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Abstract: Microalgae serve as feedstock for bivalves and larvae in aquaculture. The pro-
duction of microalgae in large quantities is, however, characterized by the high cost of
major nutrients and vitamins and scarcity of freshwater. Wastewater is a cheap alternative
medium for microalgae cultivation. The wastewater provides essential nutrients for mi-
croalgae growth and biomass production. This study examined the biomass productivity,
nutrient removal, and biochemical content of Chlorella vulgaris, Spiruna platensis, and
Haematococcus pluvialis biomass cultivated in membrane treated distillery wastewater
(MTDW). The study further examined the use of cultivated biomass as a diet to analyze
the growth and survival rate of Pinctada fucata martensii. The results showed 79.61% and
82.89%, and 41.73% of Total Nitrogen (TN) and 74.95%, 78.21%, and 29.05% of Total Phos-
phorus (TP) removal efficiency for C. vulgaris, S. platensis, and H. pluvialis respectively.
Biomass productivity of 0.069 g L1, 0.086 g L1, and 0.057 g L', 43.3%, 40.9%, and 34.9%
(protein), 10.3%, 14.5%, and 13.8% (lipid), and 16.4%, 14.8%, and 20.8% (carbohydrate) for
C. vulgaris, S. platensis, and H. pluvialis respectively. The specific growth rate and survival
rate of pearl oysters were significantly (p < 0.05) higher (0.99 + 0.12%, 87.3%) under C.
vulgaris diet compared to S. platensis and H. pluvialis diets.
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1. Introduction

World aquaculture is expected to dramatically increase in the upcoming decade due
to shortages in wild fish populations. As aquaculture becomes more popular, the need for
feed will also, increase. Algae can serve as an optimal feed for various forms of aquacul-
ture, including fish, crustaceans, and molluscs. Microalgae play a significant role in aqua-
culture. Algae are at the base of the aquatic food chain and food resources that fish eat are
produced [1]. The use of microalgae feed in aquaculture provides essential benefits such
as nutrients, color enhancement and biological activities, [2]. Due to their valuable con-
tents, e.g., carotenoid and nutrients (protein, carbohydrate, vitamins, and fatty acid), mi-
croalgae are serving as a possible replacement for fishmeal in aquafeed. Microalgae also
provide disease resistance and immunostimulant to aquatic animals. Microalgal species
of the genera Chlorella, Haematococcus, Schizochytrium, Isochrysis, Nannochloropsis, Arthro-
spira, Dunaliella, and Pavlova are usually used as feedstock in aquaculture [3]. However,
microalgae species for aqua feed must be non-toxic to both humans and fish, and more
especially must have high nutritional values.

For microalgae to be used as a fish feed ingredient, it must be toxic free and should
be easily cultured, and have high nutritional value with a digestible cell wall [4]. Cultiva-
tion of microalgae in large quantity may however be challenged by the high cost of
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nutrients and as well as fresh water. Kadir et al. [5] suggested the cultivation of microalgae
in wastewater as an alternative to overcoming the high cost of microalgae cultivation. Ac-
cording to Slade and Bauen [6], the cultivation of microalgae in wastewater could reduce
production costs by more than 50%.

Cultivation of microalgae in wastewater provides not only valuable biomass but also
served as wastewater treatment agent through absorption of nutrients [7]. Production of
large-scale wastewater with its associated quantity of nutrients loads may lead to contam-
ination of water bodies, and algal bloom. These affect human health and other recreational
activities [8]. These have resulted to strict regulations to control the level of nitrogen, phos-
phorus and other organic loads in treated water [9,10].

