaiannnisAnuenanfulaganeiugonsdegias 3 aenug

Name of isolates Nile blue Sudan Dry cell PHA Yield of PHA PHA
A black B weight (g/L) (%) Productivity
(g/L) (g/Lh)
54 - S 3.02 1.74 57.62 0.097
56 o+ —— 2.07 1.48 51.56 0.082
511 ++ ++ 1.30 0.29 21.17 0.0088

The referenced strains

A. eutrophus o+ ++ 1.6 0.91 38.72 0.038
A. latus - + 13 0.21 20.33 0.0029
Hydrogenophaga sp. ++ ++ 1.11 0.35 31.53 0.0049
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M 4.5 dneaizvesnisazaululewediues PHB lnensisesuainelauacyd (v11) vedlalail
QAUVRETLAINMSARLENAINAY 3 aneiug uargAuvsdanenugeneds 3 aeiug luomsudd
Usznaumed Nile blue A

Al 4.6 dnwvazvesnisazaululovedues PHB Tulwadqaunidildannisdauen
NFU 3 @IUG LazAUVITaNeNugeneds 3 anenug lnen1sindaves Sudan black B
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]
= ¢

4.3 M3UNUITBTIAYDIgaUNTINLenldaIntu

Mnuaildnuigdundd  sa aunsolfnandaiaiminsaduiues Ui PHB  figendy
Qdun3viindu Fegdunidfinadothuisdeiavesndunidlasmaianedaluanalagis 165
rDNA kaEMIaRULAYBIRAUNTE (Sequencing method) WuIRAUMSERINEITAIUASIEATITY
qaun3danewug Bacillus aryabhattai B8W22 (gﬂﬁ) fe¥evaz 99.7 (99.7 % similarly) uagdsdl
AnuAdeRdafuAuvIdaneus Bacillus megaterium Yewaz 99.3 (n il 4.7-4.8) Tneqauv3e B
megaterium ugduvidulinusniifinisdunuiannsondn PHB 1f daulunsdivesqduvisany
Wug B.  aryabhattai ﬂfué’ahjﬁs']&mmf’]ﬁﬂﬁﬁ'}iﬂmammm%mé‘mﬁmsﬁl@6‘]Imaaaw‘%éﬂjﬁmﬁiﬁ
funuafausnlng Shivaji wazaniy (2009) ANNSLAUR B TBsINMATINUIIBINMATUULTTER
ALEITENING 40-41 L.

% Similarity of 165 rDNA compare with closely related species

Seq-> 1 2 3 4 5 6 7
154 100.0% 99.7% 98.5% 99.3% 93.0% 94.1% 95.9%
2 Bacillus aryabhattai BSW22'(EF114313) 99.7% 100.0% 98.7% 99.5% 93.1% 94.2% 95.9%
3 Bacillus flexus IFO 15715(AB021185) 98.5% 98.7% 100.0% 98.6% 93.5% 94.9% 96.1%
4 Bacillus megaterium IAM 13418T(Dj.6273) 99.3% 99.5% 98.6% 100.0% 93.1% 94.2% 95.7%
5 Bacillus subtilis subsp. subtilis DSM10™ (AJ276351) 93.0% 93.1% 93.5% 93.1% 100.0% 93.7% 93.8%
6 Bacillus cereus ATCC 14579" (AE016877) 94.1% 94.2% 94.9% 94.2% 93.7% 100.0% 93.9%
7 Bacillus pocheonensis Gsoil 420'(AB245377) 95.9% 95.9% 96.1% 95.7% 93.8% 93.9% 100.0%

o bl = o w a I & v v §Y a
AN 4.7 ﬂ’]iL‘Ui‘EJ“ULVIEJU@'W]UU'JF’]@IEJVLVIG]ﬂUaWEJ‘W‘UﬁqEJ'NEN

og | S4
Bacillus aryabhattai BBW22'(EF114313)
100 Bacillus megaterium |IAM 1341 BT(D1 6273)
s — Bacillus flexus IFO 15715"(AB021185)
- Bacillus pocheonensis Gsoil 420' (AB24537)
Bacillus cereus ATCC 14579" (AE016877)
Bacillus subtilis subsp. subtilis DSM10" (AJ276351)
Alkalibacillus haloalkaliphilus DSM 52717 (AJ238041)

Knuc

0.005

AW 4.8 wrugiisuliivansnuduiusmaiauinveiunsd
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4.4 wavasirnulunsa-anasudu dansidyuazuanlulowsdwes PHAs

ﬂ"]mmLﬂuﬂim—@hwaqa’m'ﬁL?}ymf\;auw‘%sitﬂuﬂa%’amﬁaﬁﬁmmﬁﬂﬁ@mmm’%zy}@u‘lmﬁuﬁu
yiavesgdunid Tnevhluudrgduvidesanmsadydulaldafaamudunsa-dn 6.0-7.0 v
MNHANTNARBININITIEN 4.3 WUI19dun3d B. aryabhatai annsalaiasiulauazkdn PHB 16
Tuti 6.0 - 7.0 udazazan PHA meluwadligeand Amnadunsa-Aaviiiu 6.5 (PHA content
= 42.31% w/w) feihFadenldanmzdinarufieldlunimnaessiely

A15199 4.3 navesmaudunse-anasuiu sen1sasguazkanlulenediues PHAS

pH Dry cell weight (g/L) PHA (g/L) PHA content (%)
5.0 2.10 0.70 33.33
5.5 1.80 0.60 33.33
6.0 2.20 0.90 40.91
6.5 2.60 1.10 42.31
7.0 2.80 1.10 39.28
7.5 2.70 0.50 18.52
8.0 2.70 0.50 18.52
8.5 2.70 0.40 14.81
9.0 3.00 0.50 16.67

4.5 yinvaswuaslulnsiauniinasanisnantulanaaiuss PHAs

.wadqdunidiesdusznavvadlulnaiauegUszanadosay 8-10  vosminuis AnwFeInTs
Tulnsiauvesduniduazaiafinnuunnsrsiu gaunidursiinanansaadgléfuuumasesidl
Sursslulasiau verdaasyldfuuumasemsiivseneuseeiunidlulnsiau

1NANS197 4.4 WUINQAWYEE B. aryabhattal Sinsiaiauazndn PHAs leFluundsdunid
Tulasiou Tnewdleld Urea uumaslulasiauqduvidasinnmiaiygegalagaunsondneadls 4.00
n3usiedng wasnan PHAs 10 2.10 n3usedn Yeast extract anunsandnwadla 3.50 n3usedng
wazuan PHA 19 1.90 nSumedns uag Peptone aansandsaaaala 3.40 NSuAednT Wavkan PHA
1% 1.80 n¥usiedns lunsdlvasemsiivsznouseeiiunidlulasiautunuinnmsadyuasndn PHAS
Y8aaUN3d B. aryabhattai finsuseldroudnadin Tnefl NHCL anunsandewsadle 3.00 niuse
85 Lazkan PHAs 1@ 1.2 nSumedns wag (NH.),S0, anusandnwadla 2.5 nSusnodng Lavkan
PHB l¢ 1.0 nYusedns wuieifuauideres Kulpreecha wazagy (2009) Afin15ld Urea nawny
nsldunaslulanausinduiievinnisndn PHAs  anmindeslasqaunidaneius 8. megaterium
199970 Urea Huunasdunidlulnnauiiadunidannsaldlunsiasaudulnléd @ule, 2537) way
Sofinsanléiuuesnaud Urea aginaasutmniuvadulasiausindu Ssastisansunu
dmsun1suan PHAs aalgl
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A1519% 4.4 N13uaR PHB anuvaslulasiausiingnge

Nitrogen sources Dry cell weight (g/L) PHAs (g/L) PHAs content (%)
No added 1.00 0.40 40.00
Urea 4.0 2.10 52.50
Peptone 3.40 1.80 52.90
Yeast extract 3.50 1.90 54.30
NH,CL 3.00 1.20 40.00
(NH4),SO4 2.50 1.00 40.00

4.6 n1sanwranIzimunzaulunisuanlulonediwas PHAs 3 nuaududIIn1amIu
Tnelg3snisusinwuung Tuwaawen (Flask scale)

4.6.1. NM3AnwgasaIMIsImInzandmsunskanlulenwadiueslaegaunsd

4.6.2.1.1 miRansasiadendniitinadenisiniyuaznisunanlulenadiues
VBIQAUNTY

nuan1snaaesfildianise nsfnwiadendniifnadonisiadyuas
wanlulonediwesveandunid B. aryabhattai Huwuihitadevdnsiuou 2 Jadefe Usinashema
sutanseluthdududnainammiu (Total sugar)  wazUTinage (Urea) Adisdily fnasgnad
HodAg (p < 0.05) AOAINBUAUDY TneUadersaesiinalunisuinderneuausis USuias DCW
uarU3ana PHAs (in571901ARundl 1-2) uandliiiiuingdunie 8. aryabhattai anunsniaiauay
wAn PHAs lalnglisnududpsdinissidaunddlulasiau Sslladondnfifinadinanaziluldifiowysiu
Tun1sneansnald Tudiuves KH,PO, Na,HPO, MgSO, 7TH,O wag Trace element laifinanonns
W3guazniswanlulonedwes enadewnanarsmaridifisameludhdugudainmunie
Aunidviatondianudndulunsldmandilutiinudes
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A1319% 4.5 LHURIN1IAa0ILUU Plackett and Burman Design (N =

Annsostadeninasiensndn PHB 91n9dun3e B. aryabhattai

12) d@usun1sne

a99luns

Expt. no. A B C D E F Responses

(g/L) (g/L) (g/L) (g/L) (g/L) (g/L) DCW PHAS
(g/L) (g/L)

1 10 1 il 0.1 4 5 1.34 0.48
2 10 1 1 0.4 2 5 1.09 0.27
3 40 1 il 0.4 2 5 3.93 1.01

4 40 1 il 0.4 4 1 5.88 2.1
5 40 1 1 0.1 4 1 555 2.2
6 10 il il 0.1 4 5 2.69 1.11
7 40 il 1 0.1 2 5 3.59 0.76
8 40 il il 0.1 2 1 3.26 0.81
9 10 il il 0.4 2 1 2.46 0.07
10 10 4 1 0.4 4 1 3 0.41
11 10 1 1 0.1 2 1 2.06 0.17
12 40 4 1 0.4 4 5 5.58 1.27

4.6.2.1.2 MsvgasamsimNNzausianisiasgyuasuanlulanadiues
PHAs 31n38uw3d B. aryabhattai

lunrsmgnsemsiimunzanlunisiasyiivlauazndnlulonsdiuesves

98uv3d B. aryabhattai 18 1aLNLNNTNARBILUY Central Composite Design (CCD) Htladevdndi

Anwn 2 Uade FedSunauinnasiunanan (40 - 120 n3useding) wasuSunagSemdudily (4 - 20

ASUGDANT)

N1INNADIVE ﬂmumumwaumauﬁﬁ]% 5'iw®‘U Ao ‘I/l‘juﬂ‘UaULLEJﬁW’l

SLAUM

LAUNAY imum LaYSEAUUINLEANN §IM519 4.6 B IIUMTNARRIVLA 13 MENNg
NAADY (miww 4a.7)

15197 4.6 Ua98LarseAuNtYiunN1sIan e vnnzaulunISean PHAS 91nUnAUT1IWN99U

Factors Factor level
(g/L)
-0U-2) -1 0 +1 ou+2)
Total sugar 23.43 40 80 120 136.57
Urea 0.69 4 12 20 23.31
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al o a H o a a a & v a
M13199 4.7 HavesseRuUSinahmanmuakarUinagsereUSinausaduwitwasUsinm
Tulenadues

Run Total sugar Urea DCW PHAs
(g/L) (g/L) (g/L) (g/L)

1 40 20 2.05 0.074
2 2343 12 2.98 0.88
3 120 4 0.89 0
4 80 12 6.46 2.27
5 80 12 6.48 23
6 80 0.69 3.48 1.07
7 80 12 6.44 2.22
8 80 23.31 0.22 0.012
9 80 12 6.43 2.24
10 120 20 0.14 0
11 80 12 5.98 2.01
12 40 4 4.3 2.2
13 136.57 12 0 0

ndsarnnsrurunmandniaiadunaiilddanss 4.8 nfinnsaniiemgniemsd
WgaNson15asyvesaunIduasnanlulenefiues PHAs uazihluasauudnasmeadinmans
dioosunsmnuduiugssnieUinaninianaluhdniaesUinug Seiiundiluluomsides
duvIdensiaTyBeinnnUiinaieaduisueqdunis (DCW) (aun1si 1) wazUinallulewed
wos PHB (Aun13fi 2 wudwuusassadinmaniiindudsansnisdadula (R) winnd 075
(DCW = 0.99 way PHA = 0.98) fiansaunsenutsdifguaakuuaiass (Model significant) Wuan
wuudraedissiurudeliuinnninfesas 95 (p < 0.05) uasilevhmsvagoumNMINEELYDY
wuudnaed(Lack of fit significant) wudndanumanzau (p > 0.05) awnsaldidudunureadeya
1§ 9ndeyadsndnannsnairansmiiuiiianeuauss (Response surface) LazLHLAIW Contour

leamanInig 4.9
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dl U % 6 1 1 6 v a
AN 4.9 Contour LAy Response surface LaAIANUFNNUTTZNINUTUITAALTazUTU
PHAs AUUSHY8 Urea wazUSunaitiignasiduyianue

Fernamaziiuldiudedinafinunahmanuuas iy Foaraunsaifisn i
youaduis (DCWuazUTinavedlulenodwesld widoiuuimahnanuiasUinug3oaud
Wuilsgdunidarlianunsaniydulaldililifinswdnlulonedwedsne Juilefiansangaii
AravsgandmIuNsaIuarn13HAn PHB muns Contour wuiituiidusadugeiifiaa
wrauuLReIfufugngegauuuuns Il Response  surface dsanunsaiduuuuiiasams
aineansladad

DCW=+6.36-1.19 *A-0.95 *B+0.38*A*B-2.39*A2-2.21*B2 e (1)

PHB =+2.21-0.44 *A-0.45*B+0.53*A*B-0.86*A2-0.81*BZ ~-mrmmrmnev (2)
mn%’a;gaéﬁ'qﬂfm%mmsamgmmmiﬁmmzauiﬁ%qgmmmsﬁmmzamiamm%iy
LazHan PHA flosdusznaudsll USinamnimnasiy 70.57 ndusodns Urea 9.37 ndusiedns KH,PO,
1 nfuseans  Na,HPO, 4 nSumadns MgSO, 7H,O 0.1 nSusodns  wag Trace element 1
faddnssiedns NanseImsaenaaIusaviugySinawaduisarUsunalulenedwesian
WUUNaD9 LagUSunagaduwialAvinuIawiniu 6.61  nsumeans Usunalulenwediwesidavinuie
WU 2.36 NSUADENT
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dlovgnsomnsildannisiwedindrilunnassisduringusinuuia 250 fiadans
Ionadauanduzud 4.10 9aunisininatgesrndmiontuildsinismdn PHB S1ude Tnsan
nsmqAuvdarEuitnguaanisaTayuuua (Stationary phase) Anan 36 H2lus wagnanLwadlegs
finan 66 Hlus Fsfivianm 6.22 nfusiedns uaz PHA Wiy 243 n3usiedns JsUSunanvaduiis
wazUuna PHA - fildannnsmaasssssdiatlndidssiunsinnelnglduuuiiassmsadnmansly
Doy

denBsuidisuuuliunisliinausazafinvesgiuniswuihuimahnanuasgnld
waziFuasiily daluedl 48 wesnianin WwudsatufuuTunanimaglasafignldly wilunsdves
thmanglaauaztmansalaaiuazdimafiutudosq wasanidalued 36 1esanqdunidiingg
Wasuuasihmaglasaluduihmaiaessiindingn Fahmanglaauasiiselnaazduanasdnads
Tutiinaudnties esnihnaglasatdeulududmaisaosiazunuaiilinzaunaves
nsdsutnafinadsulugdunisisiululdihaaiivdeny udvietqaunidlianunsald
thanalévun Fsoradunaunannsazauesasfiviionisasuwasmesiarnunsn-a vie
anawsinseiUinnameaunaslulasiauiinualy vldanedanaalimuneand msunisadey s
AUNTINEANTIATYLAULY

A9 4.10 Msiasuntasnisiasguezn1suanlulonediues PHAs se9IenIsinizLass
B. arybhattai lunanan vu1n 250 1addns an1iziwgn 200 souseuikargamngil
30 pIFALTe
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4.7 wan1sAnwINIzUIUNISUINUUUNzIiNananlulawadwesludeufnsaldaninaun 3 ans

idehgnsenmsiiliainanizmamtauuunglussiuranadivgnsvuinnisienunieluds
Ufnsaldnimewin 3 805 nudnRaunsdinisudngadla 10.38 nFuseding wazaunsondn PHB la
fe436 niudodns gandnndsaunislussdutianad waeluwilduasiuludnudmindalusd
72 dnwnliunslihmariiaiaiugduridasldihnaglasafoumeludalud 36 udlunsd
vonmanglaauaztmanalpatuinnliufivtudos qainidudu augsaaludalud 24 9Auv3s
Fusuiinsldihanaraes famil 411 Faasdhuldinsvesvuanisvinlusefuiafnsed
Fanmiiu vhlFgdunisannsondmnawaduay PHA Idgandsedurianadfis 1.7 way 18 wi
g uaggduvidanmnsalihnnaldegnedusyansam Wesnnludsufnsaitanmiudianne
windeusesnesenslimsomsvesgaunidifednsdivssansnmaunnt mnelufmndnigld
Tumwihlianstidnsasdudofetu waelinsuanasuoondiauuasduiaiuomsldfty

A 4.11 msiasundasnisiasguaznisuanlulenediues PHAs Se9I9nszUIUNSINELADY B
arybhattai HUNTAITINNUUIN YUIA 3 GRS N19RTIN1INIY 200 SaUFBUIN dRIINTTIIDINA
1.5 dnssounil Mgl 30 aerwaLTyE
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4.8 wan1sAneINIzUIUMINInuUURInzNananlulawadwesludeufnsaldaninuuin 3 aas

Mnnsruaumaminuuuingluduinsaiiinndaiinaifuomsluaesinsie dalusi 18
wavtaluad 42 s‘zfqLﬁuszj'mﬁﬁ;éuw%‘s‘iagﬂusu"mmm%fyl,t,w log phase ﬁﬂﬁﬁgauw%émmamﬁmma
waduazsdn PHAs Idetnadeldeslngliiinaumadgegaivindu 14.20 niusiedns Adalus 54 uaz
PHASs Wirifu 4.84 nfusiodns fitalus 66 fanmil 4.12

A 4.12 msiasundasnisiasguaznisuanlulenediues PHAs S89I9nzUIUNSINSLADS B
arybhattai wuuisnsludaufnsaldinmaun aue 3 &3

Mnnnsieufisunsmnsdsasadifiondn PHB  Tusedudnaqanunsnasuussansamnns
nasluudvanald (vield) waedns1n1siadey (productivity) fauanslupnsnsdi 4.8 Fawuda nis
wauLaEJaﬁ]au‘mi&ﬂiﬁMUWmaﬂ%Mﬂimmﬁuaqmamammqﬂmmﬁmﬂww Lamlumﬂgﬂmmmw
aghaiulddn anduilefinnsanuisudiousswinanssuiunisudauuunsuasuuuiane 3
wazLamf\;aumaqumﬂzu%mmmwammaLszjaaLLaszmJimm PHAs léBndamsmifnuuuienyd
wnzaufiazihuldiiledfiulssavsnmuesnisnaslulenedwes
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A1319% 4.8 Usunauwaldl (Yield) Alaannnisuinunauasut e ulaensuslniuuaige

