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Abstract

Euglena sp. is a freshwater microalga that produces useful metabolites in its biomass. The cultivation
with oxidative stress treatments, such as salinity, plays a major role in maintaining the optimal cellular
metabolic rate for the optimized growth of Euglena sp. for the production of lipids for biodiesel as
well as carotenoids and chlorophyll, which are cell defense pigments that are beneficial for health.
A bioflocculation method that uses microalgal flocculants, such as Skeletonema sp., is an alternative
harvesting technique that is cost and energy saving. The effect of salinity and bioflocculation treatment
on freshwater microalgae has not been widely studied. Therefore, this research determined the effect
mechanism of salinity and bioflocculation in the production of lipids, chlorophyll, and carotenoids in
Euglena sp. with Skeletonema sp. as a bioflocculant. In this research, the cultivation of Euglena sp.
was carried out in Cramer—Myers medium for seven days under salinity treatments of 5, 10, 20, and 0
g/L, and the cultivation of Skeletonema sp. was performed for eight days in F/2 medium with modified
silicate removal. Bioflocculation was performed by mixing Euglena sp. and Skeletonema sp. at ratios
of 1:1, 1:0.5, and 1:0.25. The research results showed that salinity treatment, in general, succeeded in
increasing the growth and production of lipid, chlorophyll, and carotenoid metabolites. The addition
of Skeletonema sp. to the culture of Euglena sp. increased the precipitation percentage. A high mixing
ratio increased the lipid level but decreased those of chlorophyll and carotenoid metabolites.
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INTRODUCTION

Microalgae are prokaryotic or eukaryotic
microorganisms that grow by carrying out
photosynthesis. Microalgae have a simple cell
structure. Their growth requires light, carbon
dioxide, water, and nutrients.! Microalgae
can convert these needs into energy through
photosynthesis and use it during cell development.
Microalgae have a fairly high growth rate and can
produce essential biomolecules, such as lipids,
vitamins, sterols, carotenoids, proteins, and
minerals. Biomolecule production is influenced by
environmental conditions, including temperature,
medium composition, light intensity, salinity, pH,
carbon dioxide, and age of culture.??

The metabolites produced by Euglena sp.
can be used as basic ingredients in food, cosmetic,
and natural dye industries. Stress parameters,
such as high salinity, increase the contents
of chlorophyll and carotenoids in freshwater
microalgae. Elloumi et al.* showed that the
freshwater microalgae Scenedesmus sp. had the
highest content of chlorophyll, and carotenoid was
found in cultures treated with a salinity of 10 g/L
NaCl. Based on the research by Alvensleben et al®
microalgae S.quadricauda and Tetraedron sp. were
tested in freshwater for tolerance at salinities of
2, 8,11, and 18 ppt, and the results showed that
nutrient depletion caused increases in lipid and
fatty acid levels along with the increase in salinity.

In addition to environmental factors,
the harvesting method of microalgae is an
important part of the cultivation system to harvest
high biomass. Currently, harvesting with the
bioflocculation method can be used as a cost-and
energy-efficient alternative. The bioflocculation
technique use one microalgal flocculant to
precipitate the desired non-flocculant microalgae
without the addition of chemical flocculants
and is believed to be environmentally friendly.
Branyikova et al.® stated that the flocculation of
Skeletonema sp. induced flocculation in other
microalgal species because of its capability to
produce exopolysaccharides (EPSs), which induces
faster sedimentation than non-flocculating
microalgae.

In this study, we carried out experiments
involving variations in the salinity factors in the
cultivation of Euglena sp. to induce oxidative

stress in this microalga to minimize contamination
during cultivation and increase the production of
lipids, chlorophyll, and carotenoids. In addition,
harvesting was carried out using bioflocculation
techniques as cost effective and energy-efficient
alternative methods to increase the precipitation
percentage.

