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ARTICLE INFO ABSTRACT
Article History Microalgae have recently attracted considerable interest worldwide,
Received:28/1/2023 due to their extensive application potential in the renewable energy,
Accepted:4/3/2023 biopharmaceutical, and nutraceutical industries. For microalgal production, the
Available:9/3/2023 choice of the photobioreactor, the method of cultivation used, and the
harvesting regime adopted (batch, semi-continuous or continuous cultures) are
Keywords: very important. In this work, we examined the growth rate and productivity of
Microalgae, kinetic, a small volume experimental culture in batch and semi-continuous mode.
productivity, Several microalgae species have been investigated for their potential as value-
biomass. added products, thus we have chosen two species: green microalga

(Nannochloropsis gaditana) and a cyanobacterium (Arthrospira platensis).
This study develops a simple model by which biomass values in semi-
continuous operation can be predicted from Kkinetic growth parameters
obtained from a shorter batch experiment. Based on results, biomass
concentrations and volumetric productivity in semi-continuous operation were
successfully predicted.

INTRODUCTION

The microalgae play an important role in the worldwide biofuel demand, together
with the production of high-value-added products used in the pharmaceutical, nutraceutical
and cosmetic industries (Obando, 2015; Khan et al., 2018).

The chemical composition of microalgae can vary considerably depending on the
measurement methods used (Barbarino and Lourengo, 2005), their physiological state
(Grobbelaar, 2014), the age of the culture (Paes et al., 2016), and the experimental conditions
applied, such as temperature (Durmaz et al., 2009), light intensity (Lourenco et al., 2008),
culture medium (Huerlimann et al., 2010) and culture method (Benvenuti et al., 2016). Indeed,
when producing the metabolites necessary for the manufacture of biofuel, an important aspect
must be evaluated, namely; the harvesting regime adopted (batch, semi-continuous and
continuous cultures) (Benvenuti et al., 2016).

Citation: Egypt.Acad.J.Biolog.Sci. ( C.Physiology and Molecular biology ) Vol. 15(1) pp185-193 (2023)
DOI: 10.21608/EA]JBSC.2023.288623



about:blank
mailto:benzidanedehiba@gmail.com

186

Nannochloropsis gaditana is a
photosynthetic ~ unicellular ~ microalgae
considered one of the most interesting marine
algae to produce biofuels and food additives
due to its rapid growth rate and high lipid
accumulation (Cecchin et al., 2020). The
cyanobacterium  Arthrospira platensis is

attracting more  attention in  basic
biotechnology research because of its
economic, ecological and  nutritional
importance (Eriksen, 2008). For these

reasons, these two strains were selected; they
were grown in two successive steps, first in
batch and then in semi-continuous reactor.

In the present study, a simple
mathematical model has been developed
whereby a scenario of semi-continuous
growth of the selected microalgae can be
predicted from shorter batch experiments.

MATERIALS AND METHODS
Nomenclatures
P volumetric productivity (M.L3.T1)
Q flow rate (L3T?)
t time (T)
T time(T)
Tq doubling time (T)
Ve volume taken from reactor / volume of
medium added in reactor (L)
VRr reactor volume (L)
X momentary concentration of
microorganisms (M.L™)
Xo initial cell concentration (M.L3)
X¢ final biomass concentration achieve in
semi-continuous reactor (M.L™3)
Xi initial biomass concentration in semi-
continuous reactor (M.L™3)
Xm maximum concentration that the system
can achieve in batch (M.L3)
i maximum specific growth rate (T1)
0 hydraulic retention time in the reactor (T)
Microalgae and Culture Medium:

The A. platensis strain used comes
from the crystalline massif of Hoggar
(Tamanrasset, South Algeria). It has been
cultivated in the spirulina medium (Robert,
2005). The N. gaditana strain was supplied to
us by the Laboratory of Wastewater
Photobioremediation (University of Cadiz,
Spain). It was cultivated in the /2 Guillard
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medium (Robert, 2005). The experiments
were carried out in triplicate. The
photobioreactor (PBR) used are column type
with a useful volume of 2 liters. The cultures
were carried out in a culture chamber at a
controlled temperature of 20 + 1°C.

