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Abstract: The present study aimed to optimize the production of Scenedesmus sp. biomass during
the phycoremediation process. The biomass productivity was optimized using face centred central
composite design (FCCCD) in response surface methodology (RSM) as a function of two independent
variables that included wet market wastewater concentrations (A) with a range of 10% to 75% and
aeration rate (B) with a range of 0.02 to 4.0 L/min. The results revealed that the highest biomass
productivity (73 mg/L/d) and maximum growth rate (1.19 day ') was achieved with the 64.26% of
(A) and 3.08 L/min of (B). The GC-MS composition analysis of the biomass yield extract revealed
that the major compounds are hexadecane (25%), glaucine (16.2%), and phytol (8.33%). The presence
of these compounds suggests that WMW has the potential to be used as a production medium for
Scenedesmus sp. Biomass, which has several applications in the pharmaceutical and chemical industry.

Keywords: microalgae; wet market wastewater; biomass production; Scenedesmus sp.

1. Introduction

Microalgae biomass are well known as a substrate for production of biohydrogen,
biogas, and biodiesel due to the natural source of chemical hydrocarbon and other bioactive
compounds which possess functional properties [1-3]. Scenedesmus sp. has the most
sufficient fatty acid profile compared to Chlorococcum sp., Chlorella sp., and Botryococuss
sp. [4]. Scenedesmus sp. is suitable for biomass in terms of biodiesel production for its high
lipid content and has been selected for higher scale studies in the literature [5-8]. However,
the main limits lie in the cost associated with the production of the microalgae biomass in
the commercial media. Hence, the new directions have been shifted to use wastewater such
as wet market wastewater (WMW) as a production media for microalga biomass due to the
available nutrients and trace elements in these wastes which improve microalgae growth.
Besides, the production process is carried out without chemicals, nutrient additions, or
adjustments for the wastewater medium since the microalgae is photosynthetic organisms
and able to grow in an ambient environment [1,9,10]. On the other hand, the microalgae
growth and their cellular biochemical composition can possibly be affected by culture and
environmental conditions in nutrient balance, which play major roles in growth, biomass
production, and lipid accumulation [11,12]. Hence, these nutrients, e.g., nitrogen and
phosphorus should be optimized to achieve high biomass productivity.
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Several studies have been implied that using wastewater such as poultry leachate,
meat processing, and piggery wastewater gives rise to excellent biomass yield compared to
industrial wastewater [13-15]. Although, the concentration of nitrogen and phosphorus in
wastewater from poultry, piggery and wet market would be potential nutrient sources, it might
possess extremely high concentrations and need to be diluted before microalgae culturing
or cultivation, as it is important for algal growth and wastewater treatment [14,16,17]. The
experiment by Markou et al. [13] observed that 25x diluted raw poultry leachate to Chlorella
Vulgaris is the optimal condition for biomass productivity with a total yield of 465 mg/g.
Kuo et al. [14] examined microalgae Chlorella sp., where they discovered that the highest
biomass production was 4730 mg/L in 25% of piggery wastewater. Moreover, among studies
related to Scenedesmus sp., there have been relatively few established, and there is a lack of
information about a stable growth of the microalgae Scenedesmus sp. cultivation system with
WMW replacement.

The response surface methodology (RSM) is a statistical experimental design tool that
gives maximum performance in the process. The use of RSM allows the assessment of
interaction between the factors, and also allows the development of this design to predict
the biomass productivity [18,19]. Cultivation of microalgae and biomass production in the
wastewater media, the WMW dilution, and aeration rate, may have the ability to minimize
the significant costs of CO, and flue gas treatment. The current work is motivated by
the increasing practice in the applications of microalgae biomass and the implementation
of environmentally-friendly tools for recycling of wastewater. The aim of the study was
to maximize the biomass production by Scenedesmus sp. based on the optimization for
the environmental factors including different concentration of WMW and aerations rates.
The efficiency of WMW as a production medium was evaluated based on the GC-MS
composition analysis of the biomass yield.

2. Materials and Methods
2.1. Preparation of Wastewater Samples and Microalgae Inoculum

The wet market wastewater (WMW) was obtained in Polyethylene Terephthalate
(PET) from a public market located in Rengit Batu Pahat, Johor, Malaysia (1°40'46.4” N
103°08'48.1” E). The collected WMW samples were immediately transferred to the analytical
laboratory according to the procedures described by APHA standard [20]. The WMW
samples were filtered using a membrane filter (Whatman) with a 0.45 um pore size to
remove suspended solids and other microorganisms to avoid the antagonistic competition
with Scenedesmus sp. The WMW samples were characterized in terms of physiochemical
and heavy metal content based on the standard method according to APHA [20].