MATERIALS AND METHODS

Experimental design and treatments

This experiment was completed with
three repetitions. The factor for Euglena sp.
treatment was four concentrations of NaCl (5, 10,
and 20 g NaCl/L) and control without treatment
(0 g/L). Skeletonema sp. was cultured in a control
treatment at 30 ppt salinity. The methodology is

as below.
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Cell Count
Data Retrieval
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Culture preparation

The stock of Euglena sp. was isolated from
Yogyakarta, Indonesia, and Skeletonema sp. was
isolated from Balai Perikanan Budidaya Air Payau
Situbondo. The cultivation bottles of Euglena sp.,
with a total of 12 bottles and a volume of 500 mL,
were cleaned. Then, Cramers—Myers medium with
5 (0.085 M), 10 (0.170 M), and 20 g/L (0.340 M)
salinity treatments and control with 0 g/L salinity
were prepared to contain 1000 mg/L KH,PO,,
1000 mg/L (NH,),SO,, 200 mg/L MgSO,.7H,0,
20 mg/L CaCl,.2H,0, 1.8 mg/L MnCl,.4H,0,
3 mg/L Fe,(SO,),.7H,0, 1.5 mg/L CoSO,.7H,0,
0.4 mg/L ZnSO,.7H,0, 0.02 mg/L CuSO,.5H,0,
0.2 mg/L Na,Mo0,.2H,0, 0.1 mg/L vitamin B1,
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and 0.0005 mg/L vitamin B12 and then dissolved
in 1 L Aqua Dest (Cramer & Myers, 1952), and
3 bottles of Skeletonema sp. were cultured in a
500 mL volume of a medium F/2 containing 1
mL NaNO3, 1 mL NaH,PO,.H,O, 1 mL trace metal
solution containing 3.15 g/L FeCl.6H,0, 4.36 g/L
Na2-ethylenediaminetetraacetic acid.2H,0, 1 mL
MnCl,.4H,0, 1 mL ZnSO,.7H,0, 1 mL CoCl,.6H,0,
1 mL CuSO,.5H,0, 1 mL NaMo0.2H,0. 0.4 g/L
vitamin B1, and 0.002 mg/L vitamin B12 and then
dissolved in 1 L Aqua Dest.”® The medium (400 mL)
was mixed in the cultivation bottles following the
salinity treatment. Then, 100 mL microalgal stock
was added to the bottles.

Maintenance and sampling

Cultivation bottles, which were mounted
with plastic hoses plugged into the aerator
(Resun LP 100) for aeration, were incubated
under a TL 1800 lux lamp for lighting. The bottles
were plugged with cotton to reduce the risk of
contamination of the culture and placed in a
culture room at room temperature (+28°C) for
optimal growth. The number of cells was used
as the growth parameter of Euglena sp., and the
lipid, chlorophyll, and carotenoid contents, as
metabolites of microalgae, were measured after
harvesting by bioflocculation on the 5% day of
cultivation.

Cell count

Cells of microalgae Euglena sp.
and Skeletonema sp. were counted using a
hemocytometer (Wungmool et al°) at a ratio of
1:4. A total of 900 pL culture sample was added
to 1 mL microtube. Then, 100 pl 70% alcohol was
added to the microtube and then inserted into an
improved Neubauer hemocytometer (1 mm)in the
microscope until the chamber was full. The cells in

= 9
&
» ;
L il
8
&
B @

Figure 1. Cell morphologies of Euglena sp. (A) and
Skeletonema sp. with silicate stress (B).

the four-chamber space were then measured by
the following formula:

Counted cell quantltyx 10
4

The cell density of Skeletonema sp.
was calculated using an improved Neubauer
hemocytometer under a light microscope at 40x
magnification. Using the following formula, the
number of cells was calculated at the four ends
and the center of the 0.2 mm x 0.2 mm box:

N1 .
Cell amount/mL = 3 XO.S X 25X 10
Bioflocculation determination

Skeletonema sp. was added to Euglena
sp. at the ratios of 1:0.25; 1:0.5; and 1:1 with
three repetitions. Each sample was placed in a
15 mL conical tube and allowed to stand for 24 h.
As much as 1 mL supernatant was collected and
placed in a cuvette. The cuvette was placed in a
spectrophotometer and measured at a wavelength
of 750 nm. Afterward, sample was then calculated
using the following formula:

Cell amount/mL =

0D750(t0)-0D750(t)