Reactors set-up and Experiment:

The culture was mixed and aerated
using an air pump. The air was injected from
the bottom of the reactor through a sterile
filter (cellulose ester: 0.45 pum). The air exits
from the top of the reactor through a sterile
filter (cellulose ester: 0.45 pum). lllumination
was provided by eight fluorescent lamps (3
Sylvania Luxline Plus F58W lamps and 2
Philips TL-D 58W lamps) placed on one side
of the PBR. The incident light intensity was
of 190 £ 10 pmol?s? (measured by the
Hansatech QRT1 Quantitherm photometer)
with a photoperiod of 14:10 h light/dark
cycle. The initial absorbance (measured with
the spectrophotometer at 680 nm) of the PBR
culture was 0.15.

During batch culture, the culture
medium was introduced at the beginning of
the experiment. At the end of the batch culture
mode, the PBRs operated in semi-continuous
mode. Part of the culture was harvested (17-
18% of the culture volume) and immediately
reconstituted with a sterile culture medium.
pH and temperature in the PBRs were
controlled daily using a Multi-Parameter
Hach Lange. At the end of the experiments,
the biomass was harvested and the resulting
paste was frozen in freeze-drying flasks for
less than 24 h and then subjected directly to
freeze-drying (Telstar-LyoAlfa 15 Selecta®)
for 72 h (0.183 mBar, -76°C). The dry
biomass obtained was crushed using a mortar
to homogenize it. The samples were then
labeled and stored in a dry place until
analysis.

Parameters of Growth Kinetics:
Batch phase:

Verhulst's Kinetic Logistic Model
(Verhulst, 1838) was used to model the
evolution of the experimental biomass
concentration in reactors. This model is a
substrate-independent equation and can
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accurately describe biomass growth under the
different culture conditions that occur in
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many batch bioreactors (Gong and Lun, 1996)
(Fig. 1).

Vg, Xo -

» VR} Xm

Fig 1. Operation of the reactor in batch mode

According to Ruiz et al. (2012), the following
equation will allow us to predict the growth
kinetics from the experimental results:

X[] Xm e,ut

X = .
X'.tn - XO + X{]e,ut {Eq l)

The strain doubling time was
calculated by the equation proposed in the
work of Madkour et al. (2012) :

r, - 22 (Eq.2)

u

Volumetric  productivity is an
important  parameter to consider in

microalgae culture technology, as it shows the
capacity of a reactor to produce biomass
under specific operating conditions and is

defined as the biomass produced per reactor
volume and per unit of time. Reactor
volumetric productivity was calculated as
follows (Ruiz et al., 2012):
P U (U, 9)(m -1, 1Xﬂ)
9(X;m—1,1Xg

Ln( 1,1Xp )
Semi-Continuous Phase:

The Kkinetic growth parameters
obtained in the batch phase are not only useful
for comparison between different
experimental  conditions and  between
different species in batch mode but can also
be used to predict growth in semi-continuous
operation. Figure (2) shows the semi-
continuous mode :

(Eq. 3)

- VR, Xf

Fig 2. Operation of the reactor in semi-continus mode.
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According to Ruiz et al. (2013), the
determination of the sample volume (Ve)
allows maximum productivity in the PBR. To
calculate Ve, we must first calculate the
hydraulic retention time, which is the
hydraulic residence time of the culture in the
photobioreactor. It was calculated as follows
(Ruiz et al., 2012) :

(Eq. 4)

According to Fogler (2005), the
hydraulic retention time can also be
calculated according to the following
equation:

Vr
g = = (Eq. 5)
Q

2
0=—
u

The volume flow is expressed in
volume per unit of time,

0=t (a0

Combining Eq. 5 and Eq. 6 we
obtain the following equation which allows us
to calculate the daily withdrawal volume
(Ve):

Vg Xt (Eq.7)

During a semi-continuous culture,
we obtain a kinetic represented by a constant
initial and final daily biomass. From the
parameters of the growth kinetics obtained
during the batch culture, we calculated the
predicted initial biomass (Xi) as follows:
From a mass balance in the reactor (Fig. 2),
we have:

Initial biomass content = final biomass
content + biomass removed from the reactor
Therefore:

Ve =

VR 'Xf - VR ‘X[ + V;, 'Xf (Eq 8)
So:

= Ve Eqg. 9
Xi—Xf-(l—@) (Eq. 9)

As shown in Eqg. 5 and Eqg. 6, the
hydraulic retention time can be calculated as
follows (Fogler, 2005):

Ve V
== =%

“ ()

(Eq. 10)

So:

Benzidane Dehiba et al.