2.2. Microalgae Isolation and Identification of Scenedesmus sp.

Scenedesmus sp. was obtained from inland waters in river basin of Endau Rompin,
Johor at tropical rainforest located in the southern region of Peninsular Malaysia (between
02°30.711” N 103°20.984” E and 02°30.740” N 103°20.996”E ). The algae samples were
collected via 25 um-planktonic net and then kept in a sterilized glass bottle until transferring
to the laboratory using a portable cooler box, before it goes under the isolation process.
The top of the bottle must be covered with sterile cotton wool plugs and use organic-
free water in order to avoid contamination. The isolated algae sample was examined
under morphologically in a light microscope (OLYMPUS CX22LED) attached to a digital
camera and connected to the computer. The Scenedesmus sp. were identified through
its shape, colour, structure, length of the spines, width details of outer cells, and pattern
by a field guide according to Prescott [18]. Lastly, in order to confirm the Scenedesmus
sp. identification, the process was done according to DNA sequence and blasted using
GenBank database online (www.ncbi.nlm.nih.gov/BLAST/) [21].

Extraction of DNA from isolated species was performed using cetyl trimethyl am-
monium bromide [22,23]. Five puL of extracted liquids was run on test gel, and as a result,
one DNA species was obtained. The 18rS rRNA of nuclear encoded was amplified by
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polymerase chain reaction (PCR) as it ran repeatedly in 30 cycles of 95 °C, 5 min; 94 °C,
45 s (denaturation); 55 °C, 30 s (annealing); 72 °C, 2 min (DNA synthesis, elongation); 72 °C,
10 min; and 4 °C hold. Following the amplification, the PCR were then purified using a pu-
rification kit by Sigma and checked on 1% agarose gel for sequencing preparation. The DNA
of Scenedesmus sp. profile was also verified by National Center Biotechnology Information
(NCBI) and Molecular Biology Services, Species Barcoding Report; www.base-asia.com [24].
The preparation of Scenedesmus sp. isolated were cultured in Bold Basal Medium (BBM)
(Bischoff and Bold) [25] as described in the previous work [26].

2.3. Experimental Set Up

The biomass production was performed in the photobioreactors scale up depicted in
Figure 1. The construction of the photobioreactor was performed based on Yen et al. [27] with
some modifications, such as diameter and height of photobioreactor tube (Figure 1a,b). Four
tabular vertical closed photobioreactors were designed and constructed using transparent acrylic
materials with the total working volume of 25 L. The photobioreactors were washed using
Decon 90 detergent for surface disinfection, followed by three washes with sterile distilled water.
A total of 20 L with different concentrations of WMW was transferred to each photobioreactor
with different aeration rates (triplicates) (Figure 1c). The initial microalgae density used was
8.9 x 10° cells mL ™. The photobioreactors were placed under outdoor sunlight at temperatures
ranging from 24 °C to 34 °C. The microalgae were allowed to grow for 14 days before the
harvesting process.

The influence of WMW concentrations and aeration rate (independent variables)
on biomass productivity and growth rate (dependent variables) of Scenedesmus sp. was
assessed through a face centred central composite design (FCCCD) in Design Expert
V7.0 software. RSM was used to construct a geometrical model for factors prediction and
enabled the independent evaluation of each factor and their interaction within the proposed
model. This was proven by the highly significant statistical analysis obtain through RSM.

The experimental result was fitted by a second-order model in the form of quadratic
polynomial equation as a function of the independent process variables according to
Equation (1) [28].

k k n n
Y =Bo+ ) Bixi+ Yy Buxi + )Y Bixix; @
i=1 i=1 i=1i<j
Here, Y is the predicted response for the reduction percentage fo, fi, fi; and Bj;
represents the regression coefficients, x; represents the coded variables, and x; represents
independent variables in coded form, while k is the number of #n dependent variables.
The relationship between the natural variable ¢; and coded variables x; is:

g — [MI +11)/2
[MI—11]/2

X = 2)
where x; is the coded variable, ¢; is the natural variable, MI is the maximum value of
the independent variable, and II is the minimum value of the independent variable. The
minimum, intermediate, and maximum values of each variable were labelled as +1, 0, and
—1, respectively. The range and the levels of the variables are stated in Table 1.

The experimental runs were carried out with WMW concentrations (10% to 75%)
and aeration rate (0.02 L/min to 4.0 L/min) to study the linear and quadratic model of
independent variables and obtain the relationship between the variables coded Equations
where x; (coded and real value), x, (real value at the center point of the investigated area),

and 4 is the value of step change.
Xi — Xo
3
o )
The response in terms of biomass productivity and maximum growth rate at different
experimental has 21 runs with face-centring and five centre points are given in Table 2,
which shows the design of experiments together with the experimental results.

