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ABSTRACT

The optimum conditions for production of polyhydroxyalkanoates (PHA) from
seafood processing wastewater using bacterial strains isolated from SBR system were investigated.
The isolated bacteria from consortium were screened for PHA accumulation in cell by staining
with Sudan Black B. It was found that four isolates; PSU-I, PSU-M, PSU-V and PSU-X were
positively stained. Afterward, the positive isolates were identified base on the 16s rDNA technique.
The isolates PSU-I and PSU-M were Achromobacter xylosoxidans and Achromobacters sp.,
respectively, whereas PSU-V and PSU-X were Acinetobacter baumannii. Composition of
wastewater used for PHA production in this research was composed of acid concentration and
chemical oxygen demand (COD) about 207.46 and 1,875 mg/l, respectively. Furthermore, four
isolates were cultivated in wastewater supplemented with 60 mM propionic acid under shaking
flask (200 rpm) at room temperature. The cultivation of A. xylosoxidans PSU-I and
Achromobacter sp. PSU-M gave the maximum PHA production (0.45 and 0.41 g/L, respectively).
Moreover, the mixed culture was investigated. It was found that the mixed culture of A.
xylosoxidans PSU-I and Achromobacter sp. PSU-M gave the maximum PHA production (0.52
g/L). In addition, the effect of shaking rate and inoculum concentration were examined. It was
found that shaking rate of 200 rpm and 10% (v/v) inoculum concentration gave the maximum
PHA production (0.50 g/L). Afterwards, the effect of carbon source and its concentration were
examined. It was found that the medium containing 60 mM of valeric acid gave the highest PHA
concentration (0.83 g/L). Then, the effect of initial pH of wastewater was studied. It was found
that the initial pH of 7 gave the maximum PHA production (0.78 g/L). Furthermore, the effect of
sterilization of wastewater was investigated. It was found that the sterilized wastewater gave the

highest PHA concentration of 0.78 g/L (41.8% g PHA/g dry cell weight).
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The optimum condition for PHA production was also studied in 3 L-fermentor. It
was found that the aeration rate of 1.0 vvm and the agitation rate at 200 rpm were the optimum
conditions for PHA production by A. xylosoxidans PSU-1 and Achromobacter sp. PSU-M. The
PHA concentration was 2.29 g/L and PHA content was 71.5%. This PHA was copolymer of poly -
(hydroxybutyrate-co-hydroxyvalerate) (PHBV), consisting of 30.56 % HB fraction and 69.44 %

HV fraction.
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Table 1. Comparison properties between PHB with PP.

Parameter PHB Polypropylene (pp)
Melting point Tm ['C] 171-182 171-186
Glass Transition Temperature Tg [OC] 5-10 -15
Crystallinity [%] 65-80 65-70
Density [g cm”] 1.23-1.25 0.905 - 0.94
Molecular weight Mw (x10°) 1-8 22-7
Molecular weight distribution 22-3 5-12
Flexural modulus [GPa] 35-4 1.7
Tensile strength [MPa] 40 39
Extension to break [%)] 6-8 400
UV resistance Good poor
Solvent resistance Poor good
Oxygen permeability [cm’m “atm'd '] 45 1700
Biodegradability Good -
US Annual production M. tones not determined 1.8

due to more density
due to low density floats in
Other goes to the sediment
aquatic system
in aquatic system.

11 : Jogdand (2004)
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Table 2. Comparison properties of polymer.

Melting point  Young’s modulus Tensile strength Elongation to Glass transition
Polymer ° °
(O (GPa) (MPa) break (%) temperature ( C)
P(3HB) 179 35 40 5 4
P(3HB-co-3HV)

3 mol% 3HV 170 2.9 38 - -

9 mol% 3HV 162 1.9 37 - -

14 mol% 3HV 150 1.5 35 - -

20 mol% 3HV 145 1.2 32 - -

25 mol% 3HV 137 0.7 30 - -
P(3HB-co-4HB)

3 mol% 4HB 166 - 28 45 -

10 mol% 4HB 159 - 24 242 -

16 mol% 4HB - - 26 444 -

64 mol% 4HB 50 30 17 591 -

90 mol% 4HB 50 100 65 1080 -
P(4HB) 53 149 104 1000 -
P(3HHx-c0-3HO) 61 - 10 300 -
P(3HB)-co-6mol% 3HA 133 0.2 17 680 -8
P(3HB)-co-67mol% HP 44 - - - -19
P(3HB)-co-3HHx 52 - 20 850 -4
Polypropylene 170 1.7 345 400 45

11 : Khanna 11ag Srivastava (2005)
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Table 3.

AT VO UNUANA A U

PHA production of pure microorganisms and mixed culture from activated sludge using
different carbon source.
PHA Composition of PHA
Organisms Substrate, conc. i) HB (%) AV (%)
Azotobacter G, 5¢/L, 35 NR NR
beijerinckii G, 20 g/L 75 NR NR
Azotobacter vinelandii  V, 10mM + G, NR 94 72 18
uwbD V, 20mM + G, NR 64 78 22
V, 30mM + G, NR 74 75 25
V, 10mM 67 84 16
V, 20mM 36 79 21
V, 30mM 29 72 28
Rhodococcus sp. A, 10 g/L 29 31 69
NCIMB 40126 L, 10g/L 25 22 78
G,10g/L 21 25 75
Rhodococcus ruber G,NR 16.2 30.3 69.7
NCIMB 40126 VA, NR 26.2 18 82
G+VA,NR 27.7 21.9 78.1
Corynebacterium A /10 g/L 21 50 50
hydrocarboxydans L, 10g/L 2 61 39
ATCC 21767 G,10g/L 8 28 72
Alcaligenes Sucrose, 20 g/L 50 100 0
Latus
Ralstonia eutropha F,0.5g/L 47 93 7
Strain R3 GL,05g/L 35.7 94 6
A 05¢g/L 29.5 96 4
S,08¢g/L 215 93 7
L,05g/L 43.2 96 4
F,NR 45 93 7
F, NR 47 94 6
GL,NR 33 95 5
GL,NR 38 96 4
R. eutropha Digested sludge 34 NR NR
supernatant
R. eutropha H16 A, 22 g/L 53 100 0
A,22 g/L+P,10 g/L 51 81 19
P, 22 g/L 35 57 43

