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ARTICLE INFO ABSTRACT

Article History Cultivation Chlorella vulgaris still remains a challenge for
Received:28/7/2022 scientists against the background of the cultural systems and the
Accepted:20/9/2022 different cultural media deployed. In this context, our study aimed

Available:23/9/2022 to a comparison of culture media BG11 known for its validity in the

culture and new media GS1 and GS2 (rich in ammoniacal and nitric
nitrogen) easy to prepare and used. Further culture parameters were
involved such as photoperiod (16 h and 24 h) and the materials of
the culture contents used in the bioreactor (glass bottles, plastic
bottles in LDPE (low-density polyethylene) and plastic bottles in
PET (polyethylene terephthalate)). The obtained results indicated
that these parameters displayed a direct effect on the productivity of
the culture and that their effect was mutual. However, for optimal
production of C.vulgaris biomass, it is recommended to use a GS1
culture medium at a photoperiod of 24h, for a production of 50.6 x
108 cells/ml, and fresh biomass of 0.35 g/L. It is however advised to
respect the different types’ rates of nitrogen in order to avoid cell
division inhibition. Therefore, a concentration of 0.13 g/L of nitric
nitrogen and 0.28 g/ L of ammoniacal nitrogen is required, with a
low dose of urea nitrogen of 0.34¢/ L.

The use of PET plastic in the bioreactor restricts the
adhesion of the culture to the cylinders’ walls, and with reduced
loss rate, a homogeneous diffusion of the light in the totality of the
cultures, and a lifetime of the bioreactor remains greater.
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INTRODUCTION

The species Chlorella vulgaris
named Chlorella, is a unicellular freshwater
microalga characterized by a considerable
concentration of chlorophyll, edible for
humans and animals. This species contains
60% of proteins useful for human food,
zooplankton and fish  breeding. The
composition is of great interest due to its
richness in several vitamins such as
provitamin A, B1, B2, B3, B5, B6,B12,C, E
and K. Furthermore, its richness in
unsaturated essential fatty acids (omega-3
and omega-6), some minerals (iron, calcium,
magnesium, zinc, potassium, etc.), and some
enzymes and peptides (Larrondo Muguercia
et al., 2020; Gael and Bruno, 2014);

This microalga includes further
natural constituents that could ameliorate
human and animal health. In addition, this
species has shown detoxifying effects of
heavy metals and other harmful compounds
(lead, cadmium and naphthalene), and has
shown also significantly reducing oxidative
stress induced by these harmful compounds,
with an increase in antioxidant activity
(Rastoin, and Robin, 2016).

Chlorella is cultivated through
various processes and cultural media. Its
organic production currently motivates
researchers and technologists who invest in
improving productivity with the aim of
achieving sustainable biomass and ensuring
an ecologically and also economically viable
bioresource.

The nutritional composition of
Chlorella vulgaris is strongly influenced by
the cultivation methods, the climatic
conditions and the selected culture medium.
Such as microalgae, culture procedures must
be carried out with rigor and requirement
(Gael and Bruno, 2014). Recent literature
data have shown that microalgae, in the form
of «organic » or «bio », are polluted with
heavy metals or contain high levels of
undesirable toxins. Most of these microalgae
are cultivated in the open air under very
profitable economic conditions (Kuo et al.,
2021). However, microalgae cultivated in a

closed and well-controlled environment,
notably in glass tubes, are those providing
the best guarantee of purity. Knowing that
fermenters or bioreactors can also provide an
identical guarantee of purity, but remain very
expensive (Cathaud, 2021). The capacity of
Chlorella to fix heavy metals leads to the use
of a controlled closed device, avoiding any
contact with air or water pollutants, and thus
ensuring a superior quality of the final
product (Gael and Bruno, 2014).

Several culture media have been
tested and used in biomass production.
Ilavarasi et al. (2011) summarized the effect
of several cultural media on the quantitative
and qualitative proliferation of Chlorella
vulgaris. Among these studied cultural
media, we can cite: the modified Hoagland
medium (MHM), the basic Bold medium
(BBM), the acidified basic Bold medium
(ABBM), and the Half strength Chu 10
medium (HC10), and the BG11l medium
(BGM). Other researchers such as Hadj-
Romdhane et al. (2012) based their work on
the use of Sueoka Autotrophic medium.
Most of the results ensure that C.vulgaris
requires a constant supply of Nitrogen in the
form of NH4+, which should be 5 mmol/L as
recommended by Van de Catsije et al.
(2018).