X; =
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Figure 1. Cultivation of microalgae Scenedesmus sp. for biomass production: (a) Closed tubular photobioreactor diagram,
(b) and (c) Scenedesmus sp. cultivation in photobioreactor using wet market wastewater and aeration.

Table 1. Experimental factors and their set up level.

Svmbol Level

Variabl mbo

anables y —1 (Min) 0 (Medium) 1 (Max)
Wet Market Wastewater (WMW) Concentration (%) A 10 45 75

Aeration rate (L/min) B 0.02 2.01 4.00
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Table 2. Actual factor and response values of Scenedesmus sp. cultivation.

Response Values

Actual Factor Values

Biomass Productivity (mg/L/d) Maximum Growth Rate (umax/d)
Run
Wet Market Wastewater Aeration Rate (L/min) Actual (Experiment) Predicted (RSM Model) Actual (Experiment) Predicted (RSM Model)
Concentration (%)
1 10 2 21.33 21.7 0.35 0.3
2 10 2 21.45 21.7 0.25 0.3
3 10 2 23.56 21.7 0.33 0.3
4 75 2 71.23 69.35 0.72 0.7
5 75 2 62.36 69.35 0.68 0.7
6 75 2 71.26 69.35 0.74 0.7
7 10 45 11.32 15.06 0.32 0.34
8 10 45 11.26 15.06 0.48 0.34
9 10 4.5 32.56 15.06 0.35 0.34
10 75 45 22.52 22.83 0.96 0.94
11 75 4.5 23.45 22.83 0.92 0.94
12 75 45 22.31 22.83 0.98 0.94
13 10 3.25 35.63 41.25 0.64 0.69
14 75 3.25 72.23 68.96 1.13 1.19
15 42.5 2 58.32 56.33 0.63 0.69
16 42.5 4.5 25.41 29.75 0.78 0.83
17 42.5 3.25 63.25 65.91 1.23 1.13
18 42.5 3.25 74.33 65.91 1.11 1.13
19 42.5 3.25 63.75 65.91 1.02 1.13
20 42.5 3.25 68.45 65.91 1.21 1.13
21 42.5 3.25 62.12 65.9 1.22 1.13
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The range of WMW concentrations and aeration rate was adapted for maximum
output from previous studies [26,29]. As for graphical analyses of data determination,
ANOVA (analysis of variance) was used to define the interaction between the process
variables and the responses to estimate the statistical parameters. The statistical software
has been used to determine the regression analysis of experimental data; to contour plot
the optimized condition and plot the responses surfaces. The statistical significance was
determined by the F-test within the same program. The accuracy of the fitted polynomial
was decided by the coefficient of R2. The significant model terms were assessed by the
probability value (p-value) at 95% confident interval.

However, the purpose of this optimization was to develop the best range for biomass
production using WMW. The interactive effects of the independent variable on the depen-
dent one were illustrated by 3D response surface and contour plot.

2.4. Analytical Methods
Determination of Microalgae Biomass Productivity and Specific Growth Rate

The concentrations of Scenedesmus sp. cultivated in photobioreactors were measured
by using Haemocytometer. In contrast, the microalgae biomass productivity was de-
termined by the OD650 (the optical density of microalgae culture at 650 nm) for every
24 h using DR-6000, UV-Vis Spectrophotometer (Hach-USA). The relationship between the
concentrations of the dry biomass and the optical density was estimated using the linear
Equations (4) and (5).

Biomass concentration/Dry weight (mg/L) = 458.2 * OD650 + 280.08, (R? =0.9454) (4)
The biomass productivity (mg/L/day) was calculated using Equation (5).
Biomass productivity (Pmax) = (X2 —X1)/ (tx — to) (5)

where x; represent the biomass concentrations in mg/L at the end of the cultivation period
(tx) and x; is the initial biomass concentration at ty (day).
Specific growth rate, pmax was calculated from Equation (6) according to Anjos et al. [30].

Hmax = (INN2 —InNy)/(t2 — t1) (6)

where N1 and N are the concentration of microalgae cells at the beginning (t;) and the
end (ty) of the exponential growth phase, respectively.

2.5. Biomass Characterization by GC-MS
Lipid Extraction Procedure

In order to study the composition of Scenedesmus sp. biomass four boiling chips were
placed into the solvent vessel. The solvent vessel was dried in a drying oven to constant
weight (about 1 h) at 103 °C. The solvent vessel was placed in the desiccators and allowing
it to cool to room temperature (about 30 min). The solvent vessel containing the boiling
chips was weight to an accuracy of =1 mg. The algae pastes were dried in the universal
oven for about 24 h.

