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Abstract: In this study, screening of potential microbes, especially Aspergillus, for citric acid production from
Palm Oil Mill Effluent (POME) is carried out to improve the product yield The fermentation of the raw material
POME for the production of citric acid was conducted by the liquid state fermentation process. A total of ten
strains of Aspergillus were selected for the screemng test of which six strains were 1solated from Sewage
Treatment Plant Sludge (STP Sludge), purified and identified up to genus level and four strains of Aspergillus
were from lab stock. All strains were screened under controlled fermentation conditions such as pH range of
2-3, temperature 30°C and agitation 150 rpm, using 1% (w/w) of substrate (POME), 2% (w/w) co-substrate
(wheat flour) with inoculum size of 2% (10°spere mL ™). These strains were examined in terms of maximum citric
acid production, biosolid production (TSS5%) and Chemical Oxygen Demand (COD) removal. The strain
Aspergillus (A103) produced the highest concentration of citric acid (0.28 g .7"), TSS (12.7 g 17" and COD
removal (72%) followed by A1020, A-SS106 and others on 2-4 days of fermentation.

Key words: Biosolids, COD, potential microbes, liquid state fermentation, fermentation

INTRODUCTION

Citric acid 1s used in variety of applications, from
food and beverages to pharmaceuticals and cosmetics.
Tt was first isolated and crystallized from lemon juice by
Scheele n 1784 and Currie was the first person that
produced commercial citric acid in 1917 using 4. riger by
surface fermentation process!'. Presently, it is a primary
product of 4. niger metabolism!? and it is estimated to
be produced 500,000 tons annually exclusively by
fermentation of A. niger™. This microcorganism is used in
the mamufacture of citric acid, gluconic acid and the
enzyme alpha-galactosidase and has been assessed as
acceptable for daily mtake by the World Health
Organisation®. In developed countries, 65% of citric acid
consumption is in food and beverages and 20% in
household detergents and the estimated global growth
rate in demand: 4 to 5% per year™. Due to ever increasing
demand of tlis chemical, it 18 necessary to use
inexpensive and readily available raw materials in
industrial processes. Fermentation media for citric acid
biosynthesis should consist of substrates necessary for
the growth of microorganism, primarily the carbon,
nitrogen and phosphorus sources. Moreover, water and

air can be included as fermentation substrates®™”. Tt is
notable here that a variety of raw materials such as
molasses!™, starchy materials™” and hydrocarbons!"! were
used as substrates for commercial citric acid production.
In this study, a new substrate, Palm Oil Mill Effluent
(POME) 15 mtroduced for the production of citric acid as
well as removal of COD. Oil palm 1s an important source of
income to the Malaysian economy. In the year 2002,
approximately 11.9 million tones of crude palm oil were
produced that amounted to M 14.79 billion"". The
process to extract the oil requires significantly large
quantity of water for steam sterilizing the palm fruit
bunches and clarifying the extracted oil. Tt is estimated
that for 1 tomme of crude palm o1l production, 5-7.5 tonnes
of water is required and more than 50% of water
ended up as POME, which contain 95-96% water, 0.6-0.7%
oil, 4-5% total solids, 2-4% suspended solids, pH
4.7, BOD-25000 mg L™, COD-30000 mg L' and total
nitrogen-750 mg L~ which can, therefore, cause severe
pollution of waterways due to oxygen depletion and other
related effects!'?. Extremely high content of degradable
organic matter, carbohydrate and other nutrients in POME
enable it to serve as substrate in the liqud state
bioconversion by microorganism. According to study
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done by Oswal, et al!™, POME treatment by yeast,
Yarrowia lipolytica showed substantial reduction in COD
within 48 h mndicating utilization of organic material in
POME!',

The rapid expansion of fermentation biotechnology
over the past 30 years has led to a greater awareness of
the usefulness of filamentous fung: for the production of
large amount of orgamc acids, antibiotics, enzymes,
hormones and fuel from inexpensive and/or waste
ingredients'". Fungus for instance A. niger has long been
known to synthesis organic acid that is gluconic acid™.
Thus, screeming of potential microbes, especially
Aspergillus, using POME is carried out to improve the
product yield Ligquid state bioconversion is used for the
fermentation process with controlled process condition
that includes pH, mnoculum size, substrates, co-substrates,
nitrogen concentration, temperature and agitation rate.

MATERIALS AND METHODS

Raw materials-substrate and co-substrate: The substrate
used for this study was Palm Oil Mill Effluent (POME).
This raw material was collected from o1l palm industry
(Ser1 Ulu Langat Palm O©il Mill SdnBhd.), Dengkil,
Selangor, Malaysia. Samples were stored at 4°C for further
use.

Wheat flour was used as the co-substrate and
additional carbon source. The previous study reported
that it enhances biodegradation and the enzyme
production™®.

