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In this study, the effects of different media and natural mineral waters on the
growth dynamics of Scenedesmus obliquus (Turpin) Kiitzing were investigated.
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can be thought that various chemical compounds and reproductive factors can be
added to increase the production within the natural mineral waters.

DOI:10.17216/LimnoFish.514166

* CORRESPONDING AUTHOR

dilekduygu06@hotmail.com
Phone : +90 532 328 2147

Keywords: Scenedesmus obliquus, microalgae, cell density, dry weight, natural
mineral water

Scenedesmus obliquus Suslarinin Farklh Besin Ortamlarindaki Biiyiime Kinetigi

Oz: Bu calismada, farkl1 besi ortamlar1 ve dogal maden sularmin Scenedesmus obliquus (Turpin) Kiitzing’in biiyiime dinamikleri
tizerine etkileri arastirilmustir. S. obliquus suslari, Ankara (Tirkiye) ilindeki gesitli tatli su kuyular1 ve havuzlarindan alinan
orneklerden izole edilmistir. izole edilen ii¢ S. obliquus susunun iiretiminde, dért kiiltiir besi ortanm ile dért dogal maden suyu
kullanilmustir. Kiiltiirlerin hiicre yogunlugu, kuru agirlik miktari, spesifik bilyiime oranlari, ikilenme siireleri ve klorofil-a miktarlari
hesaplanmustir. Sonuglar, farkli kiiltiir besi ortamlar1 ve dogal mineralli sularmn, son hiicre yogunlugunu, biyokiitleyi ve suslarin
biiyiime oranlarin1 6nemli 6lgiide etkiledigini gostermektedir. Bu ii¢ sus igerisinde, ScnGP susunda digerlerine oranla hiicre
yogunlugu, biyokiitle agirlig1 ve spesifik bilyiime hizi1 agisindan anlamli bir fark bulunmustur. Hiicre yogunlugu (7,4x10%+1,3x103
hiicre/mL), biyokiitle miktar1 (0,212+0,032 g/mL), spesifik biiyiime orani (0,024 h') ve klorofil-a (1,71+0,22 pg/mL) miktar1 Bold
Wynne besi ortaminda yetisen ScnGP susunda diger uygulamalara gére 6nemli 6l¢iide (P<0,05) daha yiiksek tespit edilmistir. Dogal
mineralli sulardan elde edilen sonuglarin kiiltiir besi ortamlarindan elde edilen sonuglar kadar iyi oldugu gozlenmistir. Dogal
mineralli sulara ¢esitli kimyasal bilesiklerin ve ireme faktorlerinin eklenerek iiretimin artirilabilecegi diistiniilmektedir.

Anahtar kelimeler: Scenedesmus obliquus, mikroalg, hiicre yogunlugu, kuru agirlik, dogal mineralli su
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Introduction

Microalgae are the main producers of organic
matter in aquatic environments. They are mostly
simple structured unicellular or multicellular, mostly
photosynthetic microscopic organisms like other
plants organisms with the chlorophyll in their cells.
By the photosynthetic pigments which they contain,
they convert solar energy into chemical energy

through photosynthesis (Humpry 2004; Murdock and
Wetzel 2009; Shelly et al. 2002). Because of this
function, they occupy an important place in the
inland waters (lakes, lagoons, streams, and dams) and
in the feeding of living beings in the seas and are the
basis of all production in aquatic environments
(Wang et al. 2008). The collection and use of
microalgae from the natural environments where it
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grows as a food source begins with the earliest
written date. However, the first microalgae culture
was obtained by Beyerinck as the pure strain of
Chlorella vulgaris on agar plates (Pringsheim 1946).
In the time according to the needs of mankind,
various usage areas developed (Brennan and Owende
2010).

The cell content of Scenedesmus consists of the
essential amino acids, protein, lipid, mineral matters
and pigments (especially chlorophyll) (Toyub et al.
2008). The biomass obtained by the cultivation of
Scenedesmus obliquus is used in many fields. These
include biodiesel and bioethanol production (Hodaifa
et al. 2008), nutritional supplements for animals
(Fallahi et al. 2014), efficient CO; fixation, the ability
to grow in wastewaters and accumulate lipids (Sforza
et al. 2014).