V, t

AR (Eq. 11)

Combining Eqg. 9 and Eqg. 11 we obtain :
t

X; =Xy~ (1 _E) (Eq. 12)

The predicted final biomass (Xr) was
calculated as follows:
According to Ruiz et al. (2013) we have:

1
Xmedium = Xm - (1 - 8_) (Eq 13)

U
And that:
¥ _ X+ X (Eq. 14)
medium_T
So:
X+ X, 1
f 1
=X -|{1—-— Eq. 15
- e ( e-u) (Eq. 15)

If we combine Eq. 12 and Eg. 15 we obtain
the following equation:

2:(n-6-1)
X, = X, + —m %
f mou-(2-0-—1t) (Eq. 16)
For the optimal volumetric

productivity in the semi-continuous culture of
the reactor, we used the equation of Ruiz et al.
(2012):

X
p= Ff (Eq. 17)

Substituting Eq. 16 in Eq. 17:

_(Xm)_z-(,u-ﬂ—l)

0) u-2-6-1

Analysis of Biomass:

Daily biomass concentration was
measured gravimetrically as dry weight
according to the standardized 2540-D method
(APHA, AWWA, WEF, 1992).

Data Analysis:

Descriptive  statistics (mean +
standard deviations) were used to describe the
overall results. The statistical processing was
carried out using the STATISTICA 6
software. To verify all descriptive
observations, a factorial analysis of variance
ANOVA was applied to the experimental data
(Tukey's test; P < 0.05).

(Eq. 18)
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RESULTS AND DISCUSSION
Batch Phase:

We compared the growth of two
species N. gaditana and A. platensis
cultivated according to two modes of culture,
it means batch and semi-continuous culture.
A typical four-phase evolution of a batch
culture was observed (Clément-Larosiére,
2012; Ruiz et al., 2012; Mennaa et al., 2015).
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Growth in N. gaditana and A. platensis was
characterized by a latency phase between 1
and 3 days. The stationary phase was reached
after 16 days in N. gaditana and 18 days in A.
platensis (Fig. 3). This phase depends on the
species. It was achieved due to the absence of
fundamental growth elements (nitrogen,
phosphorus, light, etc.) (Clément-Larosiere,
2012).

3000 T

2500 T

2000 t

1500 t

1000 +

Biomass (mg SS/L)

500 t

Nannochloropsis gaditana

A Arthrospira platensis

Days

12 15 18 21 24

Fig 3. Biomass evolution of N. gaditana and A. platensis during batch operation (The continuous
lines represent the values predicted by the Verhulst logistic model).

The Kinetic parameters obtained
from the model are listed in table 1. from our
results, we can see that the maximum biomass
concentration was significantly different (p <
0.05) between the two strains studied. Indeed,
A. platensis reached the highest xm at the end
of the batch culture 2463.46 + 59.02 Mg
SS/L, whereas in the case of N. gaditana, the
Xm obtained was 1107 + 26.58 Mg SS/L.
Statistical analysis indicates no significant
difference (P < 0.05) between the specific

growth rates obtained. These results
corroborate those reported by huerlimann et
al. (2010), Madkour et al. (2012), Xu and
Boeing (2014) and Da Silva et al. (2016).
However, higher specific growth rates were
reported by mennaa et al. (2015) and
praharyawan et al. (2016). This difference is
due to the ability of the strain to acclimatize
to the culture medium and/or culture
conditions (Mennaa et al., 2015; Devasya,
2017).

Table 1. Parameters of the Verhulst growth kinetics in batch reactor.

