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Abstract In this study, heterotrophic growth conditions
for Micractinium sp. MEOS cells were investigated for the
improvement of biomass production. Plackett Burman (PB)
method was used to screen process variables, namely, pH,
carbon source and yeast extract concentrations, temperature
and inoculum ratio, that affect the biomass production. The
Box-Behnken (BB) design of response surface methodol-
ogy (RSM) was applied to evaluate the interaction effect
of process variables and to optimize them. The biomass
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obtained from PB design was 1.07 g/L and pH, tempera-
ture and carbon source concentration were selected based
on their positive effect on biomass production. Apply-
ing response optimizer tool of RSM, the highest biomass
obtained was 2.08 g/L. The results revealed that a 1.9-fold
increase in biomass concentration was achieved by manipu-
lating cultivation conditions which would be valuable for
large scale cost efficient industrial applications of biomass
production.
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Introduction

Microalgae are procaryotic or eucaryotic photosynthetic
microorganisms that can grow rapidly and able to live in
severe conditions due to their unicellular or simple mul-
ticellular structure. Cyanobacteria (Cyanophyceae) is an
example to procaryotic microalgae wheras green algae
(Chlorophyta) and diatoms (Bacillarophyta) are examples
of eucaryotic microalgae [1].

Microalgae are useful sources for different industries
such as cosmetic, health food, chemical and pharmaceutical
industries producing high value products such as pigments,
carbohydrates, lipids, proteins and vitamins [2]. Large scale
production provides a wide variety of practical and meta-
bolic products, such as food supplements, lipids, enzymes,
biomass, polymers, toxins, pigments and ‘green energy’
products. Such products were produced by cultivating
microlagae on various organic substrates such as glucose,
acetate, sugarcane baggase and synthetic or real wastewa-
ters [3, 4]. For a long time, microalgae have been known as
effective biological system to use solar energy in order to
produce biomass and different types of metabolites. Since
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they have the ability to adapt to varying cultural conditions,
they can maximize the formation of targeted products [5].

The cultivation conditions of microalgae affect growth
characteristics and cellular composition of microalgae [6].
There are four major types of cultivation conditions for
microalgae; photoautotrophic, heterotrophic, mixotrophic
and photoheterotrophic cultivation [7]. In photoautotrophic
cultivation; microalgae use light (sunlight) as the energy
source and inorganic carbon such as carbondioxide in order
to produce chemical energy via photosynthesis [8]. In het-
erotrophic cultivation, organic compounds are used as
carbon and energy sources [7]. In mixotrophic cultivation
microalgae use both organic carbon and inorganic carbon
(CO,) as a carbon source during photosythesis. In photo-
heterotrophic cultivation, microalgae require light while
using organic carbons as carbon source [9]. Microalgae can
use light efficiently but their photoautotrophic growth is
often slow because of light limitation at high cell densities
on a large scale [8, 10].

Heterotrophic cultivation can be a cost effective alterna-
tive for some microalgae that can use organic carbon sub-
stances as their sole carbon and energy source [11]. Het-
erotrophic growth of microalgae has some advantages over
photoautotrophic cultivation such as; elimination of light
requirement, enabling the control of cultivation process
and since the cell density is higher in hetetotrophic cultiva-
tion, the harvesting cost is low. In heterotrophic cultivation,
cell growth and biosythesis of products are significantly
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affected by medium nutrients and environmental factors.
Carbon source is one of the most important components in
heterotrophic cultivation of microalgae for the production
of lipids [12]. Several microalgae such as Chlorella prothe-
coides and Crypthecodium cohnii can uptake carbohydrates
such as glucose directly and transform to lipid. Such a het-
erotrophic metabolism results in higher cell density and
neutral lipid content [13].

