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Abstract

Biopolymer made from bacteria is still not attractive compared to conventional commercial polymer because of the high cost
of the substrate. The cyanobacterium Arthrospira platensis accumulates polyhydroxybutyrate (PHB) by using photosynthe-
sis, making the production more promising compared to non-photosynthetic bacteria. However, this is still impractical for
large-scale application. To increase PHB content and make it more feasible, the cultivation of A. platensis could be done
on wastewater to reduce commercial fertilizer, whereas the valuable compound, C-p.coc yanin (C-PC), can be exploited
by modifyil. environmental factors. This study investigated the production of PHB and C-PC of A. platensis growing in
batch mode on palm oil mill effluent (POME) as a medium for the cultivation by employing UV-C irradiation. Two experi-
ments were conducted to investigate POME fractions (0-70% v/v) supplemented with modified Zarrouk medium and UV-C
(20W m_:.rradialion time (0-30 min). ‘sulls showed that 5 min of irradiation time and 50% POME stimulated A. platensis

to attain 7 mg L™" day ™! of PHB and 16 mg L™! day ™' of C-PC productivity.
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Introduction

Biopolymer made from bacteria is still not attractive com-
pared to conventional commercial polymer because of
the high cost of the substrate. Currently, the investigation
on cyanobacteria as a source of polymer (bioplastic) has
increased since they can grow photoautotrophically by utiliz-
ing carbon dioxide and light to produce biomass and accu-
mulate a biopolymer, polyhydroxybutyrate (PHB) (Costa
et al., 2019). However, because of the low productivity
and high energy requirements in the downstream process,
biopolymer made from cyanobacteria is still more difficult
to produce than conventional commercial polymer (Carpine
et al., 2020).

Several options have been proposed to make cyanobacte-
rial biopolymer production more feasible, such as modifying
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the environmental and nutritional conditions, growing the
cyanobacteria on wastewater to replace commercial ferti-
lizer, and recovering value-added items from biomass, such
as pigment and protein, before extracting the biopolymer
(Amadu et al. 2020; Dn. et al. 2020). According to Nur and
Buma (2019), digested palm oil mill effluent (POME) gen-
erated from oil palm factories could be a potential medium
source for cyanobacteria because it contains a high concen-
tration of macro- and micronutrients required for growth.
Each tonne of palm oil processing generates about 3 tonnes
of POME which is hazardous for surrounding environment
if not properly treated (Ahmad et al., 2003). Nur et al (b;
¢; 2019a) have reported that POME supplementation pro-
motes the growth and fucoxanthin and sulfated exopolysac-
charide in the marine diatom Phaeodactylum tricornutum.
Fernando et al. (2021) reported that the addition of 7.5%
raw POME to the cultivation medium for Haematococcus
pluvialis resulted the highest astaxanthin accumulation and
reduced the specific freshwater consumption up to 50%. Nur
et al. (2019¢) successfully utilized 50% POME in the cul-
ture medium of the cyanobacterium Arthrospira platensis to
produce C-PC, thus reducing the cost of nutrients. The use
of POME medium could lower the nutrient cost, reducing
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water consumption and potentially lowering the production
cost of the biomass. However, the modification of nutritional
and environmental conditions needs to be studied. Previous
studies (Duangsri et al 2020; Garcia et al., 2021) have found
that cyanobacteria and algae accumulate high PHB content
under stressed condition such as nitrogen depletion; how-
ever, POME 1s rich in micro- and macronutrients.

Environmental and nutritional factors influence PHB
production in cyanobacteria (Price et al., 2020). Previous
research has investigated the possibility of using UV irradia-
tion to induce PHB in A. platensis growing in a large-scale
production (Kavitha et al., 2016). However, it has not been
investigated whether UV-C irradiation of A. platensis grow-
ing on POME medium could affect PHB accumulation. It
1s hypothesized that by combining the addition of POME
containing organic carbon with UV-C irradiation, the accu-
mulation of PHB would be increased. Furthermore, based on
previous studies, PHB accumulation has increased in some
cyanobacterial strains as result of modification in nutritional
conditions such as the addition of organic carbon sources,
which results in mixotrophic .lllivalion (Correa and Teix-
eira, 2021). Nevertheless, the nutritional and environmental
conditions such as low nitrogen availability, low salinity, and
high UV-C irradiation could lower biomass and C-phycocy-
anin productivity (Ou et al., 2011; Nur et al., 2019¢). There-
fore, to obtain high PHB and C-phycocyanin production,
conditions need to be optimized. T[' purpose of this study
was to investigate into the potential of A. platensis growing
on POME medium to produce PHB and C-phycocyanin by
using UV-C irradiation.