Fungal strain and inoculum preparation: Ten strains of
Aspergillus were selected in order to search the potential
microorganism for maximum citric acid production. Six of
them (A-SS5101, A-SS102, A-SS5104, A-SS5105, A-SS106
and A-33107) were selected from 1solated strains taken
from sewage treatment plant sludge and another four
(A103, A1020, A2017 and SC906) from the lab stock.
Aspergillus from lab stock were cultured on PDA plate
and incubated at 32°C for ten days. They were sub
cultured once a month and stored at 32°C in incubator.

Tnoculum preparation (spore suspension) was done
according to the method suggested by Alam!”. Cultures
grown on PDA medium in petri dishes at 32°C for 7 days
was transferred into Hrlenmeyer flask (250 mL.) containing
100 mL of sterile distilled water. Tt was shaken in a rotary
shaker with 150 rev min ' for 24 h. The cultures were
filtered and the supernatant was used as moculum after
measuring its strength (spores mI.™") by Haemocytometer.
The inoculum was kept in the refrigerator at 4°C for further
studies. All flasks, furmel, filter paper, distilled water were
sterilized prior to use.
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Screening: Screening of strains was done to determine
the best producer of citric acid and having high
ability to remove organmic content under controlled
process conditions: 1% (w/w) of substrate (POME), 2%
(w/w) co-substrate (wheat flour) and fungal strain
with oculum size of 2% (10° spore mL™") were
incorporated in 250 mL flasks. Fermentation was done at
PH 3, temperature range between 27-30°C and agitation:
150 rpm. A total of ten strains of Aspergillus were
screened with harvesting time (sampling): 2, 4, 6 days. The
best strain was chosen according to the maximum
production of citric acid, bio-solids and removal of
COD.

Data analysis: Assay of the citric acid was done
according to an mmproved pyridine-acetic anhydride acid
method suggested by Marier and Boulet!"®!. Concentration
of citric acid was measured at 420 pm with the
development of color density. Chemical Oxygen Demand
(COD) was determined by using the digestion solution for
COD having a range of 0-1500 ppm. Reducing sugar was
estimated by dinitrosalicylic acid (DNS) method
suggested by Millet'™ Bio-solid was measured to
determine the fungal biomass obtamned by following the
standard methods of APHAM

RESULTS AND DISCUSSION

Strain A103 produced the highest concentration of
citric acid (0.276 g I.™") with the decreasing trend of COD
value. The production of citric acid within the peried of six
days fermentation time i1s shown m Fig. 1. In overall,
productions of citric acid have a decreasing trend with the
highest production of citric acid (0.28 g L.™') on the
second day by A103. Maximum production of citric acid
by other stramns also occurred on the second day of
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Fig. 2: Removal of COD by Aspergillus from POME
during citric acid production
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Fig. 3: Total bio-solids accumulation during the fungal
treatment of POME

fermentation except for SC906, A-S5107 and A2017, which
produced the highest on the fourth day. A-S5102, showed
the highest production on the sixth day. However, the
increment in product concentration compared to the
second day of fermentation 1s very little with only
6.875 mg L' increase. Strains with heavy sporulation
(A103, A1020 and A-S5106) showed high citric acid
production, which is in agreement with the findings of
previous research™!. The amount of citric acid produced
using POME 1s very little compared with conventional
substrates such as sucrose or glucose may be due to
presence of trace metal, which is known to affect citric
acid fermentation negatively™.

It 1s clear from Fig. 2 that the percentage removals of
COD have an increasing trend with the highest
percentage removal on the sixth day of fermentation.
The highest COD percentage removal was by A-SS101
(89.58%) followed closely by A-3S5102 (87.02%) and
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A-38104 (83.46%). However, none of them were selected
as potential strain for further study because they did not
comply with the major concern that s high yield of citrie
acid. COD removal by strain Al103 on the second day of
fermentation is high (43.82%) compared to A-33101
(1.52%), A-S5102 (0.19%), A-S3104 (11.12%), A-SS105
(2.76%), A2017 (1.47%) and A1020 (9.6%). The COD
removal by A103 increased up to 74.05% by the last day
of fermentation.

Total bio-solid is measured to determine the fungal
biomass obtained, due to assimilation of suspended
and soluble substances by  microbes. Figure 3
indicates the highest reductions of bio-solids for SC906,
A103, A-S5106, A-SS107, A-S3104 and A-SS105 on the
second day of fermentation. Nevertheless, an mcrement
in bio-solids was observed for the subsequent days
except for A2017, A1020 and A-SS101 where bio-solids
value decreased significantly on the sixth day of
fermentation.

Based on the ability to produced high citric acid
concentration and high COD removal, A103 can be
selected as the potential strain for optimization study. The
percentage removal of COD by A103 also increases with
time indicating the suitability of Al03 not only in
producing valuable product but also in treatment of
wastewater. Since Malaysia is one of the major palm il
producers 1n the world, this method will be beneficial in
providing a more effective way in managing palm industry
waste, development of an environmental friendly process
for the production of citric acid and contributing to the
country’s economy.
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