A large number of artificial media have been
developed in the cultivation of small-scale
production of monospecific microalgae cultures.
Since this type of cultivation is usually carried out in
laboratories, the costs of media are not considered.
However, the cost of mass production in the large
scale of microalgae cultivation is an important issue.
Domestic, agricultural and industrial wastewater
sources are being investigated for the solution of this
problem. During the cultivation, the usage of
wastewater which contains pollutants like pathogenic
bacteria and viruses, pesticides and heavy metals,
might threaten human and animal health. For this
reason, cultures exposed to these types of pollutants
are not required by the pharmaceutical, cosmetic or
food industries. It is very important to carry out all
kinds of cultural studies with the developed different
artificial cultivation medium. The usage of natural
mineral waters which is rich in nutrients, in large-
scale microalgae cultivation, is thought to be an
alternative solution as a cheap nutrient source for
microalgae production.

The aim of this study was to isolate S. obliquus
from freshwater sources, to investigate the effect of
culture conditions on growth Kkinetics and to
determine the effect of different media and natural
mineral waters on these dynamics.

Materials and Methods

Isolation and culture conditions

S. obliquus (Turpin) Kiitzing strains were
isolated from different freshwater pools and wells
in Ankara, Turkey. The collected freshwater
samples were brought to the laboratory and were
transferred to the liquid nutrient medium (1) prepared
for pre-enrichment of cultures (Table 1). Isolation
of strains was carried out by micromanipulation
method (Parvin et al. 2007). S. obliquus cells
observed under the microscope were taken by means

of a micropipette and transferred onto a sterile agar
plate. This procedure was repeated several times to
reduce bacterial contamination. These cells were then
transferred to the culture tube and placed under
appropriate low temperature conditions. The strains
were then inoculated into agar medium (2) for fulfill
purification (Table 1). Shortly thereafter, microalgae
colonies appeared on the agar plates. These colonies
produced into the agar surface were re-inoculated
into (1) numbered liquid nutrient medium and control
of growth was carried out by microscope.
Characteristic cells of S. obliquus were identified by
using species keys (Prescott 1973; Guiry and Guiry
2018). The coding of the strains was made according
to the locations where samples were taken (ScnWW
- Well Water), (ScnMP - Medico Social Pool) and
(ScnGP - Gazi University Pool).

Morphologies of algal colonies were determined
and examined the size and shape of the cells under
the microscope. In Figure 1, the taxonomic
classification of S. obliquus (Guiry and Guiry 2018)
and its appearance under the light microscope were
given.

Classification:
Empire Eukaryota
Kingdom Plantae Tt 8
Subkingdom Viridiplantae C .
Infrakingdom Chlorophyta ¥4 i
infrakingdom . >,
Phylum Chlorophyta R
Subphylum Chlorophytina S
Class Chlorophyceae 3 S
Order Sphaeropleales :

Family Scenedesmaceae p

Subfamily Scenedesmoidea = ¢

Genus Scenedesmus )

L

Figure 1. Classification (left) and microscopic images
(right) of S. obliquus.

In this study, Prat, Yagojinski, Knop, and Bold
Wynne Medium were used as culture nutrient media
(Andersen et al. 2005). Besides, four different natural
mineral water samples from various regions of
Turkey were used to grow S. obliquus. Compositions
of medium and natural mineral waters were given in
Table 1 and Table 2 respectively.

The light source (Philips, 50pmol photons
m2s1) was applied at a distance of 22 cm from the
cultures, horizontally, with a period of 16L: 8D and
cultivated at 22-25°C. S. obliquus has been found to
have a maximum grow rate of pH at 6.5-7. At the
beginning of the study periods, dilutions of 10 ml of
medium (10%, 102, 10%°) were inoculated to
determine the amount of inoculum. Cultures that
were allowed to incubate in the appropriate culture
conditions were recorded with and without
proliferating tubes, and (10?) efficient growth was
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recorded in dilution tubes. By determining the
amount of inoculum, media and natural mineral

Table 1. Chemical composition of the culture medium tested

waters cultures were realized as 9 ml of nutrient+1 ml
of suspension culture.