For lipid extraction, the biomass was harvested in stationary phase at the 14th day
using a centrifuge at 3500 rpm for 10 min. The cells were dried at 105 °C for 24 h. A fixed
50 mg of dried algae paste were homogenised with mortar and pestle, then blended with
anhydrous sodium sulphate surrogate standard spiking solution poured onto the sample
mixed using the Soxhlet extraction procedure. The homogenised pastes were transferred
to an extraction thimble. The n-Hexane (95%) solvent was filled into the vessel for about
250 mL, and the vessel was attached to the Soxhlet apparatus. The sample was extracted at
a temperature of 130 °C for 6 hrs. The solvent vessel was to evaporate the solvents. The
vessel containing the oil residue was placed in a drying oven at 103 °C and heated to a
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constant weight. The vessel containing the oil was allowed to cool to a room temperature
by putting it in the desiccators for about 30 min.

The process was followed by quantifying the qualitative analysis using GC-MS equip-
ment to screen the possible chemical compounds available in this microalgae oil. The
sample was analysed through DB5 MS column (30 m x 0.32 mm ID x 0.25 pm film thick-
ness). The initial temperature was set at 130 °C for 5 min and slowly increased up to 200 °C
at 8 °C per minute. The temperature was then maintained at 200 °C for two minutes before
continued to increase at the rate of 5 °C per minute until it reached 280 °C. Once it reached
280 °C, the temperature was maintained for 15 min. The peaks received were identified
based on library research or from the National Institute of Standard and Technology (NIST)
database).

3. Results and Discussion
3.1. Characteristic of WMW

The physiochemical and heavy metals parameters of the WMW are discussed with the
comparison to effluent standard limits set by the Environmental Quality Act of Malaysia, (1974)
under Sewage & Industrial Effluent Regulation, DOE, [31,32] discharge limit (Table 3). The
result shows that the characteristics of the WMW are highly variable to the regulation standard.

Table 3. Characteristic of wet market wastewater.

Effluent Standard, mg/L EQA, (1974)

Parameter Concentration (mg/L) A =
Physiochemical

Chemical Oxygen Demand, COD 3506 + 259 80 200
Biological Oxygen Demand, BOD 1784 + 85.87 20 50
Total Phosphorus, TP 169.75 4+ 4.03 5 10

Total Nitrogen, TN 961.38 £ 1.5 na na

Total Organic Carbon, TOC 1539 - 47.4 na na
Dissolve oxygen, DO 372+11 na na
Turbidity (NTU) 125 +9.6 na na

pH 718 £0.26 6.0-9.0 5.5-9.0
Oil and Grease 1169 £ 105.91 20 20
Total Suspended Solids 225+ 13.14 50 100
Heavy metals

Ferum, Fe 5.05 +0.1 1 5
Cadmium Cd 0.0172 +0.43 0.01 0.02

Chromium, Cr 0.194 £ 1.52 0.2 1

Zinc, Zn 4.85+1.73 1 1

Arsenic, As 0.015 +2.31 0.05 0.1

Copper, Cu 0.598 £ 5.47 0.2 1

Lead, Pb 0.0764 £ 6.06 0.1 0.5

The WMW has TN (960.83 mg/L), TP (173.33 mg/L), and TOC (1580 mg/L). Danial et al. [33]
reported that WMW has 66 mg/L of TP and 288 mg/L of TN. The effluents discharge is highly
polluted in terms of BOD and COD with the values of 1784 mg/L and 3507 mg/L, respectively;
which are tremendously high compared to the allowable effluents in standard A of 20 mg/L
(BOD), 80 mg/L (COD), and standard B of 50 mg/L (BOD), 200 mg/L (COD). The high BOD and
COD concentrations could be explained by the major contributors of the blood residues from meat
cutting, chicken carcasses, and seafood entrails. These concentrations are slightly lower than the
values reported by Rosmawani et al. [34], who obtained BOD (2350 mg/L) and COD (5120 mg/L).

The oil and grease (1169 mg/L) in WMW most probably came from vehicle emis-
sions, and washing and cleaning procedure exceeded the allowable standard discharge of
10 mg/L in standard B. These concentrations were much greater than the WMW reported
by Jais et al. [35], who revealed the presence of 5.22 mg/L, but lower than Rosmawanie
et al. [34], where the value was 2500 mg/L. The differences between physiochemicals of



Sustainability 2021, 13, 2216

8 of 19

different WMW might be due to the activities of the wet market in terms of seasonality
and geography.

The pH value showed an acceptable concentration (6.8-7.4) compared to the effluent
standard, indicating that this wastewater was in neutral to alkaline states and perfectly
adequate for microalgae growth [35,36]. Total suspended solid could be seen in higher
state 125 NTU, since all the others parameter exceeded more than the regulation standard.
Nevertheless, the heavy metal content of the WMW was lower than the allowable limit,
except for Fe and Zn. This phenomenon of exceeded heavy metals (Fe, Zn, Cu) is typically
associated with natural processes as well as contaminants from human activities, trans-
portation of animals, receiving and holding, washing and cleaning procedure, and labours
behaviour [37].