The bioethanol industry generates large volume of wastewater that is made of high
chemical (COD: 60-134 g L) and biochemical (BOD: 16-96 g LY, acidic (pH = 3-5) with
average content potassium, nitrogen and phosphorus equal to 2-17.5 g L1, 0.55-4.2 g L!
and 0.13-3.03 g L1 respectively [11]. The utilization of microalgae as a pollutant removal
agent as well as their convection into useful biomass is considered as one of the promising
technologies for water remediation [12-14]. Liu et al. [15] examined the lipid content of C.
zofingiensis for biofuel production by using sugarcane molasses as a carbon source. Fur-
thermore, in 2019, Quintero-Dallos et al. [10] evaluated the growth of C. vulgaris UTEX
1803 by using vinasse as the growth medium.

Several works have been reported on microalgae cultivation in wastewater as a treat-
ment agent and the application of its biomass, particularly in the area of biofuel produc-
tion. However, to the best of our knowledge, no work has been done on its application in
aquaculture as feedstock. Hence, this study aimed to investigate the biomass production,
nutrient removal efficiency, and biochemical content of three microalgae cultivated on
membrane-treated distillery wastewater and the influence of the biomass on the growth
and survival of juvenile pearl oysters.

2. Materials and Methods
2.1. Microalgae Collection and Growth Conditions

The three freshwater algae H. pluvialis S, platensis, and C. vulgaris were acquired from
Fisheries College, Guangdong Ocean University, Zhanjiang. The vegetative cells were
pre-cultured photoautrophically under white light at 2000 Ix for 7-days. The pre-cultured
algal cells were then inoculated into 1 L BG11 medium in 3 L Erlenmeyer flasks for nine
(9) days at 0.2 (ODeso) optical density in an illuminated incubator at 2500 1x and 25 °C
under 12:12 h light/dark photoperiod. BG11 medium was purchased from Qingdao Hope
Bio-Technology Co., Ltd., and its main components are as follows: NaNOs 1.5 g L,
KoHPO4+-3H20 40 mg L, MgS04+-7H20 75 mg L, CaCl>-2H20 36 mg L, CsHsO-H20 6 mg
L1, Na2EDTA, 1 mg L, Na2COs, 20 mg L, HsBOs, 2.86 mg L', MnCl>-H20 1.81 mg L,
ZnSO+7H20, 0.222 mg L, CuSO+5H:0, 0.079 mg L1, Na2MoO4+2H20, 0.39 mg L, and
CoCl2:6H20, 0.049 mg L. For the preparation of BG11 working medium, weigh 1.70 g of
the solid mixture, dissolve it in 1000 mL of distilled water by heating, and then sterilize it
at 121 °C for 15 min.

2.1.1. Collection and Preparation of Wastewater

The membrane treated distillery wastewater (MTDw) contains Na* 269 mg L, K*
1020 mg L, Ca?* 0.01 mg L', Mg? 18.8 mg L, Fe* 1.80 mg L', As®* 0.03 mg L, B-0.3 mg
L1, Mo% 0.07 mg L, Pb* 0.03 mg L, and Cu? 0.18 mg L', which was collected from
SDIC Guangdong Bio-Energy Company Limited, Zhanjiang, South China. The
wastewater sample was collected about 7 am (Beijing time) in plastic container that was
pre-washed with MTDw. The MTDw sample was stored at 4 °C to reduce the decompo-
sition of a substrate before the wastewater characteristics analysis. The sample was then
filtered by the aid of glass-microfiber Whatman filter (934-AH, 1.5 um) to eliminate
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turbidity and other particles and autoclaved for 30 min at 121 °C to remove algal growth
inhibitors and bacteria.

2.1.2. Wastewater Nutrient Analysis and Removal Efficiency

Briefly, 10 mL of all samples were filtered using 0.22um, Whatman filter paper and
analyzed for total nitrogen (TN), and total phosphorus (TP). TN and TP were determined
on the day of inoculation and every three days. The acid-persulfate digestion method and
persulfate digestion method were used to analyze TP and TN respectively.

Nutrient removal efficiency (%) was calculated by the following Equation (1).

(G —0C1)

Nutrient removal ef ficicency = — X 100% (1)
0

where Co and Ci=the nutrient concentrations of the influent and the effluent respectively.