Fermentation Biomass PHA Biomass Product PHA content Productivity

procedures (g/L) (g/L) yield, Y,is | vield, Yo (%w/w) (g/Lh)
Batch
Predict 6.61 2.36 : - 35.7 -
Flask 6.22 243 o.17 0.066 39.07 0.037
Fermentor (3L) 10.38 4.36 0.19 0.081 42.00 0.061
Fed-batch
Fermentor (3L) 14.20 4.84 - - 34.08 0.073

4.9 msfnwauanthvasiulonsfwasnuanlianuiaududiaiiamau

9Innwd 4.13 PHB  fiafmldannlulenediues PHB  fiadaldanisaduesgdunis sacilus
anybhattai Ipeldinduang dudsineniuluwasomnsezsilunagoulneinios DSC
ammﬁﬁwaaL@J@%LU?{auLLﬂmLﬁuamuvﬂé’muﬁa (Te) uazamunnil w avasuval (Tm) Guaﬂnﬂa
waamai nail 4.13 ”Liﬂ,awaaLmasmaﬂmlmummmsaum&mmumi PHAS mmfﬁmmmm

~
bWBAN

U3ans 99.5 Weddud  Fauihgungigavasuvaivesasasgiuiituieseituigungii
woAwosUAsuasTuanuzadenia (Te) Wiy 2.81 ssrivaidea WaTUUNT W IANADULARD
(Tm) Wity 176.29 ssmeadoa ludues PHB fiadnldduilgamgiiinedwesivasuudandy
anugAagL (Tg) WU 1.11esmwaidud Lavammall o 3anaeuuad (Tm) Wiy 167.30
psLYaTyd Taindn PHB amsgiuvinli PHB Rardaliainnisninueaqduvie sacillus arybhattai
Tuhdusudismuifansetugilasaudouldiendy PHB  wnsgu iesannuigamai
YINTVABIYAIIRY PHB  unsgiutilndiAssiugnngiivesnsgosaats fainmd 4.15  wang
gumgilvesnistosaasves PHB 11asguuas PHB Aldainnisntn Tasmsiinseilagiedos TGA
(il 4.15) Feagdtlédh PHB :innsvitndl Slgamnfinisdesamelndifesiu PHB snAsgu usiay
finsgovaneesanysaliflogumgiiuszanm 450 ssrwaldoa wiluvue?l PHB 3nsgIuaILNTD

govaasliogeanysniigumgiiiied 300 asrwalTes

AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny 49 | v 11 1



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

a

il 4.13 Tulawedwes PHB Nafinlaaniuadveqdumnie Bacillus arybhattai
TagldirAuanaisut i duwrase1ms

Al 4.14 wansgaumaiiinedwesildsuulanluaouzadiauia (Te) uargaumall a
AnaaNwiad (Tm) ¥ PHB 11msgiumag PHB Nadnliainwadueqdiuvid 8. anbhattai
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120

—— PHB (Bacillus aryabhattai)
------ Standard PHB

100

80

D
o
1

40

Wkight loss (%)

20

50 100 150 200 250 300 350 400 450 500 550

Temperature (OC)

M9 4.15 M3aalefilagAusauYes PHB w1nsgulay PHB Nadalaannisas
YBIYAUYSY B. arybhattai
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4
4

) N3UNdR8AU (Sugarcane juice)

a =

4.10 wansAnwaeAUsznaululndesniinasanisia3yvagdunsd

4.10.1 Y3unaianasinsisvaa (Total sugar)
NNTIATIETUSIImasuiaue ludideglagisiuea-dailsa
. . I A A - ) [ U 1 a 1
(Phenol-sulfuric acid) WUIMNUIHIUUINIATIMYNUNALMINY 105.50 NTUADANT

4.10.2  USuauveskdanazaele (°Brix)
n3iaUsSunuvedsnazaeledy ARtalaidunisuszuue1vesinanan
annsnazany esntuindeslesiusznouvesiinaavalsagludiulng sannisiadeuaun
a 2 a ¢ ' - A A <2 Yoo W
SunSnladlwas (Hand  refractometer) wuintuiesgasiivsunaaadsnazatals (°Brix) winfu
11.6 Usng FsRaduusunaiananavuminnu 116 n3usedns

4103  Arrudunsa-ang (pH)

dndurmnudunsa-sng fndneia3as pH meter Humuineramdu
nap-AsvanindostuduiiaUszanm 3.4 allenuiunsuasdvlimnzaudenisiaiyvesnduras
aeug A (atus TISTR 1043 \lesnnqdurddedindannsnaialiflugrsemnsiiinsesaiany

Wunse-Analseuna 6.5-7.0 (Grothe wazAue, 1999: Khanna wag Srivastava., 2005)

= a 4 a ¢ 1 % v
M99 4.9 HaNITAATISUNITIULNDINTG) Tuhoes

dquusenavlulidoenu

wWasidud (%w/v)

111 (Water)

87.34
o (fiber) 1.06
youdaimunfiazaneld 11.60
100%

dauusznavluvesudsisuaiiazansld windu 116 ¢/L

Wasidud (%w/v)

Usunauleiaviavus (105 /L) 90.9

Tulasiau 1.2

AU U nde nsndunsgdasy arsnluluima Wudu 7.9
100%

Usunauanasauyenug (Total sugar) Windu 105.5 g/L

Wasidua (%w/v)

wenangleg  JUSa 21.8 g/L 20.7
imansalea  JUSuna 26.0 g/L 24.6
dwaglasa Ui 36.6 g/L 34.7
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vhanauealna  SUSue ~ 1.0 g/L <0.95
dhauanlng  fUSina ~ 1.0 o/l <0.95
doaviesug  TUmia ~ 19.1 gL <18.1

100%

4.11 wan1sanwran1ziwinnzanlunisuanlulawaawas PHAs anuidaelnelglsnisusintkuy
neluvanLvgn

4.11.1 wamsaneraudululalunisldqdunsd 2 arenwug Tuaududuves
ihanasauiaualutindes 20 n¥usedng
thndudefifimaiasyuenaunid A (atus TISTR 1043 uazqduvidd A
eutrophus TISTR 1095 11@g9ag 10 {addns (Inoculums size 10%) asluemnsgnsindeusvse
pnIvdn U3inas 90 fiadans luidesiifinnududuresinig 20 nfudeding Hedlviaiylug
UaBouuuiEn (Incubator shaker) flgamndl 30 ssriwaLdea ArUANAIIEITOU 200 SOURDLIT
Fushegiamn 6 4l ilusseznan 2-3 Yu Aanunsiadnueagdunie (Growth curve) lnon1sin
nsgANAULANTIAINLEIAAL 600 UilumAT (OD 600 nm) dauanslugud d-1 wuddnsinisiasey
yosqdunIdunnsnsiuseaiulsdnlag 9dun3d A latus TISTR 1043 fidnsnsiadnroutneinile
WeuAUansINISAsuesRdunsd A eutrophus TISTR 1095 fieududurima 20 ndudedns |
faifu Faudenldaun3s A eutrophus TISTR 1095 Tumsndn PHAs sely

=4—A. eutrophus == A latus

7.00

6.00 //.-\'f ———

5.00

4.00

3.00

OD 00 nm

2.00

1.00

0.00

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Time (h)

a

Al 4.16 WisuiiisunsiaigylneisiaAnmeiu (OD 600 ,.) Tewadqdunid A. (atus TISTR
1043 uag 98usE A. eutrophus TISTR 1095 luindes 20 n3usedng
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4.11.2 wansfnwinisrdalulewsdwes (PHAs) amindaslurngnlasuusiiu

anuidutuvesumasasuou (wsiuuiudhmanuimusluides 4 sefv)

nsAnwUSINamasIee (Total sugar) luthdeefifamnuumnzauun
n3HAR PHAs Hundsiutiinahmanuresihdes wenauaduoimaidendunis Tnefuualid
nsuUsiy 4 szau (20, 30, 40, 50 nSusiedns) lunaanvuia 250 daddns (USu1msvinau 100
fiodans) Sumeidedluguunuumgfioumgf 30 sswalisa wararuisizeu 200 sousowd A
CN ratios 6810 \iudogimn 6 dlus Weiarsunfsdadonsasuntanineg wu Ui
thwinueadusis Usim PHAs wasUTunahmaiivdelinadwiolud

4.11.1.1 YSuainvinwaduiievssdauiaivaa (Dry cell Biomass) uazu3unm
s lgUIMasIUTIINA

AT 4.17 M5UAULUAIUSINAUEIANATININUA LATUNAUNAaLAIUDLYAATENIN
NSTUIUNISINZLABY A eutrophus TISTR 1095 #1d@n17ziwen 200 S9UABUNT
9ol 30 BarTALTYA

nNNsuUsHUAMUdNTUB9A1a5M (Total sugar) Tutideedu 20, 30, 40, 50 nSuse

1
o v

ans  N9TYUesRdunsd A eutrophus TISTR 1095 Tuthdeeluiniwen wanasslunni 4.17
wuindiaan 0-36 Falus Maainuesduniderlndifeatu lunng arududuresianasy ud
181910 36 92l si1uly AesmuANLUANA1IYEINISLATY FsnTiaTyresgAuvIsianudidues
thenasa 20 n¥ustedng dmaesnasaniingt 36 SludlduTnubmineaduigsando 1.8994
nSuredng ndtnduafadunsiitufananmamades 72 $9la9 wasfivsinashmasa 30 a3
foAns Sammasyrenaunisidnunrlndifssiuiiannziniau 20 nfudedng  dwdinn
uduresiniasay 40 niudedns tudmsninaigmesBuriiiinganiia 72 4alus wawdien
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iR eI utaaTa 20, 30 nYureans egruiulade I@Uiﬁﬂ%mwfmﬁﬂL%aéLLﬁqqqqﬁw
fo 39988 niudedns dmiuiiaududuiniasiu 50 nfudedns wuinduanmeiidgadenis
wnzdes WewSsuileuiuiianmisaududusug Tnelutasaamdan 36 Salusinly Sasins
195QazSn dunaldainauduaesnsiv miw%@ﬁmqqﬁqmﬁmm 60  alus wazAedily
qunseiis 72 Falus USnanhmiinwaduielawintu 6.0129 nfusedns wefinnsanysuianisld
ﬂfwmasuawﬁum%é NUIHANEDAATBINUENTINITIETEY dunalaainauduvesnsinlugigia o-
36 3l amwmiamawmmmamﬂﬂamamu‘mq AN TULANEIAINIAN 36 Gm‘[m RIINTT
aﬂawaqmmammummmLeumuljmusuaamma 40 way 50 ﬂimaam fiAnnnauanudEu
NATIATIZINUI mmLsumusummma'mmL’qummamaqmam’mamum 4.39, 7.28, 9.19
way 11.86 ndudedns dmsufinnudiuduthmasudy 20, 30, 40 Wwaz 50 NSUFDANT AIUAIAU

4.11.1.2 Ysunaululenadiwas (PHAS)

Sefinnsananarmaunsolunisuanlulenedines PHAs @diasgilugy
9949815 Polyhydroxybutyrate: PHB) mwé’qguqmzazwmmwﬁmwunz Funan 72 2lus s
wandlunmil 4.18 wuitnswan PHAs (Fsazaueganeluwad) asandeafiunisiadey (mmnsmsud
4.17) esmnarududuveamadaeudnamdniuiinnududutinna 20, 30 nfuredns A1 PHAS
AFFeroudnednguiu fio 0.0273 waz 0.0480 Ay Tuvniefinududuina 40, 50 n3use
8ns USunu PHAS ﬁmaﬁuaéwﬁmw‘[maﬁm 1.0580 Wag 1.8377 NSUADANT AINAIAU 4mw1‘7i
4.19 LﬂuﬂﬁWmWauwuﬁ (profile) N151A38) NINER PHAS GuaaaaumaLLavm'ﬁamawmmma
AmSunsnslassiiannvinmasuiy 50 nfusodns mLUuamavmwam agwulainnisiasyuay
AMSNAR PHAS ?Jmfgaumauaﬂwmulﬂmaﬂuuawaamamﬂumiamawmmma

Af 4.18 nsidsullasnisuanlulonedilesd senienTsUIUNISINIEIABY A. eutrophus
TISTR 1095 AIANUULIUYDNNMATINVIVUARANATISIY N2 200 FoUABUT Qaungil 30
NGRIERIG IR
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A9 4.19 NMsdsundasnisiasguarnisnanlulonediues PHAs SE®INATEUIUNISINIZIAYY
A. eutrophus TISTR 1095 1A UTUY09UIMNATIY 50 nFuRaAT Nd@n1ZLE 200 59UsD
Wuay gl 30 sarwaLTes

™ a & ¢ a z:{' Yy v o a v o )
ANAFIUTHUNYUNTSINIZLASULTARLNDNER PHAS NANIEAMUTNVUUINALINAUNNE) AU Iu

wdeiiui aansoasuiludszavsnmnisudnlunivesnald (vield) uazdnsinisasey

(productivity) fam1571991 4.10 FINUI1 ANAINITNIZLAB 60 T8 ANULTNTULINIALETNAY 50
n3usiedns TAmalauazdnsiniskangedn ldnaeiiansanluiinalddiuia (biomass yield), Y
nale PHAs (product yield), Yors nsenald PHAs 9ne (specific product yield), Yo

AN519% 4.10 USunaumals (Yield) waskandnflnainnisrinung e NANUutUUeItInIas I
LANENSIY (ANFUgANITIINNELEET 60 TILL4)

AULUNTUTD . _ Specific .
v 2 Biomass PHAs Biomass Product ) Productivity
UIRIATIUVNNUA _ , product yield,
(g/L) (g/L) yield, Yy | yield, Y (g/Lh)
(g/L) Yp/><
20 1.8994 0.0273 0.1241 0.0018 0.0145 0.0008
30 2.1611 0.0480 0.1073 0.0024 0.0224 0.0010
a0 3.9988 0.9681 0.1238 0.0230 0.1858 0.0134
50 6.0129 1.8377 0.1634 0.0499 0.3056 0.0306
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A15797 4.10 WHunsRarsauseansaimnisnanlduinald (vield) LAZDNIINITNER
(productivity) annnsIIzABITasianEANLEdumaBuiY 50 nSusedns TnoAnTianie
naNsINEEei 60 Yaluawihidu Welddamuannddui dnssiiuisudisuanalduassnsinis
nandnsuRinududuimasudy 50 ndusedns lneRnUSsudsuiinainssdes gy
wisiinagavineie 72 Halus wamineidioudiovasulalumsed 4.11 sgdiuiriinainis
wnzFesi 60 dalua Tiewmald (vield) wardnsinisudn (productivity) geanidiowiouifeuiud
ANBuY

i a v . Ay v o 8w P - -1 A |
A19197 4.11 YSinaueald (Yield) Aldannisvinindsevesnnuiduduresimiasiu 50 gL Aviaidieg

. Specific
Biomass | Product o
) . product | Productivity
1381 hr | C.D.W (g/L) | PHAs (¢/L) | Total sugar (g/L) | yield, yield, ,
yield, (g/Lh)
Y></s Yp/s
Yp/><
0 0.2529 0.0085 48.66
0.3043 0.0117 46.28 0.1279 | 0.0049 | 0.0384 0.0020
12 0.7233 0.0829 39.16 0.0761 | 0.0087 | 0.1146 0.0069
18 0.9703 0.0917 33.55 0.0642 | 0.0061 | 0.0945 0.0051
24 1.5143 0.1854 28.68 0.0758 | 0.0093 | 0.1224 0.0077
30 2.0729 0.269 25.57 0.0898 | 0.0117 | 0.1298 0.0090
36 27154 0.393 21.24 0.0990 | 0.0143 | 0.1447 0.0109
48 4.8515 0.9913 16.67 0.1517 | 0.0310 | 0.2043 0.0207
60 6.0129 1.8377 11.86 0.1634 | 0.0499 | 0.3056 0.0306
72 5.8071 1.5478 11.86 0.1578 | 0.0421 | 0.2665 0.0215

4.13 wansAnwanzimunzaulunsudn PHAs Tussauvenedau (Up scale) Tudendn
UfinInidanw (fermenter) vu1a 5 8as lagldISnsudnuuune

anngimngandildannisfnwinsudn PHAs Tussfunnignanideiiimnie
Aenududuresimasiy (Total sugar) 50 ndusedns deduannyanududuiniasiuilia
duduwadgean dldldanzamududuthmaidmiunsmnedsduiinsai@ninaun 5
803 19USnse v aissgAuisludamsinuindu 2 Sns (Working volume) ns1n1snausiiy 200
sousioundl Mew (pH)  6.5-7 gauvindl 30 earwaldea Snanslriernia 2 wm TneUfuliaTes
yhandlud ilemuaudrrdudusendiau (0, ) lutmifnlidaasiil 30 %

NANISVINABY WARIFTININT 4.20 6’3"&Lﬂuﬂsww%a;gaﬁlﬁﬂmmnwwLgaaiuﬁawﬁﬂ%uﬁm 5
303 Tagldfinisihdeyannmamedsdussdvnagunioudsuielifunalundontu ag
Fuidnsaznisanawesiinalidnvaradiofiy winisinnzasduvaagiinisidiimaly
1nnt iesnnanududuiinadidedddinindntes wewssudisuiunisiasduaniivds
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sifnuna 5 a0 luraedinnududueadaniedlddalndidsetu @nainiamieides 60-72
Flu9) egnslsinudlofinnsaniivnantag 18-60 F3lus Fudugia srowth phase aeifiuidnsing
Lﬁ]’%maalﬂjaéﬁwaLgaqiuﬁqwﬁﬂﬁﬁWMWﬂﬂdWLﬁaLﬁ&JUﬁ’UTummmh Frorudunaninainaning
windouludamiinedensldansevnsvenaunisifesnsiiussavsnmannnit inszludondingnng
T lunwsildansiignvadude ot (homogeneous) léfuaziindnysnsindouiivesveasiua
wuutlutau (turbulent flow) dsmailuuivesnisanemanaans (mass transfer) lidaufuasems
wyoeendiau dwiulutaeiie (60 72 dalue) Asmsnsaiadmiunmsmzidedudmtnlily
wanshsluanlurimegniu seionsdumssindutiiinnududuimamdedesdslidma
winianssedadefiAsiiunisaiomuiaas uaﬂmmfﬁzhmaﬁaﬂénL?;Jusu"mﬁLszjaéﬂ%’uamwvﬂ”]qj
anTzAsil (stationary phase) o wauedtumeluwedicliunansnsiuinninaesane

A 4.20 MslAsusUaslSinainig wavdmtnwadurisueqdunid luseninnsesuiuns
WWZLEes A, eutrophus TISTR 1095 f1AALLTUI0IUIMIATININNA 50 NduAadnT Tudmgn
UFnInidInm vun 5 805 wazluvinweivuin 250 Tadans 91 C:N ratios = 6.8:1.0
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4.14 wamsAn @1 C:N ratios Tudhdeslusnasfmsinuinsalvunn 5 aas

Tulasiaufidutladevilslunsaganas PHAs sewinansiaduesqduni A eutrophus
TISTR 1095 msanwravedlulasiausonisinzEswilnonsusutsnanmsiy uesluioudamn
(NH),50, luawsiasade wiadu 2 anng laun

4.14.1 @iy (NHq)zsoﬂuqmmmiﬁwé’aa (C:N ratio = 6.8:1.0)
4.14.2 13fs (NH.),S0, 139 Crude 11888 (C:N ratio = 8.9:1.0)

A 4.21 NMsUAsuklaSINAUINTG ke MTNYARRIANUDIREUNSE TENTNNTEUIUNT

& - Y v S & -1 v v a ¢
WNEiREa A eutrophus TISTR 1095 Anududuvestiniasiuianun 50 oL Tudwmsinugnsal
FPInmuue 5 03 AuUsHueA CN - ratios