A = acetate, B = butyric acid, F = fructose, G = glucose, GL = gluconate, M = methanol, L = lactate,

P = propionate, S = succinate, V = valerate, VA = valine, NR = not reported
AAL1/a991n Punrattanasin (2001)
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Table 3.

A = acetate, B = butyric acid, F = fructose, G = glucose, GL = gluconate, M = methanol, L = lactate,

(Continued).
PHA Composition of PHA
Organisms Substrate, conc. i) HB (%) HV (%)
R. eutropha H16 B, 0.03g/L 44 100 0
(ATCC 17699) B,0.3g/L 55 100 0
B,3g/L 75 100 0
B,10 g/L 63 100 0
B,1.8g/L+V,1.2g/L 48 NR NR
V,3g/L 38 NR NR
R. eutropha H16 A, 20 g/L 51 100 0
A, 5g/L 13 100 0
A ,20g/L+P,1g/L 46 98 2
A ,20g/L+P,2g/L 52 95 5
A,20g/L+P,4g/L 51 91 9
A, 59/L+P,5¢g/L 22 79 21
A 5g/L+P,10g/L 38 74 26
A, 5g/L +P,20g/L 45 72 28
P,2g/L 12 78 22
P,6g/L 18 76 24
P, 10 g/L 28 72 28
P, 14 g/L 42 69 31
P, 18 g/L 56 73 27
P, 22 g/L 31 70 30
P, 26 g/L 40 56 44
P, 30g/L 35 55 45
R. eutropha G,10g/L+P, 1 g/L 59 85 15
NCIB 11599 G, 10 g/L+V, 1 g/L 60 78 22
Alcaligenes faecalis A, 10 g/L+P, 1 g/L 14 78 22
NCIB 8156 A, 10 g/L+V, 1 g/L 5 52 48
Pseudomonas M, 10 g/L+P, 1 g/L 26 95 5
extorquens MP4 M, 10g/L+V, 1 g/L 5 46 54
Pseudomonas sp. K M, 1% (v/v) 52-57 100 0
Pseudomonas 135 M, 0.5% (v/v) 34-42 100 0
Activated sludge A.NR 47 NR NR
Activated sludge A.0.6 g/L 51 NR NR
Activated sludge A.16.95g/L 33 NR NR

P = propionate, S = succinate, V = valerate, VA = valine, NR = not reported
aa111/a391n Punrattanasin (2001)

=
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Figure 9. Wastewater treatment of Tropical Canning Public Company Limited, Thailand.
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ISP 0
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- BOD #f1 <20 mg/L

- TKN i <100 mg/L as N
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P 1 % awv ~ a
sz Tominaanaz 1asunmsive as  anuvsanivanzmnzaylumsnan
§’ a Aa a o w oy = <3| 9 A
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a =S d
auN3e
Y dy a s
Tumsnasedlsnguiregaunidnaunnaznouluseul  sequencing  batch
] a 4 a Q'
activated sludge reactors (SBRs) $9ANAZNOUAUNTIV0I I5901unsoaoanauiia (Uszma
Tne) $16a urvu
2 X
211115128150

a

mm’;‘ﬁm%’mm’?ﬂuﬁag§aﬂauﬂ?§ (Growth medium; GM1) 1J3zneudle (AT
Apan3) NH,CIL, 0.180, KH,PO, 0.052, K,HPO, 0.067, MgSO, 0.50 tfag mineral solution 1
fiaddn3 ¢ mineral solution Uszneuds (nSuAeAAT) CoCL.6H,0 0.008, CaCl, 0.010,
MnCl,.2H,0 0.0003, FeCl, 0.010, H,BO, 0.004, NaM0O,.2H,0 0.002, CuSO,.5H,0 0.002, ZnSO,
7H,0 0.002 1182 NiCL.6H,0 0.002 1% NaCH,C00.3H,0 30 daaluand iluunasmiveu
(Kumar et al., 2004)

Vinde

13:‘1L§fﬁli]1ﬂﬁ\°lﬁ’%}1ilﬂiﬂ (acidification tank) i]1ﬂﬂi$ﬂ3uﬂ1iﬂ1ﬁﬂﬁilﬁﬂﬂ§ﬁﬂ

nsotlavauauiie Aszmalne) e @Wriwu) (mMnn9)

ginsel
- 115091961 (80 New Brunswick U Model G25-KLG)
- 1n5e9dunI09 (B0 Hettich 34 Model UNIVERSAL 32)

9 1
- do101¥e (8% Clean U V8)

G

9 £

- niloilaain¥eo (@%e Hirayama 31 HV-85)
- 1n5093afitoy (@1e Mettler)
[ a 4 a { Y (]
- fanssivina 3 4as (BWe EYELA 34 MDL-300)
- ingeaiannuiiunsailuans @We Mettler Toledo 31 320)
- To@anu%U Model Gas Pak 150