!llaterial and methods
POME preparation

POME was immediately collected after be'g discharged
from a facultative aerobic treatment pond at a small factory
in Sumatra, Indonesia. POME was filtered through GF/C
(Whatman) filter paper to remove particles and the filtrate
was then sterilized for 15 min at 121 °C and then stored
at — 18 °C to prevent degradation. The POME had a COD
concentration of 1230 mg L), a total nitrogen concentration
of 230 mg L', and a dissolved phosphate concentration of
20mg L1

Experimental setup

Arthrospira platensis (SAG 21.99) stock cultures were
grown on a modified Zarrouk medium (Zarrouk 1966) with
the salinity adjusted to 15 PSU using commercial-grade salt
(Refina, Indonesia), and contained 10 g L! NaHCO; and
1 g L™! NaNO, and other micronutrients. The culture was
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acclimated for at least 1 week to the experimental condi-
tions. The cyanobacteria were grown in a 12:12 light/dark
cycle. If the culture reached the stationary phase, it was
diluted with fresh modified Zarrouk medium.

Effect of POME on growth, PHB, and C-PC production

Arthrospira platensis cultures were grown in 50-mL culture
flasks (Grenier Bio-one) with a working volume of 40 mL.
The medium was consisted of modified Zarrouk medium
and POME with different fractions (10, 30, 50, and 70%
POME). The sample was inoculated with 2% A. platensis
(initial optical density 0.6 at 680 nm). Commercial NaCl was
used to adjust the salinity to 15 PSU an.),] N NaOH was
used to adjust the pH to 9. The culture flasks were placed
in a separate chamber equipped with a water bath and three
fluorescent lamps (Philips, Indonesia) ‘dl. the temperature
was set to 30 °C with a light intensity of 100 pmol photons
m~2 s~} according to previous work (Nur et al., 2019¢).

At least three times a day the culture was manually shaken
to mix the culture medium. Gl‘m\'] was monitored spectro-
photometrically. A 2 mL culture sample was centrifuged at
4000 xg for 10 min. The supernatant (2 mL) was discarded
and replaced with 2 mL of Milli-Q (15 PSU) water before
being shaken for 10 s in a homogenizer at 3000 rpm. The
absorbance of the sample was measured at 680 nm. The
cultivation was ended when it reached the end of the expo-
nential phase. After cultivation, the biomass was collected
and harvested by centrifugation at 2000 x g for 15 min to
determine the C-PC and PBH concentration (see the “Analy-
ses” section below). The experiment was done in two rep-
licates (n=2).

Effect of UV irradiance on growth, PHB, and C-PC
production growing on 50% POME

Arthrospira platensis culture was grown on a medium con-
sisting of 50% POME and 50% modified Zarrouk medium
under the same conditions as above.

The culture bottle was irradiated with a 20 W m™2 UV-C
lamp placed 5 cm above the cultures for 5, 10, 15, and
30 min at the 'u‘l of the cultivation. The cultivation was
then continued until the end of the exponential phase. Every
day, the growth was monitored with a spectrophotometer
(MBA 2000, Perkin Elmer). The experiment was done in
two replicates (n=2).

Analyses
Biomass and growth rate

The growth of A. platensis was monitored indirectly using
a spectrophotometer at 680 nm. For biomass conversion, a
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linear correlation between absorbance and dry biomass was
used (Eq. 1). The correlation was created by serially dilut-
ing A. platensis cultured on modified Zarrouk medium with
Milli-Q. The samples were collected using 1.2-pm pore size
‘Whatman GF/C filters and oven-dried at 70 °C until constant
weight (Nur et al., 2019¢). Gravimetric analysis was used to
determine the amount of the dry biomass.
The OD g, /dry weight relationship was as follows:

X= 0,636(01)) +0.003;R* = 98% (0

where X is biomass dry weight (g L™!), and OD is optical
density at 680 nm.