Nl 4.21 wansliifiuinnisii (NHﬂ)zsoﬂuqmsawwmfwé’aa (C:N ratio = 6.8:1.0) ¥
Tiaunsdiasalanninlaiidin (NH,),S0, (CN ratio = 8.9:1.0) sghaiuladn Inelugas 18-60 SRIEIR
M9a3UeeasluNIaINnIsUSUAT N WAy 6.8:1 9sdidnsnisadafiiinindsdunaldann
auduvesns wariidudelfiuieusnedrmilsionsanaseinna felndidsaiulunned
Snansiasagandt uansimaldimadmiuniamsdeduanmeiiinisusua CN asfidngandy
dlowSsudisuiuaneiiliinisusuan CN (crude sugar cane)
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dauns i .22 wansiier PHAs Tidslalnewadiianiiznisinsidssiidnnsususi
C:N Wiy 6.8:1.0 daumsed 4.12 Wunmsfinnsanussansammsmiziiesuasnisndn PHAs Tu
wivosaldkardasinsndn PHAs  Tanmisimnsidesineg anuin maldTauiauassnsinisuan
PHAs Tutanan 48-60 dalus denlndidssiulaed 60 dlusilrngsgn

JUT 4.22 MmsdsundasdTinaninig wasivtdnwaduiauesgiunsd uasniswinluloneadwes
FEMINNTZVIUNIINIZLEEN A eutrophus TISTR 1095 NAMULTNTUUDIUIAIATINAIAUA
50 n3usedns Tudmdnunsaldinmawin 5 ans Wevamuly 72 4l 91 CN ratios = 6.8:1.0
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M13199 4.12 YSanauadqdunie (Biomass) wavUunadlulenediwes (PHAs) flnainnismidn
HEY a Y v H o 1 a ) & a al' .
WdeefirnutntuvesinaTn 50 nfusedng ludwidnuuin 5 8ns 91 CN ratios = 6.8:1.0

Specific
. Product o
PHB Total sugar | Biomass ] product | Productivity
vian hr | C.D.W (g/L) . yield, .
(g/L) (g/L) yield, Yy yield, (g/Lh)
Yp/s v
p/X

0 0.1764 0.0071 51.35
0.2058 0.0091 50.94 0.5020 0.0222 | 0.0442 0.0015
12 0.7057 0.0788 47.32 0.1751 0.0196 | 0.1117 0.0066
18 1.2055 0.1012 42.15 0.1310 0.0110 | 0.0839 0.0056
24 2.8227 0.3904 41.10 0.2754 0.0381 | 0.1383 0.0163
30 4.4399 0.8609 35.47 0.2796 0.0542 | 0.1939 0.0287
36 4.8515 1.0174 32.70 0.2601 0.0546 | 0.2097 0.0283
a2 5.2632 1.0377 30.56 0.2532 0.0499 | 0.1972 0.0247
48 55572 1.1275 25.67 0.2164 0.0439 | 0.2029 0.0235
54 5.616 1.2174 21.06 0.1854 0.0402 | 0.2168 0.0225
60 5.8806 1.2812 20.36 0.1898 0.0413 | 0.2179 0.0214
66 5.7336 1.2522 19.57 0.1804 0.0394 | 0.2184 0.0190
72 53514 1.0870 18.69 0.1639 0.0333 | 0.2031 0.0151

4.5 MmaTeuiisunsuanansiulenafiwes PHAs Tuudvasqduniduazuvasingau

a' & v a & ° v  a a6 o & % a
$1379N 4.13 L‘tJusUE];JUamiNam PHAs ‘Uqﬂﬂ'ﬁw‘n%LaENa']WiU‘ﬂqaumiEJﬁ']ﬂWﬂﬁq@']\‘is’] FIUIYUN

YILNAIDIMITNLY IRzl miudUszAanSannsuanluldvanaladiulanazsninisuaniag

= = £ Ay v av Ao av a <@ Y1 1 1% [ a
L‘UﬁEJ‘UL‘I/I‘EJU“U@%%?VIVLWU@N’]U'JQEJUﬂUQTLl’J"UEJVIN’WUG] a1 203LVIL!l(ﬂ’J’]ﬂ']Nﬁl@LL@SE)G]T]ﬂ'ﬁNaG] PHAs

Aaudsarmdmsuendded dowssudloutummidovesaudu teiordunssauddeoves Kim
uazAy, Yamance waganiy Tud 1996 THhnmanglaauazelasauianiiduuvdsaivoudaiamn
ATeildihSesRv (crude sugar cane) FaflesdUszneuvanimariinsneg sauEseus 7
m%zﬁmaﬁu&&iamm’%@
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M13197 4.13 WIguLiieunsuan PHAs anndngaudisyiinm

) A. eutro | A. eutrophu
Bacteria A.eutrophus | A.latus A. eutrophus
phus s
Sweet Sugar cane Sugar cane
Carbon source Glucose Sucrose o o
sorghum juice juice
Limiting Nutrient Nitrogen None Nitrogen Nitrogen Nitrogen
) Glucose
Fermentation , pH-stat pH-stat
concentration | pH-stat pH-stat , .
Method in fermenter in flask
control
Culture time 50 28.45 a8 60 60
Cell concentration
164 143 13.40 5.88 6.01
(g/L)
PHB concentration
121 71.4 6.87 1.28 1.84
(g/L)
PHB content (%)
Specific product yield 76 50 51.3 21.8 30.6
Yp/x)
PHB productivity
242 2.5 0.143 0.021 0.031
(¢/Lh)
PHB yield
0.3 0.17 0.27 0.0413 0.0499
(gPHB/g substrate)
sugar consumed
4 403.3 420 254 30.99 33.8
(sL )
Yamance
Kim et Kaewkannetra
Reference et current research **
al.1994 et al.2007
al.1996

NEWR ** YagaInadeaTall
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unil 5
ajUunauazdalauauuy

(Conclusions and Suggestion)

5.1 d@gunanisnaaad (Conclusions)

psAUsznaundniinuluiAunndrduiiinamiunuiseneuludetharavatssiia g
theanglaa12.32 n¥usedng dnansnlng 5.75 n3uredng wasinaglasa 175.97 nduredng
Ay waznmsthuuafiiisanewus A latus TISTR 1043 smeassiedlugwsfiftiaas
Tuiduanadudnaiieniu 20 nfusedng wutgduvds A latus TISTR 1043 H8nsnisiadey
Aouteh frdudsldinsdanengiunidanfuiiannsondn PHAs aanthauanddudiainemmy
lelnenhluSsuiisufugaunidensdeiianunsandn PHAs 16 3 aneviude A. latus, A. eutrophus
uay Hydrogenophaga sp. WuIANAUYIEAlFARLNIINAL anefus Sa Tnnmmanzaudenis
thuwde PHAs  wagldfunisusdeinvendunid Tnewadamstiluanaindauadieadeiu
98wy B. aryabhattai Fauiald B aryabhattai Wieldlunisuan PHAs a1nthAuainddudng
v Afinsuvsfumanudunsa-dasazeiavedlulasiou nuigdunidfinanlinananues
PHA gegafiinAandunsa-sawiniu 6.5 uavgBoiduuadlulasiauiinnzausonisiaiauess
aryabhattai \ileRuganszuiuntaviin (szana 24 $9lu9) anifuthadurdduidedduemsiin
Futnhamudussdussnoufiomanefivangaudmiunisadouazsdn PHA  Tnefinis
ndunsesiladelngldisnisues Placket uay Burman wasnuindiiiies Total sugar uae Urea ity
fifinasiensiasay B. aryabhattai wagnan PHB Mnhmuduiineu ndenduihdedetaes
119DNULUUNTNAADILUY CCD ﬁﬂﬁlﬁqmmmiﬁmmzamﬁm% B. aryabhattai el Total sugar
70.57 nTusedns Urea 9.37 nsusodns Na,HPO, 4 nsunodns KH,PO, 1 nSusodns MgSO, 7H,0
0.1 n3usiodns uar Trace element 1 mbL/L lusgAuranadanunsandnwaduisgegaminiu 6.22
n3usodng uazUiina PHAs geanuinfu 2.43 n¥udedns Tagldnatlumandniisdu 66 92lus An
Wunalawiawad (Biomass vield, Y, iy 0.17 ﬂ%’uLszjaa‘LLﬁwiaﬂ%’uﬁwmai’mﬁQﬂiﬁﬁ Andu
waldkEnioust (Product yield, Y, Wity 0.066 nfu PHAs senfuimiasuiignld qauvas
aunsnazad PHA winfu 39.07 %w/w LagAndusnsin1swan (Productivity) winiu 0.037 nSuse
dnsetilue dwduanngmsndinludufnsai@inmenn 3 8es  wuiiinaiviin 72 $alu 16
USunauaduiaduvisdasanuingu 10.38 nFusiedns Usuna PHAs aeanuiniu 4.36 n3useding An
Junaldnamad (V) wiiu 0.19 Andunaldndnsio (Y,,.) wiu 0.081 dunidanusaazay
PHAs WU 42.00  %w/w wazAnidusnsnisuansindu 0.061 niusodnsredalus \dleld
nszUIUMIVILUUASNzaansafiusnawad TS inaeadaegavintu 14.20 niusiedns fidalus
54 wag PHAs Wiy 4.84 n3usedns fidalas 66
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Tunsdivewinges anmsAnwesuszneundningosnuiUssnoulsetvesudefiamnsa
avanglduazaruidude (fiben Snvsluthdesiulszneulfethmanaresinlumiae niusedns
iy thananglaa (21.8) Ynavignlng (26.0) thenaglesa (36.6) tnauaniag (~1) dnauea
na (~1) uagtmadue (~ 19.1) wanisnwanaudululilunisiuuefiFeasiug Alcatigenes
latus TISTR 1043 mLgaﬂuawmﬁﬁﬁﬂfwmamﬂufwé’aa 20 n3umeans wui A. latus TISTR 1043
fishsnsasaroudias LuaLUiEmmsmﬂuamflmimmaq A. eutrophus TISTR 1095 faiu3lé
den A. eutrophus TISTR 1095 wiieldlunisuan PHAS mﬂmaaa mﬂﬂmmiwummLsumumma
591 4 53U (20, 30, 40, 50 ndusedns) WU ML Tureshmaiuausonsielyes
Q@UV3E A eutrophus TISTR 1095 fie 50 n3usedns dslflwaduisgeaniviniu 6.0129 n3usiodns
uazUTun PHAs geaauinty 1.8377 nfusedns Tngldnarlunsndniisdu 60 42Tus Andunald
wIalaa (Biomass yield, Y, Windu 0.1634 ﬂ%’mL%aéLLﬁwian%’uﬁwmaiauﬁ'gﬂﬁ Andunala
wAnSust (Product yield, Y,) Wity 0.0499 n3u PHAs densuthmasiufignld Andunald
HaAnsueIIINE (Specific product yield, Y,,) WU 0.3056 N3 PHAS sionsulwaauiny wazAnidu
§n31n13HER (Productivity) winiu 0.0306 niusednsaetilus dmsuannznisudnssuvenedn
Tufeufnsai@rnmeunn 5 &ns nuiiinavsin 60 SlauslduSinawaduraqaunidgegamiitu
5.8806 NSURDANT USuad PHAs gueaawiniu 1.2812 nfusiedng Anlunaldunaisad (V) wiriu
0.1897 Anidunaldndnsiom (Y, Wi 0.0413 Andunaldndndasidnie (Y,,) Wiy 0.2180
LazAnfusnsinsranwindu 0.0213 nduseansiedilus Fwndwalduazsnsinisnaniuansli
WiuinUszansamlunislddidenfuasaaduiiondn PHAs Aoy Sremiioseudisuiunisld
wdsndueuriingu tebenaiiesnanmeluihdessenatiansdu fu (inhibitor) visiia@fuivde
nsLadnesgaunidilrqaunidliannsonan PHAs Téegadudl nefdaaifuuofidusd Product
yield (Y, wagen Specific product yield (Y,,) lunaraduazdemindanussana 5%, 4% uay
31 %, 22% MUAIAU
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5.2 Yarduauuz (Suggestion)

MnransAnsmslETagivmamaneesiifihnmauesduszneundnaessia agdldiui
nsldruang Rl nmiisameiissiluldlunisudn PHAs eslsiniudansdosd
msfnwfiaiiusnsnsarautesgdunisielrldusinames PHAS gatudeelud

1) msiinsfnwedunidfndnlaennslimedamatugianssulunsuiuussaneiusls
fiusyAvEnIMNINAREITU iU Recombinant £. coli Lusu
2) TuwdUBINTEUIUNISHNARNLDS mﬁlﬁmiﬁﬂwmﬁmLagﬂ,uﬂWilﬁmmﬂimﬁm%zy,@uima&hﬁu
WoduadlUluomsildiassange wu Safiuse Tulodu sdeiivuaslulasiouiidl
FIANYNTINAIELLYY drugdrlnm (Com steep liquor)

3) AsFnvuidsluduvensEUINNMIatn WeliuUsEansamueinssuiumiiu
AeanananfasfliléieUTum (Yield) gewaganuuiand (purity) ge dielvanunso
a1 flugmamnssuenls

Tuvaugflunsalnisldinsesduasomsémsuinizides A eutrophus TISTR 1095 Liie
WA PHAs dulldnaninwe eg1slsAmudinadosdinisdnwiiiewauiuseans Amnda PHAs 210
YroeglrtiaAunTuy sasalud

e aa

4) ﬂ?illﬂ’ﬁﬂﬂ‘lﬂ’]ﬁ]auVliEJﬁWEJWUﬁ@u%Mﬂ’liﬂﬂLLEJﬂlﬂ*’\]’]ﬂLLMEﬂIQaUﬁ%E]LmﬁQﬁ'lﬁﬁlI‘ma

]
2V

WuuhaRuildneUgndes udu vieenalimsAnwifimdumsldmadamaeiug
Amnsaulunisusudgsaneiuslviiusyavsnimnisnangsdu 1wy Recombinant £ coli
Dusiu

5) TundreenszuIunsHanes onaiinmsanwidiuiuluieweslSunaeondiaud
umaiusﬂsuaaami'm'ﬁimaﬂsmumaLUaiLsciummam’maqaaﬂ%wﬂuumm
uaﬂmﬂuu a'1f\]ﬂmsnmmamaamsmﬂuimwuiumaaa (C:N) 5lUaIENS
LW’]“LaENLLUUG]NG] U MSEABILUUNY Lﬂismmsmﬂmwumﬂ“ (fed-batch) N3
LW’]”L@EJ&LLUU@]@LN@Q (Continuous) LLa‘”ﬂ’]iL‘W’T"LaEJ\‘iLLUUﬂQﬂ‘“‘U’] (repeated fed
batch) 1usiu

6) msAnwiiAluduveinszuiumsada Welfiauseavsnmvaenszuiunaiu
Aenanswansailléieiima (vield) qmazmmu%qm% (purity) g9 Feo199709
Fsarnuazannymsadafivunzay (gUnsaladauazaiinvesasarin i)
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1. @sanysal (Nutrient broth, Nutrient agar) (§adausiaUsuing 1 &ns)
1. Nutrient broth (NB)

Peptone 5 nsu

Beef extract 3 n3u
2. Nutrient agar (NA)

Peptone 5 nsu

Beef extract 3 n3u

Agar 15 n3u

2. a1usisan1suanlulenadiwas (Mineral salt medium)

1. 2wnsgasinfausvise mvan) (@rdusedsuing 1 Gas)
gn591MNSNUTUUTIINENT0 M5V Grothe WazAE

Total sugar 40.00 n3u
(NH4),SOq4 140 3y
KH,PO, 1.50 nsu
Na,HPO,12H,0 454 Ay
MgSQ47H,0 020 n3u
Trace element solution 10.0  dadans

2. gn30113384 (Trace element solution) (@naiuseUsung 1 Gn3)

FeSO, 146 sy
CaCl, 470 N3
H,BO; 0.03 A3y
CoCl,6H,0 0.20 A3y
ZnSO,47H,0 0.10 n3u
MnCl,4H,0 0.03 niu
Na,MoO44H,0 0.03 A%y
CuSO45H,0 001 n3u

psidsadeqaunisfnioaldtrsiuasinluusumanudunsasidlilidiogsening 65-7.0
nduthlusdeluniieiinnudu figumnd 110 ssmwadea Wunan 30 Wi Tnsfidesenns
6;1"1L%aiwdwmmsgmmmwé’ﬂu,azgmmmssaq mmfuLammmmssaﬂuﬂ%mm 1 dadans
ABANTYDIDIMNTHGN
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1. NM59USHUIMaNIuAlagds Phenol - sulfuric

nsUSnasmanaadeisnsianinsansatatsnanimareualalugag 10 100
lulasndudefadans wazlulsnisfisimdfieeldinsmeiusinaaslulamsaiildsmnzianzasi
ihmatiuazegluglihmaing wiethnasssuwdfiwuegluzu monosaccharide, disaccharide,
oligosaccharide uay polysaccharide faunsadnsIeimUsinasinmasedsiild (Zoecklien waz
A, 1995)

NaNN15YaURA3eN

‘jﬂma monosaccharide, disaccharide, oligosaccharide Wag polysaccharide gy
UfATenfuiiuea waznsadailaiaduduiigumgiige dsmalviAnnisiuasuutasgusiwesansid
ANANLNIAATUNASEIEATIAINEIAGY 480 — 490 W Tuiums ﬁm%‘uﬂﬁiﬂﬂg‘jﬁ%aﬂumﬁﬁwma
oligosaccharide wazinmna polysaccharide ﬁuﬁ;ﬂma%gﬂﬁmﬁuﬁzﬁma%izmwimLaqaiﬁaaﬂmﬂ
fudhensa wieufutufiinURsemdnthoonunuiideeyitusveasesysen (furfural derivatives)
Fezinruiiuiiveanaadulasedaiinudaluasusznauddu (tiaylmethane dyes) (Scherz
and Bonn, 1998)

H e
R—Q—CH{} .2 é E'?L R_@_Cmsmﬂ
| o

sUmAkUING 1 UAse1veansiaseiiinialaesiu (Mikkelsen and Corton, 2004)

GRETGE

1. @savaneiiuea 5 % (Lwidnseusunns)

2. NSATATISATLTU

3. asAzangnglAdNINTgIY

/M9

1. Tdfee19 1 Hadansldasluranannans vaemenuyinnuansissiegns (blank) alelag
sl nduUsinawifuunusaege

2. iiwansazaneiiuea 1 Jadansaslusnete wedlidhiufils 2-3 undi

3. fiunsadatiasadudy 5 Sadans aduasnadlude 2) ntunaulidfuserdosma
ansavans (vortex mixer) (se¥ansanantinaydouiion) sefisliUszana 20 und

q. ﬁm’]iéhaEJ"NELuLwiawaamlﬂi’mhmﬁ@mﬂﬁuumﬁmmmm?{u 490 W1 lULUAS
Wisuisuiumanduduiléainnsmunsgiu (standard curve) sewinianuididuvesansazany
%mammgm LAZAINITANAULAS
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2. Apszsivsunalulonedmes (PHAs) Tng359a9 Law waz Slepecky, 1960

Y I

1. Undegne 1 Tadans uasiiu 6% Active chlorine wadlaieulalusaaslsn Usunsg 1
fiaddns asluludiogng

2. thlutndigamgil 37 esmwaldea Wuna 1 Hilus evhaeniawadueagdunid

3. ihlutusiedlaeirdes Centrifuge fiAuisasou 8000 seusewid Wuwan 10 wid
Mnduthdulanuddsmzneudetingu 2 ass

4. Fanhnduuinng 3 Tadteg waulidniy

5. wmegadluvasanaasudufiunaslsresuiou (60 ssmaadea) Usuns 5 dadans
wanlidnitude Vortex mixer tigliinaslswasuaraien PHAs flegluduiiroann

6. gaansazartluturesnaslanosy  (Fudrs) ldaslunasannans arniutiluszime
Aaalsnesuean Awlanadud vad PHAs Aneginamaen

7. WunsadasEnidudy 10 fedaes udniluduludidondunm 1 dalus

8. Uaeuluiionmgiivies udnhluindnsganduuasiiniueniadu 235 wluwns lng
Tnsadansndududu Bank  uwdrhadldluussudisufunsnuinsgiuves PHAs

(Law wag Slepecky, 1960)