0,
OD750(t0) X 100%

% Precipitation =

Lipid content

The lipid content was measured using
the Bligh and Dyer method (1959). First, 15 mL
microalgal samples were centrifuged at 4000 rpm
for 15 min. The supernatant was discarded, and 2
mL methanol and 1 mL chloroform were added to
the pellet. Homogenization was carried out for 1
min using a vortex, and 1 mL chloroform and Aqua
Dest were added. The sample was centrifuged until
three layers were found, with the lowest layer
being lipid. The lipid liquid was obtained, placed
in a Petri dish, and incubated for 1 h at 35°C. The
Petri dish was weighed, and the following formula
was used to calculate the lipid content:

(Final petri dish weight-initial petridish weight)
sample volume

Lipid Content (mg/mL) =

Chlorophyll and carotenoid contents

The chlorophyll and carotenoid contents
were measured by spectrophotometry. A total
of 5 mL microalgal sample was collected into
a conical glass. The sample was centrifuged at
3300 rpm for 15 min, and the supernatant was
removed. Subsequently, acetone was added as an
organic solvent, and the mixture was homogenized
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using a vortex. Then, 2 mL sample was placed in
a spectrophotometer, and the absorbance was
measured at wavelengths of 470, 645, and 662
nm with spectra running between 380 and 700
nm. Based on the absorbance calculated by the
spectrophotometer, chlorophyll can be obtained
as a combination of total chlorophylls a and
b compounds and carotenoid levels using the
following equation.

[11,75 x (A 662) — 2,350 x (A 645)]

Chla(g/L)= 1000
[18,61 x (A 645) — 3,960 x (A 662)]

Total Chl (g/L) = Chla + Chl b

([1000 x (A 470)-2,270 X Chl a-81,4 x Chl b /227])
1000

Car (g/L) =

Statistical analysis

Data were subjected to analysis of
variance and correlation analysis using IBM
Statistical Product and Service Solutions software
(Version 25, IBM Corporation, USA). The analysis
was carried out in three replications, and the results
were expressed as the dependent treatment’s
mean (n = 3) + standard error. Differences between
the treatment mean on growth were analyzed
by one-way analysis and compared using DMRT.
Meanwhile, for bioflocculation, lipids, chlorophyll,
and carotenoids were analyzed by two-way
analysis and compared using least significant
difference at a p-value < 0.05.

RESULTS

Cell count

From the study results shown in
Figure 2, from day O to day 7 of cultivation, the
control treatment had the highest cell density,
followed by 5, 20, and 10 g/L treatments. A fairly
high recreation of cell density was observed under
20 g/L treatment on the 5th day of cultivation.
Overall, the cell density increased from day 0 to
day 5 and started to decrease on day 6. The salinity
treatment generally had a lower mean cell density
than the control treatment.

Based on the growth curve obtained,
the culture of Euglena sp. can adapt and grow
up to 20 g/L salinity treatment. Adaptability is

supported by the source of nutrients in the culture,
and the aged culture was used as the inoculum.®
The exponential phase was still achieved, which
meant that the nutrition and microalgal culture
environment were in optimal conditions, and
thus, the growth was non-linear.'* Based on the
calculation of the specific growth rate, the 5 g/L
treatment had the highest specific growth rate,
which indicated the high exponential growth of
cell density in this phase.

The growth of Skeletonema sp. with the
highest cell density was obtained on the 5% day
(Figure 1b). The lag phase in Skeletonema sp.
occurred on days 0-2. The Skeletonema sp. culture
entered the log or exponential phase, where cell
division occurred rapidly on the 3™ to 5th day.
The specific growth rate of Skeletonema sp. was
0.386 * 0.008. The Skeletonema sp. culture in
this study exhibited a growth with a cell density
that was significantly different from the culture of
Euglena sp. in the control, 5, 10, and 20 g/L salinity
treatments, with significance of 0.007.