C-PC analysis
8

A culture sample (15 mL) was centrifuged at 2000 x g for
30 min. The pellet was oven-dried as stated previously and
added 3 mL of phosphate buﬂ'er.JH =7.2) was added and
the sample then was soni.ted in a sonicator water bath
at 35 °C for 30 min. The sample was then centrifuged at
2000 x g for 15 min. The supernatant containing C-PC was
monitored at 620 nm and 652 nm and the C-PC content was
calculated (Bennett and Bogorad, 1973) (Eq. 2):

ODg — 0.474(0Dg;s,)

C-PC= (2)
5.34

where C-PC is C-phycocyanin concentration in milligrams
per liter, ODg,, is optical density of the sample at 620 nm,
and ODys, is optical density of the sample at 652 nm.

To calculate C-PC productivity, Eq. 3 was applied:

C -G
nh—n

Pe_pe =
where P pe is C-PC productivity (mg L™! day™), C, is
C-PC concenlrz.on (mg L_’) at the end of cultivation r,
(day), and C, is C-PC concentration (mg L™') at the begin-
ning of cultivation t; (day).

3

PHB analysis 8

A 15-mL sample of A. platensis culture was centrifuged at
2000x g for 30 min. Then, the wet pellet was immediately
mixed with 5 mL of NaClO (10% v/v) and sonicated at 40 °C
for 30 min. The sample was separated by centrifugation at
2000 x g for 15 min and the supernatant discarded. The pel-
let obtained was used to determine PHB.

To determine PHB content, the sample pellet was placed
in a small glass tube, and 3 mL concentrated H,SO, was
added. The sample was heated in a water bath at 100 °C for
15 min to convert PHB to crotonic acid, and the OD was
then measured at 245 nm. A correlation between crotonic

acid and PHB concentration was used (Rajankar et al.,
2018).
To calculate PHB productivity, Eq. 4 was applied:
Py —P,
I —1y

Ppyg = (4
where Ppyy is PHB productivity (mg L_].ay_]), Pis
the PHB concentration (mg L_’) at the end of cultivation
1; (day), and P, 1s the PHB concentration (mg L™') at the
beginning of cultivation 1, (day).

Statistical analysis

For statistical analysis, Minitab ver. 18 was used. Analysis
of variance (ANOWVA) with a P value of 0.05 was used to
compare the :."r'ere nces between treatments. For pairwise
comparisons, post hoc tests (Tukey HSD) were performed
for pai rwise')mpari sons. The experimental results were
obtained for two replicates and are expressed as means and
standard deviations (+ SD).

Results

Effect of POME on growth rate, biomass, C-PC,
and PHB

Arthrospira platensis was cultured on different POME frac-
tions diluted with modified Zarrouk medium (Table 1).
Growth rate was si.]iﬁcanlly enhanced when POME was
added above 10% (P <0.05). The highest growth rate was
'und with 30% POME diluted with modified Zarrouk
medium. The lowest growth rate was found on modified
Zarrouk medium (0% POME) (P < 0.05). This result indi-
cated that the growth was influenced by the addition of
POME. This result was confirmed by the biomass with the
highest biomass (0.78 g L™!) found with control medium
with the addition of 50% POME (Table 1).

The addition of POME also enhanced PHB accumulation.
The lowest PHB content was found on modified Zarrouk
medium without POME (P <0.05) (Table 1). Figure 1 shows
the effect L.PDME on C-PC and PHB production. It was
found that the highcs&:-PC and PHB productivity was on
50% POME with 32 mg L' day~! C-PC productivity and
1.8 mg L™! day~! PHB productivity (Fig. 1). This finding
was then used for the second experiment.

Effect of UV-Cirradiation on A. platensis biomass
growing on POME

UV-C irradiation was investigated to understand the effect
on A. platensis growing on 50% POME. The A. platensis
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culture was irradiated by using UV-C at the beginning irradiation was introduced, growth rate and biomass were

of the cultivation. UV-C irradiation (20 W m_z) signifi- reduced significantly (P <0.05) (Table 2). The optimal

cantly influenced growth rate, biomass, C-PC, and PHB condition to obtain co-pmduc‘m was In 5-min irradia-

content. The highest specific growth rate of 0.7 day™' was  tion of UV-C w.ch resulted 7 mg L™! day~! of PHB pro-

found with 0 min UV-C irradiation (control). When UV-C  duction and 16 mg L day_I C-PC production in 3-day
cultivation (Fig. 2).

Table 1 Effect of POME fractions diluted with modified Zarrouk medium on growth rate, ﬁn.biomass, C-phycocyanin (C-PC), and polyhy-

droxybutyrate (PHB ) content of A. p!'ureu.ﬂ's.owing in batch cultivation at 12:12 day to light at 100 pmol photons m*s7!

