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ABSTRACT

Microalgae are microscopic organisms and show a geographical distribution depending on the
physical, dynamic, and chemical factors of the environment. These factors are mostly important for
attachment and development of microalgae. Substrate, temperature, light, agitation, and turbidity
can be given as examples of physical factors, whereas salinity, pH value, and vitamins can be cate-
gorized as chemical factors. In this study, the optimization of Chlorella vulgaris production was
carried out by response surface methodology (RSM) using two factors of agitation rate (100-250
rom) and nitrogen source concentration (1-4 g/L) in the cultivation of BG11 medium. Moreover, the
usage of urea instead of NaNO, was investigated and discussed.
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INTRODUCTION

Microalgae are distributed across the tree of
life with the most genetic diversity on the plan-
et and they are members of a group of aquatic
organisms of the kingdom Protista predomi-
nantly (Barkia et al., 2019). Thus, the capability
of microalgae and their products have been
studied for centuries.

Industrial microalgae cultivation will provide to
the development of a sustainable large-scale
production for biomass as well as its products.
The industrial microalgae production potential
was shown for various species of microalgae
(Stettrup and McEvoy, 2008). However, there
are several challenges to run commercial trials.
The most affecting factors for those challenges
are less biomass concentrations and insufficient
information on growth conditions (Khan et al.,
2018). Microalgae can be cultured under differ-
ent conditions depending on the physical, dy-
namic, and chemical factors of the environ-
ment. Substrate, temperature, light, and tur-
bidity can be given as examples of physical fac-

tors. Salinity, pH value, and vitamins can be cat-
egorized as chemical factors whereas, agitation
and pressure are dynamic factors. Those factors
are mostly important for the growth of industri-
al-scale biomass production.

Photosynthesis occurs in almost all microalgae
owing to the chlorophyll-a and much of what is
known about photosynthesis was discovered
firstly by studying green alga. Chlorellasp. Chlo-
rella sp. has a high amount of lipids and fatty ac-
ids, carbohydrates, peptides and proteins, inor-
ganic minerals, phenolic compounds, and vita-
mins in its structure (Becker, 2007; Hariskos and
Posten, 2014; Yeh et al.,, 2010). C. vulgaris has
high photosynthetic capacity with regard to vas-
cular plants due to the high concentration of
chlorophyll-a. Moreover C. wvulgaris is rich in
B-group vitamins, especially B12, which are vital
for the formation and development of blood
cells. Owing to these rich contents, C. vulgaris
can be used in cosmetics, wastewater treat-
ment, pharmaceuticals, fruit and vegetable pre-
servatives, tablets, powders, nectar, and noo-
dles (Chisti, 2007, Priyadarshani and Rath, 2012;
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Stolz and Obermayer, 2005). Chlorella sp., therefore, is consid-
ered a promising feedstock for several sustainable and value-add-
ed bioproducts in various cultivation modes for renewable ener-
gy, food, biopharmaceutical, and nutraceutical manufacturing.

Nitrogen source concentration and agitation rates play major
roles in C. vulgaris cultivation. Different works that have aimed to
observe the effect of nitrogen source concentration show that
there is an inverse proportion between C. vulgaris production
and the present nitrogen source concentration in a growth medi-
um. As reported earlier, the C. vulgaris growth rate increased up
until saturation levels, while the nitrogen source concentration in
a growth medium decreased (Tam and Wong, 1996). Moreover, it
was observed that the maximum level of lipid contents of C. vul-
garis depended on when microalgal cultivation was achieved,
and when the nitrogen source concentration was at a minimum
level (Converti et al., 2009). In addition, microalgae can be dam-
aged at high agitation rates because of the leakage of important
chemicals from within the cell (Sacasa Castellanos, 2013). This
study was aimed at determining the optimization of C. vulgaris
production. The optimization of C. vulgaris production was pro-
vided by Response Surface Methodology (RSM) using two fac-
tors of agitation rate (100-250 rpm) and nitrogen source concen-
tration (1-4 g/L) in the cultivation of BG11 medium. Moreover, the
usage of urea instead of NaNO, was investigated and discussed.