On the other hand, since the carbon source usually used
in relatively higher concentrations in comparison to other
medium components, it contributes to the raw material cost
in high amounts. Therefore, utilization of cheaper carbon
sources is strongly required. Molasses, a waste of sugar
industry is one of the most favorable carbon source. It con-
sists of approximately 45-50% (w/w) total sugars (mainly
sucrose, glucose and fructose), 17-25% water and 2-5%
polysachharides (dextrins, pentosans, polyuronic acid)
[14]. Gaurav et al. [15] evaluated the usage of molasses
to increase the biomass and lipid production of Chlorella
pyrenoidosa. C. pyrenoidosa cells were maintained in 100
mL Fogg’s medium that contain different sugars (10 g/L),
which include glucose, sugar mixture (8 g/L sucrose, 1 g/L
glucose and 1 g/L fructose), treated and untreated molasses.
The biomass obtained was 0.89, 0.81, 0.52 and 1.22 g/L
with glucose, sugar mixture, untreated molasses and treated
molasses, respectively. By taking into consideration the
increase in biomass concentration from 0.89 to 1.22 g/L
and the increase in lipid content from 0.27 to 0.66 g/g using
molasses instead of glucose they reported the feasibility of
using molasses as a carbon source for large scale low-cost
lipid production by C.pyrenoidosa [15]. In addition, corn
powder hydrolysate [16], sweet sorghum [17] and cassava
[18] are other cheap organic carbon sources that were used
as carbon source for the cultivation of microalgae.

In order to maximize the industrial productivity of
microalgae, there is a need for optimization of high-density
cell cultivation conditions. Such an optimization is per-
formed via repeating experiments. Instead of performing
repeating experiments, response surface methology (RSM)
can be applied and thus optimized values can be determined
with a less number of experiments [19]. Also, interactions
between operating variables can be explained by RSM and
optimum conditions for algal growth are determined [20].

Several researchers have studied the optimization of cul-
tivation conditions and medium compositions of microal-
gae using RSM [20, 21]. Cheng et al. [21], used the Cen-
tral Composite Design of RSM to investigate the effects
of C/N (carbon source/nitrogen source) and yeast extract
concentration on the biomass and lipid production of Chlo-
rella prothecodies [21]. Kirrolia et al. [20] used the Box-
Behnken Design of RSM for medium optimization of
Chlorella spp. during biodiesel production [20]. However
no study has been found on investigation of pH, incubation

temperature, carbon source and yeast extract concentration
and inoculum ratio on the heterotrophic biomass produc-
tion by Micractinium sp. cells. Thus, the aim of this study
was to enhance the biomass production of Micractinium sp.
MEO5 through optimization of cultivation conditions. For a
cost efficient production of biomass, molasses was used as
a carbon source. Different concentrations of carbon source,
inoculum ratios of cells and media (basal medium and bold
basal medium) were tested by one factor at a time approach
and then by Plackett Burman method to screen the process
variables that affect the biomass production. The interac-
tion effect between process variables were also evaluated
with Box-Benhken Design of response surface method
(RSM). This study revealed the optimum heterotrophic
cultivation parameters for the enhancement of biomass pro-
duction of Micractinium sp. MEOS cells with the usage of
molasses as a carbon source.

Materials and Methods
Materials

The algal cells used in this study were Micractinium sp.
MEQS5, which were isolated from Haymana, Ankara (lati-
tude 39.44°N, longitude 32.48°E) geothermal flora and
characterized as previously described [22]. Microalgae
were maintained on agar slants that contain tris-acetate-
phosphate (TAP) medium [23].

Culture Medium and Cultivation Conditions

Micractinium MEOS5 strain, maintained on slant agars of
TAP medium, was inoculated into 100 mL of liquid TAP
medium. The TAP medium was composed of 2.4 g/L of
Tris (hydroxymethyl) aminomethane, 0.8 g/L of NH,CI,
0.1 g/L of CaCl,-2H,0, 0.2 g/L of MgSO,-7H,0, 0.3 g/L of
K,HPO,, 0.05 g/L of EDTA-2H,0, 5 mg/L of FeSO,-7H,0,
0.022 g/L of ZnSO,7H,0, 5.2 mg/L of H;BO; 5 mg/L
of MnCl,-4H,0, 1 mg/L of CuCl,-2H,0, 2.6 mg/L of
Na,-Mo0O-2H,0, and 1.6 mg/L of CoCl,-6H,0 [23]. Cells
were incubated at 25+ 1°C with shaking at 150 rpm for 4
days in a controlled growth chamber. These cells were used
as seed cells for basal cultivation medium and bold basal
cultivation medium.