POME (%) C to N ratio Growth rate (day™") Final biomass (g L") C-PC (%) PHB (%)

0 NA 037 +0.02a 041£0.03a 12.32+0.32a 0.55+0.0da
10 0.27 0.36 £0.00a 0.54+£0.01b 11.15+£0.95 0.68 £0.00b
30 0.75 0.66 £0.02b 0.67+0.06 cd 11.45+0.62a 092 +£0.06b
50 1.17 0.52+£0.01b 078+ 0.04c 12.15+0.19% 0.70£0.05b
70 1.53 058 +£001b 0.65+0.03bd 10,79+ 0.84b 0.83 £0.03b

*Carbon to nitrogen (C to N) ratio is calculated bjased on theoretical total weight ratio of organic carbon 'd nitrogen in the medium. Total
organic carbon from POME was calculated from l—; x COD. Standard deviations are shown after +symbol. Values that do not share letters are
significantly different (P <0.05). NA means not applicable. Average values are shown (n=2)

Fig.1 Effect of POME fractions 35.00
on polyhydroxybutyrate (PHB) '
productivity (open circles) and
C-phycocyanin @oductivity C‘" 30.00 —
(closed circles) at the end of = ]
exponential phase from batch . 25.00 B
cultivation of A. p NSy ="1] =0
grown in modified Zarrouk --§r’ Rl
medium at 100 photons m~> 57! >, 20.00 =
light intensity. Values are shown E =
in average (n=2). Bars indicate E 15.00 =
SD of the values = : 2
R 2
= 10.00 1 iy
&) jas)
A - 0.50 E
500 -
0.00 T T T T T T 0.00

0 10 20 30 40 50 60 70
POME Fractions (%)

Table2 Effect of UV-C (20 W m™) irradiation time on growth rate, final t'mass, C-phycocyanin (C-PC), and polyhydroxybutyrate (PHB) con-

tent of A. platensis growin*\ batch cultivation at 12:12 day to light at100 pmol photons Tt

Time (min) Growth rate (day™") Final biomass (g L™ PHB (%) C-PC (%)

0 0.54£0.01a 0.68 £0.00a 0.80 +0.072a 1270 £0.19a
5 0.52 +£0.035b 0.59 £0.06b 371£0.12b B.08 £0.05b
10 0.50 £0.064b 0.56 £0.00b 5.10£0.19¢ 7.58+£0.34b
15 0.43 +£0.045b 045 +0.00b 6.79+£0.26d 6.56 £0.9b
30 (J‘T +0.033b 034 +0.04b B45+0.12e 5.09+£ 057

Average values are shown (n=2). Standard deviations are shown after +symbol. Values that do not share letters are significantly different
(P <005
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Fig.2 Effect of UV-C irradia- 30.00 A - 12.00
tion time on polyhydroxybu- '
tyrate (PHB) productivity g
Eosed circles) and C-phycocy- & 25.00 F 10,00 =
in productivity (open circles) - P
at the end of exponential phase — —
from batch cultivation of A. OEP 20.00 F 8.00 ':E‘n
platensis growing in 50% = =
POME and modifi ) Zarrouk z 2
medium using 100 photons = 15.00 F 600 =
m~ 57! light intensity. Values 15 151
— = =
are shown in average (n=12). = =
Bars indicate SD of the values 2 10.00 400 2
=9 =9
8 jas)
T 5.00 200 =
0.00 T T T T T T 0.00
0 5 10 15 20 25 30 35

Discussion

Effect of POME

POME is rich in micronutrients and organic carbon that
could enhance the growth of microalgae. When POME
was added to modified Zarrouk medium, the cultivation
changed from autotrophic to mixotrophic condition. Previ-
ous research found that the addition of acetate to modified
Zarrouk medium enhanced the growth and biomass of A.
platensis (Maheswari and Ahilandeswari 2011). In mixo-
trophic condition, where an organic carbon source is availa-
ble, growth and biomass production are enhanced compared
to autotrophic condition (Nematollahi et al., 2020).