MATERIALS AND METHODS

Maintenance and growth conditions of C. vulgaris

C. wvulgaris was obtained from EGE MACC, Izmir-Turkey. The
sample was incubated for three days in a refrigerated shaker in-
cubator at 22 + 2 °C with a stirring speed of 100 rom under con-
tinuous illumination that measured as 320 lux. At the end of the
third day, the stock culture was transferred into two 250 mL Erlen-
meyers which contained 100 ml of sterile BG11 medium pre-
pared under laboratory conditions and used for cultivation of C.
vulgaris as equal amounts to prepare the inoculum culture asep-
tically. Both Erlenmeyers were allowed to incubate at 22+2°C,
under a yellow light in the incubator, at a stirring rate of 100 rom
for ten days. The ten-day-old cultures were used as inoculum at
10% volume for all experiments.

The C. vulgaris strains were cultured in the 250 mL Erlenmeyer
containing 90 mL growth medium in the refrigerated shaker incu-
bator under a temperature of 22 + 2 ° C at different concentra-
tions of nitrogen and different agitation rates. The C. vulgaris
strains were incubated either for 8 days when NaNO, was used
as a nitrogen source type or for 10 days when urea was used as a
nitrogen source type. lllumination was provided by refrigerated
shaker incubator (Mikrotest MCS-55). Irradiance was measured
with a Luxmeter (Benetech Gm1010 Digital Light Meter).

RSM and optimization studies

C. vulgaris production optimization was provided using 22 full
factorial experiment designs with five replicates at a central point
(175 rpm and 2.5 g/L) according to Central Composite Design
(CCD) by the Response Surface Methodology (RSM) using De-
sign Experiment Pro 7.0.0. NaNO, and urea were used as nitro-
gen source types. The range of nitrogen source concentration

and agitation rates selected were 1-4 g/L and 100-250 rpm re-
spectively. Determined factors' codes, ranges, and their levels
can be seen in Table 1. There were five different agitation rates;
A-rpm (69, 100, 175, 250, 281) and five different nitrogen source
concentrations; and B-g/L (0.37, 1, 2.5, 4, 4.62) was studied for C.
vulgaris production optimization. It was considered that these
levels have potential effects on response function; and biomass
concentration (Y, mg/L). The CCD can be seen in Table 2. In total,
13 experimental sets were used for determination of optimum
level selected factors. All experiments were performed in dupli-
cate and the average values of experimental sets were recorded.

Table 1. Experimental range and levels of the
independent variables.
Independent Symbol Coded Levels
Variables Coded - 1 0 +1 +a
Agitation rate A 69 100 175 250 281
(rpm)
Nitrogen source
concentration B 0.37 1 2.5 4 4.62
(g/L)
Table 2. CCD for C. vulgaris.
Factor 2
Number of Factor 1 Nitrogen Source
Experimental Agitation Concentrations (g/L) (B)
Sets Rate (rpm) (A)
NaNO, Urea