- ndesgansimidianasounuunIUAl¥FU B JEOL Ju JEM-100CX II)
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- 19509 Gas Chromatography — Flame Ionization Detector; GC-FID @Jﬁﬂ

HEWLETTE PACKARD 'u: 1 HP 6850)

as a d
IFMIWUAIICH
1) msmdSnansaluiiv
a Jd a 9 1< o 1 ) o
ﬂTi?Lﬂ31$Wﬂ§M1ﬂ!ﬂiﬂTﬂ81% GC-FID Iﬂﬂlﬂﬂﬂ?ﬂﬂﬁ‘ll’t‘)ﬂl‘ﬁaﬁ mamJu
A A I a A g ~ Y o w ' Ao A 9 A aa
I8INANNLETT 10,000 39U/IUMN L‘].I“LJLTGT 10 U LLa’Ju"Iﬂ’J’l’)EJNVITJHLﬁ’JfNLLﬁ'J 1 yanang
ey 3-M phosphoric 1 laaans tag 4-Methyl-n-valeric acid 1 1aaan3 (internal standard)
) Iy = = Qa// A a a g ~ o 1 = F) &
LLa$U”IUl‘1_I‘1J1!LW’JEJ\‘]?Jﬂﬂ§Q N 15000 99U/IUMN L‘]JL!L’JﬁT 1 4N Llﬁ$u1ﬁ"3u1ﬁﬂ1ﬂﬂlﬂl1 GC %3
9
T4 capillary column (Stabilwax-DA, model Restek 06313) TagMruagn1Izved GC Al i
ANNAHDIMANE11IATER 50 psi, AUAUYDINIY helium 60 psi oz ANuaUvedlalasu
Y
40 psi f9A1U09 Oven temperature = SOOC, Inlet temperature= 2300C, Det temperature = 250 °C,
Ramp = 20 OC/min, H, flow = 40 mL/min, Air flow=400 mL/min, He flow=179 mL/min uazld
o A g Aq Y = 2 o o 1
ﬂ'ﬁﬁ$ﬁ?ﬂﬂ'§ﬂ'lslmulﬂﬁu LW’E)Lﬂllﬁﬁiﬂﬂﬁj?ﬂﬂi%ﬂ?ﬂﬂmﬂUﬂiN?ﬂ!ﬂiﬂulsllNuclu@]’J@ﬂN (38 F]
o A an a a a A
azanensa lviunanilszneudis asanesin, nsaezdan, nsalwsiledin, nia'le lsiin
3n, nsaloleruasn, nsaleTea Inson uaznsaeln Tudn (Fa1laiann Thanakoses e al.,
2003)

2) msyfsanaalen (COD Cell Test, MERCK)

[ J

diedindes 1 daaanslaluriasaianl COD (COD Cell Test,

MERCK) Raufuas A 2.2 ml tag B 1.8 ml e liansminuindedioenanauiu lavaoa

a =

o A A I Al g v
971 COD Elulﬂi@\‘i Termoreactor NnguUnNny 148 DAYV l‘]J‘L!l'J'ﬁW 120 1!’]1/]1/]\11'361?7!,81!

U

Taelil% Tauuea ivasa li9an1 COD areATaaiaA1 COD (MERCK) 11 latdaiiihl
A1UIUKIAT COD (APHA, AWWA and WPCF, 2001)
a d = as
3) msamnzrimdSnalulnsanlagds Kjeldahl method

9 [ v
MdIed i uTeNA AU U8 15 Hadans Talu Kjeldahl flask 119

800 Haaans laasmery CusO, wag K,S0, 15umas 5 n3u dunsadaifsn 20 Hadans doaly

v
= a S

[ A A g
iMg08 Ngarinll 200 osruaaiFod 30 w17 tinguvglidu 380 esruvaiBoa 60 w1 u'ld

U Y

4
a

asavarwla Mal3ldEu vazalSualSies1Hld 100 Jaddesuaziindulugdnsaindu i

a aa £ a Yy 9 9 a a aa gl
‘U'JQETJGHNW”"UH'I@] 125 yaaanT PUITTINTAUDIN (tuuvUIoeaL 4) 151105 5 Uanaag Lagun

v
% o 1

o'.z a Aaa d‘d a a a s 9 [ d' Y a Aaa
nau 5 llaﬁﬂﬁ5VI3Jﬂ15LG]3J’O‘memOillailvlﬂi’i]\iiiJsll@Qma’JT]ﬂﬂu]lﬂ ARNIDYIN 10 Wanans

u
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4) msmdSmnamleayla (Ascorbic Acid Method)

Y 1 H
e udeNHIUMIYUIKIE 50 Haaans Tdviagdsuyvina 125

a A a

a 4 a o
Hanans wuiueanman 1 vea dunedualiven 5N H,S0, asllaunsziduasme i

Y k4 4

@nthensan (maruan n) 8 Haaans werlmdiuasne1i 10 - 30 wdi e ldinadnowi i
v 1 4 a /A 4 o 1 A
Jammisganaundaslagld nToemilalas W Tadmesnianuenau 880 wluwas whaila

TerumninnsmuasgIu (APHA, AWWA and WPCF, 2001)

a G S

X d Y a
5) MInaTeUNguIFeYaUN3ENINIsHAA PHA Tagld sudan black B

Q

o 1 dy a =4 d' Y [ 4 o d'
Wingudeyaunsd wundeluommsjudunsizd (GM1 agan) 7

gangdl 37 ssrwaded vuawAadiulaladl iaTaidlduundelualashiazern 5ol

Y o

ude eIl wédidouddae sudan black B (9381910%9 sudan black B 03 n5ulu
a o Aa aa Qy a g} ] o
relaueansdod (70%) 100 dadans) Ne 3 lugaungives 5-10 Wil Al lwaru vazih