Micractinium MEOS5 cells were cultivated in 250
mL basal medium and 250 mL bold basal medium in
500 mL flasks. The components of basal culture medium
were; 0.7 g/L of KH,PO,, 0.3 g/L of K,HPO,, 0.7 g/L of
MgS0O,-7H,0, 3 mg/L of FeSO,-7H,0, 0.1 g/L of glycine,
0.01 mg/L of vitamin B, 1 ml/L of AS trace mineral solu-
tion (2.86 g/L of H;BO;, 0.04 g/L. of Na,MoCo,-2H,0,
0.22 g/ of ZnSO,7H,O, 1.81 g/L of MnCI,-4H,0,
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0.074 g/L of CuSO,-5H,0) [24]. The components of
bold basal culture medium were ; 0.175 g/L of K,HPO,
0.025 g/L of CaCl,-2H,0, 0.075 g/L of MgSO,7H,0,
0. 25 g/l of NaNO; 0.075 g/L of K,HPO, 25 g/L of
NaClI, 11.42 mg/L of H;BO3, 1 ml/L of trace metal solu-
tion consisting of 8.82 g/L. of ZnSO,-7H,0, 1.44 g/L of
MnCl,-4H,0, 0.71 g/L of MoO; 1.57 g/L of CuSO,-5H,0,
0.49 g/L of Co(NOs;),-6H,0, alkaline EDTA stock solu-
tion (1 ml/L) consisting of 50 g/LL Na,EDTA and 31 g/L of
KOH, and acidified iron stock solution (1 ml/L) consisting
of 4.98 g/L of FeSO, and 1 mL of H,SO, [25].

All media and cultivation apparatus were sterilized by
autoclaving at 121 °C for 15 min. After sterilization, 30 g/L
glucose and 2 g/L yeast extract [26] were added to 250 mL
basal medium in 500mL flasks by filtering through a mili-
pore filter. Micractinium sp. MEOS in exponential phase
was inoculated (0.2 and 5%, v/v) into basal cultivation
medium.10 and 30 g/L glucose were added to 250 mL bold
basal medium separately by filtering through a milipore
filter. Micractinium sp. MEO5 in exponential phase was
inoculated (10%, v/v) into bold basal cultivation medium.
Heterotrophic cultivation was carried out with air flowing
(~0.5 L min) in the dark at 25+ 1°C for 5 days in a con-
trolled growth chamber.

Pretreatment of Molasses

The molasses used in this study was obtained from Konya
Sugar Factory, Konya, Turkey. Acidic pretreatment was
applied to molasses. For this purpose 10 mL of molasses
was mixed with 90 mL of 1% (w/v) and 3% (w/v) of H,SO,
seperately. The solutions were autoclaved at 121°C for
40 min. The reducing sugar content was determined using
3,5-dinitrosalicylic acid (DNS) method [27].

Cell Growth and Biomass Measurement

Cell growth was monitored by optical density measure-
ments at 680 nm using Shimadzu UV-1800 spectropho-
tometer. Microalgae biomass was harvested in stationary
phase by centrifugation at 3000 g for 10 min at 4°C [22].
The harvested biomass was washed with distilled water
and then dried at 70°C in a hot air oven. The biomass was
determined gravimetrically [28].

Experimental Design

One Factor at a Time Approach

The approximate medium composition and inoculum
ratio for the heterotrophic cultivation of Micractinium

sp. MEOS5 was determined by varying one factor at a time
while keeping all other factors constant. For this purpose
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two different inoculum ratios 0.2 and 5% (v/v) of Mic-
ractinium sp. MEQS cells were evaluated in terms of bio-
mass production. Basal medium was used as a cultivation
medium for these inoculum ratios. Bold basal medium
was supplemented with 10 and 30 g/L glucose separately
and 10% (v/v) of Micractinium sp. MEOS cells were inoc-
ulated into these media.