3. NM5AATITRAALDY (Total Kjeldahl Nitrogen: TKN) 1a835 Total Kjeldahl Nitrogen

ulpsiauiinuluauuii deaes e dlalasn diisfinnanlssugramnssusine &
agyanezuuu Ao lulnsiauioglusUvesnenlnde-lulnsiau vielulnsiauioglusuvesansdunid
fizonieesminlulasiaudls

fiedu muneds wavansewinsessmdnlulasiou wazuenludelulasiauioglulsiuves
flyvdednd viefiAinannszurunisvesdaddin sndregrutu lullaasiye FdduyFoasd
Tulasuluesdusenavegsing [Wudu

\n3asilouazaunsal

1. yagesaaeiivsznouimevasngosaany
2. YLATeINdY

3. 1p30ein pH

AREIGEY
1. s nwanlutte Tundleun Deionize
2.6 N NaOH

3. @1Tavanygeyaany
avanslnuvadsudams (K50, 134 ndu luihusiaainueuliniy 650 au.sy. uaAeee
WunIAgaRISALUNTU 200 aU.sy. azauiuesAiseanlen(HgO) Tu 3M H,S0, LaINauaIsaraIsmns
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andlidiu antudfusiinesidu 1 Bes dediiusnannueulindofulifgungignd 14
ssrwaded elestunisanazneu
4. grsazanefueduniau
azanefuednyau 80 un. Tulvmiuea 100 au.a.
5. ansavaneluifsulonsenles-laneulslodalna
azans NaOH 500 3 wae Na,S,0:+5H,0 25 ndu luthndu 700 av ey, felildy
wdUsuUsHmstdu 1 dns
6. A13a¥ALIUALARIUDINWLITA (Indicating boricacid solution)
avanaussn 20 ndu luhnduifisadndes Wulindduimmesacly 10 auaw. wdh
wannduaud3annsdu 1 ans
7. ingduniames
avangufialsnduniames (Methyl red indicator) 200 un. TulefiauesansseaSesas
95) 100 au.aw. avatelufiduug 100 un. whnaumsaraeisaosindndoiu asaraisinnsd
N1sw3BNYNFou Tadaneg a1saraledumnfcueintednazidiae d1luliuesluilisazateey andl
wouluflvazansogasddde uansiasazansildlaildliedonlsl

WNATIH
1. dd1ieeg19 50 ml w5y pH TivinAy 7 aae 6 N NaOH a1ntuaieuidiegsldnasn
Kjeldahl

2. \@uasezatudmsugasdany ( Digestion reagent) agly 10 ml
hludesaanelugmdeniigamail 300-350°C aunsevidldasazansdimdonionsaslalsl
fAud Unedes (danuszana 30-40 W) Useeshegalindu
uhusirnnuesludeusings 60 ml

WuAuesmauduAAmes 5-6 nen

Wuansazany NaOH-Na,S,0; 10 ml lnguaseliluaasusiidravasn
ﬁ'ﬂﬂ@iaLsihﬁ’uLﬂ%aﬂé"uimsrdmaé’mwﬁwiaﬁ’ummgﬂmwjﬁﬁ Indicating boric acid

w

N oA

solution 50 ml

Wap3osndu ndwdunan 6 wift (Audwfindulsduszana 700 ml

9. thauinduldlulamsmiuasazatssnmsgiu H,S0, 0.02 M SufinAniilamsawiniu A
dmsuthenedne wazwiniu B Mdutinay

co

A15ATUIN
TKN (mg/l) = (A-B) x 280
Sample (ml)
Tnei A = Y3175 0.02 M H,50, Malumslamsndiegia

B = U311015 0.02 M H,50, M4lunslamsn Blank
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4. ms¥ausinavaudiazareldlasliunsalaiiines (Refractometer)

nsfaUimnamesudiiarasldtonun Taesurselnfives unsialasondendnmsveins
Fnimuasosnsshogadisufeuiuindu lumsiedsiluananaseiniidanauifunsinm
was nislfisesiiofanmsinmvesaddianaiduosmuind lnefinmsiSoudiouivansazaneglasa
Al duainansinivuas (Refractive Index scale) B9anunsngiueasmuindlaenssvosans
TPLIAR

BNMIUATIET (Wawn warlwyaduasnanw auuuia, 2548)

thaveratuuih shauazeayduuasdalius
2. dhhndunenasu3fu 1-2 nen Yarhaseu (Ory light plate) Inglindunsyarediiiuia
109U3Tu seTseglilinlesornia nifusesiuaudn warusuiadlmduaud Tneldluens
myuilenileglndtiuriaso ieusuldudn Tivhanuavenyitudnads
lonannenansiegislaasluusadu 1-2 nen
Vausluehasoulaelianssetenszareifiiuinveswsdy
sySseehliiinlosennenszastnavilianfisrusuialuly
ypsEuaudnLaT B AR SIS R UdUSeasoRE AR URUAT
e ulaiiniosilussrnuing Fuflsunifuedfdusiinma ($1uaunsuvesiiaade 100
NSUVDIEITAIDL)

N o kAW

[y

8. Tsé’fmzmm%@Lauér‘fjmmiéfﬁaéwﬂamgﬂmﬁ%maﬂ LAYINANNAZD1APEUNNAULAZLTA LA
wirg neutesasaluiuldnans

5. Mmsaseiannudunsn-nng

nmsiaArmnudunsa-aa (pH) Ae msinanmanudunsavieilunisesaisazans fifieh
Huswiazans (Aqueous Solution) TngTarusnedndfiiniy (Potential) szarinedianlnsnensds
(Reference Electrode) fudidalnsansiatn (Sensing Electrode) AuseRnETAnTwaINS Y
yaslalaaulosou (H) dalnsnazdasunnusndndliiiiistuanlossy (lonic Potential) 15
Huarusednglati (Electronic Potential) wéwenglsidianusadndgedudeiedosinmaiy

N3A-A"9 (pH meter)

\A3nslauazgUnsal
a Y 1 < 1
- 1AS99INAIANULTUNTA-ANS (pH meter)
- Jnines (Beaker)
- 9IPNaU
- NTEAYNYY

BNMINTIVNATIER
1. n3esiaA1nudunin-ane (pH meter) msdaasosneuldau 15 wiil
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2. USuiiteusnnsgnu (Standardization) la3edlinienneuiiag iaaanmidunse-rs (oH)
fheens ngldansazanetimefuassuiinsuaaudunsa-ang (pH) 4.0, 7.0 wag 10.0

3. fhegraifiazinninaubunse-sa (pH) desudeslitigungiinsiideiou Jeazinluinen
asdunsa-ang (pH) 16 ns1zaranudunse-rs (pH) azwdsulunugamgs

4. Aowinwgndosndlidndud wildtnines (Beaker) udrqudidelnan wiomivendosnai au
MavuansA1ndunsa-Ang (pH) quﬁa gumANUdunIA-Ae (pH) oAt

5. o tnmethuteld Ifldvninduindudidainge uddudenseauliuis Soihnsta
Aegeanly

6. dleldemuada Sredidrlnsnmeinduudndeliuis ivddelnselnoudiluamsazans

didalnlasi (Electrolyte)
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ATANUIN A
o o a = ¢
anuianalalng
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anauilnaalalnavasgdunid Bacillus aryabhattai (S4)

AGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAACTGATTAGAAGCTTGCTTCTATGA
CGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACT TCGGGAAACC
GAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGNGATGATTGAAAGATGGTTTCGGCTATCACTTAC
AGATGGGCCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCNACGATGCATAGCCGAC
CTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGA
ATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAA
ACTCTGTTGTTAGGGAAGAACAAGTANGAGAGTAACTGCTCGTACCTTGACGGTACCTAACCAGAAAGC
CACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCG
TAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGG
AAACTGGGGAACT TGAGTGCAGAAGAGAAAAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAACACCAGTGGCGAAGGCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGA
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCG
CCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTA
CCAGGTCTTGACATCCTCTGACAACTCTAGAGATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTG
GTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGAT
CTTAGTTGCCAGCATTTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGAT
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTG
CAAGACCGCGAGGTCAAGCCAATCCCATAAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTAC
ATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGT TCCCGGGCCTTGTACAC
ACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGAGTAACCGTAAGGAGCTAG
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Experimental design and response of Plackett-Burman study

ANFNAIANUINT 91 Analysis of Varian of selected Factorial model (Response: Biomass)

Mean
Source Sum of squares df square F value p-value
Model 5.6818 6 0.946967 7.758206 0.02 significant
A-Total sugar 1.569633 1 1.569633 12.85952 0.0158
B-KH2PO4 0.020833 1 0.020833 0.170681 0.6966
C-Na2HPO4 0.0003 1 0.0003 0.002458 0.9624
D-MgSO4 0.425633 1 0.425633 3.487083 0.1208
E-Urea 1.5987 1 1.5987 13.09766 0.0152
F-Trace element 2.0667 1 2.0667 16.93184 0.0092
Residual 0.6103 5 0.12206
Cor Total 6.2921 11

95% Cl 95% Cl

Factor Coefficient estimate | df | Standard error Low High VIF
Intercept 2415 1 | 0.100855 2.155745 2.674255
A-Total sugar 0.361667 1 |0.100855 0.102411 0.620922 | 1
B-KH2PO4 0.041667 1 |0.100855 -0.21759 0.300922 | 1
C-Na2HPO4 -0.005 1 |0.100855 -0.26426 0.254255 | 1
D-MgSO4 0.188333 1 |0.100855 -0.07092 0.447589 | 1
E-Urea -0.365 1 | 0.100855 -0.62426 -0.10574 | 1
F-Trace element -0.415 1 | 0.100855 -0.67426 -0.15574 | 1
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ANTNAIANUINT 9-2 Analysis of Varian of selected Factorial model (Response: PHB)

Mean
Source Sum of squares df square F value p-value
Model 1.076267 6 0.179378 8.514768 0.0164 significant
A-Total sugar 0.163333 1 0.163333 7.753165 0.0387
B-KH2PO4 0 1 0 0 1.0000
C-Na2HPO4 0.013333 1 0.013333 0.632911 0.4624
D-MgSO4 0.083333 1 0.083333 3.955696 0.1034
E-Urea 0.320133 1 0.320133 15.1962 0.0114
F-Trace element 0.496133 1 0.496133 23.55063 0.0047
Residual 0.105333 5 0.021067
Cor Total 1.1816 11

95% Cl 95% Cl

Factor Coefficient estimate | df | Standard error Low High VIF
Intercept 0.82 1 |0.041899 0.712294 0.927706
A-Total sugar 0.116667 1 10.041899 0.008961 0.224372 | 1
B-KH2PO4 0 1 10.041899 -0.10771 0.107706 | 1
C-Na2HPO4 -0.03333 1 |0.041899 -0.14104 0.074372 | 1
D-MgSO4 0.083333 1 |0.041899 -0.02437 0.191039 | 1
E-Urea -0.16333 1 |0.041899 -0.27104 -0.05563 | 1
F-Trace element -0.20333 1 10.041899 -0.31104 -0.09563 | 1
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Central Composite Design experiment (CCD)
ANSNATANLINT -3 Sequential Model Sum of Squares [Type I] (Biomass)
Sum of Mean F p-value
Source df
Squares Square Value Prob > F
Mean vs Total 161.709 1.000 161.709
Linear vs Mean 18.603 2.000 9.301 1.398 0.2915
2Fl vs Linear 0.563 1.000 0.563 0.077 0.788
Quadratic vs 2Fl 65.251 2.000 32.626 317.952 < 0.0001 Suggested
Cubic vs Quadratic | 0.477 2.000 0.238 4.941 0.065 Aliased
Residual 0.241 5.000 0.048
Total 246.844 13.000 18.988
ANSANARUANT 9-4 Lack of Fit Tests (Biomass)
Sum of Mean F p-value
Source Df
Squares Square Value Prob > F
Mean vs Total 161.709 1.000 161.709
Linear vs Mean 18.603 2.000 9.301 1.398 0.2915
2Fl vs Linear 0.563 1.000 0.563 0.077 0.788
Quadratic vs 2Fl 65.251 2.000 32.626 317.952 < 0.0001 Suggested
Cubic vs Quadratic | 0.477 2.000 0.238 4.941 0.065 Aliased
Residual 0.241 5.000 0.048
Total 246.844 13.000 18.988
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AN59NANUING 9-5 Model Summary Statistics (Biomass)
Source Std. R-Squared Adjusted Predicted PRESS
Dev. R-Squared R-Squared

Linear 2.579 0.219 0.062 -0.236 105.247
2FI 2.707 0.225 -0.033 -0.680 143.051
Quadratic 0.320 0.992 0.986 0.952 4.109 Suggested
Cubic 0.220 0.997 0.993 0.951 4.201 Aliased

ANOVA for Response Surface Quadratic Model

ANSINNIARLINT -6 Analysis of variance table [Partial sum of squares - Type Ill] (Biomass)

Source Sum of Df Mean F p-value
Squares Square Value Prob > F

Model 84.4166 5 16.883 164.536 < 0.0001 significant
A-Total sugar 11.3630 1 11.363 110.738 < 0.0001
B-Urea 7.2397 1 7.240 70.554 < 0.0001
AB 0.5625 1 0.563 5.482 0.0517
AN2 39.7447 1 39.745 387.330 < 0.0001
BA2 33.9840 1 33.984 331.190 < 0.0001
Residual 0.7183 7 0.103
Lack of Fit 0.5382 3 0.179 3.985 0.1075 not significant
Pure Error 0.1801 4 0.045
Cor Total 85.1349 12

i
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ANTNNIANUINT §-7 Sequential Model Sum of Squares [Type 1] (PHB)
Source Sum of df Mean F p-value
Squares Square Value Prob > F
Mean vs Total 17.950 1.000 17.950
Linear vs Mean 3.188 2.000 1.594 1.585 0.2524
2Fl vs Linear 1.130 1.000 1.130 1.139 0.3136
Quadratic vs 2Fl 8.679 2.000 4.340 123.029 < 0.0001 Suggested
Cubic vs Quadratic 0.182 2.000 0.091 7.019 0.0354 Aliased
Residual 0.065 5.000 0.013
Total 31.194 13.000 2.400
AN5190ANUINT 9-8 Lack of Fit Tests (PHB)
Sum of Mean F p-value
Source df
Squares Square Value Prob > F
Linear 10.003 6.000 1.667 126.591 0.0002
2F 8.873 5.000 1.775 134.749 0.0002
Quadratic 0.194 3.000 0.065 4916 0.0790 Suggested
Cubic 0.012 1.000 0.012 0.924 0.3909 Aliased
Pure Error 0.053 4.000 0.013
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AFI9NNARWINT 9-9 Model Summary Statistics (PHB)

Std. Adjusted | Predicted
Source R-Squared PRESS
Dev. R-Squared | R-Squared
Linear 1.0028 0.2407 0.0888 -0.2555 16.6277
2F 0.9959 0.3260 0.1014 -0.4660 19.4148
Quadratic 0.1878 0.9814 0.9680 0.8895 1.4635 Suggested
Cubic 0.1139 0.9951 0.9882 0.9350 0.8611 Aliased

ANOVA for Response Surface Quadratic Model
ANI9NIANUINT 9-10 Analysis of variance table [Partial sum of squares - Type IlI] (PHB)

Source Sum of Df Mean F p-value
Squares Square Value Prob > F

Model 12.997 5.000 | 2.599 73.693 < 0.0001 | significant
A-Total sugar 1.547 1.000 | 1.547 43.873 0.0003
B-Urea 1.640 1.000 | 1.640 46.498 0.0002
AB 1.130 1.000 | 1.130 32.036 0.0008
AN2 5.199 1.000 | 5.199 147.398 < 0.0001
BA2 4.609 1.000 | 4.609 130.680 < 0.0001
Residual 0.247 7.000 | 0.035
Lack of Fit 0.194 3.000 | 0.065 4.916 0.0790 not significant
Pure Error 0.053 4.000 | 0.013
Cor Total 13.243 12.000

i
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A1919NANUANT 9-11 Model predictions of biomass and PHB
Factor Name Level Low Level | High Level Std. Dev. Coding
A Total sugar 70.568 40 120 0 Actual
B Urea 9.3728 a4 20 0 Actual
Response | Prediction | SE Mean 95% ClI 95% Cl SE Pred 95% PI 95% PI
low high low high
DCW 6.609 0.140 6.277 6.940 0.349 5.78 7.436
PHB 2.365 0.082 2171 2.560 0.205 1.880 2.850
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NSUNDAY

A13199 9-1 wansdeyanisaiglnetrnnuguuesead (OD 600 nm) lunisdnwaruduldldues
qauN3d A. eutrophus TISTR 1095 Wagqdun3d A. (atus TISTR 1043 IRududuveIiiniasiy

20 NSUMABARNST

Lan (h) o0 990 nim
A. eutrophus A. latus

0 0.510 0.117
6 0.930 0.17
12 1.500 0.546
18 3.850 1.032
24 4.730 1.575
30 5.800 1.73
36 6.460 1.828
48 6.100 1.755
60 5.980 1.8

72 5.740 1.55
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Wli’N‘VI - 2 LLam‘uamam%wsm%wauma A. eutrophus TISTR 1095 IﬂEJ’Jﬂﬂ’J’]ﬂJ"UU“U@\‘]L‘Uaa (OD
600 nm) Vlﬂ’.l'lllL“U@JSUWUENU”IGI'laiQEJLLGﬂﬂ(ﬂNﬂu annziugn 200 rom ammu 30 p9ALTaLTYE Vl

C:N ratios = 6.8:1.0

L@ (h) OD 600 nm

20 g/L 30 ¢/L 40 g/L 50 ¢/L
0 0.51 0.850 0.998 0.860
6 0.93 1.055 1.275 1.035
12 1.5 2.235 2.325 2.460
18 3.85 4.050 4.450 3.300
24 4.73 5.440 5.800 5.150
30 5.8 6.350 6.970 7.050
36 6.46 7.140 8.650 9.235
a8 6.1 7.350 11.600 16.500
60 598 6.750 13.100 20.450
72 574 5.800 13.600 19.750

M13199 3-3 wansdayanvtinwaduiavesgiunsd A. eutrophus TISTR 1095 fiAnadiutuves

a

WIATINMANASTY aN1I8EN 200 rpm aumail 30 aarwallua 91 C:N ratios = 6.8:1.0

Y

Usinashminwadusiasad (o/L)
1381 (h)

20 ¢/L 30 ¢/L 40 ¢/L 50 ¢/L
0 0.1500 0.2499 0.2934 0.2529

0.2734 0.3102 0.3749 0.3043
12 0.4410 0.6572 0.6836 0.7233
18 1.1320 1.1908 1.3084 0.9703
24 1.3908 1.5995 1.7054 1.5143
30 1.7054 1.8671 2.0494 2.0729
36 1.8994 2.0994 2.5434 2.7154
48 1.7936 2.1611 3.4108 4.8515
60 1.7583 1.9847 3.8518 6.0129
12 1.6877 1.7054 3.9988 5.8071
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A15799 -4 wansnsilAgulUasUSinanaTIuia Nt uYesndnlneadunsd A
eutrophus TISTR 1095 @A11%LUE 200 rpm Uil 30 earwalliya 91 C:N ratios = 6.8:1.0

USuaimasuianug (g/L)

1381 (h)

20 ¢/L 30 ¢/L 40 ¢/L 50 ¢/L
0 22.82 28.43 41.5 48.66

21.67 27.96 39.55 46.28
12 19.9 23.25 32.67 39.16
18 15.85 12.97 25.17 33.55
24 11.69 9.48 22.36 28.68
30 8.57 8.78 20.36 25.57
36 7.52 8.2 17.78 21.24
48 6.17 8.02 13.19 16.67
60 5.63 7.96 11.92 11.86
72 4.39 7.28 9.19 11.86

M13199 -5 uansdeyauIinunisuanlulonadiues PHAs ¥es9auvsd A. eutrophus TISTR 1095 7

ANUTUTUYDNNRNATINMANAINTY aN1IZWWEN 200 rpm Uil 30 BemgaLTes

7 C:N ratios = 6.8:1.0

USunaululonediues PHAs (g/L)