3.2. Isolation and Morophological

The obtained single colony was isolated and identified based on the morphological
features observed under scanning electron microscope (SEM) and optical light microscope.
Scenedesmus sp. showed in liquid green colour, unicellular and appeared to form colonies.
They were slightly curved, attached side by side, were laterally arranged in linearly or
zigzag; and appeared as spiny, ovoid, or fusiform as shown in Figure 2a,b. The correlation
of Scenedesmus sp. cells number in a colony has the amount of protoplasm which is required
for cell division.

&waf?&ﬁjw > «
Q- o Q\ T
% ” (2) Length 22.28 pym
o {'
. ayevn 556 P 7 ‘z.,mma/; )
: ' 3
M ’_._ﬁ”‘mﬂmﬁj
) > &"01
*(3) Length 15.46 ym
< '.! % (4) Leagh 21.70 pm J )
. n ; ) ,
(a) (b)

Figure 2. Morphology of Scenedesmus sp. (a) and (b) observed under a light compound (x40),
(c) Scheme 18. s rRNA.
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Microscopic and SEM analysis allowed preliminary identification of the microalgae as
Scenedesmus sp. It is observed that chloroplast in Scenedesmus sp. is located in the cellular
periphery. The cells were aligned in a flat plate approximately ranged from 15-22 um in
length depending on different growth stages. Similarly, Alam et al. [38] have reported
that the Scenedesmus sp. was ornamentation four-celled structure with or without spines
and prominently depends on rough surface cell morphology. The DNA identification
at the molecular level was extracted with sufficient amount for PCR amplification from
Scenedesmus sp. And were amplified as 18 s TRNA gene fragments in the range between
15002154 bp in size.

The molecular neighbour-joining analyses using the longest 185 rRNA query coverage
are depicted in Figure 3. The microalgal genomic DNA in molecular phylogenetic tree
analysis indicated that this strain had a close relationship with Scenedesmus sp. The 185
rRNA of Scenedesmus sp. partial gene sequence obtained was matched with the database
available in GenBank and found high similarity to Scenedesmus sp.at about 98% to BLAST
database with an accession number of JQ315576.1. Gour et al. [39] have reported the partial
gene sequencing of 185 rRNA of Scenedesmus sp.

Desmodesmus sp. intermedius genomic DNA

containing 18S rRNA gene

Scenedesmus sp. genes for 18S rRNA

Scenedesmus sp. KMMCC 1534 I8S

ribosomal rRINA gene

® Scenedesmus sp. 2154bp

Tetradesmus obliquus ribosomal RNNA gene,

complete sequence

Scenedesmus obligquus I8S rRINA gene, strain
SAG 2491

Bracteacoccus occidentalis strain BCP
MX228-VF7 18S ribosomal RNA gene

Bracteacoccus occidentalis strain BCP-EM3
V25 18S

Bracteacoccus occidentalis strain BCP-EM3
V18 18S

Bracteacoccus occidentalis stain BCP-WJT9A
VFNPI6 18S

Bracteacoccus occidentalis stain BCP-WJTS8
VFNPI9 18S ribosomal RNA gene, partial
sequence

Figure 3. Identification of microalgae Scenedesmus sp. and green algae molecular neighbour-joining analysis.

3.3. Optimization of Biomass Production

The final biomass productivity and maximum growth rate of Scenedesmus sp. culti-
vated under different WMW concentrations and aeration rates are attainable and have a
strong influence on the volumetric or productivity. Hence, it is necessary to understand
how this response can be optimized. Based on Table 4, the analysis of variance (ANOVA)
for the response surface model for biomass productivity was significant in the regression
model, F value of 106.80, and p-value less than 0.0001, stated that the model obtained was
statistically at 95% of confidence level.

The R? value was 0.9727, which indicates that the model was fit in the comparison
between the actual and predicted values for biomass productivity. In addition, the adjusted
and predicted determination coefficients (R? adj = 0.9636 and R? pred = 0.9464) were in a
good match with R?. Moreover, it showed that the lack of fit was not significant, revealing
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that the indicated model terms were significant for the considered response. The developed
equation is a regression model for biomass production that is stated as follows, where A is
WMW and B is aeration rate;

Biomass productivity = 65.97 + 14.20A — 12.11B — 11.35B — 11.024> — 23.09B> (7)

Table 4. ANOVA (analysis of variance) for the response surface quadratic model of biomass productivity of Scenedesmus sp.

in wet market wastewater.