Chlorella has also a unique
characteristic that allows cells to reproduce
rapidly. Scientists call this phenomenon the
Chlorella Growth Factor (CGF). This is a
complex that occurs during photosynthesis
and allows each cell of chlorella to double in
size approximately every 20 hours (Gael and
Bruno, 2014). The chlorophyll content in
C.vulgaris is stimulated by the high light
intensity with a 12-hour photoperiod. This
chlorophyll is detected through its color
change, turning to dark green (Madhubalaji
et al., 2020). Belkoura and Dauta (2008)
found that the maximum growth rate is
recorded at a temperature of 35°C, under an
intensity of 300 uE.m-2. s-! and continuous
illumination. Thus, it is feasible to direct the
cellular metabolism of this species towards
the production of the desired metabolite, by
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selecting the appropriate environmental
conditions and the time of algal biomass
harvest.

The cultivation of Chlorella
vulgaris must be carried out with rigor and
requirement since it is easily influenced by
the cultivation conditions and the
environment. For this purpose, our study
aimed to address and develop a highly
productive, and thus economically profitable,
production process for Chlorella. Another
factor determining the production was also
considered in this study. It concerns the
adherence of cells to the wall of the culture
flask, thus reducing the harvest rate.
Therefore, the selection of the culture
medium should be the least complex in its
composition, thus ensuring the ecological
and economic framework of this production.

MATERIALS AND METHODS
1-Multiplication of The C.Vulgaris Strain
In Solid Culture Medium:

The Chlorella vulgaris strain was
isolated from freshwater aquaculture, in
March 2019 in Sidi-Bel-Abbes city, and
identified by the Agro-Biotechnology and
Sustainable Development (ABDD) research
team of Nutrition Pathology Agro-
Biotechnology and Health Laboratory at
Djillali Liabes University of Sidi-Bel-Abbes.
This strain was multiplied in Petri dishes in
two different media (BG11, GS1), with five
duplicates for each medium. Petri dishes

were incubated at a photoperiod of 12 hours,
a light intensity of 2000 pmol m-! S-!, and at
25°C. After 15 days of growth,
transplantation was performed from solid to
liquid medium to guarantee its culture.
Rigorous monitoring of the growth was
based on microscopic observations, its
proliferation and the color of the culture.
The biomass in a liquid medium in the
bioreactor was collected every 10 days by
filtration through a sterilized 25 um sieve, to
be weighed in a fresh and dry state.
2-Optimisation of the Liquid Culture
Medium:

Aiming to compare the effect of
the culture media on the growth of Chlorella,
BG11 (Stanier et al., 1971) was designated
as the control culture medium as shown in
Table 1. Another culture medium was
prepared, inspired by the natural
environment of the species, named GS
(Table 2). This medium is composed of
mineral water enriched with an organic
liquid fertilizer for green plants. This
fertilizer must meet the species requirements
without causing mineral stress. Therefore,
two concentrations of this fertilizer were
tested in the mass propagation of the species:
medium GS1 (0.5 ml fertilizer in 1 L water)
and GS2 (1 ml fertilizer in 1L water). All
culture media were sterilized by Ultras
Violet light at 254 nm for 2 hours (Davaux et
al., 2011).

Table 1. Composition of BG11 culture medium (Stanier et al., 1971).