Screening of Process Variables by Plackett Burman
Method

Plackett-Burman Design was used to screen factors that
significantly affect biomass production. pH, temperature,
glucose, yeast extract and inoculum size were selected
as variables (Table 1). All experiments were conducted
in triplicate. The independent variables; pH, tempera-
ture, glucose, yeast extract and inoculum size were coded
as X;, X,, X;3, X, and X5 respectively. The predicted
response (?) was written as follows:

Y =By + B X + B, X, + B3 X5 + ByXy + BsXs (D

where Y is the predicted response (biomass concentration),
Bo. By, B, B3, B, and Bs are regression coefficients [29].

The statistical software MINITAB 16.0 (Minitab Inc.,
State College, PA, USA) was used to analyze the experi-
mental design. A 24-run Plackett-Burman Design was
used to screen 5 factors.

Box-Behnken Design

The interaction effect between process variables were
studied using the Box-Behnken Design (BBD) with a
quadratic model using MINITAB 16.0 (Minitab Inc.,
State College, PA, USA). Based on the outcome of Plack-
ett-Burman Design experiments, BBD matrix was cre-
ated using pH (X;), temperature (X,) and molasses hydro-
lysate concentration (g/L)(X;). The ranges of process
variables were 6-8 for pH, 25-37 °C for temperature and

Table 1 Coded and uncoded variables at different levels used in
Plackett-Burman Design

Variable Symbol Value

-1 0 +1
pH X, 6 7 8
Temperature X, 25 31 37
Inoculum (v/v %) X5 5 7.5 10
Yeast Extract (g/L) Xy 0 2 4
Glucose (g/L) X5 10 15 30
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10-30 g/L for glucose concentration. A set of 45 experi-
ments were carried out. A second order polynomial equa-
tion was related to biomass production as follows:

Y =By + Bi X + B X5 + B3 X5 + X% + s X, @)

+BeXs” + B X Xs + B X, X; + Bo X, X5
where Y is the predicted response (biomass concentration)
and f, the intercept, B, f, and P; are linear coefficients,
B4, Bs and Bg squared coefficients, B, fg and Py interaction
coefficients and X; X, and X; independent variables used
in this study. The optimum conditions for maximizing bio-
mass production was determined by using Response Opti-
miser Tool in MINITAB16.0 (Minitab Inc., State College,
PA, USA) .

Model Verification

The accuracy of the applied model was determined by
comparing the results of the experiments with the results of
the predicted biomass calculations. In order to evaluate the
performance of the model a statistical difference measure
test was performed. Root mean square error (RMSE) and
mean absolute error (MAE) was calculated as follows:

N 0.5
1 2
RMSE = <N Z (Xpred,i - Xexp,i) ) (3)

i=1

N
MAE = % ; |Xpred,i - Xexp,i| (4)

where X,,,.,; and X, , ; are predicted and experimental bio-
mass concentrations, respectively; N is the number of data

points [29].

Results and Discussion

One factor at a Time Approach

In order to determine the approximate medium composi-
tion and inoculum ratio for the heterotrophic cultivation of

Micractinium sp. MEOS cells, two different inoculum ratios
(0.2 and 5% v/v) of Micractinium sp. MEOS cells into basal

medium were evaluated while keeping all other factors con-
stant. When basal medium that contain 30 g/L glucose, was
inoculated with 0.2% (v/v) cells, the biomass obtained was
1.33 g/L. With a 5% (v/v) inoculum, the biomass increased
to 2.69 g/L. In bold basal medium containing 10 g/L glu-
cose, the biomass obtained was 0.96 g/L, whereas at 30 g/L
glucose, the biomass increased to 2.23 g/L (Table 2). These
biomass results indicated that, basal medium inoculated
with higher inoculum resulted in higher biomass. Also for
bold basal medium, higher concentration of carbon source
gave higher biomass results, which agreed well to other
studies.

