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Introduction

Probiotics are bacteria

and vyeasts that are

Illuminations. Turkish Journal of Fisheries and Aquatic Sciences, 22(10), TRJIFAS20844.

Abstract

The blue-green algae Spirulina platensis Geitler 1925 has been used by people since
ancient times due to its high protein content. This study was conducted to determine
the effect of a Probiotic-Prebiotic (P-P) product, which contains Bifidobacterium
infantis, Bifidobacterium thermophilum, Leuconostoc mesenteroides as probiotic
bacteria, and beta-glucan and oligosaccharide as a prebiotic mixture on S. platensis. In
the study, four groups were one of which was a control. In this study, we investigated
whether the P-P product contributed to the biomass development and protein
production of S. platensis under different temperatures and lighting conditions. In
terms of biomass, the P-P product gave different responses at different temperatures
and light intensities, but its results were positive in all groups in terms of protein ratio.
The most positive effect on biomass and protein content was in the group where
0.1 ml/L P-P product was added, at 40°C and 3200 lux with 68.71% protein content and
an average OD of 0.727.

intestine undigested. They are then used as an energy
source in the intestine to support the growth of
beneficial bacteria (Gibson & Roberfroid, 1995; Gibson

beneficial for human health, especially in relation to the
digestive system. The digestive system naturally
contains a wide variety of bacteria, some of which are
harmful, and some that are benefical. Probiotics are
bacteria that are beneficial to the body, and these
bacteria contribute to resistance to many diseases. In
particular, studies support their protective properties
against cancer (Davani-Davari et al., 2019; Ram et al.,
2020; Sharma et al., 2020).

Prebiotics are non-digestible compounds that
provide nutrients for beneficial bacteria in the intestinal
flora and help them reproduce, enabling inactive
bacteria to become active and to multiply. Prebiotics are
usually found in plants; when they are consumed they
are not digested immediately and manage to reach the

et al., 2017). While probiotics can help regulate the
digestive system and support the immune system,
without the nutritive effect of prebiotics, their effect is
limited. Studies have proven that appropriate
combinations of probiotic and prebiotic products
provides a more protective effect than either acting
alone (Bengmark, 2005).

Spirulina is a multicellular, filamentous blue-green
algae used as a protein and vitamin supplement in the
health food industry. The quality and high protein
content of Spirulina (up to 70%) is much higher than the
widely known vegetable protein sources as dry beans
(35%), peanuts (25%), or grains (8%-10%). Another
feature of Spirulina is that - unlike eukaryotic green
microalgae such as Chlorella, Ankistrodesmus,
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Selenastrum, Scenedesmus - it can be easily digested
due to the absence of cellulose in the cell walls.
Approximately 18 h after ingestion, 77%-95% of the
protein is digested (Habib, 2008). Found mainly in
alkaline lakes, Spirulina has been used as food since
ancient times, especially by people living in areas close
to those lakes (Holman & Malau-Aduli, 2013). Today,
Spirulina is commercially produced and actively used
worldwide (Muhling et al., 2005).

Clinical studies have shown that Spirulina has a
supportive effect on the treatment of many diseases.
Spirulina capsules are effective in lowering the lipid level
in the blood and improving the immunological function
that is weakened due to the reduction of leukocytes
after radiotherapy and chemotherapy (Liu & Zhang,
2002).

Studies undertaken so far on Spirulina have studied
its antioxidant properties, protein content, lipid content,
and influence on cancer cells. Studies on prebiotic-
probioticinteractions generally have focused on the
effects of these products on human and animal health.
Unlike other studies, in this study, the contribution of
probiotic-prebiotic products on the development and
nutritional content of Spirulina platensis was
investigated. Thus, the content of Spirulina, which is of
critical importance for human and animal health, has
been made more effective by using prebiotic probiotics
even at low temperatures, and preparations have been
made for future antioxidant and cancer studies.