Mineral elements

BGI11 g/L

NaNOs;

1.5

K>,HPO4

0.31

MgS04,7TH:O

0.075

CHCI.Q, 2H;O

0.036

Citric Acid

0.006

Ferriammonium Citrate

0.006

EDTA

0.001

j\'agC'Os

0.02

H;BO;

2.86

M11C12, 4H20

1.81

Zn SO4, TH2O

0.222

X32M004, ZH_:‘O

0.390

CuSO04, SHO

0.079

CO(NOs3),, 6H20

0.0494

pH

7.1
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Table 2. Mineral composition of GS culture medium Mineral water (Open Food Facts,

2021).
Mineral For 1000 Organic fertilizer: Mg/L
composition ml NPK solution 7.5.6

Salt 04¢g Ammoniacal nitrogen NH4 280
Sodium 0.16 g Urea nitrogen CO(NH») 290
Bicarbonate 2.65mg Nitric nitrogen NOs 130
Potassium 21 mg P>0s 500
Chloride 720 mg KO 600
Calcium 810 mg Copper 0.2
Magnesium 240 mg Iron 2.5
Nitrite 0.2 mg Manganese 1.4
Nitrate 150 mg Molybdenum 0.1
Sulphate 530 mg Zinc 04

EDTA 0.01

3-Experimental Set-Up:

The device used is the controlled
closed culture, according to the manufacturer
recommendations research techniques of the
company Alga-Labs (Lemir, 2014), and
Pellerin et al. (2019). The closed system
significantly reduces the risk of pollution and
contamination of the culture, due to exposure
to the open air. Three photobioreactors were
studied, each of which had 20 bottles of
specific materials, equally divided for BG11,
GS1 and GS2 culture media. The first
bioreactor was made of 1000 ml glass bottles
and the second bioreactor was made of PET
(polyethylene terephthalate) plastic bottles.
However, the third one was made of LDPE
(low-density polyethylene) plastic bottles.
All systems were UV sterilized prior to
usage. Agitation was provided by the rotary
circuit created by air ejected sterilely through
a filter into the culture. This device was
exposed to a temperature of 27+2°C, a
photoperiod of 18h and 24 h; and a light
intensity of 2000 umol m-!s-1. Continuous
monitoring of the pH in the different culture
media was maintained.
4-Culture Strategy:

- The first objective was to guarantee the
purity of the production by culture on agar
media (BG11 and GS1);

- The second objective was to study the
production of Chlorella vulgaris biomass in
a liquid medium under the effect of the

parameters photoperiod (16h and 24h) and
the culture media (BG11, GS1 and GS2).
This was after the incorporation of a
fraction of the agar cell culture in a liquid
medium.

- The third objective was to determine the
effect of cell adhesion to the walls of the
bioreactor bottles on the production of
fresh biomass of this species.

5-Monitoring Parameters:

- Perform weekly controls by microscopic
observations of the cultures, and evaluate
the purity of the cultures;

- Stationary phase determination of the
cultures in the liquid phase for the
photoperiods (16 h and 24 h) and for the
culture media (BG11, GS1 and GS2) by
measuring the number of cells by
Hematimeter, triplicated,;

- Determination of the fresh biomass as a
function of the culture media and
photoperiods;

- Statistical analysis by PCA of the results
using Statistica 2012 software.

RESULTS
Chlorella vulgaris isolated from
aquaculture waters was identified at the level
of Nutrition Pathology Agro-biotechnology
and Health Laboratory (NUPABS), Djillali

Liabés  University of  Sidi-Bel-Abbes

(Algeria). That was one of the research

project topics aiming to optimize the
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cultivation and biomass
C.vulgaris. The results
summarized as follows:
1-Multiplication of The Strain in Agar
Medium:

The seeding of this species in agar
medium (BG11 and GS1) revealed the
importance of the richness of the culture
medium in trace elements in the speed of cell
proliferation. After incubation, an increase in

production of
obtained are

the GS1 culture was recorded from the third
day of incubation and saturation of the Petrie
dish after 15 days of cultivation (Fig. 1).
Recurrent cultures, as summarized in Figure
2, showed that the species grew positively in
BG11 medium only after seven incubation
days, with saturation after 28 days of culture.
Therefore, the use of GS1 medium favored a
rapid cell multiplication of this species, and
thus a better multiplication of the strain.

o

N

Fig. 1. Evolution of the culture in BG11 and GS1 after 9 days of incubation.

Petri-dish growth

@ BGl1
m CS1

growth days

Fig. 2. Graphical representation of the saturation of culture dishes with Chlorella vulgaris.

