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Volatile Fatty Acid Production from Palm Empty Fruit Bunch
for Production of Polyhydroxyalkanoate and Biogas
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Abstract

This research studied the production of volatile fatty acid (VFA) from palm empty
fruit brunches (PEFB) under anaerobic solid fermentation. Wastewater from palm oil mill
was used to provide moisture for microbial growth. Three inoculum sources; covered
lagoon sludge, cow manure and swine manure with and without heat treatment were
investigated. The result found that swine manure with heat treatment at 100°C 30 min
gave the highest VFA production. Furthermore, the optimization of operating condition
with the 5-1 fermentor was studied using response surface methodology. It was found
that the fermentation using the 1200 ml of wastewater circulation at 3.51 times/day and
the 20% of inoculums size gave the maximum VFA of 7,131mg/l with the for
thecirculation was the acetic acid, propionic acid and butyric acid content of 28.0, 18.4
and 17.7%, respectively. Afterward, the fermented broth of PEFB was used as substrate
for polyhydroxyalkanoate (PHA) production. The Pantoea dispersa TS;, which was
isolated from palm oil wastewater, had the potential of PHA production. The result
showed that the fermented broth of PEFB with the addition of (NH4),SO4 1.387 ¢/l and
KH,PO4 3.619 ¢/l at the aeration rate of 1.052 vwwm gave the maximum cell of 2.95 ¢/L.
However, the fermented broth of PEFB with the addition of (NH4),S04 1.382 ¢/l and
KH,PO4 3.586 ¢/l at the aeration rate of 1.028 vwm gave the maximum PHA of 2.28 ¢/l
with the PHA content of 77.3%, HB of 97.3%, and HV of 2.69%mol. The two-step
fermentation with the medium transfer at 60 h was compared with the one step
fermentation. It found that the two step process gave the higher PHA yield than the
one-step process. On the other hands, the PHA productivity of the two-step process
(0.0314 g//h) at 132 h was lower than that of the on-step process (0.0392 g/l/h) at 60 h.
The addition of nitrogen and phosphorus enhanced the cell and PHA content with the
increases of 31.2 and 66.7%, respectively. PHA content with the nitrogen and
phosphorus addition increased from 64.3% to 81.4%. Moreover, the fermented broth of
PEFB was used as substrate for biogas production. It was found that the biogas
production of 2040, 1842 and 1084 ml was produced with the methane content of 66.2,
63.4 and 60.5% at the hydraulic retention time of 10, 15 and 20 day. The methane yield
was 0.239, 0.248 and 0.135 mlCHs/¢ COD removed, respectively. From the economic
anaylsis, the VFA production from PEFB for the sequently PHA production was

more gainful than that for the biogas production.



d135U8y1509

UNANYD
CARIOTEDY
A13U8yn1379
A13UN N
unfi 1 unih
1.1 anudndey warfinnvestlymiivhnngide
1.2 TnguszasAvedlasanisivy
Uil 2 UNASITBNENT
2.1 nsyuiunsgegaangluaniizliennie
2.2 msuannsaladusyiedne
23 MSHARNLTINN
2.4 wedlansendoanilulen (Polyhydroxyalkanoates, PHAS)
il 3 33nsandumiise
3.1 AnwesduszneuvemyansUnduilauasdnyzyesindelssnuatnisi
Unau
3.2 nswannsaluduseiveieannsuanngatediduantuaniizliennie
3.3 nsuan PHA anthusiniil@annisgesaaensansundudanluanneld
21N
3.4 nsuaRReTIn N msTnildannnnsdesaanenyareundualuannyly
21N
3.5 nsanmanuduldladaasegmans
unfl 4 wan153vey
0.1 Snvpihideuas Tanewvdevedsuadaiifiuid
4.2 MsuannsalusiussmedgannsudnnzatsUraulatluannglsennia
4.2.1 mawseuiideBuduiioldnan VA
4.2.2 msfmdenideniifnenmluniswan VFA
4.2.3 anmeiwinyausrensudsiminannganeurduailudauinsed
1%01net TneldsiuRanavaes Response Surface Methodology (RSM)
4.3 n3uaR PHA ntnsiniildannnisdesaatenzansiduanluanigldenne
4.3.1 MmsfmdenuuniiBefiazay PHA Adauenainindelssnuaininsuuidy
4.3.2 AaEansolunnsnan PHA anussivzanenduian
433 anmsfimuzausenisan PHA antmsinnzaneunduaiagldns
Nufmevauos Response Surface Methodology (RSM) Tugiaufjnsadlienie
4.3.4 mandn PHA Tudsinsallfermauuuasstuseu

