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Figure 8. Growth curve of Ralstonia eutropha TISTR 1095 in nutrient broth.
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Table 5. Composition of palm oil fiber fermermented broth.

Composition Concentration (mg/1)
Acetic acid 239
Propionic acid 74
Butyric acid 37
Long chain acid (C>4) 490
Total acid 840
Reducing sugar 14
Phosphate 270
Nitrogen 34
pH 5.94
Total organic carbon (TOC) 2655
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Figure 10. Effect of acid concentration on cell growth.
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Figure 11. Effect of acid concentration on PHA production.
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Figure 12. Effect of C:N ratio on cell growth.
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Figure 13. Effect of C:N ratio on PHA production.

39



3.1.3 Anvanunvuveanvasoavin
v Y 9
NAMsanyIaNNTuTuve s anemasudulue s uie Tagiii

mslasuulasannudutuluege o, 2.5, 5, 7.5 uag 10 nFuaeaas WU MaANTuw

Y
=3

Yy 9 12 ' ' a a A a 9
ﬂ’JﬁJL"‘IJiJ"IJu“‘IJi’N‘WBﬁLW@]"llliJNaﬁﬂﬂﬁﬁﬂlﬁﬁJﬂ”liLﬁ]iiyjlmzﬂﬁ!‘WiJ‘]JS?ﬂm PHA GLWE;NGU

(% { o w 091’ 9’t:s’ IS v o w { o oI
uerasaslunnd 14 uaz 15 awdau Nibdumsedeaaiuiladeiinaninnusuludes
' Ay ¥ O} s A o i = v 1 a =
aguuansai lannmsnindulehauiiesdUszneuniinemvlag die 0.27 nfusodns 39019
1 4 4 4
twai I ealaniduacldluemis@eugetiunnu lUi lddudinsnTayuazaans
s = &£ Y= 4 o
dzau PHA luaad uannmsAne1ved Ryu tazane (1997) 49 1aAny1ReInUNaueIn1s
Yy Y A v A 9y a & o o
AUANANMTNTUTUAUVBIHD AVATUAUADNMIWAN PHA 910F0 A. eutrophus MUHIHNN
a I 1 4 J a A { 1
e 60 ans Iaeldng laaduunasmsveu wud dsmavemasuduimuz auaonis
a a [ Y [ 1A I J
n3YUagHan PHA M0U 5.5 nfuaedas imsiuazauas PHA PBmeluwadgqededooas
c’o‘ o 4 % 1 qa: Y 1 {
80 vo i HINIEARIA Fea1991nHan1Tnaaeslunsel 9INMSANET WU YANINAAIN
= a Y a a =1 1 d'd a
lusimswurlealavz 1¥namsniyuazmsnaa PHA angamanaassniimaaulome
=\ 1 aa (] A v o w QsJ‘ dy I ~Aq Y dy
UANNUANANN A DARENNTEdAY (p<0.05) NetomTwmwszan et lglumsmiziaes
[ 9 Y] QSJ‘ = 1o [ 9 A Yy 9 dy dy A a
pananu aaiudslusuiludounuanududuveslomwaluemsidoudoiionisnan

{ Y] 4
PHA 91nnsaf laonmsvsindulelduy

DCW (g/l)

30 36 42

48

54 60

Time (hr)

—&— Phosphate 0 g/l —— Phosphate 25g/l —2— Phosphate 5g/l —®— Phosphate 7.5g1 —K— Phosphate 10 g/l

= Y 9 Aa a e
AINN 14 Wﬁ“llf)\‘]ﬂ’ﬂhl“llh“lll!‘l’\lf]ﬁlﬂ@lﬂL@INﬁﬂﬂWiL%iiy"U@%%’ﬂ

Figure 14. Effect of added phosphate concentration on cells growth.
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Figure 15. Effect of added phosphate concentration on PHA production.
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Table 6. Treatment schedule for four-factor CCD and the response for PHA production by R. eutropha