1 281 2.5 2.5

2 69 2.5 2.5

3 175 2.5 2.5

4 175 0.37 0.37

5 175 2.5 2.5

6 175 2.5 2.5

7 250 4 4

8 175 2.5 2.5

9 100 1 1

10 100 4 4

11 175 4.6 4.6

12 175 2.5 2.5

13 250 1 1

In accordance with these experimental sets, the growth medi-
um where C. vulgaris was cultivated prepared as 100 mL into
the 250 mL Erlenmeyer without any pH value. The difference
between the growth medium and the original BG11 growth me-
dium was the nitrogen source type and the nitrogen concentra-
tion. Then, 10 ml of each growth medium was pipetted into two
different schott bottles according to the type of nitrogen
source. Ten mL of C. vulgaris was inoculated into the 250 mL Er-
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lenmeyer which contained 90 mL growth medium. In addition,
a new inoculum culture was prepared by adding 90 mL of BG11
growth medium and 10 mL of C. vulgaris to an Erlenmeyer for
use in subsequent sowing. Inoculated Erlenmeyer and newly
prepared inoculum culture were put into the shaking incubator
and cultivated in different periods which changed according to
the type of nitrogen source at 22 + 2 °C according to the exper-
imental set-up. The Erlenmeyer which contained NaNO, as a
nitrogen source was cultivated for eight days, The Erlenmeyer
which contained urea as a nitrogen source and inoculum cul-
ture were cultivated for ten days.

The mathematical relationship of these independent variables
on response can be approximated by a quadratic polynomial
equation as can be seen in Equation 1:

Y=B,+B,A+p, B+ AB+p A2+p,,B2 (1)

Where Y represents the response variable, f, is model constant, g,
and B, are linear coefficients, 8, is interaction effect coefficient, B,
and §,,are quadratic coefficients, A and B are the coded levels of in-
dependent variables. The terms AB, A2and B?represents the inter-
action term between factors and quadratic terms of factors respec-
tively. The equation (1) expresses the relationship between predict-
ed response value and the independent variables in coded values.
The quality of the developed model was determined by value of
correlation value (R?). Analysis of variance (ANOVA) was used for
evaluation of the statistical significance of the model with values of
regression and mean square of residual error (Deniz et al., 2015).

Dry-weight analysis

After two replicated productions of C. vulgaris for each experi-
mental set up, the dry weight of these was measured by using fil-
ter paper. Firstly, the filter paper which was dried at 60 °C for one
night in vacuum oven (Daihan Wov-70) and cooled in desiccators
for 45 minutes was tarred by using precision scales (Shimadzu
Atx224). Then it was moistened with 5 mL of distilled water. Sec-
ondly, a 50 mL sample was taken from the Erlenmeyer which was
measured and dropped onto the filter paper slowly. Lastly, 5 mL
of distilled water was dropped onto the filter paper again. These
wetting and dropping procedures were performed by using a
vacuum pump (Diaphragm Lh-185Lh). Then, the filter paper was
dried at 60 °C for one night to reach a constant weight and
cooled in desiccators for 45 minutes the next day. After these
procedures, the filter paper was weighed again, and dry weight
calculations were made. The results were recorded to an experi-
mental design table.

RESULTS AND DISCUSSION

This set of experiments were designed by CCD using RSM and
evaluated the effects of factors (agitation rateand nitrogen
source concentration) on the production of C. vulgaris. As seen
in Table 3, the range of factors selected were 100-250 rpm and
1-4 g/L at the end of the literature review, biomass concentration
which changed depending on selected factors which ranged
from 0.013 to 0.55 mg/L and 0.025 to 0.132 mg/L for NaNO, and
urea respectively. The C. vulgaris production was performed five
times at the central point (175 rpm and 2.5 g/L) of factors for op-
timization. According to the results of these five replications, the

average values of biomass concentration were calculated as 0.32
mg/L for production which contained NaNO, as a nitrogen
source type in growth media and 0.054 mg/L for urea. In addi-
tion, the maximum and minimum values of biomass concentra-
tion were reported as 0.013-0.55 mg/L and 0.025-0.132 mg/L for
NaNQO, and urea respectively.

