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Abstract. The most common method of treating palm oil mill effluent (POME) is by using various
types of bacteria communities. However, the utilization of microalgae in consuming the high
nutrient content in wastewater offer additional benefit, particularly for COz sequestration. In this
study, we proposed to evaluate the performance of multicultural bacteria obtained from municipal
wastewater and Chlorella sp. for batch treatment of POME at different COD concentrations (ranges
between 600 to 1,300 mg/L), microalgae species (C. vulgaris and C. pyrenoidosa) and speed of
agitation (0 and 150 rpm). The results showed that between the bacteria and microalgae that are
involved in POME treatment, microalgae give high removal of colour (93%) and ammoniacal
nitrogen (95%). As for the COD and phosphate removal, both microorganisms show comparable
performances. It was observed that C. pyrenoidosa was able to remove more colour compared to
C. vulgaris where higher lipid yield production was obtained (47.6%). However, there is no
significant impact of agitation on pollutant removal. This study also reveals that co-cultivation of
different microalgae species does not affect the efficiency of the system. This study provides an
important insight into developing an efficient and environmentally friendly method to treat
wastewater by incorporating green technology in the treatment system.
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INTRODUCTION

Wastewater is the main waste product
from human activities. It is known as water
that has been used in residential, agricultural,
and commercial events. Wastewater also
includes rain from sidewalks, parking lots,
and rooftops (Chen et al, 2019). The
wastewater contains 99.9% of water and the
remaining 0.1% comprises organic matters,
inorganic compounds, and microorganisms.
Wastewater effluents such as wetlands,
streams, waterways, estuaries, and oceans,
are released into a variety of environments
(Tuser, 2020).
created by industrial or commercial

Industrial wastewater is

processing methods and is typically more
difficult to handle than domestic wastewater.
The composition of industrial wastewater
varies depending on an industry-by-industry
basis (Hussain et al.,, 2021, lloms et al., 2020).

Palm oil mill effluent (POME) is one
example of industrial wastewater generated
by the palm oil industry which has become a
critical issue for the environment (Al-
Amshawee et al., 2020, Wu et al,, 2010). This
is because POME is produced in a large
amount with high oxygen content that will
affect the soil and marine life if discharged
without proper treatment (Najafpour et al.,
2006). Although there are other types of palm
oil mill waste such as empty fruit bunch (EFB),
it will not affect the surface water like POME
(Azni et al., 2015).

POME is a deep brownish colloidal
combination of water, oil, and fine suspended
solids. It is wet and has around 25,000 mg/L
of biochemical oxygen demand (BOD),
55,250 mg/L of chemical oxygen demand
(COD), and 19,610 mg/L of suspended solids
(SS) which is 100 times more polluting than
domestic sewage (Abdurahman et al,, 2013).
As no additives are applied to the extraction

process, the effluent is non-toxic but often
acidic with a pH of about 4 to 5, because it
contains organic acids in complex forms that
are ideal sources of carbon (Din et al.,, 2006).
Excessive nutrients such as phosphorus and
nitrogen in  POME also can cause
eutrophication which is harmful to marine
species. This also resulted in unsustainable
growth of plants and decreases in the supply
of oxygen, shifting environments, and
potentially endangering some animals (Lin et
al., 2021, Tuser, 2020).

There are many biological pathways and
techniques to treat POME such as the
utilization of microalgae and bacteria. Several
studies have successfully conducted the
degradation of POME organic compounds
using bacteria such as Pseudomonas sp.,
Bacillus sp., and Rhodococcus opacus
(Hwangbo & Chu, 2020; Karim et al,, 2021).
Rather than using pure strain bacteria,
multicultural bacteria potentially enhance the
pollutant removal performance (Bala et al.,
2015).

On the other hand, microalgae can be
growth via photosynthesis by absorption of
dissolved COz from POME up to 200 times
more than trees (Mohd-Nor et al, 2019,
Rachmadona et al., 2020). Microalgae also
help in aerobic oxidation that produces
oxygen that will stimulate the POME
treatment (Muhamad Maulana Azimatun Nur
& Buma, 2019). In fact, increased growth of
microalgae biomass and lipid was reported
during POME treatment (Wang et al., 2016).