1381 (h)

20¢/L | 30 ¢/L 40 ¢/L 50 ¢/L
0 0.0017 | 0.0014 0.0081 0.00855

0.0019 | 0.0018 0.0085 0.0117
12 0.0025 | 0.0021 0.027 0.0829
18 0.0092 | 0.0073 0.0459 0.0917
24 0.0114 | 0.0143 0.0716 0.1854
30 0.0182 0.017 0.12 0.269
36 0.0273 | 0.0395 0.3614 0.393
48 0.0206 | 0.0480 0.4461 0.9913
60 0.0164 | 0.0389 1.058 1.8377
72 0.0155 | 0.0358 0.9681 1.5478
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dayanuludwminuuin 5 das

M19197 -6 wARIBYAAIANUYUYBUTAR (OD 600 nm) UsHauuna wagtminigaduiaves

AUN3E Laznsnanlulenadiues s8IeNTEUIUNITINIZEES A, eutrophus TISTR 1095 Ay
Y] g o -1 o o a L) a d’ 1 1Y) =i
Wntuveshmarinanus 50 oL Tudwdinufnsaldinmuuwin 5 §as Weviansiuly 72 4l 7

CN=6.8:1.0
1381 (h) OD 400 nm Total sugar (¢/L) PHB CD.W (g/L)

0 0.6 51.35 0.0071 0.1764
6 0.7 50.94 0.0091 0.2058
12 2.4 47.32 0.0788 0.7057
18 4.1 42.15 0.1012 1.2055
24 9.6 41.1 0.3904 2.8227
30 15.1 35.47 0.8609 4.4399
36 16.5 32.7 1.0174 4.8515
42 179 30.56 1.0377 5.2632
48 18.9 25.67 1.1275 5.5572
54 19.1 21.06 1.2174 5.616
60 20 20.36 1.2812 5.8806
66 19.5 19.57 1.2522 5.7336
72 18.2 18.69 1.087 5.3514

Hnemans19158 A3, Wn1I7 widfuuns inine deveunnu 97 | 1 1 1




Fenuldvatuanysel yuensAmans @nd (DBG 5380013)

W.A. 2555

M19197 3-7 uanadeyausunanisinlulenediwes PHAs ludmiinuuin 5 805 1 CGN = 6.8:1.0

Time (h) OD 255 m - dilution | PHB (/L) | PHBxdilution
1 2 3 LRAY
0 0.079 0.085 0.082 0.082 0.0014 0.0071
0.093 0.101 0.096 0.096 5 0.0018 0.0091
12 0.309 0.305 0.302 0.305 10 0.0079 0.0788
18 0.391 0.385 0.386 0.382 10 0.0101 0.1012
24 1.353 1.36 1.364 1.38 10 0.0390 0.3904
30 0.3 0.34 0.323 0.33 100 0.0086 0.8609
36 0.379 0.385 0.383 0.384 100 0.0102 1.0174
a2 0.394 0.398 0.394 0.391 100 0.0104 1.0377
a8 0.423 0.457 0.434 0.422 100 0.0113 1.1275
54 0.455 0.468 0.459 0.453 100 0.0122 1.2174
60 0.478 0.473 0.475 0.475 100 0.0128 1.2812
66 0.461 0.469 0.465 0.465 100 0.0125 1.2522
72 0.398 0.405 0.404 0.408 100 0.0109 1.0870
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M15199 3-8 UAAIUBLAAIAINYUVBAYAR (OD 40 ) WEWLNYUIA 5 G0 71 CN = 8.9:1.0

a1 (h) 90 s0rm -

Repeat 1 Repeat 2 Repeat 3 1RRY

0 0.14 0.69 0.6 0.48
0.27 1.26 1.06 0.86

12 2.11 2.09 2.2 2.13
18 3.98 a5 4.1 4.19
24 6.4 6.1 5.94 6.15
30 6.7 7.76 6.83 7.10
36 7.32 8.8 12,5 9.54
a8 9.8 9.4 11.3 10.17
60 11.14 10.4 11.2 10.91
72 10.9 9.5 9.12 9.84

M19199 3-9 LAAITBYANITINUSUIUUINNATINNINUA (OD 490 ) WAEIT Phenol - sulfuric Tuds
ninwUIA 5 805 7 CN = 8.9:1.0

1381 hr

Total sugar (g/L)

Repeat 1 Repeat 2 Repeat 3 \nde

0 ar.21 50.99 50.13 49.44
42.15 44.01 47.96 a4.71

12 a1.1 39.82 45.26 42.06
18 39.83 38.55 40.39 39.59
24 354 35.47 37.35 36.07
30 35.17 35.47 36.45 35.70
36 34.19 34.64 35.17 34.67
a8 33.89 34.12 32.08 33.36
60 19.3 20.29 29.65 23.08
72 17.84 18.83 20.95 19.21
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M19199 3-10 wanstoyausununsinlulenediues PHAs ludadnuwin 5 8as 7 CN = 8.9:1.0

Cell dry weight (g/L)

L1381 hr S
Repeat 1 Repeat 2 Repeat 3 1Ay

0 0.0412 0.2029 0.1764 0.1402

0.0794 0.3705 0.3117 0.2538
12 0.6204 0.6145 0.6469 0.6273
18 1.1702 1.3231 1.2055 1.2330
24 1.8818 1.7936 1.7465 1.8073
30 1.9700 2.2817 2.0082 2.0866
36 2.1523 2.5875 3.6754 2.8051
a8 2.8815 2.7639 3.3226 2.9893
60 3.2755 3.0579 3.2931 3.2089
72 3.2049 2.7933 2.6816 2.8933
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N5UUIAUYINIIY

ANAIAKUINT 2-1n51MLIATFINvINTIAT RSNl ulenedwes PHAS

AWAIARUINT -2 NIINUINTFIUYBINITIATILAUTUIUUINATINTIIVIUA
lnelsluea-tansa
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AMNAARUANT 2-3 lasuilalnsuuansiinuesinalaazyin

naaunsgIunglag
250000 +
200000 -
= 150000 -
o
2 100000 - y=9779x+1368.4
R?=0.9958
50000 -
0 : , , , |
0 5 10 15 20 25
AMNLTNTY (g/L)

AMNAARUINT B-4 NFINURTFIUYRIU AN LAG
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naauInsgIungalng

160000 -+
140000 -
120000 -
100000 -
80000 - y=7165x+13354
60000 - R?=0.9966
40000
20000
0 T T 1

0 10 20 30

height

AMNLTNTY (g/L)

ANAIANUINT R-5 NS INLINTFILVRIUMANTALAE

nsnInsgruglase

180000 -
160000 -
140000
120000 -
100000 -
80000 -
60000 -
40000 +
20000 +

0] T T 1

0 10 20 30

y=8010.8x+1087.5
R?=0.996

height

AMNLTNTIY (glL)

AMNAMARUINT R-6nT1vlInIgIuveshnaglasa
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v b4
o

NsUNdLAY

M19197 A1 AIAUYUVDATAE (OD4ss) baztMnadwnlglunIsas s LInsgILdImn

WAl A. eutrophus TISTR 1095 Wielduiamasiuienun 40 n3ufedns naude 10%

i

AIMNAIARUIN -7 NIINLINTFIVVBINITIATIAUTUNTENAGLA

an (§lu9) uu.Laa (g/L) OD 400 nim
6 0.4 1.275
9 0.5 1.69
12 0.7 2.325
15 0.8 2.85
18 1.1 4.150
21 1.2 4.45
24 1.7 5.750
27 2.3 7.45
9.000
7.000
6.000
E som0
o
3
o  4.000
o]
3.000
2.000
1.000
0.000 : : : .

0.5

1
vwinaduia (g/L)
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1.5

2.5

105 | 1 9 1



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

M15199 2.2 AIN1IAANTULAT (OD,35) UazAIANUITHTUYDIANTAZA1EUINTFIU (PHB) 71ldlunTs
afansmuesgIunTiasienusinalulonadiues PHAs 91n1153A51E90878U89 Law Uag
Slepecky, 1960

PHB (g/L) OD 235 nm
0.00156 0.088
0.00313 0.139
0.00625 0.255
0.01250 0.466
0.02500 0.889
0.05000 1.762
5 -
:i | y-aé.ioox.;fg%.om //.
14 - //
£ 12 pd
71 e
8§ o8 - //.
06 yd
04 - //
0.2 “/’/
0 . : : : : |
0 0.01 0.02 0.03 0.04 0.05 0.06
PHB (g/L)

ATNNIANUIN -8 NFINUINTFIVVBINTIATIZIUTULUTeNeEWES PHAS
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ms'm‘w 2.3 mmsmmﬂamm (OD490) LLaummmLﬁumumaqmiaumammmu (ﬂaiﬂa) ‘vﬂﬂumi
amqﬂ'ﬁ'ﬂ/\lmmmuu’lmaiwmmm NATIATIZNAEIS Phenol — sulfuric

Total sugar (mg/L) OD 490 nm
6.25 0.074
12.50 0.117
25.00 0.207
50.00 0.403
100.00 0.878
1 -
0.9 - y = 0.0086x + 0.0025
08 1 R?=0.996
0.7 -
E 06 -
=
o
S 05 -
8 04 -
03 -
02 -
0.1 -
0 T T T T T 1

0] 20 40 60 80 100 120

Total sugar {mg/L)

MWAIANUIN 2-9 NTNUINTFIVVBINTIATNUTUINIRaTINTIUAlne T Tiuea-Faylsa
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AMARNUIN R

ANSLNELNINAIUITLAZNITaeNDANALLLAE
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1.1) Oral presentation

P. Kaewkannetra and S. Promkotra (2010) Microstructural evolution of synthesized
polyhydroxyalkanoates (PHAs) corresponding to their blends. In 6" International
Conference on Diffusion in Solids and Liquids (DSL-2010) Biotechnology
Symposium and Exhibition, 5-7 July 2010, Paris, France.
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1.2) Poster presentation

Pakawadee Kaewkannetra, Jaruwat Soonthornchiya, Samart Moonamart (2010)
Increasing of tapioca flour by blending and forming with commercial PHBV and
biopolymer obtained from fermented sugar cane juice for producing as bioplastic.
In 14" International Biotechnology Symposium and Exhibition, September14th—18th,
2010, Rimini, Italy.
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1.3) Poster presentation

Varavut Tanamool, Tsuyoshi Imai, Paiboon Danvirutai, Pakawadee Kaewkannetra
(2010) Screening, identification and production of polyhydroxyalkanoates (PHAs)
by sucrose utilizing microbes isolated from soil environments. In 14" International

Biotechnology Symposium and Exhibition, September 14th—18th, 2010, Rimini, Italy.
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1.4) Poster presentation

Waranya Suwannasing, Samart Mooamart, Pakawadee Kaewkannetra (2010)
Feasibility of sugar cane juice as a sole carbon for polyhydroxyalkanoates (PHAs)
production via batch fermentation by Alcaligenes latus 1403 and Alcaligenes
eutrophus TISTR 1095. In 14" International Biotechnology Symposium and
Exhibition, September 14"-18", 2010, Rimini, Italy.
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1.5 Poster presentation

Varavut Tanamool, Pakawadee Kaewkannetra (2010). Direct screening of
potential polyhydroxyalkanoates (PHAs) bacterial from soil environment using
sweet sorehum as a sole carbon source. In The World Congress on Engineering
and Technology (CET 2011), October 28 - November 2, 2011, Shanghai China.
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2.1) International Journal
P. Kaewkannetra, S. Promkotra (2011) Microstructural Evolution of Synthesized

Poly- hydroxyalkanoates (PHAs) Corresponding to Their Blends. Defect and
Diffusion Forum (312-315): 668-693. (Impact factor =0.483)
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2.2) International Journal

Pakawadee Kaewkannetra, Jaruwat Soonthornchiya, Samart Moonamart (2011)
Increasing of tapioca flour by blending and forming with commercial PHBV and
biopolymer obtained from fermented sugar cane juice for producing as bioplastic,
Journal of Biotechnology, 150 (S1): 385. (Impact factor =2.881)
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[P-L116]

Increasing of tapioca flour by blending and forming with com-
mercial PHBV and biopolymer obtained from fermented sugar
cane juice for producing as bioplastic

Pakawadee  Kaewkannetra“2*, Jaruwat  Soonthornchiya 2,

Samart Moonarmart !

! Department of Biotechnology, Faculty of Technology, Khon Kaen Uni-
versity, Khon Kaen, Thailand

2 Fermentation Research Centre for Value added Agricultural Products
{FerVAAP) Faculty of Technology, Khon Kaen University, Khon Kaen
40002, Thailand

Keywords: tapioca starch; PHBEV (poly-3-hydroxyburyrate-co-
hydroxyvalerate); sugar cane; blended films; bioplastic

The objective of this work is to increase value of tapioca flour
by blending and forming biopolymer obtained from fermented
sugar cane juice comparing to commercial biopolymer in solid form
of Poly-3-hydroxybutyrate-co-hydroxyvalerate (PHBWY). Typically,
PHBV is known as biodegradable, biocompatible, semi-bacterial
polyester and has similar properties to polypropylene (PE). Firstly,
the commercial PHBV was preliminary investigated as sheet films
with bio-based material of tapioca flour. The 3% {w/ v) PHEV was dis-
solved with hot chloroform at about 60°C while the 3% (wiv) flour
was mixed with water. Then, different ratios (v/v) of PHEY and the
flour were mixed (10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30,
80:20, 90:10 and 100:0). Twao mixtures were blended and formed
as bioplastic films using conventional solvent-casting techniques.
The biopolymer obtained after fermentation of sugar cane juice was
also done in the same way with the flour. The bioplastic films are
characterized by various physical and chemical techniques such as
polarized light microscopy, differential scanning calorimetry (DSC)
and X-ray diffractometry (XRD). The results revealed remarkably
crystalline structure with cross-polarized light on aptical micro-
scope. The optimal blended films with a ratio of 40: 60 were
obtained by observation of their morphology and immiscibility
of the blends is gradually increased on increasing the starch por-
tions. The blended films are mostly brittle and had specify glass
remperatures (Tg) depended on the portion. Melting transition
temperatures (Tm)of blended films are slightly higher than the bac-
terial synthesized biopolymer as examined by DSC. These results
are correspondent to their highly crystallinity from diffractograms
(XRD). In addition, microstructure of the blended films is reduced
largely crystallinity by the solution casting.
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[P-L117]

Evaluation of bacterial lysis procedures for the efficient release
of cellular proteins and polymers of hiomedical interest

E. Garcia-Fruitds 12, R. Mendoza ', A.Villaverde 2, E.Rodriguez-
Carmona '3+

! CIBER de Biningenieria, Biomateriales y Nanomedicina (CIBER-BEN),
Spain

2 Institut de Biotecnologia i de Biomedicina, Universitat Auténoma de
Barcelona, 08193 Bellaterra ( Cerdanyola del vallés), Barcelona, Spain
3 Department of Genetics and Microbiology, Universitat Auténoma de
Barcelona, Bellaterra ( Cerdanyola del Vallés), 08193 Barcelona, Spain
Keywords: bacterial lysis; cellular proteins; heterologous protein;
cell disruption

The development of metabolic engineering, protein engineering
and production strategies has supported the success in heteral-
ogous protein production for the manufacture of pharmaceutical
or industrial proteins. One of the major disadvantages of bacte-
ria as hosts for protein production is that they generally do not
excrete high levels of polypeptides to the medium. Therefaore, lysis
of microbial cells is often required for their complete isolation,
release and recovery from the cells. Moreover, the new nanomed-
ical and nanotechnological applications of recombinant proteins
(and other bacterial molecules) including diagnostics, biosensars,
regenerative medicine, drug delivery, etc. have forced the applica-
tion of methods that assure safety and no risk of possible bacterial
contamination. Many treatments are available for the disruption of
bacterial cells, including mechanical, physical, chemical and enzy-
matic procedures.

The general aim of this work is understanding the effectiveness
of cell lysis procedures by comparing the effects of four approaches
based on physical strategies, one chemical procedure and two com-
bined procedures, on E. coli, 5 aureus and P. aeruginosa strains
as bacterial models. For this purpose, the different methods were
tested in terms of cell viability by measuring the change in viable
bacteria (CFU ) before and after the procedures and in terms of total
cell protein in supernatant samples.

The obtained results showed that heat shock (100°C) and heat
shock+sonication combination methaods were the most effective in
terms of reducing cell viability for the three assayed bacteria. More-
over, the highest amount of released cell protein was achieved by
different methods, depending on the bacterial species.

doi:10.1016/j.jbiotec.2010.09.483

[P-1118]

Effect of auxotrophies on yeast growth in aerated fed-batch
reactor

L. Paciello’, €. Landi',E. de Aleeriis?, L. Brambilla®, P.

Parascandola'+

! University of Salerno, ltaly

2 University of Naples Federico 11, Italy

} University of Milano-Bicocca, Ttaly

Keywords: CEM.PK strains; auxotrophy; complementation; fed-
batch culture

Mutant and deletion strains of the yeast Saccharomyces cere-
visige having one/several auxotrophies are largely used in the
development of recombinant strains for heterologous protein
production because they ensure maintenance of plasmids with
selectable markers. The production is usually carried out by cul-
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Varavut Tanamool, Tsuyoshi Imai, Paiboon Danvirutai, Pakawadee Kaewkannetra
(2011) Screening, identification and production of polyhydroxyalkanoates (PHAs)
by sucrose utilizing microbes isolated from soil environments, Journal of
Biotechnology, 150 (S1): 361. (Impact factor =2.881)

AYIANENT19158 AT, NN WATULAT InTinedeveunnu 132 | 11



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

AYIANENT19158 AT, NN WATULAT InTinedeveunnu 133 | % 11



Fenuldvatuanysel yuensAmans @nd (DBG 5380013)

W.A. 2555

i

Special Abstracts / Journal of Biote chnology 1508 (200 0) 51-5576

hydroxylation at N-methyl leucines lead to dramatic changes of
their bioactive spectra. Previously, a rare actinomycetes named
Sebekia benihana was identified to be able to hydroxylate CyA
at the position of 4" N-methyl leucine. Using whole genome
scanning, we identified more than 20 novel Cytochrome P450
hydroxylase (CYP) genes from 5. benihana, followed by the complete
sequencing and in silico characterization. Since a rare actino-
mycetes species including 5 benihana is not currently feasible for
routine genetic manipulation, we also established some of the
most commonly-practiced genome engineering techniques such
as foreign gene expression system as well as specific targeted-
gene disruption in 5 benihana. Using these genetic techniques,
we characterized and identified the major CYP-mediated regiospe-
cific CyA modification mechanism in 5. benihana, and set the stage
for maximization of its potential as a bioconversion host of var-
ious valuable metabolites including CyA in rare actinomycetes
species.

doi:10.1016/j.jbiotec.2010.09.418
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Screening, identification and production of polyhydroxvalka-
noates (PHAs)by sucrose utilizing microbes isolated from soil
environments

Varavut Tanamool 2*, Tsuyoshi Imai?, Paiboon Danvirutai 24,
Pakawadee Kaewkannetra®

! Graduate School of Khon Kaen University, Khon Kaen, Thailand

2 Fermentation Research Centre for Value added Agricultural Products
(FerVAAP] Khon Kaen University, Thailand

3 pepartment of Civil and Environmental Engineering, Faculty of Engi-
neering, Yamaguchi University, Tokiwadai Ube, Japan

4 Department of Biotechnology, Faculty of Technology, Khon Kaen Uni-
versity, Khon Kaen, Thailand

Keywords:  screening; identification; polyhydroxyalkanoates
(PHAs)

Polyhydroxvalkanoates (PHAs) and their derivatives are
polyester and can be used as a substitute for synthesized plastic.
Increasing the industrial interest of biopolymer of PHAs, sucrose
utilizing microbes from soil collected from sugarcane plantation
were screened for evaluation of their abilicy to accumulate PHAs.
Among 72 isolates were picked and transferred to mineral salt
medium (MSM) containing sucrose as a sole carbon source, 33
strains can be grown on sucrose agar medium and were further
studied to observe PHAs accumulation in their cells using micro-
scopic technigque. The results revealed that 3 isolates had positive
for PHAs producing strains. Only one strain presented a strong
Sudan Black and Mile blue A staining and was identified by 165
rDNA nucleotide sequence homology. From its morphology and
physical properties, the isolated strain showed closely related to
Hydrogenophaga pseudoflava (99% identify L To consider PHAs pro-
duction by the isolated strain, grown on media containing 20 gL™!
sucrose and 1 gl-'ammonium sulphate at pH 7 under controlled
remperature of 35 °C. Maximum dry cell weight (DCW) and maxi-
mum PHAs production were obtained at3.61 gL and 2.41 gL™! after
36 and 42 hours of batch fermentation. The sucrose uptake in cul-
ture medium measured by total organic carbon (TOC) analyzerwas
14.73 g within 48 hours. The highest PHAs inclusions in microbial
cell was 68.15% (2 pras'€ pow ) giving maximum PHAs yield (Y ) of
0,17 (2 pras/ € sucrese) and a productivity of 0.057 2 prasLl b, The
extracted PHAs were compared with the analytic PHAs and were
confirmed to be PHAs by several standard techniques. This study
highlights the potential of the bacterial diversity in the soil enwvi-
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ronment and this characteristic may be an exploitable application
for the industrial production of PHAs.
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[P-1.54]

Construction of the ethanol-induced flocculating yeast for fuel
ethanol production

0. Li*, Q.M. Zhang, F.W. Bai, X.0.Zhao

Dalian University of Technology, China
Keywords; Yeast flocculation; fuel ethanol; integration vector; TPS1
promoter

Yeast flocculation plays an important role in ethanol fermenta-
tion industry for easier and cheaper cell separation and recoveny.
During batch fermentation, it is desired that yeast cells are highly
suspended at the beginning to maintain cell grovwth and fermenta-
tion, while yeast flocs are formed at completion of fermentation to
enhance product recovery (Govender et al., 2008).