2.1.3. Determination of Dry Weight

The Dry weight (DW) of algal biomass was measured every 3 days. The DW was
determined by filtering 10 mL samples of the algal suspension through pre-weighed (mu)
filters (47 mm, 1.2 pm, Whatman). The filtered biomass was later dried overnight at 105
°C to a constant weight and weighed using microbalance (mz2). The DW (g L) of the bio-
mass was calculated as expressed in Equation (2).

DW = (m; —m,) x 103/10 (2)
Biomass productivity (g L1 day!) was calculated with Equation (3).
Biomass productivity = (DW; — DW,)/(t; — t,) 3)

where DWiand DWo represent the dry biomass (g L) at time ti and to (day).

2.1.4. Carbohydrate, Protein and Lipid Quantification

According to Barbarino and Lourenco [16] and Ge et al. [17], a modified method was
used to determine protein extracts of algal biomass. Thereby, 8 mL of distilled water was
added to 30 mg powder of the three microalgae under study, soaked for 12 h, and centri-
fuged at 15,000 rpm (4 °C) for 20 min to collect the supernatant. The concentrated pellets
were reextracted by adding 2.0 mL 0.1N NaOH and after centrifugation (15,000 rpm, 21
°C) for 20 min. The collected supernatant was mixed with the previous supernatant, and
then extract (10 mL) was taken to measure protein concentration with Bio-Rad DC protein
assay (Cat. 500-0111, Bio-Rad Laboratories, Hercules, CA, USA). The anthrone colouri-
metric method was employed to test the carbohydrate content and protein content of the
supernatants with a Hach model DR 2800 spectrophotometer. Glucose (Stock —100mg of
glucose was dissolved in 100mL distilled water and 10mL of the stock diluted to 100mL
for working stock) and serum albumin [was formulated at 2 mg/mL in an ultrapure 0.9%
sodium chloride (saline) solution] were utilized as the standard for testing carbohydrate
and protein respectively.

The lipid content of algal biomass was determined gravimetrically. In brief, centrifu-
gation was conducted to harvest algal suspension at 4 °C 5000 rpm, for 10 min then the
harvested algal suspension was double-washed with distilled water, then oven-dried (60
°C) overnight. 0.1 g freeze-dried biomass was placed in 3 mL distilled water, vortex for
30 s at 3000 rpm, and immersed in a water bath (at 90 °C) for 20 min. Methanol/chloroform
(1:2 v/v) was added at room temperature, the lipid content was extracted overnight then
1 mL of distilled water was added. After centrifugation (20 °C, 10 min), the organic phase
was collected and transferred into a pre-weighed dish. The chloroform was evaporated at
50 °C, and extracted lipid was analyzed gravimetrically [18].

2.1.5. FAMEs Test and Amino Acids Determination
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The sample was filtered and washed with 10 mL of methanol after 0.1 g of wet algal
biomass was hydrolyzed and methylated with 2mL of 100% acetyl chloride in 20 mL of
methanol solution at 90 °C. A rotary evaporator was used to evaporate the methanol after
which 10 mL of hexane was added and vortex for 5 min. The hexane layer was pipetted
and evaporated then the recovered FAME was analyzed using gas chromatography with
flame-ionization detector (GC-2030, Shimadzu, Japan) by using an RT-2560 column (Shi-
madzu, Japan). Helium was used as a carrier gas at 260 °C for the injector and detector.
The FAME peaks in the samples were identified by comparing their retention times with
those of the standards (Supelco TM 37 component FAME mix, Sigma-Aldrich).