Culture medium compositions

Macroelements (1)! (2)? Prat Yagojinski Knop Bold Wynne
(/L) (g/L) (s/L) (/L) (/L) (g/L)
MgS04-7H.0 2.50 1.250 0.01 - 0.01 0.075
K2HPOg4 - - 0.01 - 0.02 0.075
KH2PO4 1.25 0.62 - - - 0.0175
Nacl - - - - - 0.025
CaCl2 - - - - - 0.025
KNOs 5.0 2.5 0.1 0.5 0.1 -
NaNO3 - - - - - 0.250
MgSOa - - - 0.1 - -
Na;HPO4 - - - 0.05 - -
FeSO4°7H20 0.009 0.009 - - - -
FeSO4 - - - 0.002 - -
FeCl2:6H20 - - 0.001 - 0.0001 -
Ca(NOs)2 - - - - 0.01 -
Agar - 5 - - - -
DW (mL) 1000 500 1000 500 1000 1000
Liquid nutrient medium, 2Agar medium
Table 2. Natural mineral waters and chemical contents
Macroelements Natural Mineral Waters
(one litter of mg) KANMW? KINMW? BENMW3 OBNMW*
Cations
Na 735.680 567.847 152.812 51.725
Ca 80.160 76.152 172.344 96.192
Mg 12.946 38.899 138.578 87.516
Fe-Al 1.300 24.691 4.816 0.158
Anions
SO4 25.400 110.080 147.300 9.250
cl 108.800 259.150 19.525 21.837
HCOs3 2.374.120 1.403.000 1.415.200 834.053
H2SiO3 35.556 63.700 52.100 45.500

Kizilay Afyonkarahisar Natural Mineral Water®, 2Kizilcahamam Natural Mineral Water®, *Beypazar1 Natural Mineral

Water®, *Ozkaynak Bursa Natural Mineral Water®

Detection of microalgae growth

Thoma slide is the most suitable for cell counts of
S. obliquus strains. Therefore, cell density (cells/mL)
were determined by counting 16 squares in Thoma
slide. The cell counts were carried out at the
beginning of the showing procedure at ranges of (0),
(24), (48), (96), (120) and (140) hours. The cell
densities were calculated using Eq. (1) (Guillard and
Sierachiki 2005):

Tx4000

Cell Number = @
16

(T: Total cell number on 16 squares; 4000: volume of
one square)

Specific growth rate and duplication time were
calculated using the growth kinetics. Specific growth
rate and duplication time is calculated shown in Eq.

2 and Eq. 3 (Godoy-Hernandez and Vazquez-Flota
2006).
= w )

(w: Specific growth rate; X1 and X2: Biomass
concentration at t1 and t2)

DT = ”‘TZ
(DT: Duplication time)

Determination of yields of cultures was done by
measuring the dry weights on the 140" hours of
cultivation of the cultures. The Whatman (GF/C)
filters were dried at 105°C until reach constant
volume. The filters were placed in the desiccator for
20 minutes to allow them to reach room temperature
and then weighed. 5 mL algal sample was
centrifuged, the supernatant was discarded and

@)
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washed with 20 ml of distilled water. The
samples were filtered through vacuum filtration.
The filters were dried at 105°C for 24 hours,
dry weight was determined by a digital balance.
The dry weight determination was carried out by
taking the difference between these two
measurements (Chia et al. 2013). All tests were made
in triplicate.