Material and Method
Microorganism and Culture Medium

S. platensis obtained from the Ben-Gurion
University of the Negev was used in this study. Zarrouk’s
medium (Zarrouk, 1966) used for -culture was
autoclaved before the prebiotic-probiotic product was
added. A probiotic-prebiotic (P-P) product containing
Bifidobacterium infantis, Bifidobacterium
thermophilum, and Leuconostoc mesenteroides as a
probiotic  mixture, and a beta-glucan and
oligosaccharide mixture as prebiotics was added to the
autoclaved nutrient medium after cooling as 0.01, 0.05,
0.1 mL/L. Zarrouk’s medium without P-P products were
used as the control groups. Apart from the experimental
groups, 0.01, 0.05, 0.1 mL/L P-P were added to the
Zarrouk’s medium separately to determine the effect of
bacteria in the P-P product on optical density, and algae
were not cultivated in these groups. These groups were
cultured for 20 days as in the experimental groups.
Measurements made during the 20-day trial were too
small to affect the experiment, so they were excluded
from the calculations.

Experimental Design

The effect of the P-P product on S. platensis was
tested under four environmental conditions at different

temperatures and lighting. These were 1600 lux
illumination at 20°C, 3200 lux illumination at 20°C, 1600
lux illumination at 40°C, and 3200 lux illumination at
40°C. Cool White illumination was applied under a 12 h
light, 12 h dark cycle. S. platensis was added to the
prepared media at a ratio of 1/10. The biomass of algae
was measured at 680 nm using SP-3000 Nano (UV/Vis
Spectrophotometer, OPTIMA Tokyo, JAPAN) at the same
time each day for 20 days.

After sufficient biomass was obtained, the algae
were harvested by centrifugation and dried at room
temperature. After the dried algae were pulverized,
protein analysis was performed by the Kjeldahl method
to determine the effect of P-P on the protein content of
the algae.

Protein Analysis with the Kjeldahl Method

To be used in crude protein analysis, 0.32 g of dried
algae was weighed, and Two of these weighed samples
were taken into the tubes of the Kjeldahl device as
blanks. One catalyst tablet (1.5 g K2SOs and 7.5 mg
Selenium mixture) was placed into each tube with 6 ml
of sulfuric acid (H2504) and 1 ml of hydrogen peroxide
(H202). The samples were burned in the incinerator at
420°C for about 3 h, until the tubes turned a green-
yellow color, then the samples were cooled to room
temperature. For the distillation process, 40 ml of 40%
NaOH, 20 ml of 4% boric acid, and 20 ml of purified
water were also added. The distillation occurred at a
minimum temperature of at least 100°C. Two drops of
indicator (methyl red) were dropped into an empty
Erlenmeyer and placed in the distillate capture part of
the Kjeldahl instrument for distillation. The process
continued until approximately 150 ml of liquid
accumulated in the Erlenmeyer (10 minutes). The
samples were then titrated with 0.1 N HCl to calculate
the percentage protein (Feldsine et al., 2002). The
protein amount was made according to the following
formula (Kjeldahl, 1883).

Protein% (dw)= Nitrogen% x 6.25 = {1 OXNX00

x 100=...8/100 g

V1 : Volume of 0.1 N HCl used in the sample
titrations

Vo : Volume of 0.1 N HCl used in the blank
titrations

m : Sample weight (g)

N : Normality of the standard acid (eq/l)

dw : Dry weight

Statistical Analysis

The optical density and the extracted protein
contents from the four groups were compared using a
one-way ANOVA and Duncan’s multiple comparison
method. The level of significant difference was at
P<0.05.
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Results

S. platensis Culture at 20°C and 1600/3200 Lux Light
Intensities

The opitical density (OD) of the culture performed
at 20°C and 1600 lux light intensity was measured to be
0.736, 0.993, 0.881, in a nutrient medium enriched with
0.01 mL/L P-P, 0.05 mL/L P-P, and 0.1 P-P mL/L,
respectively (Figure 1). At the same temperature at 3200
lux light intensity, OD was as 0.947, 1.291, 1.099 in
nutrient media enriched with 0.01 mL/L P-P, 0.05 mL/L
P-P, and 0.1 P-P mL/L, respectively (Figure 2).