Growth parameters N. gaditana A. platensis
Xm (mg SS/L) 1107 + 26,582 2463.46 + 59,020

u (dh) 0,36 £ 0,032 0,34 + 0,012

Strain duplication time (d) 1.92+0.16% 2.03+0,072

R? 097+ 0,01 0,97+ 0,01

Values marked by different indices indicate a significant difference (P < 0.05) according to Tukey's test.
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Semi-Continuous Phase:

At the end of the batch mode

culture, the PBR operated in semi-continuous
mode. To plot the growth kinetics, we used
the following biomass concentration
calibration :
Biomass of N. gaditana (mg SS/L) = (373.68
Abs 680 nm) + 11.996; (R? = 0.96044)
Biomass of A. platensis (mg SS/L) = (669.05
Abs 680 nm) + 195.9; (R? = 0.96896)

Figure 4 shows the growth kinetics

Benzidane Dehiba et al.

of semi-continuous culture. The results of the
predicted X; and Xs in N. gaditana and A.
platensis are also shown. We can first note
that the adaptation time to the semi-
continuous culture system was practically
long in both microalgae. If we compare the
results obtained with the estimated theoretical
values, we can clearly see that the X;i and X
concentrations of the last 4 cycles fall within
the theoretical ranges for each species.

1600

1400

—
[
[
[

Il

—
=
[=]
=

800

Biomass (mg SS/L)

400

600 T/ =P o-og -

4444444444444444444444444444444444444444444444444444444444444444444444444444444

—p . platensis

--------- Xi predicts (4. platensis)

_____ Xfpredicts (A. platensss)
N. gaditana

......... Xi predicts (N. gaditana)

----- Xfpredicts (V. gadttana)

30 35

Days

40 45

Fig 4. Biomass evolution of N. gaditana and A. platensis during semi-continuous operation.
The point lines represent the predicted initial and final biomass concentrations.

An overview of all parameters of
steady-state kinetics is shown in Table 2. We
can see that the hydraulic retention time
varies between 5.53 and 5.87 d* in the two
species studied. The results also show that the

final biomass concentration (Xr) obtained in
A. platensis was 1346.45 + 30.51 mg SS/L
and in N. gaditana this concentration was
609.09 + 12.42 mg SS/L..

Table 2. Parameters of growth Kinetics in semi-continuous reactor.

Growth parameters N. gaditana A. platensis
Reactor volume (Vg) (ml) 1600 1600
Hydraulic retention time (6) (d1) 5,53+047 5,87+0,19
Volume taken from the culm (Ve) (ml) 290 270

X; (mg SS/L)

498,48 £15,50* 1117,01 +28,92°

Xr(mg SS/L)

609,09 + 12422 1346,45+30,51°

Values marked by different indices indicate a significant difference (P < 0.05) according to Tukey's test.
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Volumetric Productivity:

Even though the specific growth rate
can vary considerably, it does not allow us to
properly compare between species. For this, it
IS important to use another useful parameter
that helps to compare microalgae species
under a single value that incorporates growth
Kinetic parameters : volumetric productivity
in the PBR (Mennaa et al., 2015).

If we compare the results of
volumetric productivity in A. platensis and N.
gaditana, we can observe a very significant
difference (P < 0.0002) and this was valid in
both batch and semi-continuous experiments
(Fig. 5). In the PBRs operating in semi-
continuous mode, the biomass was constantly
in an exponential growth phase, because
nutrients were supplied on a daily basis,
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whereas in batch culture mode the microalgae
depleted their nutrients after a few days (Ruiz
et al., 2013). The results are consistent with
those obtained by McGinn et al. (2012) at
Scenedesmus sp. where batch volumetric
productivity was almost half of that obtained
in semi-continuous culture. According to
several researchers, this difference in
volumetric productivity was due to the
accumulation of toxic metabolite and/or
depletion of certain limiting nutrients during
batch growth (Yang et al., 2011; Ahii Chia et
al., 2013). Moreover, in semi-continuous
cultures, a part of the cells was eliminated
daily. This decrease in cell density allows an
increase in the availability of light to the cell
and thus an increase in volumetric
productivity (Clément-Larosiére, 2012).