2-Purity of The Strain Culture:

In the two culture-tested media
(BG 11 and GS1), the binocular microscopy
observation of the cells (Fig. 3 A) validated
the strain purity with a spherical and typical
shape of Chlorella. However, a difference in
cell size was noticed in the two-culture
media. Those in BG11 were larger than those
in GS2. Average size of 5-6 um was
recorded for the cells in GS1 medium,

whereas we recorded up to 10 um for BG11
medium. This explains that cell division in
GS1 medium was greater than that in BG11
medium (Figs. 3 A and C).

This difference in cell size in the
two-culture media perfectly explains the
higher cell division rate in GS1. This
clarifies the slow proliferation of cells in the
Petri dish of BG11 compared to GS1.
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Fig. 3. Chlorella vulgaris in culture on agar medium.

A. Chlorella vulgaris form in BG11; B. culture on BG11 agar medium; C. culture on GS agar medium.

3-Determination of The Stationary Phase
of The Cultures:

During the liquid phase culture of
Chlorella vulgaris, the pH was comprised
between 8 - 9.2. The determination of the
stationary  phase  (exponential)  was
established in accordance with the culture
media (BG1l, GS1 and GS2), and in
photoperiod (16 h and 24h). It was recorded
that after 15 days of culture at 16 h
photoperiod, in BG11 medium, the
stationary phase was 13.04 x 106 cells/ml. In
contrast, in GS1 medium, the exponential
phase was 24.2 x 10°® cells/ml. However,
during the 24 h photoperiod, this phase was
26 x 10° cells/ml for BG11 and 50.6 x 10°
cellssmL for GS1. The use of the GS2
culture medium (a medium very rich in
nitrogen) limited the proliferation of
Chlorella cells to a threshold of 10 x 10° + 2

‘: o . %

Fig. 4. Macroscopic (A) and micro
15 days growth.

cells/ml for both types of photoperiods.
4-Fresh Biomass:

The cells’ proliferation in the
culture media did not result in any residues
indicating contamination. This confirms the
efficiency of the bioreactor device, avoiding
any source of contamination. Microscopic
observation of the solution was performed
before harvesting by filtration through a 20
um sieve. Figure 4B reveals the formation of
Chlorella vulgaris cells in gelatinous
clusters, typical of the species, after 15 days
of culture; thus, forming a pellet of a dark
green color (Fig. 4A), and facilitating its
harvesting. On the other hand, the dark green
color of the culture (Figure 4A) confirms the
richness of the cells in chlorophyll, and thus
the validity of the favorable conditions of the
culture.

O
2 » . W—— .

S

orella vulgaris culture of
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The harvesting of the Chlorella
biomass confirmed the importance of two
parameters in the stimulation of cell division
of the species studied. According to Figure 5
data, the composition of BG11 culture
medium has a slight effect on cell
proliferation; we found, for 16 hours of
photoperiods, a change in harvest from 0.14
g/l of biomass in 10 days of growth to 0.15

g/L for 15 days of culture. A slight increase
in biomass was noticed for the other culture
media under the same culture conditions.
However, a continuation of the photoperiod
up to 24 h stimulates the biomass
productivity, reaching a maximum rate of
0.35 g/L in GS1 medium after 15 days of
culture.

Fresh biomass (g/l)

15j24h

10j 24h

Fig. 5. Harvested biomass of Chlorella vulgaris as a function of growth time (d: days) and
photoperiod (h: hours) for the BG11 culture media GS1 and GS2.

It is therefore justified, according to
Figure 6 data, that the presence of nitric and
ammoniacal nitrogen in GS1 medium at a
concentration of 0.13 g¢/L and 0.28 g/L
respectively; associated with a low
concentration of urea nitrogen, strongly
stimulates cell division in a 24 h

photoperiod. On contrary, their high
concentration in GS1 medium significantly
delayed cell division of Chlorella vulgaris.
This explains the low productivity of the
biomass in BG11 medium, which has a very
high ureic nitrogen concentration of 1.54
g/L.
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type of nitrogen

culture
medium
@BGI1

3 Gs1
o GS2

Fig. 6. The concentration of different types of nitrogen in culture media.
AA: Ammoniacal Nitrogen; AU: Ureic Nitrogen; AN: Nitric Nitrogen