Table 3. Experimental design matrix and experimental
results.
Biomass concentration
Runs A (rpom) B (g/L) (mg/L)
NaNO, Urea
1 281 2.5 0.05+0.01 0.036+0.00
2 69 2.5 0.022+0.00 0.06+0.02
3 175 2.5 0.4+0.02 0.032+ 0.00
4 175 0.37 0.3+0.03 0.132+0.04
5 175 2.5 0.3+0.01 0.04+0.01
6 175 2.5 0.3+0.01 0.03+0.00
7 250 4 0.014+0.01 0.01+0.00
8 175 25 0.4+0.01 0.1+0.03
9 100 1 0.072+0.01 0.094+0.04
10 100 4 0.084+0.00 0.01+0.01
11 175 4.6 0.55+0.01 0.025+0.00
12 175 25 0.2+0.21 0.02+0.03
13 250 1 0.013+0.01 0.1+0.03

Response Surface Methodology For Biomass Concentration
For NaNO,

The biological, chemical, and physical parameters play import-
ant roles in biomass production. In this study, the agitation rate
and nitrogenous source concentration were physical parameters
which played a dynamic role in the stimulation of biomass pro-
duction and the factor ranges selected were 100-250 rom and 1-4
g/L respectively.

The statistical testing of the model of C. vulgaris biomass produc-
tion in a growth medium containing NaNO, was done by Fisher’s F
test for ANOVA as shown in Table 4. The Fvalue was shown as 4.72
and where the p value was less than 0.05 with 0.0298 value, there
was only a 2.98 chance that a “Model F Value” this large could oc-
cur due to noise. The values of F and p implies that the quadratic
model was significant for production optimization of C. vulgaris.
“Lack of fit F value” of 3.09 implied that the “Lack of fit” was not
significant relative to pure error. There was a 14.99% chance that a
“Lack of Fit F Value"” this large could occur due to noise. The insig-
nificance of “Lack of fit" value was a desired circumstance for con-
vergence of the model as close to reality as possible. Statistically,
the significance of the model and the insignificance of “Lack of fit”
value indicated that the model was appropriate.

As seen in Table 4, the regression coefficient R? of 0.7025 value
indicated that the regression model represented 70.25% of the
experimental results and expressed a good fit response. The
quality of fit explained by the model given by the multiple coef-
ficient of determined R? value and if R?> 0.7 insured, the model
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Table 4. Analysis of variance (ANOVA) of the model for biomass concentration for NaNO,.
Source Sum of Squares Degree of Freedom Mean Square F-Value p>F
Model 0.27 4 0.068 4.72 0.0298
Factor A 9.991E-004 1 9.991E-004 0.070 0.7984
Agitation Rate
Factor B
Nitrogen Source Con- 0.017 1 0.017 1.17 0.3104
centration
AB 3.025E-005 1 3.025E-005 2.112E-003 0.9645
A? 0.25 1 0.25 17.65 0.0030
Residual 0.11 8 0.014
Lack of Fit 0.087 4 0.022 3.09 0.1499
Pure Error 0.028 4 7.000E-003
Correlation Total 0.39 12
Standard Deviation 0.12 R? 0.7025
Average 0.21 Adjusted R? 0.5538
C.V.% 57.52 Predicted R? 0.2293
Press 0.47 Adequate precision 6.179

was suitable and adequate in biological production (Hanrahan et
al., 2007). By adding factors to the model, the R? value increased
regardless of factors significant or non-significant (Montgomery,
2001; Myers et al., 2016). Generally, although incensement of R?,
the adjusted R? (adj. R?) value did not increase by the addition of
factors to the model. Large differences between R? and adj. R? in-
dicated that the model included non-significant terms. The ad;.
R? coefficient showed that significance of the model was high
(Myers et al., 2016). In addition, the adj]. R? value increased by de-
leting unnecessary factors of the model (Fermoso et al., 2010;
Mazaheri et al., 2010). In this study, the ad].R? value was 0.5538
which eliminated non-significant terms from the model.

Adequate precision value (adeq. precision) measures the noise
level of signals. There are circumstances in which an adequate
precision value of more than 4 is desirable and this study deter-
mined that a model can be used to navigate the design space
with an adeq. precision of 6,179 value. If the predicted R? is less
than O (in this study with 0.2293 value), then the overall mean is a
better predictor of response than the model.