TISTR 1095.
Std number A B C D Drycell (g/1) PHA (g/l)  PHA content
(%)
1 -1 -1 -1 -1 2.07 0.70 33.60
2 1 -1 -1 -1 2.12 0.69 32.39
3 -1 1 -1 -1 2.36 0.86 36.44
4 1 1 -1 -1 0.81 0.31 38.51
5 -1 -1 1 -1 1.96 0.84 42.76
6 1 -1 1 -1 1.53 0.66 43.14
7 -1 1 1 -1 1.10 0.67 60.61
8 1 1 1 -1 0.87 0.44 50.38
9 -1 -1 -1 1 2.39 0.78 32.73
10 1 -1 -1 1 1.99 0.75 37.46
11 -1 1 -1 1 1.85 0.61 33.09
12 1 1 -1 1 1.00 0.38 37.79
13 -1 -1 1 1 2.12 0.77 36.56
14 1 -1 1 1 1.90 0.82 43.41
15 -1 1 1 1 0.87 0.46 52.49

A: Propionate (g M (X,); B: Butyric acid (X,); C: (NH,),SO, (g M (X,) and D: KH,PO, (g/1) (X,)



AN5197 6 (AD)

Table 6. (Continue)

Std number A B C D Drycell (g/) PHA (g/)  PHA content
(%)
16 1 1 1 1 0.96 0.43 44.44
17 -2 0 0 0 2.49 0.72 28.92
18 2 0 0 0 1.56 0.65 41.58
19 0 -2 0 0 1.37 0.70 51.46
20 0 2 0 0 0.84 0.56 66.93
21 0 0 -2 0 291 0.81 27.95
22 0 0 2 0 1.53 0.66 43.45
23 0 0 0 -2 1.86 0.48 25.81
24 0 0 0 2 1.87 0.71 37.72
25 0 0 0 0 1.37 0.60 43.55
26 0 0 0 0 2.07 0.74 35.97
27 0 0 0 0 1.69 0.54 31.76
28 0 0 0 0 1.77 0.57 3248
29 0 0 0 0 1.71 0.55 32.10
30 0 0 0 0 2.02 0.63 31.19

A: Propionate (g M (X,); B: Butyric acid (X,); C: (NH,),SO, (g B (X,) and D: KH,PO, (g/1) (X,)
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Table 7. Estimated coefficient for the fitted second-order polynomial representing the
relationship between the response and process variables for PHA production by R. eutropha

TISTR 1095.

DCW (g/) PHA (g/1) PHA Content (%)
L, 1.77 0.61 34.51
b, -0.23" -0.06" 1.02"
p. -0.31" -0.09" 3.44"
B, -0.25" -0.01"™ 5.12°
P, 0.01" 0.01" 0.17"

i b N S
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~
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. 0.03

ns : not significant even at 5% level.
a Significant at 0.1%.
b Significant at 1.0%.

¢ Significant at 5.0%.
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Figure 16. Response surfaces showing the effect of propionic acid and butyric acid (a); (NH,),SO,

concentration and acid concentration (b and c); (NH,),SO, concentration and K,HPO,

concentration (d) ; K,HPO, concentration and acid concentration (e and f) on biomass.
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concentration and acid concentration (b and c¢); (NH,),SO, concentration and K,HPO,

concentration (d); K,HPO, concentration and acid concentration (e and f) on PHA yield.
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Figure 19. Effect of aeration rate on cell growth.
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Figure 20. Effect of aeration rate on PHA production.
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Figure 21. Effect of agitation rate on microbial growth.
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Figure 22. Effect of agitation rate on PHA production.
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Figure 23. Effect of controlled and uncontrolled pH on cell growth and PHA production.
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Figure 24. PHA production in Batch and Fed-batch culture condition.
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Table 8. Kinetic of fed-batch and batch culture on PHA production.
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Fed-batch Batch
DCW (g/1) 4.53 2.46
PHA (g/l) 2.64 0.83
PHA content (%) 58.27 33.77
Productivity (g/l/h) 0.024 0.01
LL(h") 0.03 0.02
Y s (g cell/gTOC) 1.30 1.03
Y (g PHA/gTOC) 0.83 0.45