4 ‘Qy oy 1
Ta'laduis viea xylene waztion safranine 71913 5-10 Wi a9l lvwaru vazselius

a

° (] Y 4 A s Aa aa & & I Aa Ao
uTqﬂﬁ@Qﬂﬁ@Qﬁ]‘ﬁ%iiﬁu auUnIY NﬂTiWﬁﬁﬁWﬂﬂTﬂium’ﬁﬁ “]J'Q'(’)”I%‘ﬂglllu PHA 308N 1UBY
sudan black B (Burdon, 1946)

A d
6) YSnauwaa

@ a J dy ya :I o s 9 a A
Mlsnaaauoure laalEIsnMsniiminaaune  (SU91NNTINIG

a =

s < 1 <3| = 3 o
Llﬂﬂlcﬁﬁﬁﬁqmﬁﬂﬂ 4 AU ALBYT NI 8,000 'ﬁ'ﬁ)‘]JGl’é)uTﬁ Lﬂul’)fﬂ 10 N IDUUNM

U

:} ) o g9 1 g A g‘ o 1 o ~ a
ﬂﬁé}Nﬁl’JﬁluWﬂﬁu m!ﬁvaasl,ﬁ“lumu!,wm%ﬂmmumuﬂuuuau m”lﬂaumqmmu 105

Y v
parsaFe oUIULTIAZIMITNAIA (Jung ef al., 2000)

a

a d d dJ
7 msinszridSina PHA lwaaagaunssd

Q

d
7.1) M3INI1LHAEID Gravimetric method
o a o a .
PINTAATIZH IASNITIAN  sodium dodecyl sulfate (SDS) 1% w/v
a Aa aa A (o A I S a o’gl ] Y 1
ﬂ‘iiﬂﬁi 10 Uaaang T]?JTUWL’E]“M‘IJH 10 aﬂuwaa‘ﬂmummmiwwumumma LAagUUUU

a

4 1 . < ~ 9 a3 ' A A
IOV (orbital shaker) [TUTZBZIAT 60 WINAIWANNGITOU 200 50UAOUIN NQUHYI 37
~ & o Iy A Y A A B < '
peraIFed  MInTuIMIthurlsatenisaaaenIo sy umnIsslsaNuE) 8,000 T0UAD
I Aa 4 a Aa aa [ Qy 9
i dunar 10 i wuansazarelsdonlalidaaelsn USuas 1 Hadaas w3 1

o ~ =) Y A I ¥ A aa c’J} o y = A <
GIf'JIiJ\TVI 30 DFsa Y !La')m@ﬂ’]\ﬂﬁqﬂ 5 Haaaas 1nUUIIMsumigana NG 8,000
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&
7.2) M35 IR ztilaely GC-FID
o a L4 a J a aa
MMIAATILHN PHA  Tasmsiiunaelsvesy 1 dadaasuas
Msazmemmuoa-Fain (85:15) 1 aaans aslu PHA Wiumsanaaiedd Gravimetric

o ] { a I ) 4 { %
method 11 Itiufigunigll 100 esswadea Wuna 4 lus ewldsunse luiiuld

Y v
(%} 1 a 9y a o (Y a

o a J Qy < aa 4 qg/l
ﬂﬁ’lfllﬂu!ﬂ‘ﬁﬁlf]ﬁlﬂf]ﬁ ﬂﬁﬁ%ﬂﬂ1d1ﬁlﬂu1uqmwﬂnwﬂd WUUINAU 0.5 Waaans LWdf]LlElﬂG]fu"U’E—)\?

U

J @ a Y o 1 J a Y
ﬂaaiivxla‘immzmiazmammuea-mavjm Llﬁﬂu'lﬁ’)u"ll@\?ﬂﬁ@IiV\IfJiiJ"l‘]J'JLﬂi'l$Wﬂ'JEJﬂ1§

A GC-FID ¥e1% capillary column (Stabilwax-DA, model Restek 06313) ﬁmuﬂqmw {]ﬁ‘lJ’EN

5 o A ! g
injector 118 detector 11y 250°C TasfmuaTisunsugungives oven 130 80°C 1ilu
v 4

~ qgj o A a K g O Y Y [e) . 9
J2Y2901 5 UM mﬂuuﬂiuqmm}mwmmﬂu 200°C Me9A51 7°C/min tazl¥a1s PHA

I { 4 a o
910 Aldrich (USA) Huasanasgiunlfinen/Souifourilaves PHA (fanilasnin Ganzeveld
etal., 1999)
a d aa
8) MIINITHNADA
a 4 Aaa 9 9 o 9 A
MIAATIEHHaNaDAveItayald l)sunsy SPSS 16.0 Tasiiiueyan

foamalsoumeuneadauiloulalullsunsy @enna1e Variable View tWoilou¥oiay

Y A

anvazveIdoya (NN 25 MARLIN ) 1BeNKHEAN Data View tiotfloumvesdoyaling

v v

o A dg myy v Yy o 3 ) . : o a o
ﬂusvam”lallammu W'if’]ll‘ﬂﬂ‘ﬂ@ulﬁm‘ﬁﬂﬁnﬂ‘ﬂ@yjﬁﬂﬂJﬂWiﬂﬂﬁﬂﬂﬁﬁTﬂ% HagNINIIUANIICH
Tagidon Analyze M0UIWY 1d0n Compare Means g One-Way ANOVA hlfinantiia1g
Yy 5 p y
£ a4 y o o WYq Ay &
One-Way ANOVA YU Lﬁ’ﬁ]ﬂ‘]fﬁ]"l]@\i"llﬂﬂa!aﬂWTI/n“]ﬂll'JGLL!G]f’EN Factor LaZiaanUdyanaoInig
In51z Bluges Dependent List 18N Post Hoc, Duncan 1aen Significance level N 0.5 NA
Continue 1a1A0NN Options, Descriptive A Continue a2 OK Mltinanthena Output