The effect of factors on C. vulgaris production are expressed
mathematically in a quadratic polynomial equation, Equation 2,
for a growth medium including NaNO,. In Equation 2, Y was the
expected response; biomass concentration (mg/L), A and Bwere
the coded values of factors; agitation rate (rpm) and nitrogenous
source concentration (g/L) respectively.

Y =0.32-0.011xA + 0.046xB — 2.750E-003xAxB — 0. 19xA?(2)

It is clear that the most affecting factor is A? in other words
the square of the agitation rate, on biomass concentration
and the square of the agitation rate is followed by nitroge-
nous source concentration, agitation rate, and interaction of
factors respectively with regard to circumstances of terms in
Equation 2 and Table 4.

The relationship between obtained biomass concentration re-
sponse values from optimization studies which were performed
in accordance with experimental sets and calculated biomass
concentration results by using the Equation 2 can be seen in Fig-
ure 1. The optimum conditions described by the model as the
point in which the biomass concentration values which were ob-
tained by optimization studies close to the calculated biomass
concentration results by using the Equation 2. In Figure 2, the ef-
fect of the interaction of factors selected which were the agita-
tion rate and nitrogenous source concentration and change in
range of 100- 250 rom and 1-4 g/L respectively, on biomass con-
centration can be seen. The shape of the response surface
showed an interaction between these two factors. The weakest
effect on the response was observed for the nitrogenous source
concentration with 1 g/L value, regardless of the maximum and
minimum levels of agitation rate. In response surface 3D plot, the
effect of the agitation rate could be seen clearly. The obtained
biomass concentration response values from optimization stud-
ies were related closely with the agitation rate in which C. vulgar-
is productions were performed.

In this study, the level of physical parameters of agitation rate
and nitrogenous source concentration were fixed as low and
high, in the range of -1 to +1 and the maximum value of the re-
sponse was aimed. All relevant factors were limited as seen in Ta-
ble 5 for production optimization studies of C. vulgaris. The C.
vulgaris production optimization solutions corresponded to 172
rom and 4 g/L for agitation rate and nitrogenous source concen-
tration respectively in regards to response at maximum desirabil-
ity and predictability. Furthermore, the amount of biomass con-
centration obtained at the end of the production of C. vulgaris at
optimum conditions were 0.370 mg/L with an appropriate pre-
dicted value with the desirability of 0.666. According to the mod-
el seen in Equation 2, optimum conditions of biomass produc-
tion of C. vulgaris were determined as 172 rpm agitation rate and
4 g/L nitrogenous source concentration as NaNO,.
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3.2. Response surface methodology for biomass concentra-
tion for urea

The physical parameters effective on the production of C. vulgaris
were selected as agitation rate and nitrogenous source concentra-
tions varying from 100-250 rpm and 1-4 g/L respectively. Each ex-

Predicted vs. Actual
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0.24 —

Pradictad
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Figure 1. The relationship between performed optimization
studies values and calculated values for C. vulgaris
biomass concentration.
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Figure 2. The response surface 3D plot of agitation rate and
nitrogenous source concentration effects on C.
vulgaris biomass concentration.

perimental set seen in Table 2 were studied twice for determining
the optimum production conditions of C. vulgaris. As seen in Table
6, the variance analysis (ANOVA) used for response analysis at the
end of the different combinations of factors which was effective on
C. vulgaris production. According to this, the biomass concentra-
tion model Fvalue of 4.60 implies the model is significant and that
there is only a 3.52% chance that a “Model F-Value” this large
could occur due to noise. Values of “Prob> " less than 0.05 indi-
cate model terms are significant. The p value associated with the
F value is used to determine whether the F value was large enough
to show statistical significance (Jaliliannosrati et al., 2013). The
“Lack of Fit F-value” of 0.15 implies the Lack of Fit is not significant
relative to pure error. There is a 92.53% chance that a “Lack of Fit
F-value” this large could occur due to noise. Non-significant lack
of fit is good for convergence to reality of the model. According to
this study, the statistical significance of the model and the insignif-
icance of lack of fit implies that the model is significant.