In this study, a conditionally flocculating yeast strain was con-
structed by integrating a 5217 bp FLO! -derived flocculating gene
(named FLO Ispsc ) from the self-flocculating yeast SPSCO1 directed
under the control of a specific trehalose-6-phosphate synthase
(TPs1) promoter from SPSCO1, which was proved to response
specifically to ethanol. At the same time, a constitutively floccu-
lating yeast strain was constructed by inserting the PCKT promoter
amplified from the model yeast strain 5288C upstream of FLOT gpqc.
After linearization the DMA fragment containing the expression
cassette of FLOT i, was transformed into an industrial yeast strain
5. cerevisine 4126 for integration at the HO locus (Warren et al.,
2001 ). Corrected integration was confirmed by PCR amplification.

Ethanol fermentation both in the shake-flask and fermentor
using 250 g/L glucose showed the engineered yeast harbouring a
specific TES1 promoter from SPSC01 (designated as strain ZLHO1)
displayed higher ethanol fermentation rate and ethanol yield than
that with PGKT promoter (named as strain BHLO1 ), especially under
high temperature (37 and 40°C) in the flask. Helm's Flocculation
Test (Bendiak, 1994) and the focused beam reflectance measure-
ment (Ge et al., 2005 ) confirmed the good flocculating properties of
both of the engineered strains, with larger floc size in BHLO1 show-
ing constitutive flocculation. Conditional expression of FLOTgs in
ZLHO1 was confirmed by Real-time PCR, and no inhibition of floc-
ulation was detected even at an ethanol concentration of 120g/L.
This study proved that ethanol induced flocculation directed by
TPS1spsc promoter is promising for construction of new genetically
engineered flocculating yeasts for high gravity fuel ethanol produc-
tion (Li et al., 2009).
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Feasibility of sugar cane juice as a sole carbon for polyhydroxyalkanoates (PHAS)
production via batch fermentation by Alcaligenes latus 1403 and Alcaligenes
eutrophus TISTR 1095, Journal of Biotechnology, 150(5):229. (Impact factor =2.881)
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20-38, 4572, and 9-15%, respectively. In addition, ZnCl> was used
as a bio-solid activation agent and the ZnCly could enhance the
pore structure development during the pyrolytic process. Resules
indicated the proper ZnCl: immersed concentration, pyrolytic tem-
perature and time could produce adsorbents from the biosolid.
Pore size distribution examinationindicated thatthe mesoporewas
domain in the pyrolyzed residues and thespecificsurface areacould
be up to 750 m?/g.

doi:10.1016/j,jbiotec.2010.09.068
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Isolation and characterization of new diesel-degrading vellow
Gordonia sp. A-2

P.C.Lee!, JH. Kim'*, SH.Kim', LH. Yoon?2, Y.H. Park !, S.H. Ko?

! Ajou University, Republic of Korea

2 KRIBE, Republic of Korea

3 Ecophile company, Republic of Kerea

Keywords: Gordonia; Diesel-degrading; [solation

New diesel-degrading bacterium AJU A-2 was isolated from
heavy oil-contaminated soil and its metabolic capability and phys-
iological characteristics were investigated. The strain AJU A-2 was
identified as amember of the genus Gordonia on the basis of chemo-
taxonomic characteristics and phylogenatic inference-based 165
rD'NA sequence. The 165 rDMA sequence of strain AJU A-2 was most
similar to that of the type strain of Gordonia amicalis KCTC 99407,
The AJU A-2 can grow well over a broad range of pH values(s -
9) and can grow on 5% (v/v)-diesel-containing mineral media. The
yellow AJU A-2 produces structurally diverse carotenoids and their
profile is influenced by culture conditions.

doi:10.1016/j,jbiotec.2010.09.069

[P-EA8]

Use of a packed bed column, acting as a chemostat selector to
isolate bacte rial community able to aerobically degrade azo dyes

Cleatilde Juarez Ramirez*, Eduardo Contreras Blancas, Fortu-
nata Santoyo Tepole, Mora Ruiz Ordaz, Juvencio Galindez Mayer,
Oswaldo Ramos Monroy

ENCE, Mexico
Keywords: Azo  dyes; 4-aminobenzenesulfonic
aminonaphatalenesulfonic acid; bacterial association

acid; 4

The application of inexpensive biotic processes, not only for
color removal but also for the complete mineralization of azo dyes
present in waste waters from textile industries, has been increased
in the last years. Simple decolorization of azo dyes in anaerabic con-
ditions can produce hazardous intermediaries that usually must be
aerobically degraded. For this reason, sequential anaerobic/asrobic
treatment processes have been recommended; however, azo dye
mineralization can be attained by a purely oxidative wastewater
treatment. Because azo linkage rupture can also be achieved by
microorganisms containing oxygen-insensitive azoreductases, the
anaerobic stage can be obviated, obtaining a complete mineraliza-
tion of azo dyes by a single aerobic treatment.

In this work, a continuously fed bubble column, packed with
fragments of porous volcanic stone, was used to isolate biofilm-
forming microorganisms, able to use the azo dyes Acid Orangze 7; 4-
[i 2-hydraxy-1-naphthyllazo] benz enesulfonic acid (A7 ) and Acid
Red 88; 44 2-Hydroxy-1-naphthylazo -1-naphthalenesulfonic acid

VWANENTIATY AT, WNTIA WAIAULUAT UANINGIRIYOULA

5220

(ARS8 as carbon and nitrogen sources.

In the microbial community isolated in the packed bed reac-
tor, five bacterial strains were identified by 165 rDMA fragment
amplification procedure, they were: Pigmentiphaga kullae, Labrys
neptuniae, Kocuria sp., Bacillus sp. and Curvibacter gracilis.

The volumetric removal rates By and the removal efficiencies
of both azo dyes and their intermediary metabaolites; 4-
aminobenzenesulfonic acid (4-ABS), 4-aminonaphthalene-sulfonic
acid (4-ANS) and 1-amino-2-naphtol (142N, were evaluated in the
same packed bed biofilm reactor used to select the bacterial com-
munity. The azo dyes loading rates By varied from 3.5 to 40mg
L'k, AO7 removal rates were always proportional to By, thus AQ7
removal efficiency was 100%. ARSS was 97%, except for the inter-
mediary byproduct 4-4NS, no other metabolite was detected in the
outflowing medium. Owverall removal efficiency, measured through
Chemical oxygen demand [(COD) was 94%. The results obtained
show that both azo dye were aerobically degraded by the bacterial
COMmmunicy.

doi:10.1016/j.jbiotec.2010.09.070

[P-E.49]

Feasibility of sugar cane juice as a sole carbon for polyhy-
droxyalkanoates (PHAs) production via batch fermentation by
Alcaligenes latus TISTR 1043 and Alcaligenes eutrophus TISTR
1095

Waranya Suwannasing*, Pakawadee Keawkannetra, Samart

Mooamart

Khon Kaen University, Thailand
Keywords; sugar cane juice; polyhydroxyalkanoates (PHAs); fer-
mentation; Alcaligenes latus; Alcaligenes eutrophus

This work aims to investigate feasibility of sugar cane juice can
be used as a sole carbon for biopolymer of polyhydroxyalkanoates
{PHAs) production via batch fermentation by pure bacterial strains
of Alcaligenes latus TISTR 1043 and Alcaligenes eutrophus TISTR 1095.
Sugar cane juice was characterized and composed of total sugar
105.5 gl-! (36.6 gL-! sucrose, 26.0 gl-! fructose, 21.8 gl-! glucose
and 21.1 gL-! other sugars). Then, the A. latus and the A. eutrophus
were separately cultivated in the medium containing 20 gL' ini-
tial total sugar in 250 mL shake flasks under controlled condition
of 30°C, 200rpm, pH 6.5-7 and with 10% inoculums size. It was
found that the A. eutrophus grown better than the A, latus. Thus, the
A. eutrophus was further cultivated in different initial total sugar
concentrations (20, 30, 40 and 50 gL!) under controlled condi-
tion (200 rpm, 30°C, pH 6.5-7 and 10% inoculums size . The optimal
total sugar concentration of 50 gL~! was reached. The dry cell mass
(DCM) and maximum PHAs were obtained at 6.013 gL™! and 1.84
gL after 60 hr fermentation converted to biomass yield (¥ ) and
product yield (¥p ) of 0,163 and 0,050, While, specific product yield
(¥pjx) and productivity were 0306 and 0.031 gL~ 'h~!. To increase
the PHAs production, 5 L fermentor (2 L working volume) was con-
sidered using the optimal condition obtained from the flask scale
under aerobic condition (30% dissolve oxygen) The DCM and the
maximum PHAs were 5.881 gl-'and 1.281 gL' calculated to val-
ues of Yyg, Y. Yo and productivity at about 0190, 0u041, 0.218
and 0.0213 gL-"h-!, respectively. However, potential of sugar cane
juice as a sole carbon is still low. Further work will be focused on
improvement of the efficiency for PHAs production. C:M ratios and
percentages of dissolve oxyzen will be concerned.

doi: 10.1016{j,jbiotec.2010.09.071
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Yields of Polyhydroxyalkanoates (PHAs) during Batch Fermentation of Sugar Cane Juice
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producer microorganisms and substrate composition,
cultures condition, fermentation processes (batch,
fed-batch, repeated batch or fed-batch, and confimons
modes) and the highest cost of their recovery [1, 8-10].
amd A
gram-negative bacteria which can be accumulated a
large amount of PHAs mside their cells [1, 6, 11] and
especially, 4. latus 15 the most widely used siram for
commercial production of PHAS [12]. It can be ntihzed
many carbon sources [13] Previons study has reported
the cptimization of PHE produced by 4. laius which
nzed sucrese as a carken sowrce and aceunmlated up to

Alealigenes  enrrophus latuz  are

§3% of dry cell mass after 93 hunder optimal conditicn
[11]. Later, 4. lafus was studied w0 produce PHB by
using maple sap which 1 rich in sucrose. The biomass
and PHE concentration were obtamed at 4.4 g-L': and
3141 g-L': after 27 h of fermentation [14, 13]. It was
proved that the bacteria can be ufilized sucrose as a
cheaper carbon source than ghicose [11, 14-19].

Therefore, this study aims to study the potential use
of sugar cans juice as & raw substrate by pure bacterial
strains  of Alealipenes latus TISTR 1403 and
Alealigenes enmophus TISTR. 1095 to produce PHAS
via batch fermentation. In addition, the feasibility will
be evaluated.

1. Materials and Methods
21 Microorganizms and Culture Condition

Pure bactenal sitams of Alcaligenes lorus TISTR
1403 and 4. eutrophus TISTE. 1095 were purchased
from Thailand Instiute of Science and Technology
Fesearch (TISTE) (Bangkok, Thailand). Then, they
were mamtamed on agar slant and Pem dishes on
nutrient medivm [6]. The moculums were prepared in
nutrient broth wnder aerobic condion (30°C, 200 rpm
and pH 6.3-7 for 24 h) prer to inoculate mte sterile
production medium.

2.2 Preparation of Sugar Cane Juice

Sugar cane juice was kindly received from sugar
cane industry (Charvaphum Thailand). The juice was

VWANENTIATY AT, WNTIA WAIAULUAT UANINGIRIYOULA

kept in refrigerator at -20 °C prior to use. The juice was
thaw and centrifuged to remove other particulates. In
additton, the juice was sterilized and then added mto
the culfure mednm.

2.3 Batch Fermentation in Flask Scale

Seed moculums of 10% (vv) were added mto 230
ml flask contaimng 100 ml modified minimal
medium 3 {the prepared method described by Grothe et
al.) [11]. One liter of the mednum contained: sucross
20 g. EH:PO: (1.5 g, NazHPO: (337 g
MgS0:THO (0.2 g, (NH:.504 (1 g), and trace
element solution (1 mL). It should be noted that the
concentration of sucrose was replaced by stenhized
sugar cane juice used as sole carbon source. The culture
was further incubated for 72 hours at 30°C, 200 pm
end pH 6.5-7.0. In addition, the imitial total sugar
concentrations at 20, 30 40 and 50 gL were also
vared and the medium were collected every 6 b to
moniter cell growth, dry cell mass. and total sugar
concentration.

2 4 Barch Fermentation in Fermentor

Only,
moculated mfo a 3-L fermenter with working velume

the culture of 4 eutrophus was then

of 2 L using optimal total sugar concentration obtained
from the previcus flask scale. Fermentation condition
was controlled as followmg: 200 rpm, 2 vwm aeration
rate, 30°C and pH 6.5-7.0. Dissolved oxygen (DO}
concentration was monitored with a DO elecmode
during the whole cultivation and mamtaimed at 30%
constant of air saturation by adjusting the aeration rate
and agitation rate speed in response to the change of
oxygen requirement. In additiom, the pH was also
momitored with a pH elecirede and kept at 6.3-7.0 by
adding solutions of sulfuric acid (H;504) or sodnm
hydroxide (WaOH) if necessary.

2.5 Analytical Methods

2.5.1 Dry Cell Mass (DCM)
The DCM was determined by the absorbance

W.A. 2555
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producer microorganisms and substrate composition,
culnres condition, fermentation processes (batch,
fed-batch, repeated batch or fed-batch, and confimous
modes) and the highest cost of their recovery [1, 8-10].

Alealipenes  sumophus  and 4 lofus  are
gram-negative bacteria which can be accummlated a
large amount of PHAs inside their cells [1, 6, 11] and
especially, A. lasus is the most widely used strain for
commercial production of PHAS [12]. It can be unftlized
many carbon sources [13]. Previous study has reported
the optimization of PHE produced by 4. latus which
used sucrese as a carbon source and accumulated up to
63% of dry cell mass after 93 hunder optimal condition
[11]. Later. 4. latus was studied fo produce PHB by
using maple sap which is rich in sucrose. The biomass
and PHB concentration were obtaimed at 4.4 gL and
341 g-L': after 27 h of fermentation [14, 13]. It was
proved that the bacteria can be utilized sucrose as a
cheaper carbon source than glueese [11, 14-19].

Therefore, this study aims to study the potential use
of sugar cans juice as a raw substrate by pure bacterial
strains  of Alealigenes Jatus TISTE 1403 and
Alcaligenes eutrophus TISTR 1095 to produce PHAS
via batch fermentation. In addition, the feasibility will
be evaluated.

2. Materials and Methods
2.1 Microovganisms and Culture Condition

Pure bactenial strams of Alcaligenss lafus TISTR
1403 and 4. ewtrophus TISTE 1093 were purchased
from Thatland Institate of Secience and Technology
Besearch (TISTE) (Bangkok, Thailand). Then, they
were mamtamed on agar slant and Pem dishes on
mutrient medivm [6]. The insculums were prepared in
mutrient broth under aerobic condition (30°C, 200 rpm
and pH 6.53-7 for 24 h) prier to incculate mio stenle
production medim.

2.2 Preparation of Sugar Cane Juice

Sugar cane juice was kindly received from sugar
cane industry {Chaiyaphum, Thailand). The juice was

i
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kept in refrigerator at -20 °C prior to use. The juice was
thaw and centrifuged to remove other particulates. In
addition, the juice was sterilized and then added into
the culture medmnm.

2.3 Batch Fermentation in Flask Scale

Seed moculums of 10% (vwv) were added mto 230
ml flask containmng 100 ml modified muinmmal
medium 3 (the prepared methed described by Grothe et
al) [11]. Ome liter of the medinm contained: sucross
(20 g), EH:PO: (15 g), NaHPO: (337 g).
Megs0,THO (0.2 g, (NH:504 (1 g), and trace
glement solution (1 mL). Tt should be noted that the
concentration of sucrose was replaced by stemlized
sugar cane juice nsed as sole carbon source. The culturs
was further imcubated for 72 hours at 30°C, 200 mpm
end pH 6.5-70. In addition, the mutial total sugar
concentrations at 20, 30 40 and 30 zL” were also
varied and the medimm wers collected every 6 b to
monitor cell growth, dry cell mass, and total sugar

concentration.
2.4 Batch Fermentation in Fermentor

Only, the culture of 4 eutrophus was then
moculated mte a 3-L fermentor with working volume
of 2 L using optimal total sugar concentration obtained
from the previous flask scale. Fenmentation condition
was controlled as following: 200 rpm, 2 vvm aeration
rate, 30°C and pH 6.5-7.0. Dissclved oxygen (D)
concentration was monitored with @ DO elecmode
during the whele cultivation and maintained at 30%
constant of air saturation by adpusting the aeration rate
and agitation rate speed in response to the change of
oxygen requirement. In addition, the pH was also
monitered with a pH electrode and kept at 6.3-7.0 by
adding solutions of sulfurie actd (H504) or sodinm
bydroxide (NaOH) if necessary.