Eighteen amino acids were quantified using HPLC System S433 (Sykam, Eresing,
Germany). Briefly, 100 mg of freeze-dried biomass was re-suspended in 5 mL 1 N HCl
with 1% (w/v) phenol then washed for 1 min with nitrogen. The probes were evaporated
and dissolved in a sample solution buffer. Then injected on a cation separation column
(4.6 x 150 mm, LCA K06/Na; Sykam, Eresing, Germany) and were detected at the wave-
length of 440 nm and at 570 nm after the solutions were dried (110 °C for 24 h) and filtered.
60 min analysis cycle time at a flow rate of 0.45 mL min™, and 0.25 mL min analyses
conditions were run for buffer and ninhydrin respectively. The content of amino acids of
algal biomass is stated as the summed content of proline (Pro), leucine (Leu), valine (Val),
lysine (Lys), phenylalanine (Phe), tyrosine (Tyr), methionine (Met), threonine (Thr), and
cysteine (Cys), aspartic acid (Asp), tryptophan (Try), alanine (Ala), arginine (Arg), glu-
tamic acid (Glu), histidine (His), glycine (Gly), isoleucine (Ile), and serine (Ser). Due to
acidic hydrolysis, the asparagine as well as aspartic acid content, and the glutamic acid
content are provided as the summed content of both amino acids.

2.1.6. Experimental Diet and Feeding Procedures

Juvenile pearl oysters (Pinctada fucata martensii) were purchased from Breeding Base
of Zhanjiang Fenglian Aquatic Products Co., Ltd., Houhong Village, Tandou Town, Lei-
zhou City and were cultivated in natural seawater obtained from the South China Sea,
Zhanjiang in tanks with erected mesh nets. The following water parameters were rec-
orded: dissolved oxygen at 5.00 mg L, the temperature at 27.5-29.5 °C, and salinity at
30%o as described in [19]. Pearl oysters 29.39 + 1.15 mm in mean shell Length (SL) were
randomly sorted and assigned to three microalgae: C. vulgaris, S. platensis, and H. pluvialis.
The pre-inoculated microalgae were grown in MTWD with 40% Vinoculation/Vmedia
(ODeso = 0.6) under the same growth condition (25 °C, 2500 1x, 12:12 h light/dark photo-
period) for 9 days in batches to meet 60 days feeding-dose requirement. The experiment
was conducted in three tanks for each group with each tank containing 100 pearl oysters
with 1000 L water volume. The pearl oysters were fed every 4 h with 100 mL algal/media
(BL) volume. Further, 500 L of water was replaced every morning for 60 days.

2.1.7. Survival Rate and Growth Rate

At the beginning and end of the experiment, the total number and growth perfor-
mance of the pearl oysters in each replicate were determined. Shell length (SL) and shell
width (SW) were measured with a digital caliper (0.01 mm accuracy). The total weight
(TW) was obtained with an electronic balance (0.01 g accuracy), and survival rates were
calculated according to [19]. The weight gain (WG, %), specific growth rate (SGR, %/days),
and survival rate (SR, %) of pearl oysters were calculated at the end of the cultivation
period using Equations (4)—(6), respectively.

(Final weight — Initial weight)
WG = |100 x — . (4)
Initial weight
Ln final weight — Ln initial weight
sGr = |100 x &S g ght) )
Test days
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Final number of pearl oysters ]

SR = [100 X (6)

Initial number of pearl oysters

where, Ln = natural logarithm.

3. Results
3.1. Biomass Production and Nutrient Removal Efficiency

With initial biomass concentration (DW), coupled with growth conditions of this ex-
periment, S. platensis showed higher daily biomass productivity of 0.086 +0.001 g L-' day~!
than C. vulgaris and H. pluvialis, with 0.069 + 0.012 g L' day~! and 0.057 + 0.006 g L-! day~,
respectively (Table 1). This demonstrates that the daily biomass productivity of S. platensis
was significantly (p > 0.05) higher than C. vulgaris and H. pluvialis. However, C. vulgaris
demonstrated higher biomass productivity than what was obtained in a study reported
by Cho et al. [20] using autoclaved secondary treated wastewater.