In addition, this finding was supported by reduced
C-PC content from modified Zarrouk medium compared
to medium containing POME above 70%. In the control
medium, A. platensis utilizes only light as an energy source,
and therefore, a higher C-PC level (13%) was found since A.
platensis produced more pigments to capture light energy in
photosynthesis reaction. C-PC as a secondary pigment was
more active in photoautotrophic activity compared to mixo-
trophic condition. In the mixotrophic condition, microalgae
utilize both light and organic carbon source for the growth,
thus reducing the activity of pigments to capture light. It
has previously been reported that the phycocyanin content
of Gardieria sulfaria decreased by up to 60% when grown
mixotrophically (Abiusi et al, 2021). Li et al. (2018) also
recorded that chlorophyll-a, carotenoids, and phycocyanin
content in A. platensis were lower in mixotrophic compared
to autotrophic condition.

When the growth was changed to mixotrophic condition,
A. platensis accumulated a higher PHB content. Correa and
Teixeira (2021) found that the accumulation of PHB by A.

UV-C irradiation time (mins)

platensis was increased by adding glycerol as an organic
carbon source. This is due to the excess energy from light
intensity and organic carbon source (such as glucose) which
was stored as a form of biopolymer (Costa et al., 2019).
PHB content recorded in the present study (Table 1) was
influenced by POME at above 70% addition. By adding
POME to modified Zarrouk medium, a different C to N ratio
was generated, since POME contains high organic carbon
source (i.e., acetic acid, butyric acid, propionic acid, and
formic acid) (Jasni et al., 2020). The higher POME frac-
tion results in a higher C to N ratio, indicating that nitro-
gen in the media was more limited and it has been found
that most Arthrospira species produce high PHB content
(10-19.2%w/w dry weight) under nitrogen-depleted condi-
tions supplied with carbon sources (Duangsri et al. 2020).

Photoperiod and light intensity are important factor for
C-PC productivity in cyanobacteria. Previously, it was found
that the highest C-PC yield was recorded with a 12:12 day
to night photoperiod compared to 16:8 and 24:0 photoperi-
ods (Lin et al. 2022). Nur et al (2019¢) found that a 16:8
(day to night) photoperiod for A. platensis growing on 50%
POME supplemented with external nitrate and 200 photons
m~2 s resulted in 14 mg L™' C-PC. In the present study,
C-PC production reached up to 90 mg L™! on 50% POME
supplemented with mc'ﬁed Zarrouk medium and a 12:12
photoperiod using 100 photons m™2 s~

Effect of UV-Cirradiation

UV-C irradiation has several benefits for microalgae to pro-
duce valuable compounds. Costa et al. (2021) have reviewed
the potency of UV-C irradiation to enhance secondary pig-
ments, carbohydrate, lipid, and polyhydroxybutyrate. In the

=2

present study, the culture irradiated with UV-C (20 Wm™)
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Table 3 Comparison of polyhydroxybutyrate productivity (Ppyg) and C-phycocyanin productivity (P_pe) (mg L~ day™") of Arthrospira species
growing in batch cultivation at various nutritional and environmental conditions

Strain Media TN Cultivation Trophic mode Optimal con-  Culti- Ppyg  Prpe References
system dition vation
(day)
A. platensis Zarrouk 25gL7! Open race- Autotrophic ~ UV-B irradia- 30 400 NA  Kavitha et al.
RRGK NaNO, ways pond tion (10 min, (2016)
3Wm?)
A. platensis Biopolymer S5mg Tubular reac-  Mixotrophic  25% biopoly- 20 200 NA  daSilvaetal
LEBIS extraction Lt N-NO, tor mer waste (2018)
waste + Zarrouk
medium
A. platensis Modified Zarrouk 025 gL™! Transparent Autotrophic  Reduced 25 0l6 2.4 dos Santos et al.
NaNO, bottles of medium (2019
polyethylene
terephthal ate
A. platensis Modified Zarrouk 125 gL~} Germination  Mixotrophic  Pure glycerol 7 11.06 4225 Correa and
NaNO; chamber addition Teixeira
(2021)
A. platensis Modified Zarrouk 1g L™ Erlenmeyer Autotrophic - 3 075  21.93 This study
NaNO, flask
A. platensis Modified lg Lt Erlenmeyer Mixotrophic ~ 50% POME 3 1.8 32 This study
Zarrouk +50% NaNO, flask
POME
A. platensis Modified lgL™! Erlenmeyer Mixotrophic  UV-Cirradia- 3 726 15.84 This study
Zarrouk 4 50% NaNO, fask tion (5 min,
POME 20Wm™)

