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Abstract. Cultivating microalgae as an alternative energy resource requires the optimization of the
cultivation process. Euglena is a biofuel microalga with proteins, essential amino acids, vitamins C
and E, lipids, beta carotene, and beta-1,3-glucan (paramylon). Light intensity and photoperiod are
crucial factors in determining microalgae biomass production because of their relationship to
maximum photosynthesis efficiency. As a result, optimising growth conditions in microalgae
cultivation is critical for maximising productivity. This study looked at how different photoperiod
treatments (12:12, 14:10, 16:8, 18:6, and 24:0 h) affected the growth, biomass, lipid, carbohydrates,
and protein content of Euglena sp. cultures in a modified CM (Cramer-Myers) medium. The 18:6
photoperiod treatment produced the highest specific growth rate, biomass, lipid carbohydrate, and
protein content, according to the study's findings. The biomass concentration was 0.4190.184 g/L,
and the specific growth rate was 5.960.66 (OD680/0D680/hx10-3). The lipid concentration was
0.2030.078 g/L, the carbohydrate concentration was 378.061252.135 mg/mL, and the protein
concentration was 371.142107.126 g/L.
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1. Introduction

Due to the decreasing supply of fossil fuels and
the limited number of agricultural lands,
microalgae cultivation is becoming one of the
subjects that deserves further attention. In
addition, microalgae also have excellent
capabilities in terms of waste treatment
(domestic or agricultural waste) and free CO>
binding (Douskova et al., 2009). Until now,
many research groups and microalgae-based
industrial companies have conducted various
microalgae studies due to their limitless
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opportunity for being utilised in different
sectors. One type of microalgae that is
considered the potential for many uses is
Euglena sp.

Euglena has a unique structure; its cells
are surrounded by a membrane made of protein,
that causes Euglena to be highly nutritional and
absorb nutrients efficiently to support and
restore cellular activity (Suzuki, 2017).
Previous studies stated Euglena as one of the
most promising microalgae species to be used
as a raw material for biofuels (Toyama et al.,
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2009). Euglena is widely used as raw material
for food and feed, beauty products, and biofuels
and is even commonly used in environmental
management, such as for water treatment and
CO2 reduction. Euglena also contains 59
essential nutrients the human body needs for
optimal growth. In addition, Euglena has a
larger biomass and cell size when compared to
other microalgae. It also contains various
nutrients such as protein, essential amino acids,
vitamins C and E, lipids, beta carotene and beta-
1,3-glucan (paramylon) (Inui et al., 1982;
Calvayrac et al., 1981; Takeyama et al., 1997).
Information and a study regarding the optimal
cultivation process are currently needed to
obtain a high growth rate and productivity,
especially when cultivating local strains that are
still highly dependent on environmental factors.

Similar to plants, microalgae also carry
out photosynthesis. In the process of
photosynthesis, light plays an important role,
but the light required for each type of plant and
algae to grow optimally is different (Lavens &
Sorgeloos, 1996). Besides light intensity,
photoperiod plays a vital role in supporting
microalgae growth. Light intensity and
photoperiod are essential in determining
microalgae biomass production because both
are related to the maximum efficiency of
photosynthesis. The photoperiod can directly
influence the photosynthetic mechanism,
making it an essential factor for determining
optimal growth conditions in microalgae
cultivation (Kishore et al., 2017). Light is also
known to be a promoter of microalgae growth,
but more prolonged exposure to a high light
intensity could lead to photodamage in which
the process reduces the photosynthetic
efficiency (Parmar et al., 2011; Wahidin et al.,
2013). Previous studies have shown that the
photoperiod variation in microalgae cultivation
shows significant changes in microalgae
biomass (Richmond, 2004).