Source Sum of Squares df Mean Square F Value p-Value
Model 10,657.14 5 2131.43 106.8 <0.0001
A—WMW 2688.29 1 2688.29 134.7 <0.0001
B—Aeration rate 2473.53 1 2473.53 123.94 <0.0001
AB 1192.41 1 1192.41 59.75 <0.0001
A? 366.83 1 366.83 18.38 0.0563
B? 1643.63 1 1643.63 82.36 0.4584
Residual 299.36 15 19.96
Lack of Fit 76.5 3 25.5
Pure Error 222.86 12 18.57 1.37 0.2981
Cor Total 10,956.5 20

R? =0.9727, Adj. R? = 0.9636, Pred. R? = 0.9464, Adeq precision = 22.739.

The smaller p-value and larger F-value (Prob. > F) make the model more significant
of the corresponding coefficient [40]. According to Table 4, the lack of fit value was 1.37,
and there was a 30% possibility that lack of fit value can occur due to numerical noise
and showed that this model is good. The noise signal was measured by the adequacy
precision, where it comprised the predicted value at the average prediction error and the
design points. The adequacy precision in the present work was 22.739, which means this
desirable ratio is greater than 4, and the developed model can be used to guide the design
space. In order to check the data analysis of the experiment, the adequacy of the developed
model was the main part for this design. The adequacy of the model was evaluated using
a diagnostic plot for normal probability plot and predicted vs. actual plot, and can be seen
in Figure 4a,b. Figure 4a illustrates the residual points were located on the straight line
for biomass productivity response and considered that the residual points were in normal
distribution for the response of the model. Hence, the predicted vs. actual plots obtained
from the presented model indicated that the data were matched well between actual and
predicted (Figure 4b).

Little scattering plots in the data were expected, as it could be presumed that the
data were normally distributed. Figure 5a,b demonstrates the contour plot and three-
dimensional (3D) surface response as a function of the WMW concentration and aeration
rate. The 3D surface shows that the maximum response for biomass productivity was
74.33 mg/L/d at 42.5% of WMW and aeration rate of 3.25 L/min. Increasing the aeration
rate (4.0 L/min) and decreasing the WMW (10%) had the minimum result of biomass
productivity (11.36 mg/L/d). In other words, the effects of WMW were opposite to
the aeration rate effects when the figure revealed that, by the increasing of WMW and
decreasing of aeration rate, the biomass productivity was increasing accordingly. Mutual
interaction of WMW concentration and aeration rate also achieved the highest growth rate
by using statistical analysis. The results of the quadratic model for maximum growth rate
in the form of analysis of variance (ANOVA) are as shown in Table 5.
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Figure 5. Design expert plot; (a) contour plot, (b) 3D response surface for biomass productivity.

The quadratic model predicted for the response variables of growth rate using sig-
nificant coefficients are stated in Equation (8). According to Table 5, the second order
polynomial function indicated that the model was significant, as the F-test was 105.53
with the probability value of less than 0.0001. In addition, the ANOVA for the model
indicated the suitability of the model, which is summarized as follows: Lack of fit was
insignificant (p = 0.2434), the R? was high (R? = 0.9724), the R? implies this cultivation
model was statistically significant and in reasonable agreement with the adjusted R? value
of 0.9631, and the prediction R? = 0.9497. All the mutual interactions were found to be
significant (p < 0.05) in the model. It was observed that the data for maximum growth rate
to attain these values were slightly varied in each run (Table 2). This was obvious, as the



Sustainability 2021, 13, 2216

12 of 19

cultivation where A (WMW) and B (aeration rate) were strongly independent variables in
increased biomass production and growth rate of microalgae.

Maximum growth rate = 1.13 + 0.25A + 0.071B + 0.050AB — 0.194> — 0.37B>  (8)

Table 5. ANOVA for the response surface quadratic model of maximum growth rate of Scenedesmus
sp. in WMW.

Source Sum of Squares df Mean Square F Value p-Value

Model 217 5 0.43 105.53 <0.0001

A-WMW 0.88 1 0.88 213.64 <0.0001

B-Aeration rate 0.07 1 0.07 17 <0.0009

AB 0.03 1 0.03 7.28 <0.0165

A? 0.12 1 0.12 27.94 <0.0001

B? 0.43 1 0.43 105.22 <0.0001
Residual 0.062 15 0.004
Lack of Fit 0.018 3 0.006

Pure Error 0.044 12 0.004 1.59 0.2434

Cor Total 2.24 20

R? =0.9724, Adj. R2 =0.9631, Pred. R? = 0.9497, Adeq precision = 26.045 growth rate.