2.5 Analytical Methods

2.5.1 Dry Cell Mass (DCA)
The DCM was determined by the absorbance
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method using a spectrophotometer at 600 mm. A 1-ml sugar cane Juice. Fig. 1 shows the time course of both
fermentation broth was centrifuged (10000 g, for 10 blomass measured n term of optical density (OD)
min) and the cell pellet then was washed for twice with ~ value. 4. eurrophus can be obvieusly grown better than
distilled water. The cell was dried at 90°C wntil a4 lofus and reached a maxiomm biomass at 36 h
constant DCM was obtamed. Previous study reported that 4. latus can be grown in
2.5.2 Total Sugar Concentration maple sap which was rich of sucrese [15]. However, m
Sugar cane juice was measured an mitial  this study, the juice contained of sucrese and glucose n
concentration i term  of total sugar wsing  somilar amount. It was believed that A. lans preferred
Phenel-Sulfuric method [19] and the jwce was alse  to use glucese as & primary carbon source instead of
characterized type of sugar contained by HPLC method.  sucrese. Then, only A sutrophus was selected to
In addition, total seluble solid and pH value of the juice produce PHAS in fermentor.
were measured by hand refractometer and pH meter.
2.5.3 PHAs Content
After fermentation, the biomass was recovered and The juice was measured for itz composition. The

3.2 Characteristics of Sugar Cane Juics

enriched using sequencing steps of cell disruption, charactenizations of the juice are shown in Table 1.

ceninfugation, extraciion and evaperation. Finally, ) N o
- 1.3 Optimal Conditi " PHA: Producti Flasks
PHAs powder was obtained. The powder was dissclved ptimal Condition for rodueton i

n & conc. sulphune to determine PHAS content in form Initial total sugar concentrations of sugar cane juice
of polyhrdroxybutyrate (PHB) by measuring the  were varied at 20, 30, 40 and 50 gL and considersd
optical density at 235 nm [20]. the optimal culture condition Fig. 2 shows the

1. Results and Discussion accummlation of PHAs as fimctions of fime. The

optimal total sugar concentration of 30 gL7 was
3.1 Growth of 4. lams and A. eufrophus obtained and zave maximum DCM and PHAS at 6.013

1 1 .
Two bactenal smams of A lafus and 4. sutrophus gl” and 1.84 gL" after 60 h. Fig. 3 reveals the
were cultivated in modified minimal medium with 20 fime courses of the biomass, the PHA and residual

g-L’l initial total sugar concentration in form of the total sugar. When the miregen source was exhausted

T
Gk
100

4.0

V¥ G}
=

1] [ 12 I8 24 A0 3o 42 48 54 B0 66 T2 TA
Time {hy

—t— ] iveapiis —— A Jaiui

Fig. 1 Growth cultures of 4 lerus TISTR 1403 and A enmrophins TISTE 1095 in modified minimal medinm.
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Table 1 Properties of sugar cane juice (pH 3.4). completely at t = 60 b, the PHAs were 1.848 gL anc
Properties gL’ the DCM reached 3 maximmmm {6.013 g-]_']}. The batcl
Total sugar 105.5 fermentation system reached a steady state whent =72
Sucrose 54.6 h. This implied that the start of PHAs accumulation
Glucose 218 coincides with the exhaustion of mirogen. As tota
Fructose 28.0

stgar was ineregsed, the higher content of PHAs wa:

Othars 211 . . .
Tota! solible salid Brin) L reached. The results obtained were sinular to previow
ofal soluble solid (Brix : - .
studies [3, 6, 13, 21, 22]. However, the total sugar was
2
1.8 S
1.6 ,’: - .
1.
; 1.2
G )
o
E 0=
[
(L
[4 2
Il
TR
Time (h)
= —F = 2kl —=— A0 ] e il L - —m = S0 e
Fig. 2 PHA: content a: function of time under variation of total sugar at 20, 20, 40 and 50 =-LY in shale flask.
T7.00 <1n]
= A3, () =0
2
. 500 —
= L=
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=
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S0 B
= ERUH =
- 0 2
= =
=
~ i 1o
LIELE L
i 0 12 [ 24 W A 42 48 hE Gl i T3
Time (h}
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Fig. 2 Profiles of cell dry weight, PHAs and total sugar as functions of time in shake flaslk.
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still remained. Since, it might be the heat during
sterilization of the juice caused browning reaction and
produced as other compounds and inhibited the growth
of bactena and accummlation of PHAs. In addition, all
data were also calenlated and represented i terms of
biomass vield (Y. product yield (Y.). specific
product yield (Ypx) and productivity that were obtained
at 0,163, 0.03, 0.306 and 0.031 g L 'h", respectively.
The optimal condition was obtained at 50 gL total
sugar, 30°C, 200 rpm and pH 6.5-7.0. The results are
simmarized in Table 2.

3.4 Production of FHAs in Fermentor

To increase the production of PHAS production, 5-L
fermentor with 2-L working volume was considered
using the ophmal condifion obtained from the flask
scale. The DCM and the PHAs, and the residue sugar
concentration as functions of time are shown m Fig. 4.
The batch systemn reached a steady state with the DCM
(5.881 g L") and the maximum PHAs 1281 (gL att

= G0 h which were calenlated to values of Yus, Ve,
Yox and productivity at about 0.190, 0.041, 0.218 and
0.0213 gL 0", respectively (Table 3). It seems that the
system reached a steady state after 72 b Wlile the
restdue total sugar concentration was still remained at
about 20 gL it seems that the sugar cane juice might
comtain other compesition that was mhibited for the
growth of microorganism, although these results were
ggread with previeus studhes [3, 6, 13, 21, 22].
However, all of them used pure primary carbon sources
such as glucose, sucrose and secondary carbon source
such as propronate ete. On the other hand, i the
present study, we have used nuxed sugars naturally
found m the sugar came juice. An attempt has
undertaken m another jues obtamed from agrienltural
product of sweet sorghum [6]. However, the PHAs
yield and their productivity were still lew. This may
moplies that the time for fermentation, an efficient
fermentation process and'or recombinant mucrobial
strain needs to improve the production of PHAs.

Table  Biomass and PHAs production in different total sugar concentrations.

Total sugar concenirations  Biowass PHAs Bipmass vield, Productvield, Specific product vield, Producivity
=LY (L (L) Y Y Vou (zL'n)
20 1.5894 0.0273 0.1241 0.0018 00145 0.0003
30 11611 0.0480 0.1073 0.0024 0.0224 0.0010
40 3.9988 0.9481 0.1238 0.0230 0.1858 00132
50 6.0129 1.8377 0.1634 0.0489 03056 0.0304
: 7 ol
B
- 4] --_-L‘_H.‘T r—'-Cl""'ﬂI‘-__U‘-‘.._n 50
- —
E . ‘\\-‘-‘ r_,..-'-"‘ =
A i
= W=
- [}
B | &1
£ 3 \\k‘\\ -'*E
= . —— L w F
& 2
1 w 1
1] L]
0 I 1218 24 30 36 42 48 %4 &l a6n 72
Times (h)
——PHA= ——C DWW —o—Total sugar
Fig. 4 Profiles of cell dry weight, PHAs, and total sugar as functions of time in fermentor.
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Table 3 The production of PHAS in variou: carbon sources.
Bacterial sirains
Parameters
A enmrophus A Jans A ewtrophus A euraphus A eutraphus
Carbron souace Ghacose Sucrose  Swest sorghum juice  Sugar cane juice Sugar cans juice
Culmre tane 30 2845 48 i 1)
Cell concentration (z-L™) 164 143 1340 5.58 &.01
PHE concentration, (gL 121 714 6.87 1.28 1.24
Biomass yield (¥.a) - - 0.53 0197 0.163
PHE vield (¥ 5} 03 0.17 027 .04 0.05
PHE/ drv cell weight (%a} - 50 513 1.8 30.6
PHE productivity (z-L"h™") 242 23 0.143 0021 0.031
Fefarances [21] [23] [6] Current smdy (fermentor) Current smody (fazk)
metzbolic role, and  industrial uses  of  bacterial

i

4. Conclusions

The present study shows that 4. enmrophus can be
grown in the mediim containing muxed sugars mostly
with sucrose from sugarcane juice. The optimal 50
=L total sugar concenmration in the juice for PHAs
production was cbtained in both flask and fermentor
and gave the maximum PHAs, Y. Yo, and Y. The
results obtained clearly showed that agricultural based
sugar raw material of sugar cane syrup has a potential
use as a cheap carbon source for the producton of
PHAs in a large scale. For further, response swrface
methodology (RSM) will be completed for process
optimization of the production PHAs wia batch
fermentation.
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| fed Bloeynthsslc of Polyhydroxyakancabs (PHA) by Hydrogasanhaga 0.
lcolatad from Soll Eswvirormendt during Batoh Farmantation

composed of 3-3 carbon atoms, while mediupy chain
lemgth (wel} PHAS consisted §-13 carbon 2toms and
long chai= le=gth (i) comprised 15 2=d shora carbom
piomns [4-£] . Tha strocteme of PHAs depsods on carbom
sources supplying and miczebial paes. The njerity of
iosyntesis of PHAs i pearformed uiing wamious
miicroorgamisn mosthy hacteria. They can be prodoced
PEAs from 2 membar of subsirases and acconmlaied in
their cell 25 cashon source end wmesgy raserve [3]. In
addition, depgnding on PHAs acoazmlation bekavier,
micreorgamisn: caz be categorized iote two groops.
Th first z=oup regemes the lizvtation of somw miricmt
suck a5 mitrogso or phosphate. The memober of rhis
group balong Cupievicus secotor (formesly Somn

Aalstronls suiropia) ad Preudsaiona oleovoras gt

Secomdhy, they do mot depsnd oz motrbozal Hmitaton
e=d ey also can be accumscliied PHAS dusing thair
ot gach as Adleafipenes Lane [7], Azotobacher
vinelandll, P patids, P cerupiaona [B], Bacilius
mpeaider [¥] eand recombizant Faoleriofie ooll
Howaver, Wang and Les in 15%E [10] wpored thet
PEA: in terma of poly-3-hydroxybusyraie (FHE) cez ba
prodoced with Eigh productvity and kigh polyzsar
comtant by A, Lanug via fad-baech Siomemtation
Although PHAg ama imterasted and wildly shudiad by
me=y reeearcher for 2 long timw et e PHA:
producioz are limaited by their producties cost A
mzjor problezn to the commgrcialization of PHAS i
their mooch highar production cost compemed with
pemochesmical-besed symttacc plastc medesials oc
other bicdesradaids polymmars [11]. Much amenmpt bas
bean deeted to reducs the cost of PFHA by the tsolation
of bwmar bactemisl wmaing to prodece PHA: fom a
chaap carbom moemcs suck 2 ewesi sorghom [131).
Thase bacteria czz be solated fom varicus sources
suck 25 water and sodl eovizonments uiing 2 smple
mechod that ca= momiter the accumulaties of PELA:.
For emapple the comditions for becksial FHE
prochucion can be mat in sotl, dos fo its Eekmopaneons
matme. Mimeogen avadabidity m osed venes with
microgites. It pmay becoms a limdting factor for

AIEANENTIASE AT, HNTIA WAITWLAT INInendeveuwny

bactaral gowth, espacially in some niTogem-poot
[carboz-gich) stes [13]. According to these pesalis,
Bocilius,
Corprebasfarinm,

some FHA-prodoczg siems mch as
Artlrobacter,  Aurrobacforinm,
Curtoboefarios, Preusbeionas, Wewsococows, and
Acinstobacter tan ba isolaied fom sodl seaimonmants

Theru are vemess wmpls metods for datactng
intacallular PHA grennles which e applied o ks
screezing of FHA producess soch 25 Suwdan Slack
staimizg a=d Mile blee A stining [14] apd =ec. The
postthes et showsd 2 a black coler or fluscescont
granilas undar micrescops. Although teay ara frasible
e=d gary methods, howssar thay anould take 2 rather
tizos-cozvmming a=d laber inkmsive wozk to soeez a
large memohers of sovimonmantal isolases. Altersative
stainizg mathods have recemily besz dewloped for
directly staiming colomies or growing bacteriz oo plabss
coztaizing Nile blizg A o Mils red [13]. Tha dyw cax ba
directly diffosed to microbial cytoplasm 2nd resulting
in floorescent colomies that cam b obsarved by TN
ilbomination without e sep of micoscopic
ohswrvattoz. Tharefore, it would be stried that the
codomry-staining is 2 suitable machod for scoeaning large
numbars of excmobial sins.

Thedle=d is an agre-imdmstry coezy, fruitul nath
wery cheap suges and stazch based 2
matecials a=d it locates in e opical arsa, thus there
ere  accepied dhat,  this AppropTiag
eziirorzmgnts and temmpeszfurs for eapangioz of

el raw
arqz  has

microoTganisos. This stady aims fo isclat mcross
uitlizng bacturi2 from agricaitural crop plantaticn sodl
for production of PELA S via basch Seurmentatico

1 Material and Methods

L} Colleotiom, Cultvarios oed folethon of S
Mizrodes

Sodl mamples wars collected fom  mgarcemg
plamiztion emer = the Moch-zaster= of Thedla=d Tk
sammles then wars pressrved 2t 4°C prior fo uss.
Frizoary isclation of soil microtes was invesiizated by
tan-fold seral dilutiom sechoigue. A Fam of sed
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sezople was camsfamad to siesile muswnt broth (B
azd incabated at 30°C for 24 B Than, the culsma was
diluted in 0.9% zommal saline witk different diluCons
(167, 10°%, 10 2md 107 2=d spread om starile mutriee:
rgar (P4 Tha plates wars incubeted at 30°C for 24 b
Frizally, toa sevaral sizgls colomies of soil bactaria wese
picksd 2=d re=sfarmed to ermezal salt ager. Soreeming
for i soil bactesa PHA prodocars wars carried ot im
minaral salt agar cootaini=g witk 10 gl mooss 25 a
sole cazhon somrce. The culture flacks were incubated
21 30°C for 48 b The PHAs producing cepabilities of
the microibas were confreed weing 0.3% Swdyn Slack
B {wA) in T0% alooked (vA7) and Mis blos staizing
methods a5 descmbed by Wang et al. [12, 13]. The
colomies weme  dimectly chewrved wmdar
nhrerdoles light (312 om) and exposing fuorsscezce to
datsct the accazmlztion of liptd componnds imcloding
PHAz [15]

vizhls

& 2 [devigivanon of PNA-Produsimg Microbes

Pure isolates contrining bipophilic mclwsions were
obserred by microscopic teck=iqne. Their mampkalogy
azd biochemvical characters of the mtcrobs weom
observed. The PRELA-producing stradns wars identified
by sequezcing partial sequazces of their 165 rOA.
The chromosomal DA of the purs teolates was
isclated by noctine moetheds as previonsly descoibed by
Slater et 2l. [16] a=d Chisn ot al [17], aod weed for
festiar idemtiSication. The partial sequencing of tuair
16% [OKA was amplified with bacterial universal
prmess PA (F-AGAGTITGATOCTGEOTCAG-3T)
aimd PH (F-AAGGAE GTGATCCAL CCOGLA-IT)
[1%] e=d genarased the product leegh of 1,519 bps. Tha
PCE penduct wes then subjecied 1o ASI PRISKIZ1D
(PFE Biowystams) pamfacrar’s
instuction. The mclioods segesncss of parial 1&5

according  fo

TCHA wars commared with the 165 DA saquesces
vailable = the public mocleotide databases 2t the
Hadomal Cezter for Diotechoology Informmbiom
[WCEL, U3A, by using fer World Wids Wik site
(Estpe/ weanwr i nlns pi® gon), and the BLAST (Basic

VWANENTIATY AT, WNTIA WAIAULUAT UANINGIRIYOULA

1005
o

Local Aligrmest Ssarch Tool) algoritem program and
then deposited W e dabese wmder accesmion
mumbers ABFIDI163,

L3 Barch Fermenrarhon of PRA in Shelke Flasks

The sslscted siramm was mai=iaingd m minezt hroth
e=d incubeted in ochital sheking af 200 pm, 35T for
24 b pricr use. Ther, the 3% (1) inocolums of e
pra-caiturs was mssd fo moculal in 350 mi
Erlszmnerer flask coptxining 50 ml serilizad minemal
salt moedinea coosist of (L) 20 g Sncrose, 1.5 g
EH,POy, 3.37 g NapHIPOy, 0.2 g Mgs0y THO, 1 g
FHE0, 1 5 and | mb frace elemsot soletion
praparsd followizg the method desmbed by Sootze et
el [1%]. The mesalts oheained after furentatios wnrs
raported inoterms of perceztzge on doy call weight:
DCW (%% wiw), PHA prodactieiny (g/L-k), PHA viald
[Vpa) and hionsass wiald (Vo

L Sucrone Upto

Bacrose wphke informss secrose in cultime mediom
was mondtorsd = ferms of Total organic carbom (TOC)
TOC  anehymer  (TOC-3000,  Shimedmm
Cozporetion, Japan, with ASI-5000 220 injectod).

usizg

L3 ooy Mearra i

Biomess comcezmation wes measursd off-line by
optical dezsity (00 xt 660 me= (1 OD 660 nm = 0.308
g of dry call weight, DCW) oz a Shizoden T -Visibls
spectophotomsstar. Calcolztion bas besn made by
ploting & calibragion corve betwsem the DWW and 0D
valnes

L6 Bisman Recowry, Sxtrection omd Deleesination
af PHA

Afier fumentatoz, bicmass was collecied by
cantrisugesion {=B, 000, 10 min). Then, sopesnatz=s was
discasded; e pallet was washed for twice with
disalled waisr 2=d dried i bet air oven 2t §0°C uonal
cozstent watght Imtracslinler PFHA in hicosass s
mersered using a modified method [4] In brief a
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comemarrial bleack of sodium hypochlomte (210,
coztaizad £%c active cilomze) wes added fo the wel
winmass pallst and wes mixed wigorously nzing worbaox
mixur Than, the sixiues was movhated a8 37" C e 1 b
il moz-FHA  hiczmss dmsolved and white
flocculamis Lipid was pracipitamd. Haratiar, the PEA
TRCOUECY copducied.  The muxiurs  was
re-canirfugsd and wasked with distlled wrair rarice o
ramca the bleach solobon whick wes contzined of
dissolvad cell dsbris. The calls were wasked wnth
acetoms for tance 1o mumove 2 low-puelecolar-weeigis
liped [5] The white call pellet was re-sospended with
wihanel solotion e=d two was e-ceomfuged The
obimined whits pallat was drsd o bot air ovse at §0°C
ol reached a comsfart wedght. Al muaszwmezts
ware wedghed in trplication. It should ba motad that m a
large propoctiom of PHAS was swmacted i Soodhes

Wik

apraras and snTaction witk an axcess of chloroform
2t 100*C for 3 B The mixture wes Sleed to remer
call deters 2=d pracipitates m cold =etzanol or casted
ooio cheaming gluss Petn disk. The PHA product was
drizd m ot wdr oven at 80MC over nighks. The FHA wras
charactemized by ouclear magnefic resooamca (IWAIE)
azalysis to confirm the soucurs of PHA meaowhila
thermzal propecties weme measured by  diffeoemtizl
scamnizg calommedy (D50 and thermal degradetiom
of PEA w=ing thereml swimetnc anabysis (TEAD.

LT Flermal Properties of Exiracted PHA

Ths extracied FHA wes analyzed in both diffsreztial
scamning calorimetry (D5C) and thermel gravimstric
azalyuis  (TGAl compared to the stendard of
Twinpolymear m o of poly-f-iydroonybatyra (PEE)
[Sigma-Aldnch, TEA) It was also rmeoked that the
PHB &= mosfly fomnd i PEHAs. Thke DSC was
pacformed wwing 10wz sansples mmdar B 2 mosphem,
nsing the followizg Meparnm prograe: baxting ie=op
{-20 0o 200°C) (10" Clmxin)l, conlizg emmp (200 50 20°C)
{10°C/zpn) and a second heacmg (-20 to 2D0TC)
{10"C/mzam) [20]. The phase irapsition feperateres
wars raporisd & glass Tamsiton temapsraurs (Tg) and
melting wmpeexfurs  (Tm) Them=al grviatric

VWANENTIATY AT, WNTIA WAIAULUAT UANINGIRIYOULA

emalysis (TGA) was performed wsing a2 TGA
insmumsnt (Mestler-Toledo, TEASGDTA 251, UEA)
raliorated wnth mdinm. The temperaturs wes mmped
@ bheati=g mat of 10"Cimin w=der niTegem, o a
terapazaurs wall abovs e degradation tmpesaturs of
the polbymers [21].