Chlorella is one of the microalgae species
that has good performance in wastewater
treatment. Yet, most researches were
conducted in a regulated environment of 5°C
(Maxwell et al, 1994; Renaud et al., 2002)
which does not indicates the full capabilities
of microalgae when cultivated at room
temperature of 20°C to 30°C (Khadaroo et al.,
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2019). A study reported by Al-Amshawee
(2020) stated that the growth of microalgae
was significantly high by using POME due to
its high nutrient contents.

The potential of POME treatment and
lipid production using multicultural bacteria
and microalgae has not yet been fully
explored. Hence, this study was conducted to
give new insight into the great potential of
using these microorganisms for POME
treatment. Apparently, the use of a biological
agent for  high-strength  wastewater
treatment will not change the POME
characteristic into a toxic solution.

The focus of this study is to compare the
performance of multicultural bacteria, pure
culture microalgae, and mixed culture
microalgae in removing colour, COD,
ammonium, and phosphorus. This study also
emphasized the specific growth rate and lipid
yield of the microalgae at different agitation
speeds specifically at 0 and 150 rpm. The
initial COD value of POME was designed at
600, 700, 800, and 1,300 mg/L to observe the
performance of the bacteria and microalgae
under different COD concentrations. The
experimental works were designed to
determine the optimum condition for
pollutants removal, specific growth rate, and
lipid yield.

MATERIALS METHOD

Materials

The POME sample was collected from
Bell Kilang Sawit Linggi, Negeri Sembilan, and
stored in a plastic container at 4°C to avoid
further biodegradation (Samsudin et al.,
2018). The characteristics of POME are
summarized in Table 1. Multicultural bacteria
were obtained from Indah Water Konsortium
(IWK) while microalgae Chlorella vulgaris and
Chlorella pyrenoidosa were cultivated in the

laboratory.

Table 1. Characteristic of the POME (Kamyab

et al.,, 2015).
Parameter Average
concentration

pH 4.25
CoD 1600 mg/L
BOD 330 mg/L
Total phosphorus 350 mg/L
Total nitrogen 500 mg/L

Experimental Setup

Bacteria and microalgae were added into
a 250 ml conical flask at 10% concentration
(Vmicrobe / Vpome). The initial COD
concentration of POME samples is 600, 700,
800, and 1,300 mg/L. The samples were
incubated for 7 days at 25°C in the incubator
shaker (Kamyab et al., 2015). The agitation
speed was set at 0 and 150 rpm under a
fluorescent light that was supplied 12:12
hours light and dark conditions alternately
(Samsudin et al., 2018).

Analytical Method

The removal of colour, chemical oxygen
demand (COD), ammonium, and phosphorus
of the sample were analyzed by referring to
HACH methods 8025, 8000, 8155, and 8048
respectively according to Standard Methods
for the Examination of Water and Wastewater
(APHA, 2002, Samsudin et al., 2018, Syafigah
Hazman et al, 2018). The percentage of
pollutant removal was calculated based on
the average value of triplicate sets of data for
day 1 and day 7 as per Eq. (1).

__ Dataday 1- Dataday 7

Removal(%) = Data day 1 x100 (1)

The cell of biomass was obtained from
the centrifugation of the sample at 10,000
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rpm for 2 minutes (Toh et al, 2016). The
biomass was used to measure specific growth
rate and lipid yield (Mujtaba et al., 2015) while
the supernatant was then analyzed for colour,
COD, ammonium, and phosphorus.
The specific growth rate, y was calculated
by using Eq. (2):
u =1n(32) @)

t o \X,

where X, and X, are the concentrations of
biomass at the end and initial, respectively
and t is the duration of the experiment run
(Converti et al., 2009). The total lipids of
microalgae were extracted from the biomass
by using a modified method from Bligh and
Dyer, 1959 and Yoo et al, 2010. The lipid
yield, Y was calculated by using Eq. (3).

100 =2

3)

where W; and Wp, are the weight of
extracted lipids and dry biomass, respectively
(Converti et al., 2009). The pH of the initial
and final samples was also measured
accordingly. All the experimental works were
performed in triplicates.

RESULTS

POME Treatment

The analyses were performed for all
samples on day 1 and day 7 to obtain the
percentage of pollutants removal. Figure 1
shows the POME samples at different initial
COD concentrations before and after being
treated with the bacteria and microalgae. The
pollutants removal efficiency at 0 and 150
rpm are presented in Figures 2 and 3,
respectively.