When the growth chart of S. platensis was
examined, no differences were observed at either 1600
or 3200 lux illumination until day 7. However, from the
day 7, the growth was faster than the control groups at
both light intensities. This rapid growth occurred at both
light intensities, but OD was higher at 3200 lux light
intensity (Figures 1, 2).

S. platensis Culture at 40°C and 1600/3200 Lux Light
Intensities

In the culture study conducted at 40°C, there were
no significant differences between the groups until day
7 at 1600 lux light intensity or 3200 lux light intensity.
(Figures 3, 4).

The Protein Content of S. platensis Cultured at
20/40°C Temperatures and 1600/3200 Lux Light
Intensities

When the experiments were examined, it was seen
that all cultures made at 3200 lux illumination and 40°C
were the most efficient in terms of protein content
compared to other culture conditions. However, it was
observed that the most efficient group in the culture in
the study conducted at 3200 lux and 40°C was the group
with 0.1 mL/L P-P added (Figure 5).

== _control

0.01 mL/L P-P

=#=0.05 mL/L P-P =>=0.1 mL/L P-P

1 2 3 4 5 6 7 8 9

Time (day)

10 11 12 13 14 15 16 17 18 19 20

Figure 1. The optical density of S. platensis cultured at 20 °C and 1600 lux.

== _control

0.01 mL/L P-P

==#=0.05 mL/L P-P =>=0.1 mL/L P-P

1 2 3 4 5 6 7 8 9

Time (day)

10 11 12 13 14 15 16 17 18 19 20

Figure 2. The optical density of S. platensis cultured at 20 °C and 3200 lux.
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=== control 0.01 mL/L P-P e=fe=0.05 mL/L P-P e>e=0.1 mL/L P-P

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (day)

Figure 3. The optical density of S. platensis cultured at 40°C and 1600 lux.

=== control 0.01 mL/LP-P  =#=0.05mL/L P-P  ===0.1mL/L P-P

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (day)

Figure 4. The optical density of S. platensis cultured at 40°C and 3200 lux.
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Figure 5. The total protein amount of S. platensis cultured at 20/40 °C and 1600/3200 lux
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Statistical data on the OD and protein content of
biomass obtained from S. platensis culture with 20/402C
and 1600/3200 lux light intensities are given in Table 1.
Considering culture grown at 20°C and 1600 Lux, the
highest protein content was observed in the 0.1 mL/L P-
P group with 39.45%. In the culture grown at 20°C and
3200 Lux, the highest protein content was found again
in the 0.1 mL/L P-P group with 42.76%. In the culture at
40°C at 1600 lux and 3200 lux, the highest protein was
observed in the 0.1 mL/L P-P group, 65.02%, and
68.71%respectively. When all experimental groups were
examined, it was found that the 0.1 mL/L P-P group was
the ideal group for S. platensis.

