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Growing microalgae on vegetable waste (rotten potatoes) media is not only a plausible technique to replace expensive commercial
media but also a way of reducing feed costs for rearing zooplankton and fish larvae in aquaculture. As a way of starting an inevitable
step up, Monoraphidium littorale was grown in 25% (T}), 50% (T5), and 75% (T3) of digested rotten potato supernatant (DRPS)
and at the same time in Bold Basal Medium (BBM) as a control (T,) for 16 days. The highest cell density of M. littorale was
recorded in T}, followed by T}, T, and T5. A similar increasing trend of chlorophyll-a and optical density was also observed during
the experimental period. The study also ascertained T} as a potential growth medium where M. littorale showed superior biomass
production which was significantly higher (P <0.05) than other treatments. It was also worth mentioning that the highest (P <0.05)
protein content was determined in T at the end of the cultivation time. Similarly, a highly significant difference (P <0.05) was also
found in the lipid content of the microalgae grown in T and T,. Furthermore, the morphology of the cells of M. littorale was found
to be strongly affected by the DRPS concentrations and BBM. Thus, the lower concentration of the DRPS served as the best
medium for enhancing the growth and biomass of M. littorale. Consequently, to expedite the sustainable progression of microalgal

production, cost-effective culture techniques by using different wastes may be adopted.

1. Introduction

In aquaculture, microalgae play a significant role in nourish-
ing zooplankton before they are supplemented to fish or
other larvae because microalgal nutrients are transported
through zooplankton to higher trophic levels [1]. Aside
from that, microalgae are also being explored as a potent
bulk-feed ingredient amenable for fingerlings and adult
fishes [2]. Indicatively, microalgae can fix about 9% of solar
energy to produce biomass more competently than terrestrial
plants and are considered as a sustainable and potential
repository of carotenoids, polyunsaturated fatty acids, and
vitamins [3, 4]. Among different carotenoids available in
nature, astaxanthin is deliberated as one of the most effective
and potent antioxidants, which has multifaceted applications

in the aquaculture industry [5]. A good number of research
reveal that astaxanthin from microalgal sources has great
importance in the aquaculture industry by dint of its potency
in boosting growth [6-8], reproductive performance [9, 10],
and immunity [11, 12] and product quality development
through giving hue to the skin and muscle [13-15] of various
fish species. As a consequence, the global demand for natural
astaxanthin has risen tremendously.

Among numerous astaxanthin-producing microalgae,
Monoraphidium sp. is deliberated as one of the most impor-
tant green alga, which has great prospects in aquaculture.
Kaha et al. [16] reported that Monoraphidium sp. can pro-
duce higher content of astaxanthin under long-wave ultravi-
olet radiation. Moreover, Fujii et al. [17] revealed that
Monoraphidium sp. GK12 has extensive potential for having
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higher content of pantothenic acid and f-carotene as well as
for producing astaxanthin, which further helps to enhance
coloration as well as the survival of prawns successfully.
Furthermore, due to high biomass productivity and lipid
accumulation in the cell, Monoraphidium is also considered
as a strong and potential candidate for biofuel production in
a way of combating emerging energy crisis as well as for
environmental benefits [18, 19]. By considering the afore-
mentioned prospects of Monoraphidium sp., it is a telling
option to initiate the mass production of this species to
explore its potential in aquaculture industries especially for
ameliorating the production of zooplankton and fish larvae.
However, the emerging impediment to the commercializa-
tion of Monoraphidium sp. as well as other microalgae cul-
ture in aquaculture is indisputably the production costs.
From this perspective, minimizing media costs by exploring
low-cost media from agricultural waste may be an inevitable
step up.