In this study, R? value was 0.7668 and it implies that a regression
model did not correspond to the experimental results in ratio of
23.32%. The adjusted R? value was high with 0.6003 and the mod-
el was highly significant.

If there are p values lower than 0.0001 level in an analysis of variance,
then a quadratic polynomial model has high significance and it is
enough for the interrelated independent factors and responses
(Guo et al., 2012). The p value of the model was 0.0352. According
to the model, the p value of factors which affected biomass and
coded as A and B were 0.0027 and 0.9093 respectively. In this situa-
tion, although factor A is assumed as significant for the model be-
cause the p value was lower than 0.05, factor B was insignificant be-
cause the p value was greater than 0.1. In addition to that, the inter-
action coefficient term of AB was insignificant because the p value
was higher than 0.05. In this situation, individual effects of factors
were greater than the effect of factor interaction on C. vulgaris bio-
mass concentration and the most effect was caused by factor B.

When insignificant terms are decreased in the model, an improve-
ment was on the carpet. The coefficient variation was high with a
47.95 value and low values of coefficient variation were needed of a
high precision degree in providing the experimental data’s reliabili-
ty. Noise ratio of signals were measured by using an adequate pre-
cision value with a desired value not greater than 4. In this studly, the
adequate precision value was 6.859. For this reason, the model can
be used for 3D design. The predicted R? value was 0.5058.

The growth medium which included urea as a nitrogenous
source type, the effects of selected factors of agitation rate

Table 5. Optimum conditions for maximum biomass concentrations of C. vulgaris for NaNO,.

Factors-Responses Goal Lower Limit  Upper Limit Sels condnflons el Desirability
C. vulgaris

Agitation .

- Isin range 100 250 172.27

Nitrogenous source .

concentrations, B, (g/L) I3 I =g L & c

Biomass concentration of ;i) 0.013 0.55 0.370 0.666

C. wulgaris (mg/L)
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Table 6. Analysis of variance (ANOVA) of the model for biomass concentration for urea.

Source Sum of Squares Degree of Freedom Mean Square F-Value p>F
Model 0.015 5 2.973E-003 4.60 0.0352
Factor A 9.759E-005 1 9.759E-005 0.15 0.7090
Agitation Rate

Factor B

Nitrogen Source 0.013 1 0.013 20.48 0.0027
Concentration

AB 9.000E-006 1 9.000E-006 0.014 0.9093
A? 2.827E-006 1 2.827E-006 4.377E-003 0.9491
B? 1.485E-003 1 1.485E-003 2.30 0.1732
Residual 4.521E-003 7 6.459E-004

Lack of Fit 4.538E-004 3 1.513E-004 0.15 0.9253
Pure Error 4.067E-003 4 1.017E-003

Standard Deviation 0.025 R? 0.7668

Average 0.053 Adjusted R? 0.6003

C.V.% 47.95 Predicted R? 0.5058

Press 9.582E-003 Adequate precision 6.8589

and nitrogenous source concentration and coded as A and B
on C. vulgaris production was indicated in a second order
polynomial equation which was obtained by using multiple re-
gression analysis, Equation 3, which can be used for calcula-
tions of predicted response value with any combination of rel-
evant factors in experimental ranges. In Equation 3, Y is the
predicted response; biomass concentration (mg/L), A and B
are coded factors; agitation rate (rpm) and nitrogenous source
concentration (g/L) respectively.

Y= 0.44 — 3.493E-003xA — 0.041xB -1.500E-003xAxB —
6.375E-004xA?+0.015xB?(3)

According to the coefficients of terms in Equation 3, the p value
of B was small and this showed that the dominant factor on bio-
mass concentration was nitrogenous source concentration fol-
lowed by the square of nitrogenous source concentrations, agi-
tation rate, and interactions of factors which coded as A and B
and lastly, the square of agitation rate.