Based on Figure 2, the highest colour
removal is obtained from microalgae
Chlorella pyrenoidosa at designated COD of
600 mg/L which is 93% followed by the
combination of microalgae at designated
COD of 600 mg/L which is 86%. However,

Figure 3 shows that the highest removal of
colour is only up to 78% from microalgae
Chlorella pyrenoidosa at designated COD 600
mg/L and followed by 77% which is from
Chlorella pyrenoidosa at designated COD 700
mg/L and a combination of microalgae at
designated COD 800 mg/L. From the
observation, the multicultural bacteria can
remove colour up to 66% at 0 rpm meanwhile
at 150 rpm, it can remove up to 69%. For the
microalgae Chlorella vulgaris, it can remove
colour up to 51% at 0 rpm and 31% at 150
rom. Then for microalgae Chlorella
pyrenoidosa, it can remove colour up to 93%
at 0 rpm and 78% at 150 rpm. For the
combination of microalgae, at 0 rpm, it can
remove 86% colour and 77% colour at 150
rpm.

Fig. 1: POME samples with COD
concentrations of 600, 700, 800, 1,300 mg/L
(a) Initial samples of multicultural bacteria (b)
Initial samples of microalgae (c) multicultural
bacteria at day 7, 0 rpm agitation (d)
microalgae at day 7, O rpm agitation (e)
multicultural bacteria at day 7, 150 rpm
agitation (f) microalgae at day 7, 150 rpm
agitation.

The percentage of COD removal at 0 rpm
in Figure 2 shows the highest removal is from
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multicultural  bacteria and  microalgae
Chlorella vulgaris both at designated COD
600 mg/L which is 79%. Then followed by the
microalgae Chlorella vulgaris at designated
COD 700 mg/L which is 76%. For the
percentage of COD removal at 150 rpm in
Figure 3, the highest removal of COD is from
microalgae Chlorella vulgaris at designated
COD 600 mg/L which is 79%, followed by
multicultural bacteria at designated COD 700
mg/L which is 74%. From the results, the
multicultural bacteria can remove 79% COD
at 0 rpm and 74% at 150 rpm.

For the microalgae Chlorella vulgaris, it
can remove COD up to 79% at 0 rpm and150
rom. Then for microalgae Chlorella
pyrenoidosa, it can remove COD up to 49% at
0 rpm and 48% at 150 rpm. For the
combination of microalgae, at 0 rpm, it can
remove 50% COD and 48% COD at 150 rpm.
Then, for the removal of ammonium at 0 rpm
in Figure 2, it shows the highest removal is
91% which is from microalgae Chlorella
pyrenoidosa at designated COD 800 mg/L
and a combination of microalgae at
designated COD 700 mg/L. The second
highest of removal ammonium is from
combination microalgae at designated COD
600 mg/L which is 87%. Meanwhile, for the
removal of ammonium at 150 rpm in Figure
3, the highest removal is from the
combination of microalgae at designated
COD 1,300 mg/L which is 95%, followed by
microalgae

Chlorella pyrenoidosa and combination
microalgae both at designated COD 800
mg/L which is 91%. Overall, the multicultural
bacteria can remove ammonium up to 83% at
0 rpm and 90 at 150 rpm. For the microalgae
Chlorella vulgaris, 81% of ammonium can be
removed at 0 rpm and 90% 150 rpm. Then for
microalgae Chlorella pyrenoidosa, it was able
to remove 91% of ammonium at 0 rpm and

150 rpm. For the combination of microalgae,
at 0 rpm, it can remove 50% COD and 48%
COD at 150 rpm.

The graph of removal phosphorus at 0
rpm in Figure 2 shows the highest percent of
removal is 84% and 76% from microalgae
Chlorella pyrenoidosa at designated COD
1,300 mg/L. For the removal of phosphorus at
150 rpm in Figure 3, the highest percent
removal is from multicultural bacteria at
designated COD 1,300 mg/L which is 79%.
Then followed by microalgae Chlorella
pyrenoidosa at designated COD 1,300 mg/L
which is 78%. The data shows that the
multicultural bacteria can remove 44% of
phosphorus at 0 rpm and up to 79% of
phosphorus at 150 rpm. For the microalgae
Chlorella vulgaris, it can remove phosphorus
up to 84% at 0 rpm and 74% at 150 rpm.
Meanwhile, for the microalgae Chlorella
pyrenoidosa, 76% of phosphorus can be
removed at O rpm and 78% at 150 rpm. The
combination of microalgae, at 0 rpm and 150
rpm, can remove 74% of phosphorus.