5-Adherence of The Species to The
Materials Used:

In this study, three types of bottle
materials (glass, PET plastic and LDPE
plastic) were utilized in the culture of
C.vulgaris at a photoperiod of 16 h and 24 h.
The agitation of the culture in the contents
was ensured by the movement of air bubbles
during the oxygenation of the culture
medium. At harvest, the bottles were shaken
to remove the cultures as much as possible
before being filtered. However, a film of
culture forms on the walls of the bottles, the
thickness of which differs according to the
used material. For all the culture media, a
significant cell adherence was recorded on
80% of the glass walls; this leaves a very
important margin of loss in production
estimated at 8%. An identical result was
recorded for LDPE plastic bottles, where the
adherence to the culture encompassed nearly
60% of the bottle, and thus an estimated loss
of 6% of the overall production. However,
the use of PET bottles revealed slight culture
adhesion (25%) were shaking the bottle was
sufficient to remove the culture from the
walls, prompting the reuse of PET bottles in
the bioreactor. The low adhesion rate of the
microalgae to the PET plastic material
provides a low loss in production estimated
at 1%, from which a maximum harvest of

Chlorella biomass was recorded.
6-Statistical Analysis:

A statistical study by PCA
(principal component analysis) of the results
obtained from the multiplication of Chlorella
vulgaris was applied, according to the
biomass, depending on the culture time and
photoperiod (10d 16 h, 15d 16h, 10d 24h,
15d 24h), of the compounds in different
nitrogen (AA (Ammoniacal Nitrogen), AU
(Urea Nitrogen) and AN (Nitric Nitrogen))
of the culture media (BG11, GS1, GS2).

The analysis was then performed
by a matrix resulting from the correlation
crossing between the variables (10d 16 h,
15d 16 h, 10d 24h, 15d 24h, AA, AU and
AN) and the Cell Multiplication Stimulation
Factors (F1) and Culture Media (F2) (GS2,
GS 1 and BG11). These results are reported
in three independent groups (Grl, Gr2, Gr3)
(Figs. 7 and 8). There was a strong positive
correlation between the variables GS1, AN
and AA with the axisl of the biomass
productivity component, with a value close
to 1, and with a strong contribution
(0.798237). It is a growing medium
characterized by an average presence of
different types of mineral salts and nitrogen
(AN and AA). This confirms the validity of
the observations described previously, and
that these two types of nitrogen are very
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stimulating for the of
Chlorella vulgaris.

The growth time and photoperiod
were negatively correlated with this same
axis, forming another group (Gr3) with the
GS2 culture medium. This group is therefore
the opposite of the Grl group. It was
strongly correlated with the following
variables with their contributions: 10d 16 h
(-0.992841), 15d 16h (-0.893899), 10d 24h (-
0.945525) and 15d 24h (-0.964220). This
explains that it is a culture medium
characterized by a strong presence of the
different types of nitrogen, prompting a
longer time with a long photoperiod so that
there can be stimulation of biomass
productivity.

However, Gr2 group encompasses
the AU variables strongly correlated with
BG11 environment, with a contribution of -
0.122014. BG11 medium was characterized
by the absence of ammonia (AA) and nitrate
(AN) nitrogen, with a considerable amount
of urea nitrogen (AU). This constitutes a
group negatively close to “0” of the
productivity axis “1”.

The hierarchical ascending classification

multiplication

(HAC), as shown in Figure 8, identified and
confirmed the three groups of the studied
variables and highlighted them by the PCA
(Fig. 7). Variable 10 d 16h is closest to “0”
on the vertical axis (production time), but at
least 1 on axis 1. This means that the
stimulation of biomass production does not
depend on time or photoperiod, but depends
much more on the presence of the three types
of nitrogen (AA, AU and AN) at average
doses. However, photoperiod and
cultivation time are involved in increasing
biomass over time.

At the factorial level, F1 axis
provides the most information in the PCA
(69.97% inertia), compared to F2 axis
(30.03%), which opposes Grl group to the
two groups Gr2 and Gr3. This analysis
revealed the conformity of this study with
the observations disclosed previously;
notably the importance of the presence of
ammonia nitrogen and nitrate nitrogen for
very favorable productivity of the biomass. It
also showed that the factors cultivation time
and photoperiod time display no positive
effect on biomass, in case of a low presence
of these two types of nitrogen (AA and AN).