Biomass concentration values obtained at the end of calcula-
tions by using Equation 3 and biomass concentration value ob-
tained at the end of the optimization studies performed accord-
ing to the experimental sets interaction given in Figure 3. Bio-
mass concentration values obtained from performed optimiza-
tion studies and predicted biomass concentration values calcu-
lated by using Equation 3 were close to each other.

The individual and interaction effects of independent factors
which were selected as agitation rate and nitrogenous source
concentration and affect to the biomass concentrations of C.
vulgaris can be seen as a 3D response surface in Figure 4 by
using the Design Expert in range of 100-250 rpm and 1-4 g/L
respectively. In 3D design, the inconvenience of a factors
range which affected C. vulgaris production can be seen.
There was an inverse proportion between biomass concentra-
tion obtained at the end of the performed optimization stud-

Predicted vs. Actual

0.14 —|
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0.07 —

Pradictad
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0.01 —

001 004

007

T T
010 013

Figure 3. Interaction between biomass concentration values
of performed studies and predicted and calculated.
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Figure 4. 3D design of agitation rate and nitrogenous source
concentration effects on biomass concentration of

C. wulgaris.
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jes and present nitrogenous source (urea) concentration re-
gardless of agitation rate values, such that the maximum level
of response obtained at minimum level of nitrogenous source
concentration likewise minimum level of response reported at
maximum level of nitrogenous source concentration. Despite
this situation, it was understood that when urea was used as a
nitrogenous source in growth medium, the agitation rate did
not affect the biomass.

In this study, the maximum response was aimed and the selected
physical variables of agitation rate and nitrogenous source (urea)
concentration values were fixed in a range -1 (low) to +1 (high).
The C. wulgaris production optimization solutions were deter-
mined as 100 rpm and 1 g/L for agitation rate and nitrogenous
source concentration respectively because of the maximum desir-
ability and predictability value of response as seen in Table 7. Fur-
thermore, the amount of biomass concentration of C. vulgaris at
the end of the production of optimum conditions was predicted as
0.101033 mg/L and it was in agreement with the predicted value,
with the relative desirability of 0.746, in which the model showed
high desirability. According to the model, optimum conditions
were 100 rom agitation rate and 1 g/L nitrogenous source concen-
tration for C. vulgaris biomass production by using urea as a ni-
trogenous source type.

In this study, C. vulgaris production optimization was provided by
a Response Surface Methodology (RSM) which depended on ag-
itation rate as a nitrogenous source concentration. When NaNO,
was used as a nitrogenous source in growth medium, optimum
conditions were determined as 172 rom and 4 g/L in order to ob-
tain maximum C. vulgaris biomass concentration. These opti-
mum conditions were determined as 100 rpm and 1g/L for urea.
It is understood from these results, that the agitation rate was
mostly effective on biomass concentration described as a re-
sponse function for growth medium which contained NaNQO, as
a nitrogenous source type. If urea was used as a nitrogenous
source type in growth medium, the nitrogenous source concen-
tration played a major role in C. vulgaris production in regards to
obtained results and the decrease of a present nitrogen source
concentration had a positive effect on biomass concentration. In
a previous study, maximum lipid productivity of C. vulgaris of
24716 mg I”" d™" was achieved when the concentration of NaNO,
was 2.06 g I”" (Xie et al., 2012). However, (Kong et al., 2012) re-
ported the maximum biomass of C. vulgaris yield of 4.28 g/L
when the concentrations of KNO,was 1.30 g/L.

After determination of optimum conditions for maximum
level of C. vulgaris biomass concentration, it is understood
that the physical parameter which was mostly effective on

biomass concentration changes according to the nitroge-
nous source type such that the mostly effective physical pa-
rameter was agitation rate for NaNO,, and nitrogenous
source concentration was the most effective physical param-
eter for urea. Optimum conditions for C. vulgaris production
were found to be as 100 rpm in BG11 medium supplemented
with 1 g/L urea instead of NaNO,. The utilization of urea is
important because of its accessibility, being non-explosive,
having low cost compared to NaNO,.