In the heterotrophic cultivation of Chlorella prothe-
coides using basal medium that contain 10 g/L glucose as
carbon source and inoculum ratio of 10% (v/v), the biomass
obtained was reported as 3.74 g/L after 144 h of incubation
[16]. In a study of Yan et al. (2011), basal medium that con-
tain 30 g/L glucose and 2 g/L yeast extract was inoculated
with 10% (v/v) Chlorella prothecoides cells. After 120 h
of incubation at 28 °C, the biomass reported as 12.8 g/L
[26]. Wei et al. [18] evaluated cassava starch hydrolysate
(CSH) instead of glucose to increase biomass and reduce
the cost of heterotrophic cultivation of C. prothecoides. In
order to compare glucose and CSH, different levels of glu-
cose concentration (10, 20, 30, 40 and 50 g/L) were used
in a glucose based medium and the same glucose concen-
trations were used in the CSH based medium by adding
equivalent amount of CSH to basal medium. These media
were inoculated with 5% (v/v) C. prothecoides cells. After
incubation at 28 °C for 240 h under dark conditions, they
reported that high glucose concentrations increased bio-
mass but decreased the lipid content.On the other hand low
glucose concentration decreased the biomass concentration
and increased the lipid content. In terms of cassava starch
hydrolysate, they reported that higher or lower glucose con-
centration in CSH inhibited the growth of Chlorella. As a
result, a medium with 30 g/L glucose in CSH was preferred
for the heterotrophic culture of Chlorella [18].

In our study, during heterotrophic cultivation of Mic-
ractinium sp. MEOS, different inoculum ratios and glucose
concentrations gave rise to different biomass results. In
order to screen the important variables that affect biomass
concentration, a 2-level Plackett-Burman Design was used
prior to response surface optimization.

Table 2 Biomass results of Cultivation medium

Inoculation ratio (v/v %)  Biomass (g/L)

Micractinium sp. MEOS cells in

different med.ium composi.tion Basal medium +30 g/L glucose +2 g/L yeast ext 0.2 1.33
and different inoculum ratios Basal medium +30 g/L glucose+2 g/L yeast ext 5 2.69
Bold basal medium+ 10 g/L glucose 10 0.96
Bold basal medium + 30 g/L glucose 10 2.23
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Table 3 The Plackett—Burman

8 . Run pH T °C Inoc. (v/v %) Yeast ext. Glucose (g/L) Biomass
experlrnent.all design and (¢/L) (¢/L)
corresponding results

1 8 25 5 0 30 1.12
2 6 37 10 4 10 1.25
3 6 37 10 0 30 1.24
4 6 25 10 4 30 1.78
5 6 37 5 0 10 1.69
6 8 25 10 4 10 1.25
7 8 37 5 4 30 1.67
8 6 25 5 0 10 1.07
9 6 25 5 4 30 2.38
10 8 25 10 0 10 1.66
11 8 37 10 0 30 1.92
12 8 37 5 4 10 2.05

Table 4 Estimated effects and coefficients from screening process
variables by Plackett—-Burman method (coded units)

Term Effect Coefficient SE coef- t value P value
ficient

Constant 1.2883 0.02894 44.51 0.000

pH 0.6883  0.3442 0.02736 12.58 0.000

T °C 0.7068 0.3534 0.02894 12.21  0.000

Inoculum —0.0769 —-0.0385 0.02194 —-1.75 0.103
IV %)

Yeast extract —0.3650 —0.1825 0.02736 —6.67 0.000
(g/L)

Glucose -0.4218 -0.2109 0.02894 -7.29 0.000
(g/L)

Result is signficant when P<0,05 and R?>=0.9442, R?