PHB and C-PC productivity are calculated based on the concentration divided by the cultivation time. NA means not applicable. TN means ini-

tial nitrogen concentration in the medium

has a higher PHB content and lower growth rate compared
to the control (without UV-C irradiation). This indicated that
growth was interrupted by UV-C irradiation. The UV-C irra-
diation resulted in PHB accumulation, up to tenfold times
higher compared to the control without UV-C irradiation.
However, the CP-C content was up to fourfold times lower
compared to the control without UV-C irradiation. Kavitha
et al. (2016) also reported that UV-B irradiation (3 W m~2
for 10 min) resulted in high PHB accumulation. Similarly,
total lipids of Nannochloropsis sp. and Chlorella sp. were
significantly influenced by UV-C irradiation at or above
250 mJ em™2 (Sharma et al. 2015, 2014). It has also been
reported that UV-C irradiation resulted in higher carotenoid
accumulation in microalgae because of induced DNA dam-
age, and promotion of mutations in cells (Ikehata and Ono,
2011; Ahmed et al., 2015; Yietal., 2015). UV-C irradiation
can also reduce photosynthesis due to the degradation of the
pigments in cyanobacteria (i.e., phycocyanin, phycoeryth-
rin) (Li et al. 2020) as well as influencing lipid production
in cyanobacteria where the lipid production is associated
to PHB accumulation (Monshupanee et al., 2014; Choi
et al., 2017). UV-C may induce DNA and protein damage
in cyanobacteria by direct photochemical reaction or by indi-
rect oxidative damage from reactive oxygen species (ROS)
(Rinalducci et al. 2006).

@ Springer

Comparison of different treatments

In the present study, the utilization of 50% POME diluted
with modified Za.uk medium and using 5 min 20 W 1.1
UV-C irradiation resulted in 7 mg L™" day PHB and 16 mg
L~! day~! C-PC productivity. This is slightly higher com-
pared to a previous study which reported that the culti-
vation of A. platensis with added pur‘;lyceml resulted
in 1% PHB and 4% C-PC (around 2.5 mg L™! day~! and
10 mg L™" day™' of PHB and C-PC productivity) (Cor-
re':md Teixeira; 2021). Other studies have reported 2
to 3 mg L™' day™' PHB productivity in different cultiva-
tion treatments such as by using mixotrophic cultivation,
UV-B irradiation, and nutrient deprivation. Overall, the
modification of nutritional and environmental conditions
enhanced PHB productivity (Table 3).

In the present study the cost of modified Zarrouk
medium could be reduced by adding 50% POME to the
culture medium, thus affecting the production cost of PHB
and C-PC. By modifying cultivation conditions, PHB pro-
ductivity could be enhanced, while on the other hand, the
productivity of C-PC could be maintained.
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Conclusion

This work reported the utilization of POME as medium for
the growth of A. platensis to obtain PHB and C-PC for the
first time by employing UV-C irradiation. The addition of
POME to modified Zarrouk medium enhanced PHB and
C-PC accumulation, particularly PHB accumulation. The
highest PHB and C-PC production was found with 50%
POME and 5 min UV-C irradiation. By using this method,
co-production can be achieved and the wastewater could
be utilized as a growth medium.

Acknowledgements This research was supported by PT. Spiralife
Bioteknologi, Indonesia.

Data availability The data generated during and/or analyzed during the
current study is available from the corresponding author on reasonable
request.

Declarations

Competing interests The authors declare no competing interests.

References

Abiusi F, Trompetter E, Hoenink H, Wijtfels RH, Janssen M (2021)
Autotrophic and mixotrophic biomass production of the acido-
philic Galdieria sulphuraria ACUF 64. Algal Res 60:102513

Ahmed F, Fanning K, Netzel M, Schenk PM (2015) Induced carote-
noid accumulation in Dunaliella salina and Tetraselmis suecica
by plant hormones and UV-C radiation. Appl Microbiol Bio-
technol 99:9407-9416

Ahmad AL, Ismail 8, Bhatia S (2003) Water recycling from palm oil
mill effluent {POME) using membrane technology. Desalination
157:87-95

Amadu AA, Qiu S, Ge 5, Addico GND, Ameka GK, Yu Z, Wang S
(2020} A review of biopolymer (poly-p-hydroxybutyrate) syn-
thesis in microbes cultivated on wastewater. Sci Tot Environ
T56:1-19

Bennett A, Bogorad L (1973) Complementary chromatic adaptation
in a filamentous blue-green alga. J Cell Biol 58:419-435