A. platensis

M Semi-continu @ Batch

N. gaditana

o

0 50 100

Volumetric productivity (mg SS/L/J)

150 200 250

Fig 5. Volumetric productivity of N. gaditana and A. platensis in batch and semi-continuous
reactors. Histograms marked with different indices indicate a significant difference (P < 0.05)

according to Tukey's test.

Conclusion

Based on batch kinetic growth
parameters, the biomass concentrations and
the productivities under semi-continuous
conditions can be satisfactorily predicted. Our
results also allowed us to conclude that the
biomass concentration and volumetric
productivity in the reactor is higher in A.
platensis than in N. gaditana in both batch
and semi-continuous culture modes.

REFERENCES

Ahii Chia M.; Lombardi A.T.; Da Garicia
Melao M. and Parrish C.C. (2013).

Lipid composition of Chlorella
vulgaris (trebouxiophycae) as a
function of different cadmium and
phosphate concentrations. Aquatic
Toxicology, 171-182.
American  Public  Health
AWW.A., Water

Association,
Environment



192

Federation (1992). Standard
Methods for the Examination of
Water and Wastewater, 18th ed.
APHA-AWWA-WEF, Washington
DC, USA.

Barbarino E. and Lourengo S.O. (2005). An
evaluation of methods for extraction
and quantification of protein from
marine macro- and microalgae.
Journal of Applied Phycology, 17:
447-460.

Benvenuti G.; Bosma R., Ji F.; Lamers P.P.;
Barbosa M.J. and Wijffels R.H.
(2016). Batch and semi-continuous
microalgal TAG production in lab-
scale and outdoor photobioreactors.
Journal of Applied Phycology, 28:

3167-3177.

Cecchin M.; Berteotti S.; Paltrinieri S.;
Vigliante 1. ; ladarola B.;
Giovannone B.; Maffei M. E.;

Delledonne M. and Ballottari M.
(2020). Improved lipid productivity
in  Nannochloropsis gaditana in
nitrogen-replete  conditions by
selection of pale green mutants.
Biotechnology for Biofuels, 13 : 78.

Clément-Larosiére B. (2012). Etude de la
croissance de Chlorella vulgaris en
photobioréacteur batch et continu, en
présence de concentrations élevées
de CO,. Thése de doctorat, Ecole
centrale des arts et manufactures
(Paris), 233.

Da Silva M.F.; Casazza A.A.; Ferrari P.F,;
Perego P.; Bezerra R.P. and Converti
A. (2016). Ana Lucia Figueiredo
Porto. A new bioenergetic and
thermodynamic approach to batch
photoautotrophic growth of
Arthrospira (Spirulina) platensis in
different photobioreactors and under

different light conditions.
Bioresource Technology, 207: 220-
228.

Devasya R.P. (2017). Batch and Fed Batch
Cultivation and Harvesting of
Nannochloropsis  gaditana  for
Environmental Applications. These
de doctorat, Université de Western

Benzidane Dehiba et al.

Ontario.

Durmaz Y.; Donato M.; Monteiro M.;

Gouveia L.; Nunes M.L.; Gama

Pereira T.; GOkpmar S. and Bandarra

N.M. (2009). Effect of temperature

on a-tocopherol, fatty acid profile,

and pigments of Diacronema
vlkianum (Haptophyceae).

Aquaculture International, 17: 391-

399.

N.T. (2008). The technology of

microalgal culturing. Biotechnology

Letters, 30: 1525-1536.

Fogler H.S. (2005). Elements of Chemical
Reaction Engineering. 4th Edition.
Prentice Hall PTR.ISBN 0-13-
047394-4.

Gong H. and Lun S. (1996). The kinetics of
lysine batch fermentation. Chinese
journal of biotechnology, 12: 219-
225.

Grobbelaar J.U. (2014). Microalgal biomass
production: challenges and realities.
Photosynthesis Research, 106(1-2):
135-144.

Huerlimann R.; De Nys R. and Heimann K.
(2010). Growth, Lipid Content,
Productivity, and Fatty Acid
Composition of Tropical Microalgae
for Scale-Up Production.
Biotechnology and Bioengineering,
107(2).