9
a J aa
UAEAINANITAUATIEUN T DA %‘L!ll”l (MAWUIN V)
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2.1 MsAPMENHMT VBRI

Y Y
Mmsananyazvenindenndiadensa Mnnszuaumstiniaindevos

a o a Q' o w d' o a d 1
VSHNNIoUnoauAnIg (ﬂi%mﬁllﬂﬂ) 10A (WHIFU) (DIAN 9) Tﬂﬂ’l’ﬂﬂﬁ?tﬂﬂgﬁﬂW]Nﬂ

9

=
NU

€

1A

- aiieylag Moviimes

- %A (COD Cell Test, MERCK)

- yilauazdsunavesnsaszve Taely GC-FID (fauiadain Thanakoses et al.,
2003)

- S luTasou Tae3F Kjeldahl method (APHA, AWWA and WPCF, 2001)

- J5uavloale 1nedT Ascorbic Acid method (APHA, AWWA and WPCF, 2001)

(Y] a a a <

2.2 ﬂﬁiﬁﬂ}ﬂﬁﬂ‘lslﬂ!%ﬂ1§!i]§ﬂ]u!!ﬂ$ﬂ1ﬁﬂﬁﬂ PHA maamjuqauﬂ%ﬂwaummwu SBR1Hﬂ1ﬁ1§
Fuanzy

o 1 dy a ~ o @ 3 = csy o 4

u'lﬂ'q%Jlf]ﬁJi]ﬁu‘VliEJi]'lﬂi$°]J‘]J°1J'l°]Jﬂu1Lﬁ'ﬂi$°lJ°lJ SBR ll'l!aﬁlﬁiuﬂ'l’ﬂ'liﬁ%ﬂi'l&'ﬂ

A a aa v oA I ' 4 1 1 dy A A o
GM1 NUMITOUNTADEHAN 1 NIN/ANT Wuurasmsveu (FUMITNULD) IWDIWUITUIU
a A A a Y o o v A qg/} o v 9 <

JauUNIINTINITONN PHA I@fﬂﬂfﬁﬁﬂﬂ 430 NIN/ANT ﬂWﬂuuu’lblﬂlfUfJ'Iﬂ'JfJﬂ’J'IiJLi’Ji'E]TJ 200
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I ax o v W y a 4
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a

Y Y

Y] Y] o 1 4 a )

nasnnlmhnguiFeaunsdumageumsnan  PHA  Iagiinmsnaaed

= = [ 1 d‘ Y d‘ 1 a a

fSeumeudnsImsue Megan1izms o imanmnzauAeMsRIyIasNan PHA lag

dy 1 dy a A J 3’ A AN Yo = 4 dy Y 9 Ao = ~

@eanquireauns o luinden Idimsanmesdlsznoudodulude 2.1 flwwlesdn
s d =~ a a a Aa A J I 1 o

10,000 500/117 Wuna1 10 IR Tasw@unsalnsnlodn 60 Uadlua1s Wuuvasmsueu
v A Y I ] 1 dy ~ A = I a o =<

Ysunewliilu 7 vagdumssureNgauvgil 121 esrusarsae (Junal 15 1N MmMsany

Y ' v

NAVDIOATINITIVEN IAENISRAgLNNHEY 1WTeumeunumswen 50, 100, 150, 200 ua
1 A o o w ~ a9y o I Y] (] o

250 soUdoUIN Wual 72 F11ue mMudIay Ngungiied MMsNUA10819NN 12 FI 119

) a 4 a L oy v W Y a A A Yy as
LLaxumnmﬁ1$wmﬂﬁmmwaaiugﬂmmumummqu‘m tazdsu PHA ‘VlNﬁ@]ulﬂﬂ’JfJ’J‘ﬁ

Gravimetric method (99111239910 Grothe and Chisti, 2000)
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= A A a ' a = ¢
2.3 M3ANBINMSUENFBNAINITONEN PHA 910NgNYaUN3E91N33 VY SBR
' dy a = o ag . .
2.3.1 ﬂ”liuflﬂﬂqmﬂf@i)‘ﬁu%iﬂiﬂﬂ’a‘ﬁ enrichment technique
o 1 d’} a A dA 9 a A A
WngquiFegaun3oN 1aninszuy SBR vodlssnunsolneauauila AHUMs
A o a . . [ 4 { a
s uunaznszAulinaa PHA (enrichment technique) Tuenisdaunsizd GM1 Alimsiay
an a A J 1 14 o A -2 -8 A 9y o
n3ABEEAN 30 Had lua1s Wuurasmsvey MMse (10°-10°) uazinaslueinsju i

a =

VoA I @ =l = = v v 9 =
Matungarl 37 esruaimed 1Wunal 3 1WSeumend, 31519, d@ruduvevvedlalall