The nutrient removal efficiency of TN and TP by S. platensis was significantly higher
than C. vulgaris and H. pluvialis. S. platensis could remove as high as 82.89% of TN and up
to 78.21% of TP, whiles C. vulgaris and H. pluvialis could remove up to 79.61% (TN) and
74.95% (TP), and 41.73% (TN) and 29.05% (TP) respectively. However, considering the
initial biomass concentration of S. platensis, TP removal efficiency by S. platensis could no
longer be significant compared to the removal efficiency by C. vulgaris. This indicates that
nutrient removal rate and biomass productivity by C. vulgaris could perform better than
S. platensis with the same biomass seeding density.

Table 1. Biomass production and TN & TP removal rates for C. vulgaris (CV), S. platensis (SP), and
H. pluvialis (HP) during the cultivation period. Values within columns followed by different letters
are significantly different (p < 0.05, Duncan’s test). Standard deviation of the mean was calculated
based on n =3 (CV, SP & HP).

Biomass Productiv-

Initial Density (g L-1) TN Removal Efficiency (%) TP Removal Efficiency (%)

ity (g L day)
cv 0.031 0.069 +0.012> 79.61 £ 2.61° 74.95 + 4.58°
SP 0.046 0.086 + 0.001¢ 82.89 +0.35¢ 78.21 +1.80¢
HP 0.038 0.057 + 0.0062 41.73 +2.092 29.05 + 3.752

3.2. Biochemical Composition of the Microalgae
3.2.1. Protein, Carbohydrate and Lipid

At the end of 9-day culture, Figure 1 shows the biochemical composition of three
microalgal biomass studied in this work. The study showed that protein content was the
main composition of the three microalgal biomass.

C vulgaris showed higher protein content (<45%) compared to S. platensis and H. plu-
vialis. C. vulgaris showed higher carbohydrate content compared to S. platensis and H. plu-
vialis with 20.8%,16.4%, and 18.4% of DW, respectively. The lipid content of S. platensis
(14.5%) was significantly (p > 0.05) higher than that of H. pluvialis (13.9%) and C. vulgaris
(10.3%) (see Figure 1).
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Figure 1. Biochemical compositions of cultivated microalgae.

3.2.2. Amino Acids and Fatty Acids

The amino acids content of algal biomass is shown in Table 2. Among the treatment,
S. platensis contained highest total amino acids content with 47.9% compared to C. vulgaris
and H. pluvialis with 47% and 15% respectively. Though S. platensis showed higher amino
acids content compared to C. vulgaris and H. pluvialis, the essential amino acids (EAAs)
content of C. vulgaris (18.5%) was higher compared to S. platensis (17.5%), with the lowest
recorded by H. pluvialis (6.2%). S. platensis obtained 30.4% (highest) total non-essential
amino acids (NAAs) content followed by C. vulgaris with 24%. H. pluvialis obtained 8.9%
NEAAs, representing the lowest.

Table 2. Amino acids compositions and contents (g/100 g dry biomass) of cultivated microalgae.

C. vulgaris S. platensis H. pluvialis
Pro 1.2+0.46 3.6+1.04 0.2+0.63
Leucine * 1.4+0.24 2.6£0.59 1.9+0.95
Valine * 2.3+0.30 3.0+£0.23 09+0.13
Lysine * 3.0+0.72 1.4+0.31 1.2+0.40
Phenylalanine * 29+0.92 3.4+0.62 0.6 £0.45
Tyrosine 3.2+0.81 3.3+£1.01 0.5+0.04
Methionine * 2.1+0.29 2.3+0.56 0.3+0.17
Threonine * 1.8 +0.05 21+0.16 0.7+0.33
Cysteine 0.6 £0.09 1.0 +0.04 ND
Aspartic acid 29+0.03 0.8+0.05 2.0+0.04
Tryptophan 2.0+0.63 04+0.11 0.4+0.15
Alanine 2.4+0.40 3.1+0.07 1.3+0.09
Arginine 3.2+0.69 43+1.05 1.0+0.03
Glutamic acid 3.8+£1.08 4.8+0.54 22+0.75
Histidine 2.0+0.07 2.1+0.09 ND
Glycine 3.9+0.10 5.6 £1.03 1.1+0.05
Isoleucine * 2.6+0.98 1.0+0.82 0.6 +0.01
Serine 1.2+0.20 3.1+1.08 0.2 £0.07

Notes: ND: not detected; *: Essential Amino Acids.
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The percentage value of total unsaturated and saturated fatty acids of three microal-
gal biomass was displayed in Table 3. The percentage value of total saturated fatty acids
of the three microalgae was less than 1%. However, C. vulgaris and S. platensis showed a
little over 1% of total unsaturated fatty acids compared to H. pluvialis which was less than
1%.