Carpine R, Olivieri G, Hellingwerf KJ. Pollio A, Marzocchella
A (2020) Industrial production of poly-B-hydroxybutyrate
from CO,: can cyanobacteria meet this challenge? Processes
B:8030323

Choi TO, Kim KH, Kim GD, Choi TI, Jeon Y1 (2017) The evaluation
of UV-induced mutation of the Microalgae, Chlorella vulgaris in
mass production systems. J Life Sci 27:1137-1144

Correa PS, Teixeira CMLL (2021) Polyhydroxyalkanoates and pig-
ments coproduction by Arthrospira (Spirulina) platensis culti-
vated in crude glycerol. J Appl Phycol 33:1487-1500

Costa 88, Miranda AL, de Morais MG, Costa JAV, Druzian JI (2019)
Microalgae as source of polyhydroxyalkanoates (PHAs)—a
review. Int ] Biol Macromol 131:536-547

Costa JAV, Moreira JB, Izaguirres GG, Teixeira LM, de Morais MG
(2021) Microalgae-based UV protection compounds. In: Upad-
hyay SK (ed) Singh SP. Bioprospecting of microorganism-based
industrial molecules, Wiley, NY pp 201224

da Silva CK, Costa JAV, de Morais MG (2018) Polyhydroxybutyrate
(PHB) synthesis by Spirulina sp. LEB 18 using biopoly mer
extraction waste. Appl Biochem Biotechnol 185:822-833

dos Santos RR, Corréa PS, Dantas FML, Teixeira CMLL (2019)
Evaluation of the co-production of total carotenoids, C-phy-
cocyanin and polyhydroxyalkanoates by Arthrospira plarensis.
Bioresour Technol Rep 7: 100226

Duangsri C, Mudtham NA, Incharoensakdi A, Raksajit W (2020)
Enhanced polyhydroxybutyrate (PHB) accumulation in hetero-
trophically grown Arthrospira platensis under nitrogen depriva-
tion. J Appl Phycol 32:3645-3654

Fernando JSR. Premaratne M, Dinalankara DMSD, Perera GLNIJ,
Ariyadasa TU (2021) Cultivation of microalgae in palm oil mill
effluent (POME) for astaxanthin production and simultaneous
phycoremediation. ] Environ Chem Eng 9(4):105375

Garcia G, Sosa-Hernandez JE, Rodas-Zuluaga LI, Castillo-Zacarias
C, Igbal H, Parra-Saldivar R {2021) Accumulation of PHA in
the microalgae Scenedesmus sp. under nutrient-deficient condi-
tions. Polymers 13:1-23

Ikehata H, Ono T (2011) The mechanisms of UV mutagenesis. J
Radiat Res 52:115-125

Jasni J, Arisht SN, Mohd Yasin NH, Abdul PM, Lin S-K, Liu C-M,
Wu 5-Y, Jahim JM, Takriff MS (2020). Comparative toxicity
effect of organic and inorganic substances in palm oil mill efflu-
ent (POME) using native microalgae species. ] Water Process
Eng 34: 101165.

Kavitha G, Kurinjimalar C, Sivakumar K, Aravind R, Shree CG,
Arthi K, Palani P, Kaviyarasan V, Rengasamy R (2016) Mass
cultivation of UV-B adapted Arthrospira plarensis RRGK
under open raceway pond for the production of poly-p-hydroxy
butyrate. Int I Biol Macromol 93:1304-1316

Li S, Tao Y, Zhan XM, Dao GH, Hu HY (2020) UV-C irradiation for
harmful algal blooms control: a literature review on effective-
ness, mechanisms, influencing factors and facilities. Sci Total
Environ 723:1-13

Li X, Li W, Zhai J, Wei H (2018) Effect of nitrogen limitation on
biochemical composition and photosynthetic performance for
fed-batch mixotrophic cultivation of microalga Spirulina plar-
ensis. Bioresourour Technol 263:555-561

Lin I'Y, Tan 51, Y1 YC, Hsiang CC, Chang CH, Chen CY, Chang J§, Ng
15 (2022) High-level production and extraction of C-phycocyanin
from cyanobacteria Synechococcus sp. PCCT002 for antioxida-
tion, antibacterial and lead adsorption. Environ Res 206:1-9