Bangladesh has clinched its envious position as sixth larg-
est potato-producing country in the world [20]. Currently,
while the annual average demand for potatoes was about
7 million tons, Bangladesh observed a huge surplus produc-
tion of about 4 million tons, the lion’s share of which was
being wasted due to a lack of storage capacity [21]. This
huge number of rotten potatoes may be supportive of devel-
oping waste media in boosting the growth of microalgae
because of their prevailing organic and inorganic nutrients
[22]. Nowadays, organic waste recycling is the most demand-
ing and important technology to counteract the thriving
crisis of nutrient scarcity. In this regard, microalgae are
well-acquainted with their successful applications in biologi-
cal nutrient recovery systems [23]. Microalgae are now
successfully grown using different cost-effective medium
including soil extracts and aquaculture sludge as a replace-
ment for expensive media [24, 25]. As a consequence, consid-
ering the economic perspective, growing microalgae in
digested rotten potato supernatant (DRPS) may have ample
potential. On account of initiating the culture protocol of
Monoraphidium sp., some studies demonstrated the growth
and the morphology of Monoraphidium sp. at different phys-
iological factors [26-29]. Very few significant research efforts
have been conducted to explore the culture feasibility of
Monoraphidium sp. in different waste media [30-32] for their
improved growth and lipid accumulation. However, the
effects of DRPS on the growth and morphology of M. littorale
have not yet been studied elsewhere. Some previous studies
demonstrated that DRPS had promising effects for enhancing
the growth and biochemical composition of Spirulina platensis
[22, 33]. In the present study, DRPS showed superior biomass
production of M. littorale, which is far higher than other agri-
cultural wastes including rotten tomatoes for S. platensis [34]
and aquaculture waste for Chlorella vulgaris [35]. Following the
usefulness, the knowledge of culturing M. littorale in DRPS
may be effective for exploring its potentiality for large-scale
cultivation of economically valuable biomass due to its possible
cost reduction along with waste-remediation benefits which
will be the most important catalyst in intensifying successful
rearing of zooplankton and larvae of numerous commercially
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TasLe 1: Composition of the chemicals in BBM for M. littorale
culture. *

No. Stocks of chemicals gL™!

1 NaNOs 25.00

2 MgS0,-7H,0 7.50

3 NaCl 2.50

4 K,HPO, 7.50

5 KH,PO, 17.50

6 CaCl,-2H,0 2.50

Trace elements

ZnSO,-7H,0 442

. MnCl,-4H,0 1.44

MoOs 0.71

CuS0O,4-5H,0 1.57

Co (NO,),-6H,0 0.49

8 H,BO; 11.40
EDTA-KOH solution:

9 EDTA Na, 50.00

KOH 31.00

10 FeSO,-7H,O witl}_llzls.g inL concentrated 498

*Z.H. Scientific and Chemicals Mart, Bangladesh, is the supplier of the
above-mentioned chemicals.

important fishes, crustaceans, and mollusks in the aquaculture
industry. Hence, the aim of the current study was to evaluate
the effects of low-cost media (DRPS) on the growth and mor-
phology of M. littorale. Moreover, the development of the cul-
ture of M. littorale on an industrial scale may be a golden
opportunity for achieving 17th sustainable development goals
(SDGs) directly and indirectly, especially the SDG-6 “Clean
Water and Sanitation,” SDG-7 “Affordable and Clean
Energy,” and SDG-13 “Climate action.”

2. Materials and Methods

2.1. Analyses of Proximate Composition of Rotten Potato. The
proximate composition of rotten potatoes, including mois-
ture, crude protein, crude lipids, ash, and nitrogen-free
extract (NFE), was examined in triplicates by following the
standard method of Horwitz [36].

2.2. Isolation of Microalgae and Media Preparation. The
microalga, M. littorale, was isolated from freshwater ponds
located beside the Faculty of Fisheries, Bangladesh Agricultural
University, Mymensingh, Bangladesh. Isolation was carried out
by repeated streaked agar plating and serial dilution method.
Stock cultures of M. littorale were maintained in Bold Basal
Medium (BBM) at a temperature of 25 &+ 2°C, a light intensity
of 60 umol m~>s~", and a photoperiod of 12: 12 hr, L: D. With
regard to preparing BBM as a culture medium, 10 mL from the
mentioned amount of ingredients from each of 1 to 6 and 1 mL
from each of 7 to 10 (Table 1) stock solutions were taken in a
1L conical flask and distilled water was added to make the
volume 1.0 L. Then, the flask was well mixed and sterilized at
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TasLE 2: Composition of the micronutrient solution.*

No. Stocks of chemicals gL™!
1 H,BO, 2.86
2 MnCl,-4H,0 1.81
3 ZnS0,-7H,0 022
4 CuSO,-5H,0 0.08
5 MoOs 0.01
6 CoCl,-6H,0 0.01

*Z.H. Scientific and Chemicals Mart, Bangladesh, is the supplier of the
above-mentioned chemicals.