It is known that the laboratory-scale
cultivation of microalgae is an essential
component of basic information that can be
used for large-scale cultivation processes. The
main components of microalgae biomass are
carbohydrates, lipids and proteins. These
components’  concentration depends on
cultivation conditions, the growth medium, the
intensity and duration of light, and also the
supply of CO». Variations in the dark/light
regime trigger changes in the cellular content of
proteins, carbohydrates and lipids (Tzovenis et
al., 1997; Price et al., 1998; Fabregas et al.,
2002). This study was conducted to determine
the effect of photoperiod on growth, biomass,
lipid, carbohydrates and protein content in the
culture of the newly isolated Euglena sp. from
Indonesia.

2. Materials and Methods
2.1 Sampling and Isolation

Samples were collected from ponds and
rice fields around Yogyakarta (7,80565° S,
110,29830° E). 10 mL of samples were
collected into a 15 mL conical tube, and 2.5 mL
of 5 times modified CM (Cramer—Myers)
medium was added into each sample for the
selection process. The samples were left at
room temperature for approximately one day.
After that, 1 mL of each sample was moved into
24 well-plate (IWAKI), and 2 mL of 1 time-
modified CM medium was added. The sample
was incubated at room temperature with
continuous light for approximately two weeks
until the sample turned green. Perumal et al.
(2015) conducted isolation according to the
micromanipulation protocol. Micromanipulation
is isolating an algal cell from a drop of
enrichment sample. The cell is sucked up into a
micropipette while being observed. The cell is
placed on an agar plate in a drop of sterile
medium (Pachiappan et al., 2015). The cell is
transferred to a drop of sterile medium and an
agar plate. The cultures were examined
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morphologically under the microscope for
preliminary identification and were compared
to an online algal database. Before performing
all the experiments, isolated Euglena was pre-
cultured in modified CM medium using 50 mL
test tubes (IWAKI) until the optical density
reached 0,4-0,6 (OD 680 nm)

2.2 Photoperiod Treatment and Experiment
Design

Photoperiod (light: dark) treatments in
this study were 12:12, 14:10, 16:8, 18:6 and
24:0 h (continuous light/control). All the
cultures for each treatment were grown in 250
mL Erlenmeyer flasks containing 200 mL of
modified CM (Cramer-Myers) medium. CM
medium with the following composition
(mg/L): (NH4)2HPO4, 1000; KH2PO4, 1000;
MgSO4-7H.0,  200;  CaCl2-2H.0,  20;
FeSO4-7H20, 3; MnCl-4H-0, 1.8;
CoS04-7TH20, 15; ZnSO4-7H.0, 0.4
Na:Mo004-2H,0, 0.2; CuSO4-5H.0, 0.02;
Vitamin B12, 0.0005; Thiamine HCI, 0.1. The
temperature was set to 29°C; light intensity was
180 umol m™ sec, and aeration was set to 1
vivim (Suzuki, 2017). Each culture's initial
optical density was around 0,1 (OD 680 nm).
Each treatment was performed in triplicate.

2.3 Growth Rate Measurements and Biomass
Production

Microalgae growth was monitored
regularly at intervals of 2 days for 18 days. The
concentration of Euglena’s cells in each culture
was determined by monitoring the optical
density (OD) of the culture using a
spectrophotometer (UV-VIS Genesys) at an
absorbance of 680 nm (Kishore et al., 2017,
Suzuki et al., 2015), with distilled water as the
blank. To determine the dry weight (DW), 5 mL
of the cell culture sample was centrifuged at
4000 rpm for 10 min. The cell pellet was
obtained and dried in the pre-weighed conical
tube at 50 °C for 12 h. The pellet and conical
tube were weighed using analytical scales

(AL204). The final DW was calculated using
the following formula from Richmond (2004):

DW (m.g.mL?%) =
total weight—weight of conical tube (l)

volume of samples

The growth rate was observed from the
optical density. Doubling time and specific
growth rate were also calculated using the
following formulas from Lee & Shen (2004):
Ta=IN2 ———— )

Inin Inln No

u=10.693/Tqg (3)

where: Tq is doubling time, p is a specific
growth rate, Nt is the optical density at the end
of the exponential Phase, No is the optical
density at the beginning of the exponential
phase, and t is the time interval (hour).