Chlorophyll-a determination

The biomass of S. obliquus strains was estimated
from their chlorophyll-a content measured
through the use of the methanol method (Youngman
1978). The microalgae samples (3 mL) were
filtered through Whatman glass-fiber filters (GF/C),
taken into a 100 mL beaker, and 14 mL of methanol
was added. The beaker was boiled at 70°C in a water
bath and rested for 5 minutes in the dark after the
boiling. Samples were centrifuged at 5000 rpm and
values were determined at 750 and 665 nm
wavelengths using Thermo Scientific
spectrophotometer (Genesys 10S UV-Vis). The
obtained data were calculated
by applying the following formula (Eq. 4)
(Youngman 1978).

Chlorophyll — a Concentration =
136 xAv/dV 4
(v = volume of the filtrate; d = 1 cm; V = sample to
be filtered first (I); A = Absorbance)

Statistical analysis

In this study, all analyses were performed in
triplicate (n=3). All data were presented as mean
values + and standard deviation (SD). The data, cell
density and biomass weights of strains were analyzed
statistically using ANOVA. The statistical analysis
was carried out using SPSS software.

Table 3. Growth performance of ScnWW strain

Results

S. obliquus was chosen for the study because of
high reproductive speed, tolerances to heat, high
economic values, resistance to illumination,
compliance with high concentration nutrients,
resistance to contamination of microorganisms, the
chemical structure of biomass, non-toxic substances.

The conditions for establishing an algal growing
system in the laboratory were investigated.
Prediction of growth through cell density and dry
weight of S. obliquus in different culture media and
natural mineral waters indicated that different growth
pattern.

The mean number of cells density and biomass
weights in (0) and (140) hours in the nutrient media
and natural mineral waters of the ScnWW strain were
shown in Table 3. When the mean differences in
nutrient media were examined, the number of cells
(5.7x10*:3.3x10° cells/mL) and the biomass weight
(0.0673+£0.027 g/mL) in the Bold Wynne medium
increased the most, while the number of cells
(4.3x10%£1.0x10* cells/mL) and biomass weight
(0.0585+0.021 g/mL) in the Yagojinski medium were
found to be lower at 140" hour. When the average
differences in mineral waters were examined, the
number of cells in the OBNMW (4.1x10%+8.8x103
cells/mL) was highest, while in the KANMW mineral
water (3.5x10%£1.1x10% cells/mL) the least increased
(Fig. 2). The results showed that the different culture
media significantly (P<0.05) affected the final cell
density, biomass and growth rates of ScnWW strain.
The final cell density and biomass of Bold Wynne
and Knop medium are significantly different from
(Prat, Yagojinski, KANMW, KINMW, BENMW,
OBNMW) which (P<0.05) but not significantly
different between each other (P>0.05).

Medium / Cell Density (cells/mL) Avr.£SD Biomass (g/mL) SGR! (n) DT2 Chlorophyll-
MW (oh) (140h) Avr.SD () (h) 2 (ug/ml)
Bold Wynne 3.4x10%+3.1x10° 5.7x10%+3.3x10° 0.0673°+0.027 0.018 38 1.11+0.43
Knop 3.1x10%+2.6x10° 5.5x10%+3.1x10° 0.0672"+0.011 0.017 40 1.10+0.45
Prat 3.2x10%5.6x10° 4.9x10%+6.4x10° 0.0594+0.015 0.017 39 1.02+0.39
Yagojinski 3.2x10%+2.8x10° 4.3x10%+1.0x10* 0.0585+0.021 0.016 44 1.01+0.37
KANMW 3.1x10*4.9x10° 3.5x10%+1.1x10% 0.0407+0.012 0.007 99 0.98+0.10
KINMW 3.3x10%+4.1x10° 3.8x10%+1.3x10* 0.0527+0.017 0.008 92 0.99+0.12
BENMW 3.2x10%+2.2x10° 3.9x10%+7.6x10° 0.0566+0.012 0.011 65 0.99+0.11
OBNMW 3.3x10%4.1x10° 4.1x10%+8.8x10° 0.0575+0.010 0.012 55 1.01+0.41