—~ o~ o~ o~
O W -
S~ N

O O U1 W W N —, —
N~—"

—
oo

18
21

24

25
26
26
28
28
28
30

36
36
40
a3

51

(3)



d15U8y1509 (si9)

4.4 nsuanfeEin Nt mindildannnisdesaanenyarsududaluanigly
DN
4.5 msanwanudululidansygaans
unil 5 unggy
LONE1591984
ANANUIN

58

62
66
68
75



o
#1919 1

o
#1319 2

AN 3
a
AN 4
ANS197 5
AN5199 6

ANS9N 7

AN5197 8
AN5197 9

AN51991 10
AN519N 11

A15197 12
a197 13
@]']5']\‘1'17{ 14
15197 15
A15199 16

AN 17

#15UA1519

YUAVDI PHA NIN1SHAATNI IV

wa = AaA o & | = ~ )
auUAnI9Atved PHA N591U2UAISUDUDEADNANNY LW UTIBUAY
polypropylene (PP)
n15Usegneild PHA mansunmng
WHUNTIINAGBILUU Box-Behnken Design TunisAinewmavesuSuoii
e Usimsmisvyueudminuagnisvyuiguihvdindenisngs VFA
nnzateUraulan
WHUNIINAADI RSM WuUU Central composite design 3 U338 5 561U
& % % v} v
Ao Yavgvaslulpsiauoanasa wazdnsnIsienne
ANYUENIMNIENINLaLLALTBINEa18U1aNE", UNEBINUBTINTIY
Ts9uanmUnduUIANLaL LN IUNNSHER VFA
HavRIUSINUTITaISIAY USunsnisuyuieutviin wasanudlunis

a - Y | a I3 | 1 Y
vyulguviin fenisudn VRA nnganginauanlaeldyaansiuu
ANTNPIYAINUSOU
duUsyansvesaunITINaeINITHEn VFA nnsangurdualaeldyg
gnsiuTuanmenueu
ANOVA @1915UN1590NkUUNISVINGDINIE0RAY8INISNER VFA 910
nrargUraualagldyaansiuiuaninmeauiou
SnwazvaaiinneatsUiauilarnlnainnisvsinwuulionnia
Usg@nEnmnsndn PHA veenisidesqausdnaauenlaludndelseny
anmunsiuUdu
a a a Ne& a Ao 9 I

N1INAARUNINTUATVDIEUNIENGN PHA Aidanentaanuidelsu
annunsulnau

6

ANUNTNYDINTITHER PHA 21nN1548899aUNTe

v A

Admdontglutmsin
NzargUauan

Nave9enIINSeINE N1sRNlulesiau wagnsiiuneanesananis
NanwadLay PHA Tne P. dispersa TS, Tuthmifmeaneurdundan
FulseAvisvesaumssiassUSunaumadilaannnisiaes P, dispersa TS,
Tudhusimzaneunduidan

FuUsyavisvesaunissrassdiunas PHA Aildannsides P, dispersa TS,
Tudusimzaneunduidan

ANOVA dudun1seenuuunsnnasvinsadavesuSinansadileainnis
s P, dispersa TS, ludhmsinnyansundauan

12
12

17

20

23

27

32

34

36
39

a0

a3

a4

47

(5)



AN519N 18
AN519% 19

ANS199 20

#15UA1319 (si9)

ANOVA d115Un1500nwuUnsnnaesmeaafvesnIsnan PHA fildan
nsiaes P. dispersa TS, ludhmsinneansunduan
UseAviBAmnsHan PHA va3 P. dispersa TS, Tuthmifmzaneurdy
Warluszuumsnihuuutuneuiisuardesunen
UsednSnnn1sndn PHBY a1nqdun3duiingneg

47

57

58



a
AN 1

a
ANT 2
AN 3

a
AN 4
ANA 5
NN 6
NN 7
ANN 8
AN 9
AT 10

AW 11

A 12

ﬂ’]‘W‘ﬁl 13

AW 14
NN 15

A9 16
AW 17
2NN 18
ANA 19

A 20

A 21

a15UNINW

goslassaiamariivemedlansonddanluion

1A598319%04 (a) scl-PHA and (b) mcl-PHA

anwaglassasialuianaves (A) P(HB-co-HV) and (B) P(HB-co-HHx)
dnsduaseinedlensentdaniluien
WDANUFUNUSTENIINTFUATIEN PHB Uag PHBY