2.4 Lipid, Carbohydrate, and Protein Content
Measurements

To measure the lipid content of the
sample, 5 mL was taken and put into a 15 mL
conical tube and then centrifuged at 4000 rpm
for 10 minutes at 4°C. The supernatant is
separated from the pellets. To the pellets, 2 mL
of methanol and 1 mL of chloroform were
added and then homogenised using a vortex.
After homogeneity, the pellets were added with
1 mL chloroform, and 1 mL distilled water and
then homogenised again. The sample was
centrifuged at 4000 rpm for 10 minutes at
10 °C. Three layers are formed, and the bottom
part is taken and placed on a petri dish that has
been previously dried and weighed. The
chloroform is then evaporated in an oven at
50°C until only neutral lipids are left in the petri
dish. The lipid extraction was performed
according to the Bligh & Dyer (1959) method
and calculated using the following formula
from Smedes & Thomasen (1996).

Total lipid (g.mL?) =
Total weight—weight of petri dish
(4)

volume of samples
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To measure the carbohydrate content of the
sample, 5 mL of the sample was taken and put
into a 15 mL conical tube, which was then
centrifuged at 4000 rpm for 10 minutes at 4°C.
The supernatant is separated from the pellets and
discarded. Then add 1 mL of concentrated
sulfuric acid and 0.5 mL of 5% phenol and
incubate for 30 minutes at room temperature. The
carbohydrate content  was calculated
spectrophotometrically at 490 nm according to
the phenol-sulfuric acid method by Dubois et al.
(1956). A Standard d-glucose solution was used
for the standard curve. To determine the protein
content of the sample, 2 mL of it was placed in 2
mL microtubes and centrifuged at 4000 rpm for
10 minutes. Following the formation of the pellets
and supernatant, the pellets were taken and mixed
with 1 mL of 10% SDS solution (Chemix,
Yogyakarta, Indonesia). The samples were then
placed in a 950C oven for 5 minutes. After
incubation, the sample was taken and placed in a
refrigerator at 40C for 5 minutes. The sample was
then divided into eight L and placed in a 500 L
microplate (IWAKI) with 200 L of Bradford
reagent. [Al] Bradford's (1976) method
calculated protein content spectrophotometrically
at 595 nm. The standard curve was created using
a solution of Bovine serum albumin (BSA).

2.5 Data Analysis

All the experiments were conducted in
triplicate, and the data presented are the means.
To evaluate the significance of photoperiod on
the growth rate, biomass, protein, carbohydrate,
and lipid contents of the culture, a one-way
analysis of variance (ANOVA) was performed.
Duncan Multiple Range Test (DMRT) was also
performed if a significant difference was
obtained. All analyses were performed using a
confidence level of 95% (0=0,05).

3. Result and Discussion

One of the alternative forms of energy is
the utilisation of biomass or other products
produced by microalgae. In this study, we

isolated and identified Euglena sp. as a
potential microalga due to its benefits. The size
of isolated Euglena sp. ranges from 20-50 um
(Fig. 1), similar to the previous study by
Kishore et al. (2017). Some of the sampling
locations included rice fields, fishponds, and
sewage channels. These sampling sites were
chosen because it is known that Euglena lives
in freshwater and brackish water habitats due to
its richness in organic matter (Suzuki, 2017). A
previous study by Suzuki et al. (2015) shows
that Euglena gracilis can grow at low pH in CM
medium. Although in-depth research needs to
be conducted, it is safe to assume that the
isolated Euglena was Euglena gracilis. The cell
shapes vary from round to oval to elongated.
Euglena sp. does not have a cell wall; thus, the
shape is diverse.