TOC removal (%) 28.74 23.52




7. RMUANHAUZVDIND AN
=8 d a %
71 wamsanwiesndsznevveINeaINeINIY Gas chromatography mass
spectrometer ; GC-MS
@ = a sy ¥ (% J A A
MA991AMN5IAT N methyl ester YOINOANDS N IAINMTANAYASUVANITY Ralstonia
% s
eutropha TISTR 1095 @28 GC-MS U51ng InsunTaunsudauaasng methyl ester YoINOUDINDS
Aaanies 2 fin 131N methyl hydroxybutyrate 1 retention time 11171 8.91 117 1Az methyl
hydroxyvaleraterate 43 retention time 110U 10.96 17 aauaadlum i 25 1ANAYDI
o { A < s 2 o § A ] H
Tasu Taunsuanusamudranuildasiiduwdes sudvosiiun uaasdr PHA  #14
UY5nNoUAI81UIIE08YDY hydroxybutyrate  (HB) 5088 81.69 11AZHUIE08YD
Y [ Y
hydroxyvalerate (HV) $08az 18.31 #4171 PHA Nwanl@da1n R eurropha Tumsnaassiiensvy
1 1 a J A Pl
agiuﬂquiﬂwammwuﬂ polyhydroxybutyrate-co-polyhydroxyvalerate (PHBV) o3AlsznoL
a o o dg‘ (Y] a ~ 9 I 1 4 9
yolanedwes Iasn luenvinazduegiuriavesdisermsi I unwainsvounay
9 9 1 4 dy di’ oA 1 ] I 4
AU NI UVDILKHAIAIS U U TUDIMISIAs Lo NINandad 1909l TENOVVDY
a d [
TaneausI¥un U (Doi, 1990)
= Top das a ¢
7.2 WaM AN MHUNINTUVRINDAINDS
m’iﬁﬂymmﬁuﬁaﬂlmﬁﬁﬂixﬂﬁﬂﬁjﬂﬂatﬁmi Fourier transform infrared spectroscopy (FT-IR)
I = va @ Y A o w A A 1 @
WumsAniaaaniia lagn13 IanNUTNYILAIHIDNIAIVDAULFINAMNIIIAAUAIE) N1
1 1 A I (% =) J . . =) o ) 1 .
DYNADIUDUNYUNULINT 158N Time-Domain Spectroscopy #30laena1d5en31 Fourier
k4 1
v . . & .
transform spectroscopy 91NUU Time-Domain Spectroscopy &1 maewdu frequency-domain
an a 4 o a
spectrum 928 Fourier Transform 91015 19Adneanauines laendliluda sunsusaanln

A a 9 I a o [ A A & o 9 a AR I
IﬁiﬁjﬂﬂuEliJﬁl‘]f!ﬂJumﬂuﬂﬁWT‘iﬁUWTViﬁfJWq%ulﬂﬂ’)ﬂﬂIﬂi\‘]ﬁﬁW\‘lﬁWi@u‘ﬂiﬁlcﬁiﬂﬂﬂNHﬂu

[

= =)

{ [ Y 1 J o
ﬂ’J”IlIﬁ@]NG] A TAgA1I1LEAITIONITUB wave number ﬂuwyjﬂqwumﬂﬂauum

U

a 9 =) a A o a 4 a s a 9 dy
@1!1/\]i”lliﬂ"lﬂﬂ1uﬂﬂ”lﬂuaﬁﬁmﬂﬂ NWANTUIIINUDNINITAUATISH Wﬂami’]i‘ﬂﬂﬂﬁllﬂﬁ]"lﬂﬂﬁmﬂﬂ

9y
a (Y] a o
1%0 R. eutropha TISTR 1095 A28mATA FT-IR fFeuneuiune Ao UINTgIU PHBV (12%
v Y 1 [
HV ¥09U35N Aldrich) Haveialnasuninavuuaaidan1ng 26b uaziionasandalansy
a 4 { a [Y] a 4 1 Y] a 4 qu’
ﬂjmwaamasﬁwaﬁ”lﬁ’nuwaamasmmgm WU TUAASTUVDINODINDINIADILAIY
Y = o A P A P 3 A P Yy A =< o
AABATINY LazieIdIgnedues PHBY (Hunaamesnniugas Inseasanuyiueuaeil
Y a 4 a o A a dg’ Y o =~ = v o
IWansamzvtaznnsanainlaasunmaduldde dsgneudumseufssduanlaasy
a o = o Y a A Y [} o z:' dgl
YBINOAINDS PHBY 110371139 Inkan1slasizniinnugnasautuddavu lagause