3. Results and Discussion
A § Ffealarion of Sodl Micraber and PHAs Observation

Accumubsticz of PHA grazaless i e microbial
alls was pralin=ary anabyzad by Snden black method.
Armpong 72 isplates, 33 isolates cem be mowm oo
sucrosd agar medinm and were fordar obsanced PHA
acommmlaied iz their calls nzder micrescopic fechniges.
[n this case the purs bactarzl simin of Alselipemes
cargpius TISTE 1095 bas baen need 25 2 refecuncs
positive sain for FHAs accumuiatie=. In Fig. 1, e
rasudts reveeled that, only 3 teolated sowins codad as
the smains VXX VIH and W33 showed posttive resalis
aftar sizizimg by Sudan black B azd small black coler
rapressnted PHAs grapules i= mmcoobial cell Tie
Izolzde wrain W33 clearly showed in scong black coler
than othgrs. Hunca, ozly the stmin Vi3 wes forther
used. Them the PHA: prodocing microbes wams
cozfizmed by stainizg method oring His blue A, The
raszlis ars show= in Fig. 2, whe= the 0.5 pg’ mL Mils
blue A wes dirsctly added inte mineral salt medhmm
e=d mncwbated for 3 day. The colture plafe confzined of
the isolated W33 apd two mferncs  soains
(PHA-poagtive sozin of A. eurropdas TISTE. 1057 and
PHA-pegatime smain of B, aoll) wars obsarved PHA
intact in bacsarial colomy undes UV liget at 312 mm.
Colorgss from the porton plats of A swtroples TISTR
1085 apd the molete W33 cleesly exhibiied 2 very
smong fluorescance ceosad by e presemce of the
FHAs in their call which can b blinded b Mila blue A.
[n zdditwn, the isclate W33 was defioed 25 Gmam
negatve baciesa Eavizg rod-skaped cell and yellow
pigmsnt (e Fig. 1 ngkd) This obsrvaston oo
egra ersRek Tk preious stadiss; Ol amd Folr, 1982 [14]
raported the? Wils blus A could diffuss fo coly PHA

W.A. 2555
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Icolatad from Soll Envirorment during Batoh Farmentation

of Hydrogenaphapa sp. to mee directly mined eugars
obixined oz agricattural crops suwch a5 mges cans and
sweqt sorgkem as sols ceshen sources for prodectioz of
PHAx by using media optizmzation tschmique vie oder
farmeztetions of fed-tatch, repeated batch, and
rapeanad fad baich processas
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Pakawadee Kaewkannetra (2012) Fermentation of sweet sorghum into added
value product of biopolymer.Book chapter in “Biopolymer Production and

Applications”
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Fermentation of Sweet Sorghum into
Added Value Biopolymer of
Polyhydroxyalkanoates (PHASs)

Palkawadee Kaewlkamnmetra

Department of Eiotechnolegy, Faculty of Technology
Ehon Faen University, Ehon Eaen

Thatland

1. Introducticn

The wrorld today canmot deny the prospect of ‘peak oil', higher prices and depletfon of
perochemical feed stocks. Af the same fme, there iz an environmental concern of the
widely used synthesized plas@c from petroleumn industry because of ik non- desradable
nature. PlasHes, solid wwastes, amd pollutants of all knds not only accummlate as carbon
footprint. but also pose a thre=at to the zlobal warming izsues. If they are disposed by open
air burmimg. The United Nabon's Intermational Cenfer for Science and High Techmolosy
(IC5) thus launched a prosram focusineg on the development of desradable bicpolyoernc
materials and plastc waste dizposal in developing countries. Feopcling, reuse. incineration,
composhing, and new technology for development of environmentzl friendly dezradable
plastics are makine a highly efficient confribution fo the mdfzaton of ervironmental
problems. In addibon, comcemed ressarchers and the mdusthal sector have sesn the
importance of producing bic-based plastces and bicpolymmers from agriculbural crops based
an locally available biomass resources.

2. Polyhydroxyalkanocates (PHAs)

2.1 Definition

Folyhydroaxyalkancates [FHA:) or polyhyrdrosyaleanoic acid, the main kind of bod=gradable
and biocompatble biopolymer, are cassified az linear polyesters. Typically, PHA: can be
produced in nabere by several mocroorsanisms such as yeast, funst and meostly by varous
bacterial shrains. The bacteria could accummlate as imbacellular carbon and snergy storaze
unider imbalanced growth condifons such as svesss in carbon sources bot lirdbine im roatrients
of nitrozen, phosphorows and potassium ete (Yn =t al, 2005). In addibon fermentabon
processes from reneswable resources such as susar, starch and ssven lipid based matenals are
also affected om the producton of FHAS (Kaswkarmetra et al, 2008,

2 2 Classification

Since 1925, PHAs were the first bicmaterial, discoverad by the French mucrobiolosist, ki
Lempizne, accumulated as nbracellular substance i a bacterial strain of Bacillus

AYIANENT19158 AT, NN WATULAT InTinedeveunnu 172 | 1



Fenuldvatuanysel yuensAmans @nd (DBG 5380013) W.A. 2555

=2 Progucts and Apolizatians of Blopalvmers

magaterium (Lemoigne, 1926; Anderson & Dawes, 1990; Jacquel et al.. 2008). Nowadays,
biopolymers have been symthesized or are fommed in natare durng the srowth ourves of
all mucroorganizms. Depending on the evolubion of the synthesic process. different
clazsifications of the different bicpolymers have been propossd. In thiz case, they are
clazsifisd nte the followme £ categones. Howewvsr, it should be noted that only 3
catepories (from 2.2.1 to 22.3) are obtained from renewable resources and the remainder
is obtained by chemical synthesis.

=  EBiopolymers derived from biomass such as from agro-resources (eg., starch, lngo-
callulosic materials, proteim and Lpids)

=  Biopolymers obtamed by microbial produchon az the FHAS

=  EBiopolymers comvenfonally amd chemically symthesised and the monomers are
chbtained from agro-resources, =g, the poly-lactic acids or PLAs

=  Biopolymers whose monomers and polymers are ocbtained conventonally by chemical
symthesis such as aliphatic and aromatic hydrocarbon.

2.3 PHA= structures

FHAs are produced by the bacteria fo store carbon and enerzy reserves [Keshavars, Roy,
2010). Previous works stabed that an mtracellular acoumulation of FHAs improves the
survival of zemeral bacteria under erccironmental shrecs condifions (Eadoud =t al, 2005;
Thao =t al, 2007). Various mdcroorgamisms are produced i different properfes of
bopolymer depending on the types of microorsanisms and carbon soarces nsed. More than
130 different monomers can be combined writhin this faoedly to zive materials with extremely
diffarent properzes [Chen & Wa, 2005)

FHA: struchare iz composed of a2 monomer of 3-hydrosoralkanoiz (HA} acid The zeneral
formulae of the monomer undt i -[O-CH{PSCHCO]- 25 seen m Fizl (L=, 1995). The (B)-
S3HA monomer undts are zll in the B configurafon due to sterospecificity of polymerizing
enmyme PHAs synthaze, According to the size of the alkyl subsHhaent [B], the mechanical
propertes of PHAs can typically be divided ints #wee 2roups by number of carbon atoms in
their side chain Shoot cham leneth (2c] PHA: are composed of 35 carbon atoms, while
medium chaimn leneth (mel) FHAS consist of 6-15 carbom abomis and long chain length {120 ones
comprize 13 and above carbon atoos. The stmucture of PHA: depends on supplying carbon
sources and mécrobial types. The compositon of PHAS depends on the microorsanizons and
nabare of the cathon sources allowing the formulabon of new polymers whith different
physicochemical propertes, fe., chort or mod-chain and lomg-chain Gty acids.

The most commaon PHA: forms found in mdcroorganism cells are polyhydroxybuhzate (FHE)
and polyhydrosyvalerate (FHV). However, the majonty of the published ressarch on PHA:
rather than PHE has concenirated on two bacterial straims, ie., Aloaligenes eufrophss and A
latur (Slater, et al, 1985; Fn, et al, 1994 Yamane, =% al, 1995, Sha, et al, 1997 Wang & Lee.
1997 Touze, et al 1909; Yy etal, 2005 Yeoza, et al, 20070

These monomers are bicdesradeable and used for the producion of bioplashes. PHA:
produced from the process are usually composed of 100-300000 monomers and exist ma
short chain. Naturally, the propertiss of PHAsS are simdlar fo thermoplashics that are
obtained from petrochemical mdustry such as polypropylens (FP) and polyethylene (PE} as
showm in Table 1 (Evan and Stkdazr, 1990).
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Fig. 5 shows baich fexmentation of sweet sorghuam juice (55]) by Bacillus mz.ub‘-uﬂm' in3L
fermentor under cultvating condibion with agitation rate at 200 rpon. air rate at 1.5 1/moin
and temperabure at 30° C. Groweth mondtoning and PHA: productmon were mvestizated
including total sugar, dry cell weight ([DCW) and varations of fructose, glucose and sucroze
as functons of Sme. It was found that the masximum cell and PHA: product reached at
about 10.38 g/l and 436 g/l Both shightly mcreased after 72 ke, The sugar Tend then
changed. Suarose was almost depleted within 36 ha while glucose and fructose were slightly
increased at the bepirming and reached masdoum at 24 he. Then the cells started ko use beth
Sypes of sugar (Tanamool et al., 2011).

carbon Culture S|t | [ Produckivity
Bactertum PHA: ) cone. | cone. |conbent e
sovirce time (k) ( !“} ( !I"l (%) (gl k)
ﬂ":;gh":’ POHE) | Glacose | 50 |2st | 220 | 7 242
A.sutrophus | P(IHE) O, 20 |o13| 19 | 78 155
Tapioca - —
A.eutrophus | P(3HB) |, eate] 106 | 619 | 575 103
Glucoze+
A, qutrophus P(SHB- propicnic 40 156 | 117 74 255
co-3HV)
acid
A lafus P(AHB) | Suczose 18 145 Tl4 50 397
Azelbacht | POHE) | Glucose | & |401| 32 | 7os 048
Chromobacterium e - .
vicl - P(3HV) | Valenic ad 3as 245 62
Methyiobactorium . - - - .
organoghilurn P(3HB) | Methanol 70 250 | 130 52 168
Frotomonas | papem) | Methanel | 170 | 238 | 140 64 058
ex foguns
P o i‘j‘::f;} moctane | D=02h" [ 116 | 29 [ 23 038
P olecvorans i‘j‘::f;} n-octane 38 |[371| 121 33 0.32
Fecombinan: - -
s | PHE) | Ghacoze 3 [wo14| s12 | son 208
] 1
Rec. Kebzidlla | oopeny | Molasses 32 7 | 24 65 0.75
maa‘m:

Table 2. Production of PHLAs by various bacteria and carbon sources (Yamane, 1996)

In Table 2, different carben souzces were evaluated and it was found that each zhain
produced different amounts of PHA:. For example, Alaligenss eutrophius or Rastonia eutropha
prefers to use fFuctose (Kharma & Smvastava. 2005). A ladus is mn favour of sucrose (Grothe
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Liepending on FHAS accumulation behavionr, microorgandsms can be catezorized mfo o
zroups. The first group requires ootafion of some nohhents such as nifrozen or phosphate
while there iz an excess in carbon. The members of this group belong to Alcaligemas
oufrophus, (Kaewkarmetra et al, 2008), Cupisvidus secalor (formerly known as Ralstronis
orfropha) (K et al, 1994 Yu et al 2005) and Hydrogemophags sp. (Yoon & Ched, 1999
Mabononad: =t al, 20100, The s=cond group does not depend on nutrSonal bodmbon bub can
accumulate PFLAs during the growth. Examples are Alcalipemas lafus (Yamanme ot al, 1996;
Yesza, et al, 2007), Azclobscier vinsandii, P. seruginoss, (Femandes et 2l 2005). Bacillus
mycoides {Thakur et al, 2001} and Escherichis coli, etc.

3.1 Sereening, isolation and identification

Althoagh PHA: obtain interest and are widely shadied by many researchers, PELAS produchon
iz muted by producton cost A major problem to the comomercialicabion of PHAS = much
hizher produchon cost than petrochemocal-based symthetic plastic (Lasnzo, 2003).

Many attempts have been devoted to vestzate for reducing the cost of PHAsS by the
isolation of better bacteral strain: from various sources such as sludee from wastewaber
(Kasemsap & Wantawin, 2007) or marme (Chien et al. 2007) and sodl erwirononent
(Tamamool et al, 2011} using a simple method that can mondtor the accunvalation of FEAS.
For exampls, efficient conditions for bacterial PHB production can be found in sol due bo ik
heterogeneous nature. Mitrogen availabiliby i sodl varies with microsites. It may become a
limitineg factor for bacterial sxowth, especially in some notrosen-poor (carbom-rich) sites
(Thakmur, 2001). Accordmzly, some FPHAs-producing bacterial strams such as Bacillus,
Arthrobacier. Corymobacierium, Curlobacterium, Psoudomsonas, Micro- cocous, and Acimeiobactar,
ete. can be isolated from seoil environments.

Several simple methods used for dstectEns inhacellular FHAs sratmles are applied to the
screemunz of PHA producers such as Sudan Black stamone (Anderson & Damves, 19900 and
Mile blue A staimine (Wang & Bakken, 1998). The positive result shows a black color or
fnorescent granules under mocroscope. Although these methods are feastble and =asy, they
are rather HZme- and labor-comsuming dues © reqguirsment of envirctomental isolafon
Altemative stainine method has recently been developed for diectly staindne colondes or
erowing bacteria on plates contaiming Mile blue A or Mile red (Cstle & Holt, 1962). The dye=
can b= directly diffused into mwdezobial oytoplasm, resultng in Auorescent colord=s that can
be cbserrad under UV illumonation without microscopic observation, It is belizved that the
colony-stammine is & suitable method for soreendne 2 largs mamber of microbial shrams.

After the samples have been collected from the snviroronent, they are preserved at £5C to
protect azainst contamination prior to isolaton. Recently, Tanamool et al, 2011 explained
the primary isolation of soil odcrobes by serial dilobion fechmigue. In short, the soil
sample was fwansferred to rmbhent broth (NB) and mecubated. Then the oolture was
diluted m normal saline and spread on smtrdent agar (MA). Fmally, several single colondes
were picked and tranmsferred to muneral salt agar. Affer incubation, FHAs producing
capabilities of the microbes were confirmed by Sudan Black B and Mile blue A staiming
methods as described by Ostle &0 Holt, 1982 Wange & Bakken 1988 Viable colonies were
directly chserved under UV light and flucrescence to detect the acoummlation of PHAS
(Spiekermmanm =f al, 1999,
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The morphology and bischemucal charasteriztics of the 12slate then are obzerved. The PHA:-
producing strains can be idenbified by zequencmg partial zequences of thewr 165 zDINA a=
described by Edward: e® al. (1989). Fig. 3 zheows phylopenetic analysiz of 168 sDNA
sequence of the izolate V 33. It was closely related to bacterial shain of Hydrogenophaga sp.
(99% identity) (Tanamool et al, 2011). Previous studies have reported that Hydrogenophags
sp. can be izolated from soil mud. and watez. The stain: were pram-nepgative, rod-shaped
cell and yellow pigmented hydrogen-oxadizing bacteria (Willem et al. 1959). They can grow
and produce PHA: from varicus subsirates such as glucoze galactoze, xylose, arabinoze
(Chei et al, 1993) whey lactose (Koller et al 2008) and in fructese (Mahawudi et al, 2010).
i

Hrsbo prmcpdagee vy CAEIDIIAT
Hrsropemplaps palemex AL

— - BeiiTes v gatee vom (I ST IO
Bechersc v cob (HOERET)

Frodokaiter sy (HMTHETT)
- dpodyrdromsoens bte AEXI A
Gl W AYILLIT

—ﬁﬁu- b hesibs o wke (TF ST
Al roevs sp (HUM L0
Fig. 5. Phylogenetic analysis of 165 tDNA sequence of the isolate V 33 (Tanamool et al, 2011)

6. Factors affecting fermentation process
6.1 Microbial strain

Tim & Steinbuchel (1990) studied the mechanizm: of Alcaligenes spp. and Rhodospirillum
rubrum for FHB synthesis by using butyric acid. Later, Steinbuchel (1991) confirmed the
recults for the potential of PH.A: preducton and the composition: of FEA=z Under vanou:
accrobial strams used. different contents of PHAz were obtained.

Table 3 chows: PHA: content: in different weight: compared to dry cell maz: accumulated
in vanious microorganisms. It was found that Alcsligenes spp. containz a maximum of 9%6%
PHA: inits cell.

. . Weight/
Microbial srain dry cell mass (%)
Ralztonia eu tropha (reclassified Alcaligenes %
aquirophis)
Azospirillum 75
Azotohacter 73
Baggiatoa 57
Leptothrix 67
Moethglocysts 70
Panudomonas 67
Rhizobium 57
Phodobacter 80

{Available from cramm htte/fimembers. rediff comyFopanybp6 kitm)
Table 3. Vaztamons of FHAS contents in various pucrobial srains
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o

6.2 Mitrogen sources

Mittozen sources are a nuobdent =ffect on structure and the aconmulaton of PHA: in
microbial cells. Mirogen sources composs one Lmibng factor for oucroorsanisms durne
cultivation. In 1962, Fhee ot al studied the production of PHA: from A swirophes. Variation
of nitrosen sources was also studied and dhe results were sunmarzed in Table 4. Althoush
the microorgarisms can be nsed in the same carbon source, the cell prowth and their PHA:

products are different when nitrogen sources vary.

Carkon source MNifrogen source ih'::;:-l:};tdl_‘z.-"]'l -:-r.tf::-_:l:?:.-l:"é' T
=TT e - ) : IHE 3V
Ceast ewtract 32 452 95.4 14
Glucose LUrea 14 145 g83.8 144
[H S0y 18 I3 333 8.7
Yeast ewtract 15 159 95.3 17
Snacrose Urea 13 4.0 93.5 6.5
[MHL S0y 12 151 320 50
Yeast ewtract 31 42 5 93.4 6.4
Sarbitol LUrea 18 37.2 B3.7 143
(MEL S0y L7 8.1 93.5 6.3
Yeast ewtract 34 58.7 2.1 3.9
hlaromital Urea e 152 225 75
[H S0y 18 15800 333 8.7
Yeast ewtract x3 325 al.9 31
IMa-sluconate LUrea 16 5.3 78.1 218
[MHL S0y X7 411 64.7 133

Table 4. Effect of nitrogen sources on FHAS producton (Rhee =t al, 1997)

6.3 Fermentation time

T & Steinbuchel (1930) revealed the production of PHAx by Prawdomonas seruginess. It
was found that when the cell reached to stafionary phase, the intracellular FHAS were

decreasad. Lazevesn et al [1998) produced FHAS from n-octane by Prowdsmonas sleovorana,

i
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iz. 11. Thermal dezradation temperaturs of standard PHE and PHE obtained from Becillus
aryebliatis by Thermo-gravimetric analysis (TGA)

8. Summary

Althomgh PHA: are being interested and broadly shadied by many researchers for a long
Hme, the most important cbstacle to commercial application of PEAS is their price. PHAS'
producton cost is roughly 10 times or more compared to petrochemical-based synthetic
plastic materizls such as FE and FP. Muoch atbemipt has been devoted to reduce the
producfon cost of PHAS in different ways, for example, woe of tzolated bacterial stramms,
development of improvine strams by zenetic techrogues such as recombinant DA of E.
cobi and Sireplomyces auresfaciome NEEL, contrellmg a culture condition wia wvarious
fermnentation processes such as batch, fed-batch, repeated-batch/repeated fed-batch,
erthancme producton via optimization of fermentation process using response surface
methodolozy (RS0, more economical recovery process, and most mnportantly, the use of
cheaper carbon sources.

A novel non-petrolenm basad biodesradable plastic produced from suzar bazed agpricultaral
raw matedals as sweet sorghum, sugarcane and molasses, having potential properbies
comparable with corerentional or symthetic plastics, is under development and conld lower
the contributon of plastic wastes to owmdicipal landblls at about 20% of the tofal waste by
volumme and 10% by weizht and can achieve a satisfactory for the enviroronental imperative.
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The sradual transition towards the bobased sconony bongs opporfunches for 'developing’
counfmies to leapfros bevond the petroleum era and mfo a cleaner, gresmer and more

:I'EI'I.E‘H.'IEP:E .['LI_I.IIE' ]:'iS-EIi or .I:lllﬂ'\!f].'ll'b:l:l:l;} h‘lU‘Hu']E'dEE‘.
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