This study showed that 18:6 photoperiod
treatment has the highest optical density while
the 24:0 photoperiod treatment (control) has the
lowest optical density during the cultivation
process (Fig. 2(a)). Prolonged exposure to light
(24:0 photoperiod) for this strain showed the
lowest growth. It is assumed that continuous
light beyond the saturation point can be a
stressor due to photo-oxidation reactions that
eventually will impact the growth rate. 18:6
photoperiod treatment showed the best result
for growth of this isolated strain. This study
showed similar results as the previous study
conducted by Kishore et al. (2017). In a study
conducted by Kishore et al. (2017), it is known
that the Euglena strain isolated from the
western Himalayas had the best growth in the
16:8 photoperiod treatment, followed by the
18:6 and 14:10 treatments, while the lowest
results were obtained at the 12:12 and 24:0
treatments. Previous studies and our findings
indicate that the lowest growth rate of Euglena
is achieved at the lowest and most continuous
photoperiod treatments.

The initial lag phase occurred within the
first three days of cultivation. The log phase can
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be observed from day four until day nine of
cultivation. All the cultures went to the
stationary phase after ten days of cultivation
until the 14th days of cultivation. The optical
density for all the photoperiod treatments
decreased after 15 days of cultivation, which
indicated that the culture was entering the death
phase. The highest optical density from the 18:6
photoperiod treatment was also followed by its
high specific growth rate (Fig. 2(b)). The
specific growth rate was determined by
calculating the doubling time (t) of each
culture in each treatment according to the
equation from Lee & Shen (2004). A low
doubling time value corresponds to a high
specific growth rate value, and vice versa (Liu
etal., 2011).

Microalgae strains with short doubling
times and high specific growth rates are
primarily developed for large-scale production.
These two characteristics are beneficial because
a shorter harvest time can be achieved. In
general, by comparing the optical density from
all  photoperiod treatments during the
cultivation, it is known that the photoperiod
treatment has a significant effect, and there is a
significant difference between the mean
absorbance values of each photoperiod
treatment within the 18 days of cultivation
(Table 1).

In this study, the highest biomass in terms
of dry cell weight was obtained from an 18:6
photoperiod treatment on the 15th day of
cultivation  (0.613+0.094 g/L). All the
treatments showed a similar trend for biomass
production in which the biomass increased from
the first day of cultivation and reached the
maximum on the 15th day of cultivation (Fig.
3(a)). The lowest biomass average was obtained
from the 24:0 photoperiod treatment
(0.228+0.104 g/L) (Table 2). The highest to the
lowest biomass productivity was obtained from
the 18:6, 14:10, 16:8, 12:12, and 24:0

photoperiod treatments, respectively (Fig.
3(b)).

In comparison to other studies, it is
known that optimal growth of Chlorella sp.,
Nannochloropsis salina, and Phaeodactylum
tricornutum is obtained in continuous (24
hours) photoperiod treatment (Sirisuk et al.,
2018), 12 hours regime per day results in better
production efficiency in Spirulina sp. (Budiardi
et al., 2010), exposure to lighting for 18 hours
per day provides maximum biomass in
Isochrysis galbana culture (Sirisuk et al.,
2018), a 16:8 regime is also known to provide
maximum biomass for Chlorella vulgaris
(Khoeyi et al., 2012).

Biomass production in most microalgae
species increases along with the longer
exposure time. This can occur because an
extended exposure period is usually followed
by an increase in reproduction to the highest
saturation point (Danesi et al., 2004). In recent
studies, higher light intensity and more
extended photoperiod (continuous light) can be
a stressor that results in decreased growth or
death due to photo-oxidation reactions in cells
and excess light that cannot be absorbed into the
photosynthetic apparatus (Richmond, 2004).
This could be why the 24:0 photoperiod
treatments gave the lowest dry cell weight and
biomass productivity.