[ 1 a J { [ o a z{
531!6&1]?’1@5111&]1!6] GIJ’EN‘W@E]L?J’E)iﬁllé]}i]”lﬂﬂﬁﬁﬂﬂlmzcﬂ”I‘].IS?!V]‘H?]”Iﬂ Ralstonia eutropha TISTR 1095

59



60

@ 1 i a a @ a 4 1 o 1 { 1w
muﬁ@ﬂuminﬁ 9 LﬁﬂW%ﬁﬂﬂ@uV‘lﬂlﬁﬂﬁlﬂﬂ@]ﬁM%@QW@GLN@? WUN Gluml,mmmmﬁmmu
& g ) 1 Aa 1) 1 a Aa PPN vYq Y 1
3439.22 GBQL?JHGHLLWH\‘]"’U@Q@HV\I31Liﬂﬁlﬂﬂ@lﬁhﬂlﬂﬂﬁyqaﬂ§@ﬂclfa IﬂﬂW@mN@iﬂWﬁﬁllﬂﬁl‘ﬁﬂ1
o 1 9 1 < Yo Y I =K a ' A Ao Y |
ﬁtﬂﬂ@lﬁhiu%ﬂﬂﬂﬂﬁﬂﬂﬁlﬁuulﬂ“lfﬂ Llﬁﬂiiﬁlﬁuﬂ\‘l“lJﬁ3J1’L1‘!‘H1J”1aﬂi@ﬂ%ﬁﬂuw1ﬂﬂu@1mﬂl‘mﬁ
c?/‘ = % 1 = dy % ] = o Y a [ 1
1”%1ﬂﬁluellu@lﬂufﬂil@lﬁEliJﬂ'JfJEﬂ\?@Vl]llﬂ'JUJ“I)'uGU’E'J\WI'J’E'JEﬂ\iQQ%\‘]ﬂflﬁmﬂﬁlﬂﬂﬂﬂJsUﬂiﬁyl
a oy A <3| v 9 = J
Vlaﬂi@ﬂ“ﬁﬁlﬂ%ﬁﬂuLﬁQﬁﬂl@QHWWiﬂﬂTﬂlﬂuWﬁlﬂﬁ]1ﬂﬁﬂﬂﬂ?ﬁlﬁ1ia$ﬁ1ﬂjcﬁtﬂﬂullﬁjﬂﬂa@lliﬂ
=\ o 9 a 4 = J o Y a =
3Jmsmawimqﬁswwmwaamaimﬂmsazmaimmaullaiﬂﬂaa"lsw VI”IGLW‘WBQLEJ@SEJ‘UL!”I@

2,’ a [] a A a 4 3
qdU uaxﬁNaiﬁ'mwg"lamaﬂmaaﬁsmmﬂmawaamasmaﬁduq

4
Jd o

d' [ d' a K ] d‘ A a 4
A15199 9 UAATUNNAVY 1AL wave number ﬂjamyjﬂm%um@ﬂﬂauuﬁwmwaamas

Table 9. The dominant spectrum and wave number of extracted purified polymer.

Frequency (em’) Functional group
3439.22 OH (H,0)
2978.50, 2935 CH,, CH, (CH stretching)
2879 CH (CH stretching)
1723.54 C=0 (esters)
1456.93 CH,, CH, (CH deformation)
1381 CH, (CH, symmetrical deformation)
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Table 10. The typical 500 MHz “C-NMR spectrum of purified polymer from Ralstonia eutropha

TISTR 1095.
Chemical shift (ppm) Position Carbon unit
169.1 1,5 CO
40.7 2
67.5 3 hydroxy butyrate (HB)
19.7 4
38.7 6 CH,
71.8 7 CH | hydroxy valerate (HV)
26.8 8 CH,
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Figure 28. X-ray diffraction patterns from extracted purifying polymer in a chloroform solution.