Overall, the performance of multicultural
bacteria, microalgae Chlorella vulgaris, and
microalgae Chlorella pyrenoidosa, is good at
0 rpm compared to performance at 150 rpm.
Meanwhile, for the combination of
microalgae, the performance is good at 150
rpm compared to performance at 0 rpm.

Biofuel Production

The analysis of the specific growth rate,
u, and the yield of lipid need to use the dry
biomass (Converti et al., 2009) and the Figure
4 shows the overall results for specific growth
rate, p and the yield of lipid at 0 rpm
meanwhile Figure 5 shows the overall of
results for specific growth rate, p and the
yield of lipid at 150 rpm for microalgae.
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Based on the graph of specific growth
rate at O rpm in Figure 4, the highest growth
rate is 0.142 day™' from microalgae Chlorella
pyrenoidosa at designated COD 800 mg/L
and followed by 0.125 day'of growth rate
from the combination of microalgae at
designated COD 1,300 mg/L. Meanwhile, the
specific growth rate at 150 rpm in Figure 5
shows the highest growth rate is from
Chlorella pyrenoidosa at designated COD 600
mg/L which is 0.126 day”, followed by
microalgae Chlorella vulgaris at designated
COD 600 mg/L which is 0.125 day™'. The data
shows that the specific growth rate for the

yield

microalgae Chlorella vulgaris can be up to
0.121 day" at 0 rpm and 0.125 day™' at 150
rpm. Meanwhile, for the microalgae Chlorella
pyrenoidosa, the specific growth rate is up to
0.142 day" at 0 rpm and 0.126 day™' at 150
rpm. For the combination of microalgae, at 0
rpm the specific growth rate can be up to
0.125 day™? and 150 rpm, 0.103 day’ of
specific growth rate.

The yield of lipid in Figure 4 at 0 rpm
shows that microalgae Chlorella pyrenoidosa
at designated COD 600 mg/L have the
highest yield of lipid which is 47.56% and
followed by 41.67% vyield of lipid also from
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microalgae Chlorella pyrenoidosa but at
designated COD 800 mg/L. For the yield of
lipid at 150 rpm in Figure 5, the highest is
40.19%  from Chlorella
pyrenoidosa at designated COD 600 mg/L
and followed by 3536% from the
combination of microalgae at designated
COD 600 mg/L. From the graph yield of lipid,
microalgae Chlorella vulgaris can achieve up
to 5.84% of lipid at O rpm and 6.26% of lipid
at 150 rpm. For the microalgae Chlorella

microalgae

pyrenoidosa, the yield of lipid can be up to
47.56% at 0 rpm and 40.19% at 150 rpm.
Meanwhile, for the combination of
microalgae, the yield of lipid can be up to
34.16% at 0 rpm and 35.36% of lipid at 150
rpm.

Overall, the performance of microalgae
Chlorella vulgaris and the combination of
microalgae is good at 150 rpm compared to
performance at 0 rpm. Meanwhile, the
performance of microalgae  Chlorella
pyrenoidosa, is good at 0 rpm compared to
performance at 150 rpm.

DISCUSSION

In this study, the multicultural bacteria,
microalgae Chlorella vulgaris, and microalgae
Chlorella pyrenoidosa has been used to treat
POME to determine their performance to
remove colour, COD, ammonium, and
phosphorus. The COD concentration that was
used were 600, 700, 800, and 1,300 mg/L. It
can be observed from Figure 1 that POME
with the highest concentration of COD has a
darker brownish colour than the lesser one
(Irfan et al, 2017). During oil palm mill
operation, there is no chemical added to the
system, therefore the brownish colour is
present due to the pigments from the fresh
fruit bunch (FFB) (Bello et al., 2013). The
pigment exists in the form of phenolic, lignin,