(adj)=0.8751% and R?(pred) =0.9227

Fig. 1 Pareto chart for results
of Plackett-Burman Design

Screening of Process Variables by Plackett Burman
Method

A 12 run Plackett-Burman design was used to screen five
factors. All experiments were conducted in two replicates
and the response was the average biomass concentra-
tion (g/L) after 120 h of incubation. For Plackett-Burman
Design, experimental response (Y) and predicted response
(Y) are given in Table 3. The first order equation expressed
in coded units for biomass production is as follows:

Y= 1.2883+ 0.3442X, + 0.3534X, — 0.0385X,
—0.1825X, — 0.02109X, )

where X; X, Xj X, and Xj are coded variables for
pH, temperature, inoculum ratio (v/v %), yeast extract

Pareto Chart of the Standardized Effects

(response is biomass, Alpha = 0,05)

2,16
[
T -
pH
E g
5 glucose
'_
yeast
inoculum -
T T T T T
0 2 4 6 8 10
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Table 5 The Box-Behnken Design, experimental and predicted val-
ues for biomass production

Run pH T°C Molasses hydro- Y (g/L)? b6 (g/L)°
lysate (g/L)
1 7 25 10 1.32 1.41
2 6 31 30 1.31 1.32
3 7 37 10 0.62 0.68
4 8 37 20 0.70 0.64
5 7 31 20 1.88 1.95
6 8 31 30 0.95 1.01
7 8 25 20 0.82 0.82
8 7 25 30 0.76 0.69
9 6 37 20 0.79 0.78
10 6 31 10 1.22 1.15
11 7 31 20 1.92 1.95
12 7 31 20 2.05 1.95
13 6 25 20 0.73 0.78
14 7 37 30 1.25 1.24
15 8 31 10 1.36 1.35

Inoculum ratio and yeast extract concentration were used at center
point levels

#Y(g/L) is the experimental biomass concentration

¥ (g/L) is the predicted biomass concentration

concentration (g/L) and glucose concentration (g/L),
respectively.

Estimated effects and coefficients for each variable is
given in Table 4. Pareto chart of design variables is given
in Fig. 1. According to the results, pH and temperature
indicated positive effects on biomass production, whereas
inoculum ratio, yeast extract concentration and glucose
concentration had negative effects on biomass production.
On the other hand, the variables pH, temperature, yeast
extract concentration and glucose concentration had signifi-
cant (p <0.05) effects on biomass production at confidence
level of 95%. The variable, inoculum ratio was found to
be insignificant (p>0.05). Due to their negative effects on
biomass production, in subsequent optimization study, the
inoculum ratio and yeast extract concentration were used
at the center point levels. Although glucose concentration
also showed a negative effect on biomass production, it was
included in the optimization part since it was the major raw
material of this study.

Li et al. (2011) used a similar approach including Box-
Behnken Design to optimize carbon, nitrogen and phospho-
rus concentration in the medium of Chlorella minutissima
UTEX2341 and to increase the biomass. Carbon, nitro-
gen and phosphorus concentration were selected as vari-
ables with the maximum and minimum values 3.12-25 g/L,
0.78-3.12 g/L and 0.03 g/L and 0.52 g/L for carbon,
nitrogen and phosphorus concentration, respectively.
They reported that, carbon and nitrogen concentration

significantly affected biomass production on the other hand
phosophorus concentration had no significant efffect on bio-
mass. The optimized carbon, nitrogen and phosphorus con-
centrations were 26.37, 2.61 and 0.03 g/L, respectively [30].

Box-Behnken Design

The results of Box-Behnken experiments to study the
effects of pH, temperature and molasses hydrolysate con-
centration are presented in Table 5. The regression coeffi-
cients for biomass production is presented in Table 6. The
coefficient of determination (R?) for biomass production
was 0.94. As the R? value gets close to 1.0, the model gets
stronger [31]. The R? value obtained here demonstrated
that the model adequately fitted to the data. The insignifi-
cant lack of fit (P=0.131>0.05) also demonstrated that the
model fitted well to the experimental data.