Basically, to achieve the highest growth rate, both WMW and aeration rate should be
increased, since microalgae is inhibited by high nutrients and photosynthetic oxygenation
to grow with. However, the cultivation conditions in the present study that increased
the aeration rate and WMW could adversely reduce biomass growth rate and biomass
productivity. Figure 6a,b show the normal plot of residual and a plot of predicted vs.
actual values. These plots in each figure indicated that the residual points were in nor-
mal distribution. Therefore, Figure 7a,b were the graphical interpretation of 3D surface
and contour plot effect of WMW and aeration rate on the maximum growth rate, respec-
tively. At low WMW and low aeration rate (10% and 2.00 L/min), maximum growth
rate were 0.35 day !, 0.25 day !, and 0.33 day !, respectively (Run 1, 2, and 3). When
WMW and aeration rate were increased by 42.5% and 3.25 L /min, the maximum growth
rate was the highest, (1.22, 1.21, and 1.02 day~!). However, the response at the highest
WMW = 75% and aeration rate = 3.25 L/ min (Run 14) also obtained the similar value of
1.13 day~! (Table 2).

Furthermore, by increasing the aeration rate at 4.5 L/min, the biomass productivity
and maximum growth rate were among the lowest. This situation might be due to the
increase of shear stress and breakage of microalgae cell of high aeration rate since a study
by Alipourzadeh et al. [41] had the same situation, where they recorded the optimum
aeration rate at 3.1 L/min and negative growth effect at 5 L/min. The determination for
optimum performance was established by a desirability function that can come out with
one or more responses. The goal fields in the model had five options; maximize, target, in
range, and equal to. Meanwhile, the main goal of this model was to maximize biomass
productivity and growth rate. In the present model, the numerical optimization was
chosen in order to find the optimum point that suited the desirability function as shown
in Figure 8.

The result of optimization, as shown in the figures, had only one solution suggested
by this model, where the optimum values of WMW and aeration rate were 64.26% and
3.08 L/min, with 0.969 desirability. To approve this optimization by the model, three
runs of the experiment from the optimization were conducted (Table 6). The validation
experiment was 68.32 mg/L/d (biomass productivity) and 1.16 day ! (maximum growth
rate) as described in Table 6. The percentages of error between model and experimental
values were found to be 6% and 2.25%, which were less than 5%. The results were close to
the FCCCD using RSM and clearly showed that the optimization conditions can be repro-
duced. This also proved that RSM approach was appropriate for optimizing microalgae
biomass production.
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The optimization for the present study significantly provided an input to our knowl-
edge and understanding of microalgae cultivation based on the WMW as media and
aeration rate to produce more yield of microalgae biomass. Table 7 shows the comparison
of biomass productivity and maximum growth rate from other previous studies. In the
current work, the usage of wastewater was up to 60% (WMW) compared to previous
studies by Chen et al. [42] and Karpagam et al. [18], with the optimum value of 40% (pig-
gery wastewater) and 31.25% (sugar industry effluent) recorded. Moreover, the result of
this study shows that the aeration rate was similar as compared to other studies, where
the optimum range in the current work was 3.08 L/min and able to produce biomass at
72.70 mg/L/d and at the growth rate of 1.19 day . Therefore, it was suggested that the
optimization by RSM has a great potential for biomass production due to the low cost of
using WMW as medium.
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10.00 75.00 2.00 4.50
VWIW conc. (%) = 64.26 aeration rate = 3.08
11.36 74.33 0.25 1.23
biomass productivity = 72.6907 maximum growth rate = 1.1949
Desirability = 0.969
Figure 8. Ramps of microalgae biomass production using WMW concentration and aeration.
Table 6. Comparison of FCCCD result with validation experiment.
Face Centred Central Composite Design (FCCCD) Result Validation Experiments
Predicted Predicted Biomass Maximum
WMW  Aeration rate Biomass Maximum . .
o . . . Productivity Error, % Growth Rate Error, %
(%) (L/min) Productivity Growth Rate (me/L/d) (day-1)
(mg/L/d) (day—1) 8 y
64.26 3.08 72.69 1.19 68.32 6 1.16 2.25
Table 7. Comparison of the present study findings with previous studies.
. Medium Medium . Biomass Maximum
Microalgae Source Concentration Aeration Rate Productivity Growth Rate References
Chodatella sp. Piggery 40% 40L/hL na 0.31 day ! Chen et al., [42]
wastewater
Skorupskaite,
Wastewater o Makareviciene
Chlorella sp. sludge 11.4% na 2300 mg/L/d na & Levisauskas,
[19]
Sugar industry o Karpagam et al,,
Coelastrella sp. offluent 31.25% na 61.5mg/L/d na (18]
Imamoglu,
Chlorella sp. F/2 medium na 2.35L/min na 0.21 day ! Demirel &
Dalay, [43]
Chlorella BG 11 na 3.1L/min 0.65g/L Na Alipourzadeh
vulgaris etal, [41]
Wet market o . 1 .
Scenedesmus sp. 64.26% 3.08 L/min 72.70mg/L/d 1.19 day This study

wastewater
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3.4. GC-MS Analysis of Scenedesmus sp.