U

[ Y ]
=

v 4 [
#lg shmandesnuldlnlaiifer) uasnageunguseyaunidnimingn PHA Taold
sudan black B (Burdon, 1946)
= = v Jd a A A Y Y a
232 MeuAssaenugaaunionuenla dremaila 16s tDNA
a 4 o w A = 4 A o a
Inszrmawutiinale lnaues 16S tDNA  TagmsiusuIudlemaiin
o o A Y = dy . a a aa Y a
PCR Taihaenugndesnsany lideslu GM medium 15115 100 dadaas Tinmsesy
1 Qall ) A o A o
g uszozna19v04 log phase Miuth llmyumdsanazinradnanaznouliana DNA nay
14¥wsmes  (primer) UFUL  (5-GCCTAACACATGCAAGTCGA-3)  1ag536R  (5-
GTATTACCGCGGCTGCTGG-3) lagldanelumsiusuiune denature 1 94 09
) a = . A = a = . A )
IBQUBYE 60 IUIN, annealing N 48 DIAUGAIKYE 60 IUIN AT extension N 72 DIAUGAIFYE
120 21191 311U 30 50U 112 final extension 1 50U N 48 DIAUBATHE 60 IUN LAZN 72 04N
s a =) a o s Y A o o W 9 .
waded 300 2U1H Wwaaduain lavinmamiusiuldmdvulasld cycle sequencing ready
reaction kit (Perkin-Elmer) (18% electrophoresis DNA sequencing ﬁw%’ayjaﬁwﬁu 16S rDNA 1N
v o w a L . . .
!f]ﬁEJ‘]JLﬁfJ‘]JmeﬂUﬂJ@ﬂi}ﬁuTﬁﬂﬂlu Gene Bank (Nation Center for Biotechnology Information,
1A s ] 4 a 4
2008) [@9ATILHNNUIOATENONA1S (Central Instrument Facility; CIF) AEINemans

PHIINGIRIUNAD

= o A 1 a ?:' =S v A a A d v
2.4 m‘iﬂﬂH]ﬁ%%ﬂﬂNNﬁﬂ‘i%ﬂUﬂ@m%Naﬂ PHA mﬂu]lﬁﬂiﬂﬂﬂ@m%ﬂﬂauﬂiﬂ ‘lumﬂgﬂwm
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2.4.1 MI@souyed i v usosuau
o 1 d,; a A A 9 9 dy o 4 A a
uWﬂ'q‘JJLGD’fJ%qﬂu‘ﬂﬁﬂﬂllﬂﬂllﬂiﬂﬂ"ll’é) 2.3.1 NWLﬁU\ﬂH@W‘I’HﬁﬁQ!ﬂﬁWW GM1 UMKy
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a

a 4 a kL oy o s 9 A A o Al A
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A
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Y] A dy a =4
2.42 MINARONIFDYAUNTY
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Table 4. Composition of seafood processing industrial wastewater in Tropical Canning Public

Company Limited (Thailand).

Composition Concentration
pH 5.97
Chemical Oxygen Demand (COD) 1875 mg/1
Nitrogen 35 mg/l
COD/N ratio 53.57
Phosphate 330 mg/1
Acetic acid 97.57 mg/1 (1.62 mM)
Propionic acid 59.61 mg/1 (0.80 mM)
Butyric acid 34.58 mg/1 (0.39 mM)
Valeric acid 15.70 mg/1 (0.15 mM)
Total acid 207.46 mg/l
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Figure 11. Growth curve of consortium cultivated in synthetic medium (GM1) supplemented

with 30 mM acetic acid under shaking flask (200 rpm) at room temperature for used

as inoculum.
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Figure 12. Effect of shaking rate on growth of consortium cultivated in wastewater

supplemented with 60 mM propionic acid at room temperature.
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Table 5. Characteristics of isolates in synthetic agar medium (GM1) supplemented with 30

mM acetic acid.
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Isolates Characteristics of colonies Cell shape Gram staining
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mwﬁ 13 dnyMZU0I PHA granule meluiyad Tagld transmission electron microscope
(a) Achromobacter xylosoxidans PSU-1, (b) Achromobacter sp. PSU-M,
(¢c) Acinetobacter baumannii PSU-V 14a¥ (d) Acinetobacter baumannii PSU-X
Figure 13. Characteristic of PHA granule in isolated cell by using transmission electron
microscope.
(a) Achromobacter xylosoxidans PSU-1, (b) Achromobacter sp. PSU-M,

(¢c) Acinetobacter baumannii PSU-V and (d) Acinetobacter baumannii PSU-X
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MINN 6 HaMSINOUASUANISY Achromobacter xylosoxidans PSU-1, Achromobacter sp.

PSU-M, Acinetobacter baumannii PSU-V Q% Acinetobacter baumannii PSU-X N1

g1ud0yalu gene bank

Table 6. Identification of Achromobacter xylosoxidans PSU-1, Achromobacter sp. PSU-M,
Acinetobacter baumannii PSU-V and Acinetobacter baumannii PSU-X with database
in gene bank.

Identity  Score E

Strain Sequences producing significant alignments

(%) (bits)  Value

PSU-1  Alcaligenes sp. 1S-J2 16S ribosomal RNA 99 1044 0.0

Achromobacter xylosoxidans B8l 16S ribosomal RNA 99 1044 0.0
Achromobacter xylosoxidans JS1-1 16S ribosomal RNA 99 1044 0.0
Achromobacter xylosoxidans gene for 16S ribosomal RNA 99 1044 0.0
Unculture Achromobacters sp. Clone SC006B63 16S

99 1044 0.0
ribosomal RNA

PSU-M Pannonibacter sp. W1 16S ribosomal RNA 100 935 0.0

Pannonibacter phragmitetus LMG5421 16S RNA 100 935 0.0
Pannonibacter phragmitetus LMG5412 16S RNA 100 935 0.0
Achromobacter sp. LM5430 16S ribosomal RNA 100 935 0.0
Achromobacter sp. LM5431 16S ribosomal RNA 100 935 0.0