Among the variables pH, temperature and molasses
hydrolysate concentration showed insignificant effects
(p>0.05) under the tested range. Altough their linear
effects were insignifcant, the quadratic effects of each
variable showed significant effects (p<0.05). The interac-
tion between pH and molasses hydrolysate and tempera-
ture and molasses hydrolysate were significant (p <0.05),
whereas the interaction between pH and temperature was
insignifcant (p>0.05). The highest biomass concentration
of 2.05 g/LL was observed at a pH of 7, at a temperature of
31°C with 20 g/L. molasses hydrolysate. The second order
polynomial equation for the prediction of biomass was:

¥ =1.95000 — 0.02708X, — 0.03333X, — 0.03375X,
—0.48452X,%? — 0.70792X,% — 0.25375X,*
— 0.004500X, X, — 0.012417X, X3+ 0.29833 X, X,

(6)
Table 6 Regression analysis results for biomass production
Term Coef SE Coef T P
Lack of fit 0.131
Constant 1.95000  0.04064 47.986  0.000
pH —0.02708  0.02488 —1.088  0.284
T°C —0.03333  0.02488 -1.340  0.189
Molasses** —0.03375  0.02488 -1.356 0.184
pH x pH —0.48452  0.03663 —13.252  0.000
T °CxT°C —-0.70792  0.03663 —19.326  0.000
Molasses X molasses ~ —0.25375  0.03663 -6.927  0.000
pHXTC —0.04500  0.03519 -1.279  0.209
pH X molasses -0.12417  0.03519 -3.528  0.001
T °C X molasses 0.29833  0.03519 8.477  0.000
*Result is signficant when P<0,05 and R2=0.9470, R?

(adj)=0.9333% and R%(pred)=0.9121

**Molasses is the molasses hydrolysate concentration
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Fig. 2 Response surface plots showing the effect of a temperature
and pH, b molasses hydrolysate concentration and pH, ¢ tempera-
ture and molasses hydrolysate concentration on biomass production.

where Y is the predicted biomass concentration, X, X, and
X, are uncoded variables for pH, temperature and molas-
ses hydrolysate concentration, respectively. The response
surface plots described by the regression model were plot-
ted for better understanding (Fig. 2). All surface plots dem-
onstrated that as the level of variables increased, biomass
production increased up to a certain level. In Fig. 2a bio-
mass concentration demostrated a non-linear effect with the
increase of pH from 6 to 8, and with the increase of temper-
ature from 25 to 35 °C under constant molasses hydrolysate
concentration. In Fig. 2b surface plots demonstrated that
both high and low temperatures had negative effect on bio-
mass production. Similarily high and low concentrations of
molasses hydrolysate had negative effect on biomass pro-
duction. The effects of temperature and carbon source con-
centration in our study are in accordance with the findings
of Lakshmikandan et al. (2016), who reported that high and
low concentrations of subtsrate and high and low values of
temperature had negative effect on cell growth and biohy-
drogen production [32]. Such a behaviour may result from
the fact that under sub-optimal temperature conditions,
cytoplasmic viscosity of the cells change and carbon uti-
lization becomes less efficient. On the other hand, increas-
ing the temperature beyond the optimum reduces protein
sythesis and as a result reduces cell growth rate [33]. An
increase in pH with a simultaneous increase in molasses
hydrolysate concentration (temperature constant) led to
an increase in biomass production until they reached their
optimal values (Fig. 2b). Such a behaviour was expected
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biomass (g/L) 1,5

2,0

30

1,0 20
" molasses hydr.(g/L)

6 7
pH
Fixed Values
pH 7

Temperature (T°C) 31
molasses hydr.(g/L) 20

The third factor, in all cases was held constant at the middle level (i.e.
pH:7, temperature 31 °C and molasses hydrolysate: 20 g/L)

since pH determines the solubility of essential nutrients
and maximum algal growth occurs around neutral pH [33].
When pH was held constant, an increase in temperature
about to 30°C and an increase in molasses hydrolysate
concentration to 20 g/L caused an increase in biomass con-
centration, as denoted by the significant interaction term
in Table 6. In Fig. 2c, the molasses hydrolysate concentra-
tion showed a non-linear effect on biomass production. As
molasses hydrolysate concentration was increased to about
20 g/L, biomass concentration increased to about 1.5 g/L.
An incrase in biomass concentration with an incrase in
molasses hydrolysate concentration was due to the fact that
biomass is mainly controlled by the carbon source and is
essential for building up biomass [20].