Bioflocculation determination

The results showed that the most optimal
percentage of flocculations (94.31%) was observed
at the 1:1 ratio of Euglena sp. and Skeletonema sp.
(Figure 3). Meanwhile, the lowest percentage of
precipitation (80.89%) was observed at 1:0.25 ratio
of Euglena sp. and Skeletonema sp. Based on the
graph in Figure 1b, the addition of flocculant can
increase the precipitation percentage. The higher
the mixing ratio, the more Skeletonema sp. mixed
into the culture of Euglena sp. Skeletonema sp. is a
flocculant or auto-flocculating microalga that can
induce sedimentation faster than non-flocculating
microalgae and increase the harvesting efficiency.
When the cultures were mixed, Skeletonema sp.
excreted EPS, which bound to Euglena sp. cells
via a bridging or patching mechanism.??? If the
polymers bind partially, the unoccupied part can
bind to other microalgal cells, thereby bridging
and forming a network of polymers and microalgal
cells. However, if the polymers bind microalgal
cells completely because they are extremely short
to bind others, they are adsorbed to the surface
and can create positive charges (patching). These
charges attract other microalgal cells and result
in the flocculation of cells. The floc formed will
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settle to the bottom of the media*** showed that
EPS production increases due to optimal culture
environmental conditions.

Lipid content

The highest lipid content was 0.058 g/L,
which was found in the mixture of Euglena sp. in
10 g/L salinity treatment and Skeletonema sp.,
and the lowest was 0.020 g/L in the mixture of
Euglena sp. control treatment and Skeletonema sp.
(Figure 4). Based on the results, the lipid content

increased when the salinity increased but
decreased with the 20 g/L salinity treatment.
Each salinity treatment significantly affected the
lipid contents of Euglena sp. and Skeletonema sp.

The highest cell lipid content was found at
the ratio of 1:1, whereas the lowest (10 g/L salinity
treatment) was observed at the ratio of 1:0.25.
The lipid content increased with the increase in
the ratio of mixed bioflocculants. The lower the
flocculant microalgae, the higher the lipid content
produced.

(Cell/mL) (x10%)

—+—Control —-5g -#10g -e-20g

Control
100
—~ 80
S
& 60
)
= 40
(]
2 2
0
0 1 2 3 4 6 7 8
Day
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Figure 2. Cell density of (a) Euglena sp. after 7 days of cultivation and (b) Skeletonema sp. after 8 days of cultivation
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Chlorophyll content content was observed in the 10 g/L salinity

Figure 5 shows the effect of salinity on  treatment and the lowest in the 20 g/L salinity
the chlorophyll content of mixed culture Euglena  treatment and Skeletonema sp. The highest and
sp. and Skeletonema sp. The highest chlorophyll
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Figure 3. Precipitation percentage of Euglena sp. and @
Skeletonema sp. in different salinity treatments: (a) 0,  Figure 4. Lipid content under (a) 0, (b) 5, (c) 10, and (d)
(b) 5, (c) 10, and (d) 20 g/L 20 g/L salinity treatments
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lowest cell chlorophyll contents were measured
at the ratios of 1:0.25 and 1:1, respectively.
The chlorophyll content increased as the ratio
of the mixed bioflocculants decreased. The
analysis showed that the salinity treatment and
mixing ratio of Euglena sp. and Skeletonema sp.
significantly affected the chlorophyll content.

Carotenoid content

The highest carotenoid content (0.594
g/L) was found in the mixture with a salinity
treatment of 10 g/L, and the lowest chlorophyll
content (0.142 g/L) was obtained in the mixture of
20 g/L salinity treatment. As shown in Figure 6, the
10 g/L salinity treatment resulted in the highest
amount of carotenoid content compared with the
control, 5, and 20 g/L treatments. The highest cell
carotenoid content was found at the ratio of 1:0.25
and the lowest at 1:1 ratio. The carotenoid content
increased as the ratio of flocculant decreased. The
salinity treatment and mixing ratio of Euglena sp.
and Skeletonema sp. significantly affected the
carotenoid content.

DISCUSSION

Scenedesmus sp. is a freshwater microalga
with the same habitat as Euglena sp. Based on
the work of Elloumi et al.?, Scenedesmus sp.
demonstrated optimal growth rate and metabolite
production in the salinity treatment of 10 g/L NaCl.
The salinity treatment of 10 g/L NaCl resulted in the
highest production of carotenoids and chlorophyll,
whereas the pigment content of Scenedesmus sp.
decreased at high salt concentrations.