Table 3. Fatty acids content (g/100 g dry biomass) of cultivated microalgae.

Fatty Acid C. vulgaris S. platensis H. pluvialis
Myristic Acid (14:0) 0.122 +0.03 0.145 + 0.06 0.093 +0.01
Palmitic Acid (16:0) 0.439 +0.52 0.521 +0.10 0.314+0.93
Palmitoleic Acid (16:1) 0.015 = 0.07 0.012 £ 0.09 0.003 £0.13
Oleic Acid (18:1) 0.237 +0.11 0.265 +0.23 0.157 £ 0.19
Stearic Acid (18:0) 0.024 + 0.04 0.034 +0.08 0.031 +0.21
Linoleic Acid (18:2, w -6) 0.481 £0.28 0.460 £ 0.33 0.527 £0.90
Arachidonic Acid (20:0) 0.033+0.17 0.042 £ 0.54 0.045 £ 0.16
v-Linolenic Acid (18:2) 0.440 £ 0.80 0.361 +0.39 0.198 + 0.06
Linoelaidic acid ND 0.001 +0.02 0.003+0.13
Pentadecanoic acid 0.005+0.12 0.003 + 0.04 0.002 +0.01
Erucic Acid ND ND ND

Docosadienoic Acid (22:6, w -3)  0.020 £ 0.01 0.018£0.11 0.025 +0.56
Eicosatrienoic Acid (20:5 w -3) ND 0.003 +0.05 0.001 £0.03

Total saturated 0.618 0.742 0.483

Total unsaturated 1.193 1.12 0.914

Note: ND: not detected.

3.3. Growth Performance and Survival Rate of [uvenile Pearl Oyster (Pinctada
Fucata Martensii)

After 60 days of feeding, C. vulgaris, showed significant (p < 0.05) growth in terms of
weight gain and SL compared to S. platensis, and H. pluvialis. As shown in Table 4, C.
vulgaris exhibited a significantly higher specific growth rate/day of 0.99%, whilst 0.87%
and 0.46% were obtained by S. platensis, and H. pluvialis respectively. The FSL of pearl
oysters exhibited under C. vulgaris diet was significantly (p < 0.05) higher compared to
other diets (S. platensis and H. pluviasis). Although there was no significant difference be-
tween the S. platensis and H. pluvialis diet, the H. pluvialis diet showed a higher FSL of
pearl oysters which could be as the result of its high carbohydrate content.

Table 4. Effects of microalgae biomass on growth performance of pearl oyster (Pinctada fucata mar-
tensii).

Index C. vulgaris S. platensis H. pluvialis
IW (g) 2.135 2.135 2.135
FW (g) 2.87+0.103 ¢ 2.77 £0.19 be 2.45+0.102
WG (%) 3458 +4.82¢ 29.89 + 8.90 be 14.91+3.94a
SGR(%/day) 0.99+0.12¢ 0.87 £ 0.23 be 0.46+£0.11a
ISL (mm) 29.39 29.39 29.39
FSL (mm) 32.64+142¢ 30.91 +0.93 abe 31.65 + (.80 abe

Notes: Values are mean + SD (n = 3). Values in the same row having a common superscript are not
significantly different (p > 0.05). Where ISL = Initial Shell Length, FSL = Final Shell Length, IW =
Initial weight, FW = Final weight, WG = Weight Gain, SGR = Specific Growth Rate.