Maheswari NU, Ahilandeswari K (2011) Production of bioplastic using
Spirulina platensis and comparison with commercial plastic. Res
Environ Life Sci 4(3):133-136

Monshupanee T, Incharoensakdi A (2014) Enhanced accumulation of
glycogen, lipids and polyhydroxybutyrate under optimal nutrients
and light intensities in the cyanobacterium Synechocystis sp. PCC
6803. ] Appl Microbiol 116:830-838

Nematollahi MA, Laird DW, Hughes LJ, Raeisossadati M, Moheimani
NR (2020) Effect of organic carbon source and nutrient depletion
on the simultaneous production of a high value bioplastic and a
specialty pigment by Arthrospira platensis. Algal Res 47: 101844,

Nur MMA, Garcia GM, Boelen P, Buma AGJ (2021) Influence of pho-
todegradation on the removal of color and phenolic compounds
from palm oil mill effluent by Arthrospira platensis. J Appl Phycol
33:901-915

Nur MMA, Muizelaar W, Boelen P, Buma AGIJ (201%a) Environmental
and nutrient conditions influence fucoxanthin productivity of the
marine diatom Phaeodactylum tricornutum grown on palm oil
mill effluent. J Appl Phycol 31:111-122

Nur MMA, Swaminathan MK, Boelen P, Buma AGI (2019b) Sulfated
exopolysaccharide production and nutrient removal by the marine
diatom Phaeodactvlum tricornutum growing on palm oil mill
effluent. J Appl Phycol 31:2335-2348

@ Springer




Journal of Applied Phycology

Nur MMA., Garcia GM, Boelen P, Buma AGJ (2019c) Enhancement
of C-phycocyanin productivity by Arthrospira platensis when
growing on palm oil mill effluent in a two-stage semi-continuous
cultivation mode. ] Appl Phycol 31:2855-2867

Nur MMA, Buma AGJ (2019) Opportunities and challenges of micro-
algal cultivation on wastewater, with special focus on palm oil
mill effluent and the production of high value compounds. Waste
Biomass Valor 10:2079-2097

Onen C8, Chong ZK, Kucuker MA, Wieczorek N, Cengiz U, Kuchta
K (2020} Bioplastic production from microalgae: a review. Int J
Environ Res Public Health 17:1-21

Ou H, Gao N, Deng Y, Wang H, Zhang H (2011) Inactivation and
degradation of Microcvstis aeruginosa by UV-C irradiation. Che-
mosphere 85:1192-1198

Price S, Kuzhiumparambil U, Pernice M, Ralph PJ (2020) Cyanobac-
terial polyhydroxybutyrate for sustainable bioplastic production:
critical review and perspectives. ] Environ Chem Eng 8: 104007

Rajankar MP, Ravindranathan S, Rajamohanan PR, Raghunathan A
(2018) Absolute quantitation of poly (R)-3-hydroxybutyric acid
using spectrofluorometry in recombinant Escherichia coli. Biol
Methods Protoc 3: bpy007

@ Springer

Rinalducci 8, Hideg E, Vass I, Zolla L (2006) Effect of moderate UV-B
irradiation on Synechocystis PCC 6803 biliproteins. Biochem Bio-
phys Res Commun 341:1105-1112

Sharma KK, Li Y, Schenk PM (2015) Rapid lipid induction in Chlo-
rella sp. by UV-C radiation. Bio Energ Res 8:1824-1830

Sharma K, Li Y, Schenk PM (2014) UV-C-mediated lipid induction
and settling, a step change towards economical microalgal bio-
diesel production. Green Chem 16:3539-3548

YiZ, XuM, Magnusdottir M, Zhang Y, Brynjolfsson S, Fu W (2015)
Photo-oxidative stress-driven mutagenesis and adaptive evolution
on the marine diatom Phaeodactvlum tricornutum for enhanced
carotenoid accumulation. Mar Drugs 13:6138-6151

Zarrouk C (1966) Contribution a I" étude d' une cyanophycée. Influ-
ence de divers facteurs physiques et chimiques sur la croissance
et la photosynthése de Spirulina maxima Geitler. PhD Thesis,
University of Paris

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.




Co-production of polyhydroxybutyrate and C-phycocyanin
from Arthrospira platensis growing on palm oil mill effluent by
employing UV-Cirradiation

ORIGINALITY REPORT

0., 7 6o Os

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

12%
* www.rug.nl

Internet Source

Exclude quotes Off Exclude matches <5%

Exclude bibliography On