Salinity treatment affected the growth of
Euglena sp. The growth of Euglena sp. decreased
as salinity increased. The culture with 5 g/L
salinity treatment exhibited the highest specific
growth rate of 0.678 + 0.479. The Euglena sp.
culture in this study can adapt well to the control
environment and tolerate the environment with
a salinity treatment of 5 g/L. The lowest specific
growth rate was found in cultures treated with
salinities of 10 and 20 g/L. High salinity can
inhibit the division of microalgal cells. A high
concentration of salt (NaCl) creates a hypertonic
state outside the cell. This condition causes water
molecules to flow out of the cell, shrinking the
cell and consequently damaging the cell and

cellular components. Stress due to salinity can be
overcome by microalgae through the production
of high amounts of lipids. Hence, the dry weight
of microalgae can be increased.®

Harvesting with bioflocculation method
allows microalgal harvesting without the addition
of chemical flocculants and the reuse of culture
media without additional treatment; thus, this
method is believed to be environmentally friendly
because the harvested residual water free from
chemicals can be reused or disposed of without
the need for high-cost management.” Branyikova
et al.® stated that the flocculation of Skeletonema
sp. can induce flocculation in other microalgal
species.

The data from the bioflocculation
experiment showed that the highest flocculation
power was found in the mixture of Euglena sp.
salinity treatment of 20 g/L and Skeletonema sp.
with a flocculation ratio of 1:1 (94.31%), and the
lowest was observed in the mixture of control
treatment and Skeletonema sp. with a flocculation
ratio of 1:0.25 (80.89%). Each salinity treatment
showed a trend, that is, the increase in salinity
can decrease the precipitation percentage. These
results followed the research findings of Salim
et al’’, suggesting that sedimentation will increase
along with the ratio of microalgal flocculants
during mixing. Skeletonema sp. is a flocculant
microalga triggered by the EPS substances it
produces. Thus, it can induce faster sedimentation
than non-flocculating microalgae. When the
culture of Euglena sp. and Skeletonema sp. was
mixed, the EPS excreted by Skeletonema sp. bound
Euglena sp. with a bridging mechanism; then, a
net formed by the flocculant microalgae caught
the Euglena sp. cells, resulting in floc formation
at the bottom of the medium.*? The salinity
significantly differed between the control and 20
g/L salinity treatment. This finding was caused by
the increased production of EPS in Skeletonema
sp. cells due to the high salinity of the Euglena sp.
culture. The process of EPS synthesis by microalgal
cells is influenced by many factors, such as light,
temperature, culture aeration, culture age,
nutrient availability, nutrient type, and salinity.
Therefore, proper adjustment of culture conditions
can promote EPS synthesis.?®

All salinity treatments had higher mean
lipid contents than the control treatments at
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each flocculation ratio. The graphs for the 5, 10,
and 20 g/L salinity treatments showed higher
lipid contents than the control treatment. The
graph increased when salinity increased but
decreased with the 20 g/L salinity treatment. The
10 g/L salinity treatment induced the highest lipid
content. This finding may be caused by stress due
to salinity, which resulted in stress on microalgal
cells. Thus, microalgal cells can produce higher
lipids as stress metabolites. Salinity can damage
microalgal cells at very high concentrations, but an
optimal stress can increase lipid production. The
10 g/L salinity treatment was the optimal stress.
Therefore, it can trigger productive oxidative
stress in cells. Under unfavorable environmental
conditions, several microalgal species synthesize
large numbers of lipids, such as triacylglycerol
(TAG). The increase in neutral lipid content in
algal cells is an adaptation mechanism that allows
algae to respond to increased osmotic pressure
and maintain fluidity and cell membrane integrity
under high NaCl concentrations. When subjected
to NaCl stress, the pattern of lipid synthesis
changes, but photosynthesis and assimilation
of carbon elements continue, which increases
the level of TAG synthesized and stored in the
cytoplasm in the form of oil droplets.®

The highest and lowest cell lipid contents
were observed at the ratios of 1:1 and 1:0.25,
respectively. The lipid content increased with
the increase in the ratio of mixed bioflocculants.
Cultures with the addition of other microalgae
have the potential to produce more lipids.
This diversity increases the efficiency of using
photosynthetically active radiation, thereby
increasing the productivity of primary cultures.
Lipid production from biomass will increase
when primary productivity increases. Mixed
culture also increases the nutrient use efficiency
in culture, thereby creating nutrient stress
conditions®%, According to Hue et al*, the limited
number of nutrients will stimulate microalgae to
accumulate more lipids.