The GCMS of Scenedesmus sp. cultivated from WMW revealed 13 fatty acid compounds
with their chemical formula, compound nature molecular weight, retention time area, and
biological activity, which are illustrated in Table 8. The peak at the retention time of
38.833, which can be seen in Figure 9, is named hexadecane; it was the major hydrocarbon
compound which can be employed for biodiesel production. The second, less prominent
peak at 16.17% indicated the presence of glaucine. Glaucine also known as an antitussive
agent in orally ingestion to increase airway conductance in humans [44]. Meanwhile,
the third less significant peak at 48.108 retention time with a peak area of 8.33% showed
the characteristic of phytol; a synthetic form of vitamin E and vitamin K1 and has been
suggested to have metabolic properties as well as anti-inflammatory effects [45]. These
bioactive metabolites of Scenedesmus sp. has beneficial interest in the development of
new products for chemical, cosmetic, medical and these chemical compositions may be
potentially significant as chemical value added in biotechnology applications.

Abundance TIC: S$2.D\data.ms
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Figure 9. GC-MS analyses of Scenedesmus sp. biomass grown on wet market wastewater.
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Table 8. GC-MS chemical composition and biological activity.

Retention Time,

Molecular

. o . . . .
Peak No. RT (min) Compound Chemical Formula Compound Nature Weight (g/mol) Area (%) Biological Activity
1 322365 Glaucine Ca1HpsNO, Alkaloid 355.434 161627 ~ Anti-inflammator,
Antitussive
2 33.0176 Und CuH Alk 15631 42863 Anti-inflammator,
’ ndecane 11724 ane ’ ’ Antimicrobial
Antimicrobial
3 38.8833 Hexadecane Ci6Hsza Alkane 226.44 24.8907 .
Antifungal
4 39.8269 Furan, 3-methyl- CsHyO Aromatic organi 82.102 5.2256 Antioxidant,
’ ! ey 5176 © ¢ organc ’ ’ Antibacterial,
5 40.4035 Spiro[4.5]decan-1-one C15H,4,02 236 9.5345 Anti-inflammatory
Antioxidant,
6 44.0729 Cyclohexasiloxane, dodecamethyl- C12H36065ig Aromatic 444924 8.8785 Antimicrobial
Antifungal
Anti-inflammator,
Anticancer,
7 48.104 Phytol CyoHyoO Diterpene 296 8.3319 Antioxidant
Diuretic
Fragrance
Heptasiloxane Antimicrobial,
8 48.6124 1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl- C14H4406517 504 5.2457 Anti-inflammatory
Antiseptic
1,1,1,5,7,7,7-Heptamethyl-3,3- . Oxygenated Antimicrobial,
? 563915 bis(trimethylsiloxy)tetrasiloxane C13Ha0055i diterpene 444.97 2.6927 Anti-inflammatory
10 59.8722 Hexa-t-butyl-3,5-dioxa-1,2,4-trisilolane - - - 3.325 -
11 62.3412 2-Methyl-6-(5-methyl-2-thiazolin-2- C1oH13N3S - 207.3 24042 Antioxidant
ylamino)pyridine
. . A Antimicrobial
12 63.117 Hexasiloxane, tetradecamethyl- C14H405Sig Organic silicon 458 6.5538 Anti-inflammatory
Methvl Anticancer
13 64.3384 Y CoHygN303 Benomyl 207.2 2.4685 Antiviral infections,

(5-hydroxy-1H-benzimidazol-2-yl)carbamate

Antifungal
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4. Conclusions

The most obvious finding to emerge from this study is that the application of WMW
for Scenedesmus sp. was successful. It was shown that the photobioreactor used in this
study effectively produced valuable biomass in massive quantities in outdoor conditions
with the optimum aeration rate and WMW concentration. The examination and assessment
of the potential of microalgae cultivation using photobioreactor in outdoor conditions
was tremendously successful by using response surface methodology. This statistical
analysis proved that a second order polynomial function fitted well with the experimental
results. Both WMW concentration and aeration rate significantly (p < 0.05) affected the
biomass productivity. Significantly, Scenedesmus sp. biomass showed strong potential
for several applications such as bio-based material industry or any related industries. It
can be concluded that the chemical compound was in line in terms of value from other
commercial algae species eg; Spirulina sp., Chlorella sp. This study, together with new
inventions, will likely contribute efficiently to a sustainable product that can be developed
by using microalgae associated with wastewater treatment.
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