121°C for 15min with moist heat by autoclave (Model SS-
V35HD, WINCOM, China).

Rotten potatoes, used in this experiment, were collected
from the KR market, Bangladesh Agricultural University
Campus, Mymensingh, Bangladesh. For the preparation of
DRPS, 200 g of rotten potatoes were subjected to digestion in
previously cleaned 8.0 L glass jars containing 6.0 L of distilled
water for 22 days under continuous aeration. After getting a
light reddish-colored supernatant, screening was done by a
net, having a 30 um mesh size to remove particulate materi-
als. Then, 9.0gL™" sodium bicarbonate (NaHCO3) along
with 0.20 mLL™" micronutrient solution was added to the
extract. For preparing the micronutrient solution, the nutri-
ents from no. 1 to 6 mentioned in Table 2 were taken in a
1.0L conical flask, distilled water was added to make the
volume 1.0 L and finally sterilized at 121°C for 15 min. After
the preparation of DRPS, the three DRPS levels (25%, 50%,
and 75%) with replications were made to observe the growth
of M. littorale (Figure 1).

2.3. Growth Conditions of M. littorale. The growth of M.
littorale was observed in 25% (T,), 50% (T,), and 75% (T35)
of DRPS and in BBM (T,) (Figure 2). The experiment was
conducted in triplicates using an initial inoculum for all
cultures of about 45,914 cellsmL ™" from the culture in the
logarithmic phase maintained in BBM. This study was per-
formed in 1,000 mL Erlenmeyer flask containing 700 mL of
culture media under a light intensity of 60 umolm™>s~" at a
photoperiod of 12:12hr, L:D with continuous aeration for
16 days. Cell numbers were counted using a Sedgwick-Rafter
Chamber, immediately after inoculation and on every alter-
nate day for up to 16 days. After 16 days of culture period,
100 mL of microalgal solution from each replication was
transferred to 250 mL conical flask for the morphological
study of M. littorale. During the experimental period, cell
numbers of M. littorale at different shapes were estimated
on every 10 days from 20 to 70 days at early, mid, and late
stationary phases. The average number of cell divisions per
day (K) for the 10-day growing period was calculated using
the following equation:

@) o

where C, and C, are the cell concentrations at times ¢ and 0,
respectively [37].

FIGURE 1: Preparation of three concentrations of digested rotten
potato supernatant (T, =25%, T, =50%, and T3=75%).

FIGURE 2: Growth condition of M. littorale at three concentrations of
DRPS (T} =25%, T, =50%, and T3 =75%) and BBM (T,) on day 16
of the culture period.

The physicochemical parameters of the culture media
including pH, temperature, dissolved oxygen, electric conduc-
tivity, and total dissolved solids were measured using pH Meter
(HI98107, HANNA), Dissolved Oxygen Meter (DO-5509,
LUTRON, Taiwan), and pH/EC/TDS Multiparameter Meter
(HI98194, HANNA, USA), respectively, during the experimen-
tal period. All of the measured aforementioned physicochemi-
cal parameters were found within the acceptable range of
M. littorale culture [26].

2.4. Determination of Optical Density and Chlorophyll-a
Content. In case of estimating optical density (OD) and
chlorophyll-a content, 15mL of M. littorale sample from
each replication was filtered with Whatman filter paper
(0.45 um mesh size and 47 mm diameter), kept in 20 mL tubes
mixed with 10mL of 100% acetone that was further ground
with a glass rod, and kept in a refrigerator overnight. The
refrigerated samples were homogenized for 2 min followed by
centrifugation at 4,000 rpm for 10 min. Eventually, the OD of
the samples was determined at 620 nm by using a UV spectro-
photometer. For determination of chlorophyll-a content, OD
of samples was further taken at 664, 647, and 630 nm by using a
UV spectrophotometer against blank (T60UV-Visible Spectro-
photometer, PG Instruments Ltd.), and chlorophyll-a content
was calculated using the following equation [38]:

Chlorophyll-a (mgL™!) = 11.85 (0D 664) — 1.54 (OD 647)
~0.08 (OD 630).
(2)

2.5. Protein and Lipid Determination. About 0.221 g of sam-
ple was obtained to estimate the crude protein content. The



TaBLE 3: Proximate composition of rotten potato (% dry matter
basis). *

Variables Composition (%)
Moisture 9.78
Crude protein 10.65
Crude lipid 9.20
Ash 15.75
Crude fiber 18.89
NFE 35.73

*NFE, nitrogen free extract =100 - (moisture + crude protein + crude lipids
+ash + crude fiber) [22].

standard micro-Kjeldahl nitrogen method was used to deter-
mine the crude protein content utilizing a Behrosetlnkje M
digesting device and a Behr SI steam distillation apparatus
(both Labor-Technik GmbH, Dusseldorf, Germany). Prior to
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FiGure 3: Isolated cells of a green alga M. littorale. Scale bar: 10 ym.

titrating with 0.2 N HCI, the distillate containing ammonia
was trapped in a 4% boric acid solution. By multiplying the
nitrogen content with a factor of 5.85, crude protein was
calculated using the following equation:

Percent (%) of crude protein = Nitrogen (%) X conversion factor (5.85 for plant — based sample)

(3)

% of nitrogen = (Milliequivalent of N, X strength of HCI X titrant used (mL)/weight of sample (g)) x 100,

where milliequivalent of N,=0.014 and strength of
HCl=0.2N.

Again, for estimating the crude lipid content, about
0.231 g of sample was taken. For the analysis of the lipid
content, mentioned samples were dried in the oven at
105°C and then extracted the fat with acetone in a Soxhlet
Extractor for about 4 hr. The crude lipid content of the sam-
ple was estimated by using the following equation:

D-B
Percent (%) of crudelipid content = {%} % 100,

(4)
where
D is the weight of crude lipid,
B is the empty beaker weight, and
A is the weight of sample.

2.6. Morphological Observations. When the experiment was
performed to examine morphological responses, an alterna-
tion of three morphotypes was observed using a microscope
(B-510BT OPTIKA, Italy). The morphological study of
M. littorale was lasted for 70 days.

2.7. Statistical Analysis. The data are expressed as mean
&+ standard deviation (SD) of three replicates. Mean daily
division rates, total biomass, crude lipid content, crude pro-
tein content, and morphology data in four treatments were sub-
jected to one-way ANOVA (SPSS 25). Significant differences
among means were determined using Duncan’s multiple range
test (DMRT) for paired comparison [39]. Differences were
considered significant at P<0.05.

3. Results

3.1. Proximate Composition of Rotten Potato. The proximate
composition of rotten potato is presented in Table 3. On a

\
dry matter basis, the crude protein, crude lipid, ash, and fiber
content in rotten potato were 10.65, 9.20, 15.75, and 18.89%,
respectively.

3.2. Isolation and Identification of M. littorale. During the
isolation period, after repeated streak agar plate technique, a
verdant growth of unidentified microalgal species was observed
in the agar plate, which was further serially diluted in test tubes
for obtaining the axenic culture. Moreover, a morphological
study of cultured cells was performed under the microscope
(B-510BT OPTIKA, Italy), which revealed that isolated
microalga was morphologically similar in accordance with
the Selenastraceae family and exhibited close proximity with
M. littorale with a fusiform, straight shape, and tapering toward
both end apices (Figure 3).

3.3. The Effects of DRPS and BBM on the Growth and
Biomass Production of M. littorale

3.3.1. Effects on Cell Density, Biomass Production, and Mean
Daily Division Rate of M. littorale. The growth of cell densi-
ties of M. littorale in different treatments with culture days
is shown in Figure 4(a). In T; and T, the cell density of
M. littorale rose with a discernible difference from day 1 to
6, then got increased until day 12 with exceeding growth, and
dropped progressively while culture time was prolonged. The
highest cell density of M. littorale was found in T
(114.485% 10° cellsmL™") on day 12 and the cell density
persisted at 77.425 x 10° cellsmL™" up to day 16. Between
T, and T,, the peak cell densities did not substantially tend to
fluctuate. Under both conditions, an initial lag period of
2 days after the culture inoculation was noted.