Generally, microalgae synthesise low
lipid content when it is under enough nutrient
conditions. The main lipid components are
membrane lipids, such as phospholipids and
glycolipids. ~ However, under  stressful
conditions such as nitrogen deficiency, it is
known that the total lipid content increases with
TAGs (Triacylglycerols) as the dominant
component (Hu, 2004). Other factors, such as
COz concentration and light intensity, also play
an essential role in the mass culture and lipid
content of microalgae (Lv et al., 2010). Light is
known to be one of the triggers for fatty acid
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synthesis in microalgae (Thompson, 1996).
During this study, the total lipid content
increased over time in the 14:10, 16:8 and 18:6
photoperiod treatments (Fig. 4(a)). The highest
lipid content obtained on the last day of
cultivation is possible due to a gradual decrease
in cell division, and cells begin to store their
products in lipids, carbohydrates or proteins
(Guzman et al., 2010). Our findings indicated
similar results. Several previous studies have
shown that nitrogen and phosphate deficiency
during the late stationary phase can increase the
accumulation of lipid content in microalgae
cells but reduce biomass productivity (Rodolfi
et al., 2009).

Figure 4 (a) also shows that in the 12:12
and 24:0 photoperiod treatments, the total lipid
content tended to be constant and did not
exhibit a significant increase. This static total
lipid content resulted in low lipid productivity
in cultures treated with the 12:12 and 24:0
photoperiod treatments. This result aligned
with the low biomass production obtained from
the 12:12 and 24:0 photoperiod treatments. The
highest lipid productivity was produced in
cultures treated with the 14:10 photoperiod,
followed by 18:6 and 16:8 photoperiod
treatment (Fig. 4(b)). This study also showed a
significant difference between total lipid
content from 18:6, 14:10, and 16:8 photoperiod
treatments with the control (Table 3).

The carbohydrate content of microalgae
varies between species and growth conditions
(Templeton et al., 2012). Previous studies have
also reported that Euglena has no cell wall
made of carbohydrates. However, the
extraction results from the cell surface found
that it contains other compounds such as
glucose, mannose, mucosa, Xxylose, and
rhamnose (Barras et al.,, 1965). Overall, the
total carbohydrate content in the culture has a
similar trend to the biomass (Fig. 5(a)). This
finding indicated that the increasing
carbohydrate content also follows higher

biomass. The carbohydrate content was
increased from the beginning of the cultivation
and reached its maximum on the 15th day of
cultivation. This study showed that the highest
carbohydrate content and productivity were
obtained from the 18:6 photoperiod treatment
(Table 4) (Fig. 5(b)).

The production of carbohydrates is
known to be associated with photosynthesis,
which is greatly influenced by the intensity and
duration of light exposure. Carbohydrates have
an essential role in cell growth activity. Without
photosynthetic products, microalgae cells will
not be able to compose cell components, and no
products can be stored as food reserves (Ho et
al., 2011). Euglena is widely known as a
producer of paramylon (B-1,3-glucan), a form
of carbohydrate. The total amount of paramylon
content in Euglena's cells tends to increase
from the beginning to the end of the cultivation
process. These results indicated that paramylon
accumulation in E. gracilis does not depend on
temperature but rather depends on the stage of
cell growth (Wang et al., 2018). Thus, the lower
carbohydrate content on the 18th day in this
study is related to the growth phase in which the
culture was in the death phase.

Figure 6 (a) shows that the protein content
was similar between all photoperiod treatments
from the 9th day to the 15th day of cultivation.
The highest protein content in all photoperiod
treatments was obtained on the 18th day of
cultivation, with the maximum amount found in
the 18:6 photoperiod treatment. According to a
previous study, protein content in cells
(compared to dry cell weight) is highest when
cell growth is in the exponential phase and
tends to be constant in the stationary phase
(Wang et al., 2018). Kunne & de Groot (1996)
stated that protein synthesis in E. gracilis
depends on temperature and light, where high
exposure and low temperature can trigger
protein synthesis. Wang et al. (2018) stated that
apart from the influence of light and
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temperature, protein synthesis also depends on
the growth stage of E. gracilis cells. In this
study, it is known that the peak of the
exponential phase of culture in all treatments
occurred on the ninth day, and after that, the
cells entered the stationary phase. Thus,
according to Wang et al. (2018), the protein
content started to increase until the 9th day, and
after that, it was stagnant until the 18th day of
cultivation.