Khan M.1.; Shin J.H. and Kim J.D. (2018).
The promising future of microalgae:
current status, challenges, and
optimization of a sustainable and
renewable industry for biofuels,
feed, and other products. Microbial
Cell Factories, 17:36.

Lourenco S.O.; Barbarino E.; Bispo M.G.;
Borges D.A.; Coelho-Gomes C,;
Lavin P.L. and Santos F. (2008).
Effects of light intensity on growth,
inorganic nitrogen storage, and gross
chemical composition of four marine
microalgae in batch cultures. Museu
Nacional, Série Livros, 30: 203-214.

Madkour F. F.; Kamil A.E.-W. and Nasr H.S.
(2012). Production and nutritive
value of Spirulina platensis in

Eriksen


https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-13-047394-4
https://en.wikipedia.org/wiki/Special:BookSources/0-13-047394-4

Prediction of Microalgae Growth Kinetics In Semi-Continuous Culture

reduced cost media. Egyptian
Journal of Aquatic Research, 38: 51-
57.

McGinn P.J.; Dickinson K.E.; Park K.C;
Whitney C.G.; MacQuarrie S.P.;
Black F.J.; Frigon J.C. Guiot S.R.
and O’Leary S.JB. (2012).
Assessment of the bioenergy and
bioremediation potentials of the
microalga Scenedesmus sp. AMDD
cultivated in municipal wastewater
effluent in batch and continuous
mode. Algal Research, 1(2): 155-
165.

Mennaa F.Z.; Arbib Z. and Perales J.A.
(2015). Urban wastewater treatment
by seven species of microalgae and
an algal bloom: Biomass production,
N and P removal Kkinetics and
harvestability. Water Research, 83:
42-51.

Obando C.Y.Z. (2015). Caractérisation et

valorisation de microalgues
tropicales. Thése de doctorat.
Université de Bretagne  Sud

(Bretagne). 259.

Paes C.R.P.S.; Faria G.R.; Tinoco N.A.B.;
Castro D.J.F.A.; Barbarino E. and
Lourenco S.O. (2016). Growth,
nutrient uptake and chemical
composition of Chlorella sp. and
Nannochloropsis  oculata under
nitrogen starvation. Latin American
Journal of Aquatic Research, 44(2):

275-292.

Praharyawan S.; Rahman D.Y. and
Susilaningsih D. (2016).
Characterization of lipid

productivity and fatty acid profile of
three  fast-growing  microalgae

193

isolated from Bengkulu for possible

use in health application. The

Journal of Tropical Life Science,

6(2): 79-85.

A.A. (2005). Algal Culturing

Techniques, 1st Edition, Academic

Press, 596.

Ruiz J.; Alvarez-Diaz P.D.; Arbib Z.
Garrido-Pérez C.; Barragan J. and
Perales J.A. (2013). Performance of
a flat panel reactor in the continuous
culture of microalgae in urban
wastewater: Prediction from a batch
experiment. Bioresource
Technology, 127: 456-463.

Ruiz J.; Arbib Z.: Alvarez-Diaz P.D.:
Garrido-Pérez C.; Barragan J. and
Perales JA. (2012).
Photobiotreatment model (PhBT): a
kinetic model for microalgae
biomass growth and nutrient
removal in wastewater.
Environmental Technology, 1-13.

Verhulst P.F. (1838). Notice sur la loi que la
population suit dans son
accroissement. Mathematical
Physics,10: 113-121.

Xu Y. and Boeing W.J. (2014). Modeling
maximum lipid productivity of
microalgae: Review and next step.
Renewable and Sustainable Energy
Reviews, 32: 29-39.

Yang J., Lia X., Hua H., Zhang X., Yua Y.
and Chen Y. (2011). Growth and
lipid accumulation properties of a
freshwater microalga, Chlorella
ellipsoidea YJ1, in domestic
secondary effluents. Applied Energy
88: 3295-3299.

Robert



	4be2cc704462aacc83c877d7013105f4fc9bd51822b3917b65f444259a88f8df.pdf
	4be2cc704462aacc83c877d7013105f4fc9bd51822b3917b65f444259a88f8df.pdf