and carotenes (Altogbia et al., 2021). Crude
palm oil (CPO) has 4,000 to 6,000 ppm of
carotenes (Ng & Choo, 2016). The
appearance from multicultural bacteria
treatment of Figure 1a (day 0) to Figure 1c
and 1e (day 7), the colour of the POME has
turned to green yellowish colour after the
treatment indicated that the multicultural
bacteria has successfully removed carotenes
from the POME. The colour removal occurs
when the process of adsorption of the
pigment from the biomass. It is worthy to
state that the samples that agitated at 150
rem show clearer POME compared to no
agitation samples. The same trend can be
seen for samples treated with microalgae. As
expected, applying multicultural bacteria and
microalgae in POME will remove the colour.
The nutrient removal of colour, COD,
ammonia, and phosphate have been tested
according. Chlorella pyrenoidosa (single
group) and Chlorella vulgaris + Chlorella
pyrenoidosa (combine group) perform better
than multicultural bacteria and Chlorella
vulgaris (single group) in removing POME
colour. The agitation gives a negative impact
on the colour removal for all microalgae
single groups and combine groups except for
multicultural bacteria. The strong agitation
probably damages the cell wall of the
microalgae thus lowering its colour removal
capabilities (Chu et al, 2009). The various
forms of functional groups in the microalgae
cell wall play an important function in the
adsorption of colour which in POME case the
carotene (Daneshvar et al.,, 2017). There are
about 390-1,450 ppm of carotenes in POME
(Ahmad et al, 2008). Microalgae absorb
pigment from the POME which will be
assimilated with its cell wall to help better the
photosynthesis process (Huang et al., 2010).
When the media COD concentration is
higher, the colour removal for microalgae




M.E Azni, A.Z Abidin, R. Noorain, S.M.S Hitam, A. Shoiful, L. Ernawati, R. Abdullah, R. Mohamad 51

performance  decrease  despite  the
multicultural bacteria showing no effect. This
phenomenon happens due to microalgae
metabolism which tends to build more cell
walls to reproduce in a high COD
concentration medium and will start to
assimilate pigment when it reaches optimum
community that differs from bacteria which
stay the same performance (Tan et al., 2018).

It can be highlighted that Figures 2b and

3b show the multicultural bacteria and
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The COD removal rate decreased in line
with  POME which has a higher COD
concentration was used. There is significant
COD removal for POME with 600 and 700
mg/L COD concentration but when the COD
concentration reaches 800 and 1,300 mg/L
the performance decrease. This happens
when the COD concentration reaches a high
level, the POME becomes toxic level which
decrease the COD removal (Muhamad
Maulana Azimatun Nur & Buma, 2019). The
same trend also come about with the
agitation of 150 rpm. In the process of
removal of COD, nitrogen, and phosphorus,
the microalgae use light and CO: by
photosynthesis. Generally, microalgae use
photoautotrophic metabolism by utilizing
light and CO: as energy and carbon sources
to remove COD (Mujtaba et al., 2017).

It should be mentioned that the COD
removal rate of POME treated with Chlorella
pyrenoidosa (single group) and Chlorella
vulgaris + Chlorella pyrenoidosa remain the
same for all COD concentrations. The
agitation also appears to be no effect on the
COD removal as shown in Figures 2b and 3b.
This is thought to be due to the POME having
been filtered prior to the treatment, thus
there are no lignocellulose materials that will
decompose and add to the COD content
during the treatment (Nwuche et al., 2014).
Microalgae take up nitrogen such as
ammonium (NHz *-N) and nitrate (NOs ™ -N)
to synthesize biomass (Lee et al, 2016).
Organic phosphates are converted to
orthophosphates by phosphatases at the cell
surface of microalgae, and it occurs during
orthophosphates are in short supply.
Microalgae are also able to assimilate
phosphorus in excess, which is stored within
the cells in the form of polyphosphate (Mao
et al., 2021).

Referring to Figures 2c and 3¢, the

ammonia removal was better for the POME
treated with Chlorella pyrenoidosa (single
group) and Chlorella vulgaris + Chlorella
pyrenoidosa (combine group) due to the
lower removal ratio of ammonia removal by
Chlorella vulgaris (Bhuyar et al, 2021).
Interestingly, the result suggests that higher
wastewater COD concentration led to higher
ammonia removal. The increase in efficiency
is due to the microalgae using the nitrogen in
the ammonia to build up its nucleic acids and
proteins. The same trend of performance is
also demonstrated by the phosphate removal
percentage but at a slightly lower rate. Even
though microalgae do consume ammonia
and phosphate in helping their growth, they
only need a lower amount of phosphate than
ammonia. This is proven by the evidence that
Chlorella pyrenoidosa has higher protein
content in its cell (Taufikurahman & Shafira,
2019). Microalgae is better in terms of
ammonia and phosphate removal from
multicultural bacteria. This is due to the
metabolites rate of microalgae being much
higher than bacteria which assimilate the
ammonia and phosphate faster (Joint et al,
2002).

