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Production of polyhydroxyalkanoate from volatile fatty acids

produced from palm oil fiber fermentation
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Abstract

Currently biopolymer, Polyhydroxyalkanocate or PHA, is interesting because its propertics
similar to synthetic polymer and can biodegrade. From above properties, bioplastic from PHA can
reduce pollutant to environment.  However, PHA production has higher cost than synthetic polymer
due to the expensive substrate. This research interested PHA production from palm oil fiber, which 1s
the residue from palm oil industry. This substrate has potential to reduce the production cost and
produce value-add product with environmental friendly.

Major carbon source for PHA production is volatile fatty acid. Palm oil fiber cannot directly
use to produce PHA. Therefore, the fermentation of palm oil fiber can produce volatile fatty acid as
substrate for PHA production. This research aimed to study the optimum condition for PHA
production from volatile fatty acid produced from palm oil fiber fermentation in batch and fed-batch
system. Also, the biodegradation of PHA was investigated. After the pretreated palm oil fiber was
anaerobically fermented for 10 days, it was found that fermented broth contained total cid of 851
mg/l, reducing sugar concentration of 18 mg/, phosphate concentration of 287 mg/l, nitrogen
concentration of 35 mg/l and total organic carbon of 3,395 mg/l. Afterward, the fermented broth was
used to cultivate Ralstonia eutropha TISTR 1095 in 500 ml-Erlenmayer flask. By using experimental
design with one variable at a time method, it was found that the supplement of butyric acid at
concentration of 5 g/l in volatile fatty acid broth produced from palm oil fiber fermentation enhanced
the growth and PHA production higher than the supplement of propionic acid and without acid
supplement. The cell and PHA concentration were found at 3.12 and 2.81 g/l at 48 h. Whercas C:N
ration adjustment and phosphate addition had no effect on PHA production. Moreover, it was found
that the initial pH adjustment to 6.5 gave low growth and PHA production. The initiai pH adjustment
to 7.0 and 8.0 gave similar growth and PHA production with no significantly difference (p>0.05).
Morcover, the experimental design with the combined effects of all test variables mcthod was
investigated. It was found that the optimum condition was palm oil fiber fermented broth
supplemented with propionate, butyrate, ammonium sulfate and potassium dihydrogen phosphate of.
2.5,6.53, 1.5 and 0.3 g/l, respectively. From the polynomial equation with power of two by using the
optimum condition, the cell and PHA concentration of 1.52 and 0.64 g/l were obtained with PUA
content of 46.5%, which were lower than the results from experimental design with one variable at a

time method due to the difference of palm oil fiber fermented broth.
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Furthermore, the optimum condition for growth and PHA production in 3-1 bioreactor in
batch syétem was studied. [t was found that aeration of 1.0 vvm and agitation of 100 rpm gave the
highest growth and PHA production. Also, batch cultivation (one time substrate addition) and fed-
batch cultivation (two times substrate addition) were investigated. The result showed that both
cultivations gave cell concentration about 4.0 g/l at the end of experiment (96 h) with no significantly
difference (p>0.05). However, fed-batch cultivation gave higher PHA production than batch
cultivation about 1.3 times.

The properties of PHA produced from R. eutropha TISTR 1095 were examined. It was
found that polymer consisted of 81.7%HB and 18.3%HV. Melting and crystalline temperatures were
135.3 and 46.6°C. The average viscosity molecular weight (Mv) was 448,900 dalton. Furthermore,
PHA produced from this research was formed as bioplastic and then was studied the efficiency of
degradation in soil, wastewater, community water resource, seawater and sterile distilled water
{control). The result showed that bioplastic can degrade in environment depending on environmental
condition. During 2 months, it was found that bioplastic in wastewater was very fragile and cannot be

weighted. Whereas, the weight loss of bioplastic in community water resource was 9.08%.
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