Discussion

For centuries, people have harvested Spirulina in
Lake Chad in Africa and Lake Texcoco in Mexico due to
its high nutritional content (Tomaselli, 1997). Spirulina
an important algal species with a high nutritional value
and nutraceutical properties relating to its, chemical
composition, provitamins, minerals, proteins,
polyunsaturated fatty acids, and antioxidant activity
(Miranda et al., 1998; Belay et al., 1993). Therefore, both
biomass efficiency and biomass content of Spirulina are
important. The biomass yield and biomass content of
Spirulina depends on the nutrient availability of the
culture medium and environmental factors such as pH,
light, and temperature. Zarrouk’s medium is considered
the standard medium for growing Spirulina. In most
previous studies, Zarrouk’s medium or environmental
conditions were altered, and the effects of these
changes on algal biomass, protein, lipid, or other cell
contents were investigated. In this study, the
contribution of P-P added to the Zarrouk’s medium on
the optical density and protein content of Spirulina
cultured in different temperature and lighting
conditions was investigated (Tomaselli et al., 1988; Colla
etal., 2007; Yucetepe et al., 2021). According to the data
obtained from the experiments at 20°C, it was
determined that the best OD measured at 680 nm at
both light intensities was in the nutrient medium in
which 0.05 ml/L P-P product adds. It was determined
that the best optical density of the culture made at 20°C
and 1600 lux was 0.4922+0.3284, and the optical density
of the culture made at 3200 lux was 0.5100+0.4256.
Additionally, in the study at 20°C, it was determined that
the algae culture in the nutrient media added P-P
product showed better growth than the control group.
These results show us that the bacteria in the product
are effective even at low temperatures.

At high temperatures, the biomass development of
Spirulina is already higher than at low temperatures.
This result has been proven in many previous studies
(Torzillo et al., 1984; Tomaselli, 1997; Seyhaneyildiz Can
et al., 2017). Furthermore, Koru and Cirik (2002)
determined that the biochemical structure of S.
platensis did not deteriorate at temperatures up to 40°C
and that phycobiliproteins increased with the increase

in temperature. Therefore, in this study, above 40°C was
not studied. In the study conducted at 40°C, at 1600 lux,
the highest biomass increase was found as
0.5146+0.4151 in the group with 0.1 mL/L P-P added. In
the study conducted at 3200 lux at 40°C, the highest
biomass increase was found to be 0.727040.4812 in the
group with 0.1 mL/L P-P added. Compared to previous
studies, it is seen that a higher optical density was
obtained in this study (Hadiyanto et al., 2014; Michael
et al.,, 2019). These results show that the nutrient
mediums enriched with P-P are more efficient
concerning algal biomass. In previous studies, it has
been determined that the protein content of algae, like
biomass, is affected by seasons and changing
environmental factors (Tomaselli et al., 1988; Colla et
al., 2007; Adahoglu and Caliskan, 2020; Yiicetepe et al.,
2021). Although S. platensis is an alga that grows more
efficiently in tropical climates, in this study, it was
cultured at both 20°C and 40°C to investigate the effect
of P-P product on algin protein content at low and high
temperatures. Additionally, the optimum growth
temperatures, of L. acidophilus and Bifidobacterium spp.
are 35-38°C and 37-40°C, respectively (Lee et al.,1999).
Therefore, in yogurt production, it is recommended that
the incubation temperature is usually between 37 and
40°C to accelerate the development of probiotic
bacteria and to keep the viability of the cultures at the
highest level. (Lee et al., 1999). Despite all these results,
in the study at 20°C, it was determined that the algae
culture in the nutrient media added P-P product showed
better growth than the control group. These results
show us that the bacteria in the product are effective
even at low temperatures. When the protein content of
the culture made at 20°C and 1600 lux was examined, it
was observed that the best result with 39.4533+0.0777
in the 0.1 mL/L P-P added group. At the same
temperature, in the 3200 lux, the highest protein
amount was 42.7633+0.5859 in the 0.1 mL/L P-P group.
The present study showed that compared to other
experiments performed at low temperatures (Uslu et al.,
2009), the protein content was higher, and P-P has a
positive effect on algal protein even at low
temperatures.

The study at 40 degrees yielded more effective
results in terms of protein as in biomass compared to 20
degrees. In the examination conducted at 40°C, 1600
lux, the highest protein content was in the group with
0.1 ml/L P-P added with 65%. In the study conducted at
the same temperature at 3200 lux, the highest protein
content was 68.7% in the group with 0.1 mL/L P-P
added.