*P<0.05 significant difference, P>0.05 there is no significant difference; ANOVA test
1Specific Growth Rate, 2Duplication Time
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Figure 2. Cell density of ScnWW (cells/mL). Error bars represent the standard deviation for n=3
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Figure 3. Specific growth rates of ScnWW strain in different nutrient media and mineral waters

The mean number of cells density and
biomass weights in the culture media and natural
mineral waters of the ScnMP strain were shown
in Table 4. The number of cells (5.4x10*+3.2x10°
cells/mL) and the biomass weight (0.0769+0.029
g/mL) in the Bold Wynne medium increased
the most, while the number of cells (4.4x10%+£9.8x103
cells/mL) and biomass weight (0.0609+0.0219 g/mL)
in the Yagojinski medium were found to be

Table 4. Growth performance of ScnMP strain

lower. When the average differences in
mineral waters were examined, the number of cells
in the OBNMW (4.3x10%+8.1x10° cells/mL)
was highest, while in the BENMW mineral
water  (3.5x10*t7.5x10° cells/mL) the least
increased (Fig. 4). The final cell density and
biomass of Bold Wynne medium is significantly
different to the other culture media and mineral
waters.

Medium / Cell Density (cells/mL) Avr.x SD Biomass (g/mL) SGR!(w) DT? ChlorophylI-
MW (Oh) (140h) Avr.£SD (h) () @ (ng/mL)
Bold Wynne  3.2x10%+3.3x103 5.4x10%°+3.2x103 0.0769"+0.029 0.021 33 1.23%0.52
Knop 3.3x10*+2.2x10°8 4.7x10%+2.8x103 0.0684+0.0231 0.015 46 1.10+0.47
Prat 3.2x10*5.5x10°8 4.6x10%+£5.9x103 0.0612+0.0165 0.014 48 1.10+£0.41
Yagojinski 3.2x10%+2.1x108 4.4x10*+9.8x10° 0.0609+0.0219 0.012 58 1.07+031
KANMW 3.2x10*+4.7x10° 4.1x10%1.2x104 0.0523+0.0107 0.013 52 1.01+027
KINMW 3.1x10*+4.3x10° 3.7x10%1.1x10* 0.0568+0.0184 0.011 63 0.97+0.09
BENMW 3.1x10*2.7x10° 3.5x10%+7.5x103 0.0582+0.0121 0.007 95 0.99+.011
OBNMW 3.1x10%:4.3x103 4.3x10%+8.1x103 0.0602+0.0113 0.013 54 1.04+0.32

*P<0.05 significant difference, P>0.05 there is no significant difference; ANOVA test
1Specific Growth Rate, ?Duplication Time
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Figure 5. Specific growth rates of ScnMP strain in different nutrient media and mineral water.

Table 5. Growth performance of ScnGP strain

Medium / Cell Density (cells/mL) Avr.+ SD Biomass (g/mL) SGR!(u) DT? Chlorophy!l-
MW (Oh) (140h) Avr.x SD (hh) (hy 2 (ng/mL)
Bold Wynne 3.2x10%£2.4x103 7.4x10%+1.3x103 0.212"+0.032 0.024 29  1.71%0.22
Knop 3.2x10%+2.5x10° 7.1x10%"+3.1x103 0.207°£0.013 0.021 34  1.62£0.43
Prat 3.3x10%+3.2x103 6.7x10%+3.5x103 0.098+0.017 0017 42  1.48+047
Yagojinski 3.2x10%+2.3x10° 6.4x10%+6.2x10° 0.096+0.023 0.016 43 1.23+035
KANMW 3.1x10%+3.4x103 6.1x10%£2.1x10% 0.093+0.012 0.014 48 0.89+0.09
KINMW 3.2x10%+3.3x10° 5.8x10%:2.2x10% 0.0910.019 0.013 52  0.97x0.11
BENMW 3.2x10%1.2x10° 5.7x10%8.1x103 0.0910.014 0011 66  0.980.10
OBNMW 3.1x10%+2.2x103 5.9x10%£7.2x103 0.089+0.013 0.013 52 1.12%0.42
*P<0.05 significant difference, P>0.05 there is no significant difference; ANOVA test
1Specific Growth Rate, ?Duplication Time