Projection des variables surle plan factoriel ( 1x 2)

00

F2 :30.03%

-1.0 -0.5

F1

0.0
: 69.97%

0.5 1.0

Fig. 7. Graphical representation of the PCA (correlation circle, plane 1-2).
Growth time (J) photoperiod (h), Gr: group; F1 factor 1 (biomass productivity boost); F2. factor 2 (crop time);
AA. ammonia nitrogen; AU. urea nitrogen; AN. nitrate nitrogen.
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DISCUSSION

Microalgae, in particular Chlorella
vulgaris, seem to be one of the alternatives
in the production of biomass useful to
develop bioproducts, such as biofertilizers,
biofuel, or para-pharmaceuticals. In this
study, Chlorella vulgaris was optimized for
productivity, taking into account growth
parameters and factors. This objective has
interested several scientists and scholars,
leading to debates on their optimal cultural
conditions (Pellerin et al., 2019).

One of the major issues encountered
by researchers is the selection of culture
medium, which is generally made up of
numerous  chemicals that are not
economically viable. Following preliminary
tests and on natural environments favorable
to this species, GS1 medium was tested for
its purification and multiplication in Petri
dishes and in the bioreactor device. The
results obtained illustrate the efficiency of
the junction between mineral water and
biological fertilizers for the production of
green microalgae, in particular Chlorella
vulgaris. The use of this type of cultural
medium is a promising and economically
profitable alternative. The ease of
preparation  will allow for  further
development of biomass production and thus
more microalgae-based products. In this
area, it is essential to determine the main
components of a culture medium for better

productivity. De Carvalho et al. (2019) and
Lemir (2014) have been invested in
comparing different culture media by
specifying the determining elements that
stimulate cell division in these media. Other
researchers focused on facilitating culture by
presenting a recyclable culture medium. In
all cases, it was noted by all these authors
that nitrogen concentration constitutes a
factor in the development of C.vulgaris
cultures. In our study, the culture media was
tested to confirm very productive biomass
with the presence of all three types of
nitrogen (Nitrates, Nitrites and Ammonia).
Taufikurahman et al. (2020) pointed out in
their research that Chlorella vulgaris uses
ammonia and nitrate nitrogen to produce
proteins. These researchers confirm the
importance of the presence of ammoniacal
nitrogen in the culture medium, which
represents the principal source for
C.vulgaris, since it is directly absorbed by
the cells without going through its initial
transformation (Taufikurahman et al., 2020).
This agrees with the results obtained with
GS1 culture medium, with similar biomass.
However, a higher dose of ammonia induced
a slowdown in cell proliferation and
subsequently reduces biomass. This is
consistent with the research results of Blanco
et al. who explained that this species is also
inhibited by a high presence of ammoniacal
nitrate, leading to a strong stagnation of
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growth and therefore low biomass
productivity.

The use of the closed system for its
large-scale production ensures its quality, but
low biomass productivity. Xia & Murphy
(2016) reported that in large-scale
production, nutrient requirements can
account for up to 50% of the total cost of
biomass production. Its high costs have
triggered efforts to find a cheaper and
economically feasible approach to its
cultivation. Studies by Nasir et al. (2015)
and Luo et al. (2016) reported that
microalgae can be grown using wastewater
and aquaculture water instead of the
expensive synthetic medium, as it contains
all nutrients required for algal growth. In our
study, replacing the culture medium with
mineral water enriched with NPK fertilizers
7, 5, 6 strongly stimulated the growth of
microalgae and thus reduced the cost of the
culture. It is therefore approved through the
results that GS1 culture medium is the most
suitable for optimal biomass productivity, at
a reduced cost.