7.5 wamsAnyIvIMigliniaeuval (T,) nazguwnindada (T) veandnweaiues

A28 Differential scanning calorimeter (DSC)

nnmawedmes i Idnnmsafaaduuafise Ralsonia eutropha TISTR 1005 11az
waﬁma%’mmgmﬁyq PHB 0¥ PHBV (8% HV) (V0IU5SHM Aldrich) 1ANE1gungil
waeuvad nazgangiudidrvesndnnodmesdrenis191aT04 Differential  scanning
calorimeter (DSC) HAMSNAABAIAAIRIAT 1R 11 wui ifelinisIianudeu 2 ade e
Usingiinvesgmngiinaeumaddivesndn (T,) iiimlndifeasulasiinildnnnedwes
UszianTaTunedwes Ainvelidnuaziiluveaunan uavvdsanmsianzinodiues
1IN PHB WU UA1 T, M0 172.7 oasnissaidod Tuumefi glass temperature (T iy
1.038 papumaiTen uasiie T iy 121.2 esrniaifed iievnedwesinasgiu PHBV &4
Wuilszianlanedwes axsingfialdnuayilusoaning (broad band) anvmzvesiia
danariiludnvazvedlanedwes Taeilm T, iy 156.7 esruwaifed uaza (T, iy

o Y] 1 1 LY 4 o a o { a
-0.777 ossuraFed dmsua1 T JAunny 118.866 oerusaifiod uaziioiimoamosnnan

67



9 dy 49{ 1 ] A A 9 a L=

1AvInms1deude R eutropha TISTR 1095 WU dnbazunsiini lAnInmMsnsIzHanbAY

3 J 1 W 1 Y ) [

Wuseaning uaz e T, miy 1353 esriwaifed uaze1 T, Widw -9.72 esrnsadoa d1msy

1 1 (Y { <3 1 4 o 1

AT HAUMNY 49.2 eeruaaided 1nwanisnaassluained 11 azmiuldiniledadauves
A dgl = o Y ISP 9 A Y = a

%HV NgeUuziinailv T, T, uaz T, Imaatesauiiesninlassaiemaniivesned

s =< @ 1 A A
woslaeu'ld minmsAnyinavesdadiuves HB wag HV fillaenuduiianianisnnueane

A dg’ a o 9 Aa o~ = [ A dg’ ) Y
1 MINNTUUBIT HV i]%Vl”IIWWE’JﬁL?J@S?Jﬂ'J”I?JEJﬂTiEJHLWiJGIJHTIﬂWﬁ”IﬁJ”Iiﬂ

)
=
e}
Ao,
=
=
o

I { 1 A 3
Juzhiludlauniinnuamusenssae ldungsiuaie (Doi, 1990)

{ a ] A 3 o Aa
G]"Ii"l\iﬁ 11 qmwgmwaammmmwﬁﬂ uazqmwgmmmwﬁﬂmmwaama{

Table 11. The melting point and crystalline temperature of polymer

Temperature (OC )

Sample

T, T, T,
Polypropylene -15 nd 171-182
PHB (Aldrich) 1.038 121.2 172.7
PHBV (Aldrich HV 8 %) -0.777 118.8 156.7
PHA(R .eutropha) (HV 18.3%) -9.72 49.2 135.3
PHBV (HV 20%) -1 nd 145
PHBV (HV 25%) -6 nd 137
PHBV (HV 34%) -8 nd 97
PHBV (HV 55%) -10 nd 77

nd : no data

* - Doi, (1990)
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Tablel2. Polymer viscosity determination of dilute solution.
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No. Conc (g/dl)  Flow-time (s) t/t, N(sp) N (rad) N (inh)
1 0.25 463 1.362 0.362 1.447 1.235
2 0.167 450 1.324 0.324 1.937 1.678
3 0.125 428 1.259 0.259 2.071 1.841
4 0.1 396 1.165 0.165 1.647 1.525
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