The protein content in Table 5 shows no
significant difference in numbers between all
photoperiod treatments. This is supported by
the protein productivity of Euglena sp. in all
photoperiod treatments, whose numbers were
also similar (Fig. 6 (b)). The highest protein
productivity was found in the 18:6 photoperiod
treatment, while the lowest was in the 24:0
photoperiod treatment.

Fig. 1. Isolated and cultivated Euglena sp. (10x10 magnification) (Renaldy, 2020).

Table 1. Optical density of Euglena sp. culture during 18 days of cultivation in various photoperiod treatment (Renaldy, 2020).

Photoperiod treatment Optical density (OD)
12:12 0.243%+0.086
14:10 0.418°+0.183
16:8 0.3652*+0.182
18:6 0.463°+0.230
24:0 (control) 0.2012+0.939

Data are expressed as mean * standard deviation (n=18). Identical letters indicate no significant difference (p>0.05).
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Fig. 2. (a) The growth of Euglena sp. (b) Specific growth rate of isolated Euglena sp. on various photoperiod treatment (Renaldy,
2020).

Table 2. Biomass of Euglena sp. culture during cultivation in various photoperiod treatment (Renaldy, 2020).

Photoperiod treatment Dry cell weight (g/L)
12:12 0.263%+0.106
14:10 0.367%+0.170
16:8 0.352%+0.163
18:6 0.419+0.184
24:0 (control) 0.2282+0.104

Data are expressed as mean + standard deviation (n=7). Identical letters indicate no significant
difference (p>0.05).
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Fig. 3. (a) Dry cell weight of Euglena sp. (b) Biomass productivity based on dry cell weight of Euglena sp. on various photoperiod
treatment (Renaldy 2020).

Table 3. Total lipid content of Euglena sp. culture during cultivation in various photoperiod treatment (Renaldy, 2020).

Photoperiod treatment Total Lipid (g/L)
12:12 0.106°+0.015
14:10 0.186+0.072
16:8 0.179b+0.047
18:6 0.203°+0.078
24:0 (control) 0.1122+0.016

Data are expressed as mean + standard deviation (n=7). ldentical letters indicate no significant difference (p>0.05).
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Fig. 4. (a) Total lipid content of Euglena sp. (b) Lipid productivity of Euglena sp. on various photoperiod treatment (Renaldy,

2020)

Table 4. Carbohydrate content of Euglena sp. culture during cultivation in various photoperiod treatment (Renaldy, 2020).

Photoperiod Treatment

Carbohydrate Content (mg/mL)

12:12
14:10
16:8
18:6

24:0 (control)

143.935%+67.032
314.958°+155.488
264.662%°+147.888
378.061°+252.135
106.224°+76.063

Data are expressed as mean + standard deviation (n=7). Identical letters indicate no
significant difference (p>0.05).
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Table 5. Protein content of Euglena sp. culture during cultivation in various photoperiod treatment (Renaldy, 2020).

Photoperiod treatment Protein content (pg/ml)
12:12 308.573%+105.275
14:10 343.484°+118.768
16:8 353.1812+94.760
18:6 371.142°+107.126
24:0 (control) 273.333%+110.181

Data are expressed as mean + standard deviation (n=7). ldentical letters indicate
no significant difference (p>0.05).
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4. Conclusions

Photoperiod is an essential factor in
determining optimal growth conditions in
microalgae cultivation in order to obtain the
highest productivity. The results of this study
indicated that the highest specific growth rate,
biomass, lipid, carbohydrate, and protein
content was obtained from the 18:6 photoperiod
treatment.  Therefore, 18:6 photoperiod
treatment is the optimal light regime for the
newly isolated Euglena sp. from Indonesia. The
present study was performed in laboratory
conditions in a small- scale condition. Further
study needs to be explored especially in outdoor
and large-scale conditions and take the cost of
production into account.
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