The mean  number of cells and biomass amount (0.096+0.023 g/mL) were
biomass weights of the ScnGP strain were shown  obtained from Yagojinski culture  medium.
in Table 5. The maximum cell  When examined in terms of natural
density (7.4x10%£1.3x10®  cells/mL) and minerals, the highest number of cells
biomass amount (0.212+0.032 g/mL) in ScnGP and biomass were found in KANMW
strain  were determined in Bold Wynne (6.1x10%+2.1x10* cells/mL) and the
culture medium. As in other strains, the lowest lowest in BENMW (5.7x10*t8.1x10° cells/mL).
cell density (6.4x10°+6.2x10%® cellssrmL) and The final cell density and biomass of



Yalgcin Duygu 2019 - LimnoFish 5(2): 95-103

101

Bold Wynne and Knop  medium s
significantly different from others (Prat, Yagojinski,

KANMW, KINMW, BENMW, OBNMW) which
(P<0.05).

90000
80000
70000
60000
50000
40000
30000
20000
10000

0

Cell Density {cells/mL)

ddl

Bold
Wynne

Knop Prat

mOh 24h 48 h

Cell Density of ScnGP

Yagojinski KANMW KINMW BENMW OBNMW

il i

96h W120h ®140h

Figure 6. Cell density of ScnGP (cells/mL).

Error bars represent standard deviation for n=3.

ScnGP Speci

0.03

0.025

©
©
5]

Growth rate (h-1)

©
o =]
(=] -
=1 wn

©
8

(=]

@— Knop
o— KINMW

—e— Bold Wynne

—e— KANMW

fic Growth Rate

120 140 160

80
Time (Hour)

Prat Yagojinsk

—e— BENMW —e— OBNMW

Figure 7. Specific growth rates of ScnGP strain in different nutrient media and mineral waters

The maximum growth rate of ScnWW
(0.018 hY) strain was reached on the 96" hour under
Bold Wynne media and its duplication time was
found 38 h* (Table 3 and Figure 3). The maximum
growth rate of ScnMP (0.021 h?) strain occurred on
the 96" hour in Bold Wynne media and duplication
time was 33 h*! (Table 4 and Figure 5). The algal
growth rate was highest under Bold Wynne culture
media (0.024 h') in ScnGP strain and duplication
time was 29 h'* (Table 5 and Figure 7).

Discussion

Nutrient availability, light intensity, temperature,
pH and salinity are the main external factors of
microalgal growth, reproduction, and morphology.
The quantity and quality of nutrients are the most
important parameters regulating the growth and
reproduction of microalgae. Essential nutrient
substances must be supplied for the cultivation of
microalgae at the optimum concentration. The
presence of nitrogen, phosphorus, sulphur and trace
elements is important for the reproduction of
microalgae (Blair et al. 2013). Sulphur is a

predominant element in proteins and in various
coenzymes (Bhamawat 2010). Nitrogen is an
indispensable element of all structural and functional
proteins in algal cells. The lack of phosphorus in the
culture medium affects not only chlorophyll
synthesis but also the growth and metabolism of cells
(Liang et al. 2013; Chu et al. 2007). In this study,
different phosphorus and nitrogen sources were used
in the culture media (Table 1). When the media was
examined for S. obliquus strains, the best
reproduction was detected in the Bold Wynne
medium and the lowest reproduction was found in the
Yagojinski culture medium. The higher biomass
productivity of S. obliquus grown in Bold Wynne
media might be related to concentration of K;HPOs,
KH2PO4, and NaNOs as a source of phosphorus and
nitrogen, respectively.