Generally, the wuse of tubular
bioreactors is highly recommended for
quality  production.  Lucchetti  (2015)
illustrated in his works that the junction
between the cylindrical system and the
rotational movement of the culture medium
favors a homogenization of the culture,
through a good distribution of light in the
system. In our study, the results showed that
additionally to these parameters, the type of
material of the bioreactor cylinders could
have a direct influence on the loss rates of
the large-scale culture. Over time, a thin
layer of the culture settles and adheres to the
cylinder walls, leading to a decrease in
microalgae productivity. This is consistent
with the observations made by Sirmerova et
al. (2013). This adherent layer of microalgae
increases with time and decreases the light
distribution. Carvalho et al. (2011) explained
that microalgae, including C.vulgaris, adhere
to the walls to get the maximum amount of
light. This theory remains reasonable to
ensure its photosynthesis. A further factor
determining the adhesion of microalgae to

walls is the electrostatically attractive
interactions between algae and solid surfaces
as shown by Xu et al. (2011). It is well-
established that the surface charge of
C.vulgaris, at a pH close to neutrality, is
negative (Hadjoudja et al., 2010). In our
study, PET plastic is considered antistatic
(INRS, 2020), and therefore C.vulgaris cells
do not adhere to the PET walls. For LDPE
plastic, the material is electrostatically stable
but can become charged (SLOVNAFT,
2016). This could explain the attractive
effect of C.vulgaris cells on the walls.
However, the problem is when using glass
matter is considered the best light scatterer.
Glass has a static charge accumulated on the
surface which eventually exerts an electrical
force and therefore attracts elements with no
or very little charge, i.e. static electricity
(Vega, 2015). It is therefore the most
attractive material for the culture of
C.vulgaris; thus inducing the formation of a
culture film on the glass wall, and thus a
decrease in the profitability of the production
of biomass. The study of the mechanism of

microalgae from an industrial and
commercial point of view is therefore of
great importance for both  process
productivity and hygiene.

Conclusion

Chlorella vulgaris is a species that
is used extensively in all areas, especially for
health purposes due to its high chlorophyll
and protein contents. The cultivation of this
species remains a major issue for biomass
production and it is necessary to review and
assess its cultivation technique in order to
minimize its cost. In this context, two
parameters were targeted: the culture
medium and the bioreactor system. The
selected species in the current investigation,
Chlorella vulgaris, was collected, isolated
and identified at the NUPABS research
laboratory (Sidi-Bel-Abbes, Algeria).

The use of GS1 culture medium is
appropriately adapted to the Chlorella
vulgaris species by its richness in mineral
elements (from mineral water), and by the
different nitrogen compounds (by the liquid
fertilizer NPK 7, 5, 6). This culture medium,
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whether agar or not, remains the most
appropriate for the production of the biomass
for this species. An early proliferation of its
culture was recorded in this agar medium
from the third incubation day. This is twice
as fast as the BG11 medium.

The photoperiod regulation s
essential for the optimization of productivity.
The results obtained highlight the
importance of the 24-hour photoperiod,
which doubles the cell multiplication from
242 x 10°% cells/ml in 16 hours of
photoperiod to 50.6 x 10° cells/ml in 24
hours of photoperiod in GS1 medium. On the
other hand, it is not sufficient to increase the
photoperiod to obtain maximum biomass
production but to meet the nitrogen demand
of the cultured cells. Therefore, a
concentration of 0.13 g/L nitrate nitrogen
and 0.28 g/L ammonia nitrogen, with a low
urea nitrogen concentration of 0.34 g/L
strongly stimulates cell division in a 24 h
photoperiod. Under these conditions, we
recorded an optimal fresh  biomass
production of 0.35 g/L in GS1 medium and
0.2 g/L in BG11 medium.

Another challenging element to
consider is to design a bioreactor with a
material that prevents the formation of
biofilm on the walls, and thus, limits the
losses in culture for maximum homogeneity
in the distribution of light intensity. For this
purpose, three types of materials were tested
in the bioreactor: glass, LDPE plastic and
PET plastic bottles. It was noticed that the
microalgae adhered poorly to the PET
bottles, resulting in a low biomass harvesting
loss of 2.5%. On the opposite, the glass
bottles were the most attractive to the culture
cells, creating a fairly thick layer of the
species, and thus covering almost the entire
surface of the bottles; resulting in a large loss
in harvested biomass estimated at 8%. This
may not appear important, but in a large-
scale culture, the loss could be highly
considered.
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