The highest biomass result obtained with BB Design
experiments using 19 g/L. molasses hydrolysate is 2.05 g/L
and the biomass productivity is 0.27 g/L/day. Such a bio-
mass productivity is higher than those obtained in the lit-
erature that were concerned with the optimization of bio-
mass production from Micractinium species. For example,
Karpagam et al. [28] focused on increasing biomass and
lipid production of Coelastrella sp. M-60 and Micractinium
sp. M-13 using sugarcane industry effluent (0.625, 1.2 and
2.5 mL/L), citric acid (10, 20, 30 mg/L) glucose (0.05, 0,1,
0,15 and 0.2%)and vitamin B, (0.001, 0.002 and 0.003%)
with BG-11 medium. Medium optimization studies were
performed with Central Composite Design (CCD) and it
was reported that the growth of Micractinium sp. M-13 was
maximum for BG-11 medium containing 25 mg/L citric
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acid and 1.25 ml/L sugarcane industry effluent with a bio-
mass productivity of 0.0615 g/L/day [28]. Beside this, there
are different studies that are concerned with the enhance-
ment of microalgal biomass production by using Response
Surface Methdology and Multi-Objective Optimization
[21, 34]. Kanaga et al. [34] focused on maximizing lipid
and biomass production of Chlorella pyrenoidosa NCIM
2738 by using multi objective optimization strategy. Glu-
cose, NaNO; and K,HPO, concentration were selected as
variables and were investigated with Central Composite
Design. It was reported that the optimal level of NaNO;
K,HPO, and glucose concentration to maximize biomass
concentration were 23.63 mM, 286.4 uM and 4.18% (w/w),
respectively. Under such conditions the biomass obtained
was 1.395 g/L [34]. Different biomass quantitites observed
in the previous studies and in this study is due to the fact
that between various species the lipid content, lipid and
biomass productivites show significant differences [35].

In comparison with one factor at a time approach in this
study, the decrease in the amount of carbon source con-
centration from 30 g/L glucose to 19 g/L. waste molasses
hydrolysate can remarkably reduce the cost of cultivation
since the cost of glucose is estimated to be 80% of the total
medium cost [36]. On the other hand, alternatively cheap
carbon sources have been suggested to replace glucose for
lowering culture costs [15, 18].

Model Verification Results

The optimum conditions for biomass production predicted
by the model were found as temperature of 30.9°C, a pH
of 6.9 and molasses hydrolysate concentration of 19 g/L.
Under these conditions the biomass was measured as
2.08 g/L. The biomass obtained was very close to cor-
responding predicted value of 1.95 g/l with a very low
standart deviation (0.09) and very low coefficient of vari-
ation (0.04 or 4%). These results indicated that the model
adequately estimates the biomass produced. The con-
structed model was also checked using error analysis.The
RMSE and MAE values were calculated as 0.10 and 0.08,
respectively, which both indicate low error and high accu-
racy of prediction.

Conclusion

This study presented optimization of heterotrophic cultiva-
tion conditions for Micractinium sp. MEOS to improve bio-
mass production. Process variables were screened by PB
method. The PB method gave 1.07 g/L biomass and 0.15
biomass yield (Y,,) with 7.18 g/L glucose consumption.
Response surface optimization resulted in 2.08 g/L bio-
mass and 0.21 biomass yield (Y, ) with 9.82 g/L. molasses

x/s

hyrdolysate consumption. The results demonstrated that
cultivation conditions can be manipulated with RSM to
increase the biomass about to 1.9-fold. Since molasses
hydrolysate is a low cost substrate compared to glucose,
this study provides useful information for further studies
regarding cost efficient large scale production of biomass
for industrial applications.
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