PSU-V  Acinetobacter baumannii MMC28 168 ribosomal RNA 99 1070 0.0

Acinetobacter baumannii MMC26 16S ribosomal RNA 99 1070 0.0
Acinetobacter baumannii MMC19 16S ribosomal RNA 99 1070 0.0
Acinetobacter baumannii MMC16 16S ribosomal RNA 99 1070 0.0
Bacterium CR150 16S ribosomal RNA 99 1070 0.0
PSU-X  Acinetobacter baumannii MMC28 168 ribosomal RNA 99 1002 0.0
Acinetobacter baumannii MMC26 168 ribosomal RNA 99 1002 0.0
Acinetobacter baumannii MMC19 168 ribosomal RNA 99 1002 0.0
Acinetobacter baumannii MMC16 16S ribosomal RNA 99 1002 0.0
Bacterium CR150 168 ribosomal RNA 99 1002 0.0
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Figure 14. Growth curve of isolated microbial cultures cultivated in synthetic medium (GM1)
supplemented with 30 mM acetic acid under shaking flask (200 rpm) at room

temperature for used as inoculum.
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Time course of growth (a), PHA production (b) and pH (¢) from PHA-accumulating

bacteria cultivated in wastewater supplemented 60 mM propionic acid under shaking

flask (200 rpm) at room temperature.
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Figure 15. (continued)
MINAH 7 MmTanasvesrasmTUeuazdled  waINMIABAUNI SRanNIaaz Y
PHA TwnindendunsaIngiiloin anududu 60 Jadluars Wunar 72 2 Tus
Table 7. Carbon source and COD removal after 72 h cultivation of PHA-accumulating bacteria
in wastewater supplemented 60 mM propionic acid.
valeric acid COD
Stain 0h 72 h removal 0Oh 72h removal
(mM) (mM) (%) (mM) (@mM) (%)
Achromobacter xylosoxidans PSU-1  48.61 0 100 12,500 1,685 86.5
Achromobacter sp. PSU-M 48.61 1.25 93.9 12,950 2,380 89.0
Acinetobacter baumannii PSU-V 48.61 2.96 97.4 11,050 1,220 81.6
Acinetobacter baumannii PSU-X 48.61 1.07 97.8 12900 1,915 85.2
combination of 4 strain 48.61 1.29 97.9 12,550 1,975 84.3

combination of Achromobacter

xylosoxidans PSU-I and 48.61 1.03 97.3 12,400 2,170 82.5

Achromobacter sp. PSU-M
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Effect of shaking rate on growth (a), PHA production (b) and pH (c¢) from the mixed
culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M

cultivated in wastewater supplemented 60 mM propionic acid at room temperature.
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Table 8. Effect of shaking rate on carbon source and COD removal after 72 h cultivation of the

mixed culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M

in wastewater supplemented 60 mM propionic acid

propionic acid COD
Shaking rate
Oh 72 h removal Oh 72 h removal
(rpm)
(mM) (mM) (%) (mM) (mM) (%)
150 48.61 1.75 96.4 12,400 2,240 81.9
200 48.61 1.30 97.3 12,400 2,170 82.5

250 48.68 1.45 97.0 12,400 2,145 82.7
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Figure 17. Effect of inoculation on growth (a), PHA production (b) and pH (c) from the mixed

culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M
cultivated in wastewater supplemented 60 mM propionic acid under shaking flask

(200 rpm) at room temperature.
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Figure 17. (Continued).
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Table 9. Effect of inoculation on carbon source and COD removal after 72 h cultivation of the
mixed culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M
in wastewater supplemented 60 mM propionic acid.
propionic acid COD
Inoculation
Oh 72 h Oh 72 h removal
(%) removal (%)
(mM) (mM) (mM) (mM) (%)
5 51.30 0.90 98.2 13,080 2.635 79.8
10 48.60 1.31 97.3 12,400 2,170 82.5
20 43.20 1.50 96.5 12,030 1,135 90.6
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Figure 18. Effect of carbon source on growth (a), PHA production (b) and pH (c¢) from the

mixed culture of Achromobacter xylosoxidans PSU-I and Achromobacter sp. PSU-M

cultivated in wastewater under shaking flask (200 rpm) at room temperature.
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Table 10.  Effect of carbon source on carbon source and COD removal after 72 h cultivation of

the mixed culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp.

PSU-M in wastewater.

60 mM 60 mM valeric 30 mM propionic acid
carbon source
propionic acid acid + 30 mM valeric acid
propionic acid
0 h (mM) 48.2 25.65
72 h (mM) 1.29 - 0
removal (%) 97.3 100.0
valeric acid
0 h (mM) 50.56 24.79
72 h (mM) - 2.51 0
removal (%) 95.0 100.0
CODb
0 h (mM) 12,900 15560 15,500
72 h (mM) 2,170 2,390 2,325
removal (%) 83.2 84.6 85.0
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flask (200 rpm) at room temperature.
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Figure 19. (Continued).
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Table 11.  Carbon source and COD removal after 72 h cultivation of the mixed culture of
Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M in wastewater
supplemented with different concentrations of valeric acid.

wastewater supplemented valeric acid COD
with different concentrations 0Oh 72 h removal 0h 72h  removal

of valeric (mM) (mM) (mM) (%) (mM) (mM) (%)

0 mM 0.15 0 100.0 1,875 95 94.7

30 mM 24.56 0 100.0 10,600 505 95.2

60 mM 50.55 2.50 95.0 15,500 2,480 84.6

100 mM 88.67 29.9 66.2 21,450 6,340 70.4

140 mM 12045  79.82 33.7 32,650 20,900 36.0

180 mM 160.20 111.74 30.2 38,100 25,435 332
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Figure 20. Effect of initial pH on growth (a), PHA production (b) and pH (c) from the mixed

culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M
cultivated in wastewater supplemented with 60 mM valeric acid under shaking flask