In correlation with colour removal to the
growth rate, higher colour removal does
increase the growth rate of microalgae.
Interestingly, the growth rate of microalgae
samples that were agitated generally has a
better growth rate than samples without
agitation as shown in Figures 4a and 5a. This
is influenced by the light intensity that can
penetrate inside the POME container when
the samples are clearer. This also happens
during the agitation process, the majority of
the microalgae will be exposed to the light
thus helping in a better photosynthesis
process occur (M. M.Azimatun Nur et al,
2021). Despite that, samples without
agitation show nearly the same growth rate
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performance for all the COD concentrations
used which may be the effect of less light
penetrating the POME samples (Azimatun
Nur et al,, 2017). The result obtained agreed
with the previous work carried out by Shen et
al. Overall, all the data has shown that there
is a significant ability of bacteria and
microalgae capable to consume organic
carbon from the POME for their digestion and
integrate the organic compound their carbon
source (Mujtaba & Lee, 2016; Y. Shen et al,
2017).

Lipids produce more by Chlorella
pyrenoidosa compared to Chlorella vulgaris
as shown in Figures 4a and 5b. This is due to
the level of protein content being higher in
Chlorella pyrenoidosa (Negi et al., 2015; X.
Shen et al,, 2015; Zhu et al., 2014). By referring
to Figure 2c and 3c, the removal of ammonia
which consists of nitrogen, of Chlorella
pyrenoidosa and the combined group was
high, thus a lot of nitrogen has been removed
compared to multicultural bacteria and
Chlorella
indicates that with a lower nitrogen content

vulgaris.  This  phenomenon
of nitrogen starvation, the lipid productivity
increase (Yu et al, 2019). The addition of
Chlorella vulgaris to the combined group
does give a negative effect on the lipid yield.
The productivity of lipid in microalgae does
correlate with the nitrogen content in the
sample. Several studies stated that lipid
production is optimized when there is limited
content of nitrogen in the wastewater (Negi
etal, 2015). The total lipid represents 20-50%
of the dry biomass weight. The different lipid
content also appeared in many microalgae
due to different species which pass through
the transesterification process to produce
biodiesel that largely consists of fatty acid
methyl esters (Putri et al., 2011). Agitation
does improve lipid production by promoting
new cell growth. Concurrently, Chlorella

pyrenoidosa  does show the same
performance with and without agitation thus
showing better cost savings in the agitation
equipment.

CONCLUSIONS

This work was devoted to accessing the
removal rate of colour, COD, ammonia,
phosphate, and the specific growth with lipid
yield from POME treated with multicultural
bacteria, Chlorella vulgaris (single group),
Chlorella pyrenoidosa (single group), and
Chlorella vulgaris + Chlorella pyrenoidosa
(combine group). The POME samples have
been prepared with COD concentrations of
600, 700, 800, and 1,300 mg/I. It was found
that Chlorella pyrenoidosa (single group) and
Chlorella vulgaris + Chlorella pyrenoidosa
(combine  group) demonstrate  good
performance in the removal colour,
ammonium, and phosphorus. Alternatively,
multicultural bacteria and Chlorella vulgaris
are excellent in removing COD. Overall, the
different designated COD gives different
results in removal colour, COD, ammonium,
and phosphorus. For the specific growth rate
and yield of lipid, the microalgae Chlorella
pyrenoidosa gives the best performance
compared to the Chlorella vulgaris. However,
there is no significant difference in the results
at the agitation speed of 0 rpm and 150 rpm.
Producing lipid from microalgae gives
advantages such as fast-growing, high lipid
content, and lower media cultivation cost.
Therefore, it is recommended to conduct an
investigation on similar microorganisms
under continuous conditions. The
combination of the biological agent and new
technique of wastewater treatment might
enhance the pollutant removal which is very
interesting to be explored.
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