nawan PHA Tngldasdasusingnuagnisussandld PHA
deufinsadlFenniavunn 20 ans

feufnsalmvaunsiiorniauung 1 &ns
§eUnsalndnfinwTININKUUNIUKENIWIA 6.5 G013
wavesnsUTuanwideisudulaensliausoud 100 esmiwaidea 30
W91 #ONIIHEN VFA
navasiaveidaliududeniiimzansunduauiiondn VFA @nns
Usuanmradedusulaenslieuteudl 100 ssmiwaidea 30 i
nsuan VFA nvzaneuduianleaeldyaansiuuanmeenimdou
U3 20 Wesiud Vinesmavauidsumein 1,000 §e3ans uazai
Tumsnyudeutmiin 3 adwioty

n9IliNuAY 3-D uansaudiniugues (a) recirculated time (T) uag %
inoculum (1); (b) recirculated volume (V) tag % inoculum (I); (c)
recirculated volume (V) wagrecirculated time (T) #an15Wan VFA 310
nraneUrduanlnglduagnsiuivanimimoanuiou
maiyvesadunisiidanenidinnndsduiidelssuatathiuudy
Uina VFA fignldluannsidesnaunisidauenldlunidelsmuardn
thifuda

a

U3 PHA findsldnmsidesadunisidauenldluiidelssnuad
duldy
nMaauesdurididndenldannsdeduintimyasundua
U3 PHA findnnnnisidsnaunisidadontdluintnneansidudan
USunaw HB, HV wag PHA content maagﬁum%éﬁﬁmLﬁaﬂiﬁwﬁqmﬂmngm
T midnvzareunduan 72 Falus

n5LaSeuazUSuas PHA findnarnnisides P. dispersa TS, lutusin
nzatsUraulan

AU 3-D wansruduuSues (a) nitrogen way phosphorus, (b)
aeration LLau nitrogen (c) aeration Wag phosphorus maﬂimmmaavﬂm

MM P. dispersa TS1 Tudhmdnzanedundan

11
13
14
16
19
22
24
29

30

31

35

38
38

39

a1

a2

a2

43

a9



At 22

A 23

ﬂ’]‘W‘ﬁl 24

AW 25

A 26

i 27

AW 28
A 29
mwﬁ 30

A9 31
NN 32

A13UN N (6iD)

ATitLRY 3-D wansAudLTuSYes (d) nitrogen uay phosphorus, (e)
aeration Way nitrogen (f) aeration Way phosphorus ABN1THER PHA 910
nstaes P. dispersa TS, ludhmsinnyansundauian

USunas DCW, VFA wag PHA SEMINeNSIALY P, dispersa TS, Tusimsin
nraneUnduanmeldanmeiiuanyay @eration =1.0 wim | (NHg),SO0s =
1.4 n%/ans KH,PO, 3.6 n§u/ans) lussuvasstuneulneinisinwadn
diluomslud $lusit 60

USunas DCW, VFA wag PHA SMINeNSIaYY P, dispersa TS, Tuvimsin
nzaneUrduUanlnglaiinnsidiy (NHa),50, wag KH,PO, lussuvaestiuneu
Tnefimsiasunduluomnstvl 42lusdt 60

USunad DCW, VFA wag PHA SMINeNSIaYY P, dispersa TS, Tuvmsin
nzaneUduanelianefivinzau (aeration =1.0 wm |, (NHg),SOq =
1.4 n$1/ans KHPO, 3.6 n3a/ans) Tuszuudumeuiiealaglsifinisiiwadun
wuluemsivg

Y31 COD sywinemsiaes P. dispersa TS, Tuthmifmeaneurdudan
eldansfivngan (aeration =1.0 wm , (NHa),S0q = 1.4 n¥/8m5
KH,PO, 3.6 n$u/ans) Wisuiioussuuiuneuiioiwaraesiunou Tneiinsg
NAABITLITINITLAN (NHg)S04 waw KHoPO, Iuiwuaaﬂ%’juﬂuﬁqmmuau
COD removal sswinemsiaes P. dispersa TS luthmsmzareurduan
meldanmeimungay (aeration =1.0 wm |, (NHg),50s = 1.4 nSu/ans
KH,PO, 3.6 n$a/ans) WisuieuszuuTuRewRswazassiuneu Tnoilns
naaoslifinsifiy (NHa),SOs wae KHoPO, Iuizwam%mﬂm;mmuau

pH sywiensNanAeTanmannsdesaasnuulsenmavesiminmzane
Unauilan

USinas COD seminemsuaniedanimainnistesaansuuylZeiniavesin
ninngaleUrdulan

COD removal sEwinemskaninesdinmainnisdesaanuuulionniavesti
ninngalgUraulan
MsuAnfeEInmaInnnstesaaneLuylfanavesimnnzaneUnduan
Unadmulufetinmanmisdesaaneuuuliennimuesimsinnzans
Unaudan

50

53

53

54

55

55

59

60

61
61

(8)