(200 rpm) at room temperature.
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Table 12.  Effect of initial pH on carbon source and COD removal after 72 h cultivation of the
mixed culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp. PSU-M
in wastewater supplemented with 60 mM valeric acid.
valeric acid COD
Initial pH 72 h removal 72 h removal
0 h (mM) 0 h (mM)
(mM) (%0) (mM) (%)
6 50.06 31.92 36.2 15,530 10,710 31.0
6.5 51.84 6.10 88.2 15,500 2,825 81.8
7 50.55 2.50 95.0 15,550 2,390 84.6
8 51.05 0.49 99.0 15,570 1,375 91.2
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Effect of sterilization of wastewater on growth (a), PHA production (b) and pH (c)
from the mixed culture of Achromobacter xylosoxidans PSU-1 and Achromobacter sp.
PSU-M cultivated in wastewater supplemented with 60 mM valeric acid under

shaking flask (200 rpm) at room temperature.
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Figure 21. (Continued).
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Table 13.  Effect of sterilization of wastewater on carbon source and COD removal after 72 h
cultivation of the mixed culture of Achromobacter xylosoxidans PSU-1 and
Achromobacter sp. PSU-M in wastewater supplemented with 60 mM valeric acid.

valeric acid COD
Condition 0h 72 h removal 72 h removal
0 h (mM)

(mM) (mM) (%) (mM) (%)
Sterilized

50.55 2.50 95.0 15.550 2350 84.6
wastewater
Not sterilized

49.89 0 100.0 17,600 430 97.6

wastewater
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Effect of aeration rate and agitation rate on growth (a), PHA production (b) and pH
(¢) from the mixed culture of Achromobacter xylosoxidans PSU-I and Achromobacter

sp. PSU-M cultivated in wastewater supplemented with 60 mM valeric acid in

fermenter at 30 °C.
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Figure 22. (Continued).

TN 14 Nﬁ‘llE]\1’5&5131ﬂ1§1ﬁﬂ?ﬂ1ﬁllﬁ$éjﬁ51ﬂ1iﬂ’J“LJ

1 1 J J
ADAINIIAAAIUBDULNAIATTUD UL

E4 Y
Y a J
FToA NAIINMIIROUFOYAUNTONAY Achromobacter xylosoxidans PSU-T 118

g} A A A a a A A < 3
Achromobacter sp. PSU-M Tutiu@eiaunsalusnloin 60 Jaaluais funan

72 %3 1349

Table 14.  Effect of aeration rate and agitation rate on carbon source and COD removal after 72

h cultivation of the mixed culture of Achromobacter xylosoxidans PSU-I and

Achromobacter sp. PSU-M in wastewater supplemented with 60 mM valeric acid.

Aeration rate valeric acid COD
and Agitation Oh 72 h removal Oh 72 h removal
rate (mM) (mM) (%) (mM) (mM) (%)
0 vvm, 100 rpm 49.57 33.11 332 15,590 10,970 29.6
0 vvm, 200 rpm 49.88 32.36 35.1 15,490 10,550 31.9
0.5 vvm, 100 rpm 40.06 27.52 45.0 15,600 8,550 45.2
0.5 vvm, 200 rpm 50.07 21.79 56.5 15,630 7,277 53.4
1 vvm, 100 rpm 49.83 22.42 55.0 15,550 7,215 53.6
1 vvm, 200 rpm 49.96 0.76 98.5 15,600 2,025 87.0
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Table 15. PHA production by microorganisms.

Dry cell PHA PHA Composition
Organisms Substrate, conc. Condition  weight concentration content of PHA (%) Reference
(g (g (%) HB HV
Ralstonia eutropha TISTR 1095 fermented palm pressed fiber water + B 1.0 vvm, 100 5.25 4.05 77.11 81.7 183 ©4%Y Nﬁ’qai‘im,
(6.5 g/L) +P(2.5 g/L) rpm, 30°C 2550
R. eutropha TISTR 1095 seafood industrial wastewater 1.0 vwm, 100  4.48 1.34 29.9 78.0 22.0 AWUM mféll,
(acidification tank)+ B(5 g/L) + P(5 g/L) rpm, 30°C 2550
R. eutropha ATCC 17699 SM + G(20 g/L) + B(3 g/L) + P(3 g/L) + 0.5 vvm, 400  3.89 1.45 37.3 NR NR Yaneral., 2003
A(l g/L) +L(1 g/L) rpm 30°C
Rhodobacter sphaeroides U7 GM + A(40 mM) + V(40 mM) + 1.0 vvm, 200  5.10 2.70 52.9 15.2 84.8 Kemavongse et
Y2 g/L) rpm, 30°C al., 2008
R. sphaeroides N20 GM +A(3.9 g/L) 1.0 vvm, 150  9.18 8.76 95.4 100 - Sangkharak and
rpm, 37°C Prasertsan, 2007
Achromobacter xylosoxidans PSU-1 seafood industrial wastewater 1.0 vvim, 200  3.20 2.29 71.5 30.6 69.4 This study
and Achromobacter sp. PSU-M (acidification tank)+ V (60 mM) rpm, 30°C

A = acetic acid, B = butyric acid, G= glucose, GM= glutamate medium, L= lactic acid, P= propionic acid, SM= synthetic medium (Yan et al., 2003), Y= yeast extract

NR = not reported
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