At the end of the cultivation period, the survival rates of pearl oysters in the micro-
algae diet ranged from 77.7% to 87.3%. The pearl oysters under C. vulgaris diet exhibited
significantly higher survival rates compared to S. platensis and H. pluvialis diets. (p < 0.05,
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Figure 2). Although the study observed no significant difference between S. platensis and
H. pluvialis diets, the highest survival was observed under S. platensis.

100

Survival Rate (%)
W -
[ wn

-]
W

C. vulgaris 8. platensis  H. pluvialis

Figure 2. Effect of microalgal biomass (diet) on the survival rate of pearl oyster (Pinctada fucata mar-
tensii).

4. Discussion

In the last two or more decades, significant research has been conducted on the cul-
tivation of microalgae in wastewater treatment and its remarkable effects on wastewater
treatment and growth, as well as the utilization of its biomass. Wastewater, depending on
the source, may contain the required amount of nutrients that support microalgae growth
and biomass production. Nutrients, such as TN and TP concentration of wastewater, dif-
fer according to the wastewater type. Most microalgae absorb nitrogen in the form of am-
monium [21] and phosphorus in the form of inorganic anions species such as H2POs~ and
HPO4? [22]. The result of the current studies showed that the two microalgae strains C.
vulgaris and S. plentesis, absorb total nitrogen and total phosphorus efficiently, resulting
in higher biomass productivity, which supports total nitrogen reduction of up to 1000 mg
L when the suitability of pretreated vinasse was assessed as a culture medium for C.
vulgaris in a continuous photobioreactor [23]. In the case of H. pluvialis which showed rel-
atively lower biomass productivity and TN and TP removal efficiency, carbon sources in
the form of carbon dioxide (COz) and pH could be monitored during the growth phase to
maximize biomass production [24,25]. Furthermore, the maximization of algal growth and
biomass for wastewater-based algal cultivation could be largely influenced by C: N and
C:P ratios [24].

Protein is considered a structural material found in plant cells that serves as the basis
of an enzymatic reaction, cell growth and light-harvesting pigment [26]. The protein con-
tent of microalgae may depend on the availability of nitrogen in the culture medium and
the ability of the microalgae strain to assimilate the nitrogen. The result of these studies
was similar to those reported for C. vulgaris, S. platensis, and H. pluvialis [27]. However,
Klin et al. [28] reported a decrease in protein content of green algae on the final day of
culture due to depletion of nitrogen in the culture medium. It is shown from the result
that the protein content of all microalgae tested in this study could be higher at the expo-
nential growth phase than what was recorded since the samples were taken on the final
day of cultivation. Nevertheless, it could not affect the trend significant among treatments.
The microalgae examined in this study showed a higher protein content (26 to 35%) than
known proteinaceous crops, e.g., soybean and pea (34% and 21%) [29,30]. However, the
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protein content of S. platensis (32%) observed in this study was slightly lower than the
results reported (45.31-55.15 of DW) by Lu et al. [31] when S. platensis was cultivated using
raw piggery wastewater. Again, nitrogen content and the bioavailability of the culture
medium could affect the biosynthesis of protein.

Lipids, mostly triacylglycerols, serve as the major energy component for fatty acids
in eukaryotic cells. Lipids have energy that is twice the density of carbohydrates and pro-
teins. In fish meals, for example, lipids constitute about 17-15% and can be used as a sub-
stitute for protein [32]. However, the lipid content of algal biomass (in DW) largely de-
pends on the strain’s metabolic pathways, growth phase culture, and exposure to stress
conditions, such as nitrogen depletion [28,33]. In our study, the lipid content of S. platensis
(14.5%) was significantly (p > 0.05) higher than that of H. pluvialis (13.9%) and C. vulgaris
(10.3%), which could be the result of the strain’s metabolic pathways and culture growth
phase (see Figure 1). This lipid content is also lower than what was obtained (35% lipid
content at stationary phase dry biomass) by Schwenk et al. [34]. Microalgae are also
known as a major source of polyunsaturated fatty acids (PUFAs). Polyunsaturated fatty
acids, such as DHA and EPA, play a significant role in the food chain for aquatic ecosys-
tems [35]. In the diet of both animals and humans, a concentration of fatty acids, mainly
oleic acid, are synthesized for maintaining the fluidity and prevention of cell membrane
[36]. Fatty acids are also known as one of the major sources of omega 6 which is used in
the treatment of skin hyomegaperplasias [37]. These valuable components from microal-
gae are expected to be efficiently recovered in the future through innovative treatments,
such as those based on the use of enzymes [38] and natural deep eutectic solvents (NaDEs)
[39].