The highest cell density (7.4x10%+1.3x10°
cells/mL) of ScnGP strain grown in Bold Wynne was
significantly (P<0.05) higher than that of growing in
all other treatments. S. obliquus's maximum cell
count (136.3x10%ml) and the specific growth rate
(0.32 - 0.42 pg/day) were determined by Toyub et al.
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(2008). Al-Shatri et al. (2014) produced the strain of
Scenedesmus dimorphus in BBM medium and
the final cell number was found to be (2.5x10*
cells/mL), the specific growth rate was (0.104 u/day
1. Latiffi et al. (2017) in their study on Scenedesmus
sp., the cell number (1x10* cells/mL), specific
growth rate (0.412 p/day™) and doubling time (1.680
day?) was found. In this study, as in cell density,
the highest dry weight was obtained from cultivation
of ScnGP strain in Bold Wynne medium
(0.212+0.032 g/mL). S. obliquus was grown at
different concentrations of NaCl in Bold
Basal Medium (BBM) by Salama et al (2013).
The highest dry weight of S. obliquus was determined
at 25 mM NaCl as 0.65 g/L. In the study conducted
by Eida et al. (2018), the highest dry biomass of
S. obliquus was measured as 0.529 and 0.524 g¢/L in
(0.5% Wastewater and 25% BBM and 100% BBM)
mix medium. There are some differences in cell
density and dry weight between the studies in the
literature and the results of this study. These
differences are thought to be the result of the medium
used, culture conditions, culture amount,
characteristics of the strains and the purpose of the
studies.

Different culture medium and mineral waters
showed a significantly different effect on
chlorophyll-a content of S. obliquus strains.
The chlorophyll-a content of S. obliquus
strains grown in Bold Wynne medium was found to
be higher than those of other culture media
and natural mineral waters. The highest total content
of chlorophyll-a found in the ScnGP (1.71+0.22
pg/mL), followed by ScnMP (1.23+0.52 pg/mL)
and ScnWW (1.11+0.43 pg/mL) (Table 3, 4 and 5).
In other studies on S. obliquus, the amounts
of chlorophyll-a were found as 0.64 ug/mL, 1.819
pg/mL and 10 ug/mL (Rinanti et al. 2013; Kabir et
al.2017; Chen et al. 2011) respectively.
It was observed in this study that S. obliquus
strains were found to have differences in the number
of cells (P<0.05) and biomass values (P<0.05)
compared to the culture media and natural
mineral waters. Differences were observed between
strains in the experiments performed with the media
used in the production of S. obliquus strains. In 3
isolates, there was a significant difference in ScnGP
strain in terms of cell density, biomass weight,
chlorophyll-a, and specific growth rate compared to
others.

When each culture media and mineral waters are
compared, it can be said that the culture medium
efficiency better results in terms of both cell density
and biomass weight. Also, it was determined that
strains which were cultured in mineral waters
produced significantly.

When mineral waters were examined in their own
form, the strains (ScnWW and ScnMP) values were
higher in OBNMW mineral water whereas in
KANMW mineral water, ScnGP strain had more
reproduction. In aquatic environments, it is thought
that Cl, Na and K ions do not directly affect the
appearance of algae species in the environment. On
the other hand, it was found that the density of the
ions mentioned indirectly influenced the osmotic
pressure, pH, and single and divalent ion values.
These experiments with mineral waters, it was
observed that Na and CI ions were different in four
mineral waters (Table 2). In the four mineral waters
tested, Ca, Mg, Fe, Al, Si, N elements are available.
The amounts of these elements differ in four mineral
waters. As a result, natural mineral waters can be
used as a cheap source of algae production. In
addition, various chemical compounds can be added
as factors affecting reproduction to increase
production.

In conclusion, the effect of different culture
media and natural mineral waters on the growth of
freshwater microalgae S. obliquus strains were
investigated. It was clearly seen that Bold Wynne
media has a greater impact on the growth of strains
when compared to other media and natural mineral
waters. The use of natural mineral water has been
considered as a cost-effective and abundant source
for the growth of S. obliquus strains. The natural
mineral water will be beneficial for microalgae
production, but the development of microalgae
cultivation process should be thought in mineral
water. It is thought that in the advanced stages, the
effects of the species produced in mineral waters on
the amount of intracellular lipid will contribute to the
studies to be performed in biodiesel production.
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