The optimal chlorophyll and carotenoid
contents were found in the 10 g/L treatment.
According to Pisal and Lele?, cells can adapt
to increased salinity due to the presence of
glycerol, which can balance the extracellular
osmotic pressure. The contents of chlorophylls
a and b and the total carotenoids decreased

with the increase in NaCl concentration. The
freshwater microalga Scenedesmus obliquus has
the same habitat as Euglena sp., which presents
significant differences in photosynthetic pigment
content between the microalgal cells cultured at
different NaCl concentrations. The contents of
chlorophyll a, b, and total carotenoids decreased
with the increase NaCl concentration. Ji et al.’®
observed that the contents of chlorophylls a
and b decreased significantly with the increase
in NaCl concentration. High NaCl concentrations
increase the activity of chlorophyll enzymes and
thus promote the degradation of chlorophyll a.

Chlorophyll a is a crucial component of
the light-harvesting pigment-protein complex
and plays a vital role in photosynthesis.
Therefore, the decrease in chlorophyll content
will reduce the photosynthetic capacity and
inhibit the growth of microalgae. The content of
photosynthetic pigments, as an essential index
of the photosynthetic capacity of plants, can be
influenced by changes in environmental factors,
such as salinity. Carotenoids can absorb light energy
and are endogenous antioxidants. In addition to
its function in photosynthesis, carotenoids can
qguench reactive oxygen, thereby preventing
membrane lipid peroxidation (Willekens et al)*
and protecting photosynthetic function.

The highest cell chlorophyll and
carotenoid contents were found at the ratio of
1:0.25, and the lowest cell chlorophyll content
was obtained at the 1:1 ratio. The contents of
chlorophyll and carotenoids increased as the ratio
of the mixed bioflocculants decreased. According
to Stockenreiter et al*®, mixed cultures can create
nutritional stress conditions. The higher the
mixing ratio, the more nutrients that are needed,
thus causing nutritional stress conditions. Mixing
the cultures of Euglena sp. and Skeletonema
sp. resulted in nutritional stress conditions. The
higher the mixing ratio, the more nutrients that
are needed. This condition then inhibits the
production of carotenoid cells.?

This phenomenon can also be caused by
the increased number of Skeletonema sp. mixed
into the Euglena culture, which increases the salt
concentration in the culture. The pigment content
may decrease at high salt concentrations. The
decreases in chlorophyll and carotenoid contents
at high salinity are caused by the decrease in the
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rate of photosynthesis due to the salt osmotic
pressure and toxic ion pressure. Thus, chlorophyll
is the main target of salt toxicity and the decrease
in the rate of photosynthesis and growth of
microalgae. Variations in culture environment
can create stress conditions in cells, indicating the
synthesis and accumulation of carotenoids and
chlorophyll in cells.?%

CONCLUSION

This study showed that salinity treatment
successfully increased growth and influenced
the physiological response of Euglena sp. by
increasing the production of lipid metabolites,
chlorophyll. Carotenoids with optimum salinity
levels were achieved during growth in the 5 g/L
salinity treatment, and lipids and metabolites
of chlorophyll and carotenoids were produced
in the 10 g/L salinity treatment. The addition of
Skeletonema sp. to the culture of Euglena sp.
increased the precipitation percentage. The larger
the mixing ratio, the higher the bioflocculation.
The optimal mixing ratio used for the harvesting
process was 1:1 Euglena sp. and Skeletonema
sp. The larger the mixing ratio, the higher the
lipid content, with an optimal mixing ratio of 1:1.
Conversely, the larger the mixing ratio, the lower
the chlorophyll and carotenoid cell contents. The
highest chlorophyll and carotenoid contents were
obtained at the 1:0.25 mixing ratio.
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