Carbohydrate (Carbs) performs many functions in a living organism in aquaculture,
for example, carbohydrate constitutes an excellent source of energy in the formulation of
feed. Carbohydrate content is one of the key pivotal indexes for the assessment of algal
biomass energy potential [31]. C. vulgaris showed higher carbohydrate content compared
to S. platensis and H. pluvialis with 20.8%, 16.4% and 18.4% of DW respectively. Although
the carbohydrate content of C. vulgaris significantly higher, it is, however, lower than
those reported in previous studies [40,41]. The low carbohydrate content recorded for all
treatments demonstrates high nitrogen content in the culture medium. Several studies
pointed to the fact that nitrogen starvation in a culture medium increases the lipid and
carbohydrate content of microalgae [42—44]. For example, H. pluvialis during the red stage
can accumulate higher carbohydrate content when exposed to stress conditions, such as
nutrient deficiency, high acidity, and temperature variations [31,45]. Although in aqua-
culture, carbohydrates are not an essential nutrient component of aquafeed, about 10% of
starch is required in high protein formula to achieve feed buoyancy. The carbohydrate
content obtained in this study could be used as a carbohydrate source in the formulation
of aquafeed.

In the pearl oyster industry, growth performance and survival rate the significant
factors in measuring effect of diet [46]. Several studies showed the effective use of algal
biomass as a fish meal substitute or feed additive on the growth rate of some aquatic spe-
cies [47-49]. In this study, C. vulgaris exhibited a significantly higher specific growth
rate/day of 0.99%, whilst 0.87% and 0.46% were obtained by S. platensis, and H. pluvialis
respectively. This could be a reflection of the protein/carbohydrate balance in the diet [50].
Furthermore, studies have emphasized the importance of the high carbohydrate content
of microalgae for the growth of C. virginica juveniles [51], Crassostrea gigas larvae [52], and
scallop (Patinopecten yessoensis) larvae [53]. The FSL of pearl oysters exhibited under C.
vulgaris diet was significantly (p < 0.05) higher compared to other diets (S. platensis and H.
pluviasis). Although there was no significant difference between the S. platensis and H.
pluvialis diet, the H. pluvialis diet showed a higher FSL of pearl oysters, which could be the
result of its high carbohydrate content.
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5. Conclusions

On the basis of growth and biomass production and nutrient removal efficiency, C.
vulgaris and S. platensis showed better adaptability in the culture medium than H. pluvialis,
thereby demonstrating higher biomass productivity and nutrient removal efficiency. Sim-
ilarly, C. vulgaris and S. platensis showed an optimal protein/carbohydrate balance, sug-
gested in the aquatic diet. In addition, C. vulgaris and S. platensis diets significantly influ-
enced the weight gain, specific growth rate, and survival rate of Pinctada fucata martensii.

Based on the results obtained in this study, MTDW could serve as a cheap medium
for cultivating C. vulgaris and S. platensis growth and biomass production as feedstock in
aquaculture. However, feasibility in the case of large-scale application requires further
research regarding culture techniques to maximize biomass production and improve the
removal efficiency of nutrients in wastewater. Again, a feasibility study is required to as-
certain economic viability of using un-autoclave (raw) wastewater on large scale produc-
tion of algal biomass. Furthermore, research is needed to address the digestive enzyme
activity, immunity, and antioxidant capacity of Pinctada fucata martensii.
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