Torzillo et al. (1984) state that protein content
decreased above 402C in their studies. However, the P-
P product given to the medium in this study had a
positive effect on the protein of S. platensis, and the
algal protein was increased compared to the control
group at both low and high temperatures. When the
studies are examined, there is no example of probiotic-
prebiotic application to algae. However, some
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polysaccharides obtained from algae are used as
probiotics. For example, it has been reported that the
polysaccharides called laminarin and fucoidan, obtained
from brown algae such as Ascophyllum nodosum and
Laminaria sp., increase the probiotic feature in the
microflora and immune system of piglets. They also
determined that the extracts obtained from Laminaria
hyperborea positively affected the growth of lactic acid
bacteria and Bifidobacterium species in the large
intestine. (Reilly et al., 2008, O’Doherty et al., 2010,
Smith et al., 2011). Many similar studies have also been
conducted on the use of algae as P-P. As is known, algae
have many uses as health, foods, and in cosmetics.
Spirulina has been used as a protein-rich species for a
long time mainly. However, today it has become one of
the species that attracts attention in the field of health
not only with its protein content but also with its
antioxidant properties. For this reason, enriching
Spirulin”s ingredients, especially its nutritional content,
will make the algae more efficient. Both the biomass and
protein content of algae was successfully increased by
using P-P in this study. The fact that there is no previous
study to determine the contribution of P-P products
applied to algae to algae development and protein
content is valuable in terms of the originality of this
study. Additionally, it provides a starting point for
further studies on the effect of P-P on the antioxidant
properties of algae, which are planned the future.

Conclusion

Spirulina  platensis is protein-rich  species.
Especially today, where the population is increasing
rapidly, there is a problem of finding quality food.
Considering that the world population will increase,
even more, it is an undeniable fact that there will be a
shortage of agricultural land to be planted. In such a
case, it is essential to carry out studies that can obtain
more efficiency from algae, the aliment of the future. In
this paper, we showed that P-P has a significant effect
on the biomass and protein production of S. platensis,
depending on temperature and lighting. Spirulina
production is not preferred in cold regions since the
amount of biomass and protein decreases at low
temperatures. In this study, even at 20°C using P-P, we
achieved a sufficient percentage of biomass and protein
0.4390+0.2861 (ODeso) and 39.4533+0.0777 (%dw),
respectively. The biomass and protein of the culture at
40°C were much higher (OD680: 0.7270+0.4812 and
protein: 68.7133+0.3050 % dw). In this study, it was
determined that algae culture made with the addition of
P-P was more efficient in terms of both biomass and
protein.

Ethical Statement

This article does not contain any studies with
animals performed by any author.

Table 1. Statistical data on OD and protein ratio of S. platensis at 20 °C / °40 C and 1600/3200 lux.

40°C

3200 lux

Protein (% dw)

65.9733¢£0.0351

67.3867+0.2665

67.5033+0.0153

68.71332+0.3050

ODsso

0.5309°+0.3657

0.5375+0.3477

0.640620+0.4492

0.7270°+0.4812

1600 lux

Protein (% dw)

62.06009+0.0888

64.3100°+0.1114

64.4900°+0.1114

65.02332+0.0611

ODsso

0.35435+0.2862

0.3756+0.3061

0.438320+0.3636

0.5146°+0.4151

20°C

3200 lux

Protein (% dw)

40.1067¢°+0.8392

41.9200°+0.1709

42.73002+£0.1732

42.76332+0.5859

ODeso

0.34745+0.3090

0.3630+0.3166

0.51002+0.4256

0.449220+0.3451

1600 lux

Protein (% dw)

35.8433+0.1193

36.1433+0.2873

39.12002+0.7709

39.45332+0.0777

ODsso

0.3317+0.2022

0.3095+0.2195

0.49223+0.3284

0.4390°+0.2861

Groups

Control

0.01 mL/L P-P

0.05 mL/L P-P

0.1 mL/L P-P
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