At the end of this study and literature research our study is in
accordance with (Tam and Wong, 1996) and (Converti et al.,
2009) and the determined optimum agitation rate level was
found to be close to the study of (Imamoglu et al., 2014) where
the maximum level of protein contents of C. vulgaris obtained
168 rpm. In another study, the optimum agitation rate obtained
was 150 rpm for maximum level of biomass of C. vulgaris
(Razack et al., 2015). Differences between our study and other
studies are caused by differences of growth medium used for C.
vulgaris cultivation, C. vulgaris cultivation temperature, or the
period of the incubation. After the optimum conditions were
determined, a new C. vulgaris production was performed ac-
cording to optimum conditions, predicted and obtained values
of the results were controlled and validated. In Table 8, poten-
tial C. vulgaris biomass concentration values can be obtained at
different confidence intervals when predicted result validation
was performed at optimum conditions which were determined
by using Design Expert. Biomass productions of 0.35 and 0.11
mg/L were obtained for NANO, and urea respectively at opti-
mum conditions. According to the model, the predicted and
performed responses were close together and appropriate to
ranges thus it showed that the model was validated.

Determined mathematical models should be compatible with
the experimental results. In this study, the aim was to show the
maximum effects of selected parameters on C. vulgaris biomass
concentrations depending on the nitrogenous source type used
in C. vulgaris growth medium. This study presented an experi-
mental approach for new research about the optimization of
physical process parameters which are effective on C. vulgaris
biomass concentrations.

CONCLUSION

In this study, the optimization of C. vulgaris production was per-
formed and the factors which affect the C. vulgaris production
were selected as nitrogen source type, nitrogen source concen-
tration, and agitation rate. The optimum conditions of biomass
production of C. vulgaris were determined as 172 rom and 4 g/L

Table 7. Optimum conditions for optimum C. vulgaris biomass production.

Factors-Responses Goal Lower Limit Upper Limit Optimum conditions for C. vulgaris  Desirability
Agitation rate, A, (rpm) Isin range 100 250 100

Nitrogenous source .

concentrations, B, (g/L) I3 I EmeE L S L

Biomass concentration of \\ ;o 0.01 0132 0.101033 0.746

C. vulgaris (mg/L)
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Table 8. Potential C. vulgaris biomass concentrations which can be obtained at the end of the productions at optimum
conditions.
Predicted Values
NaNO,
95% 95% 95% 95%
Response Prediction Stan'\d/laer;nError Confidence Confidence St;:ed;::tﬁir;or Prediction Prediction
Interval Low  Interval High Interval Low  Interval High
C. vulgaris Bio-
mass Concen- 0.370467 0.061 0.23 0.51 0.13 0.61 0.68
tration (mg/L)
Urea
95% 95% 95% 95%
Response Prediction Stan&zr;anrror Confidence Confidence St;::;::‘cﬁlirrrlor Prediction Prediction
Interval Low  Interval High Interval Low Interval High
C. vulgaris Bio-
mass Concen- 0.101033 0.020 0.054 0.15 0.032 0.024 0.18

tration (mg/L)

nitrogenous source concentration as NaNO.. Also, the optimum
conditions were 100 rpm and 1 g/L nitrogenous source concen-
tration for C. vulgaris biomass production by using urea as ni-
trogenous source type. The study aimed to provide a new nitro-
gen source for C. vulgaris production and also to utilize urea as
an alternative substrate in biotechnology owing to the low cost
and high accessibility in regard to NaNO,. Because NaNO, can
also be used in agriculture, construction, and the petroleum
chemical industry along with the active substance in production
of explosive devices. For this reason, availability and conserva-
tion of it is very difficult.
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