In T,, M. littorale grew slowly with a relatively poor maxi-
mum cell density of 45.96 X 10° cells mL™", which was markedly
lower than T; and T,. Whereas in T3, M. littorale cells were
observed to be aggregated at the bottom of the flask just after
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FIGURE 4: (a) Cell density of M. littorale (x10° cellsmL™") during the culture in three different DRPS concentrations and BBM; (b) total
biomass of M. littorale on 16 day in different concentrations of DRPS and BBM. (T; = 25% concentration of DRPS; T, = 50% concentration
of DRPS; T;=75% concentration of DRPS; T, =BBM). Each point and vertical line represent mean + SD for three replicates. Means with
different letters are significantly different from one another (DMRT, P<0.05).

inoculation, and cell growth was hardly noticed until day 4. After
4 days of the culture period, cells started to grow very slowly and
reached a peak of 26.75 X 10° cellsmL™" on day 12.

M. littorale yielded a remarkably different amount of
total biomass (determined on a dry weight basis) at varied
DRPS concentrations and BBM at the end of the experimen-
tal period (Figure 4(b)). Considerably greater biomass output
(P<0.05) was recorded in T, (1.47 g L") compared with that
in T, (1.42gL™") demonstrating higher biomass production
with lower DRPS concentration (25%). In addition, it was
apparent that the biomass was drastically affected by an
increase in DRPS concentrations resulting in the reduction
of total biomass production significantly (P<0.05) in T,
(0.769gL™") and T; (0.61gL™").

During the course of the experiment, it was also notable
that DRPS and BBM had a marked impact on the cell condi-
tion of M. littorale. Cell conditions were monitored under a
microscope, where expanded and disrupted cells were pre-
dominantly found in T3 and then T, from day 2 and very
healthy cells were observed in the case of T; and T, (Figure 5).

In addition, the mean daily division rates plotted as a
function of different concentrations of DRPS and BBM are
shown in Figure 6. The DRPS and BBM had a pronounced
effect on the growth rate of M. littorale. The best growth rate
of M. littorale was found in both T, and T, with identical
division rate of 0.3340.02 divisions day~', which was sig-
nificantly higher (P<0.05) than in T, (0.274 % 0.02 divisions
day_l) and T5 (0.256 £ 0.02 divisions day_l). Despite there
being no significant difference between the growth rate of M.
littorale in T, and T; on day 10, T, had a significantly higher
(P<0.05) cell density than T3 on day 12.

3.3.2. Effects on the Chlorophyll-a Content and Optical
Density. The chlorophyll-a content and OD both followed
a similar trend as observed in the growth profile in terms of
cell density and growth rate of M. littorale. The chlorophyll-a
contents of M. littorale had no obvious changes in the first
2 days in the case of all treatments. The chlorophyll-a content
sharply increased from 0.812mgL™" to 9.367mgL™" and
0.088mgL™" to 8.809mgL ™" in T} and T, respectively, on
day 12; afterward, the chlorophyll-a content of M. littorale con-
tinued to decline. While for T, and T3, elevated DRPS concen-
trations led to a significant drop in the chlorophyll-a content
which caused a reduced growth of M. littorale considerably
poorer than T) and T, (Figure 7(a)). The OD of M. littorale
was increased with decreasing DRPS concentration where a
considerably higher value was observed in T; (0.208 £ 0.01)
and T4 (0.196 +0.01) than in T, (0.084 =0.004) and T,
(0.071 £0.007) (Figure 7(b)). In T, and T3, the lower value of
OD along with lower growth was distinguished.

3.4. Effects on Crude Protein and Crude Lipid Content of
M. littorale. The influence of different concentrations of
DRPS and BBM on the crude protein and crude lipid accu-
mulation of M. littorale during the experimental period was
also analyzed. Figure 8 shows how the crude protein content
and lipid content evolved with the changes in the culture
media. The maximum protein content was found in T
(39.08%) at the end of the cultivation time, which was quite
significant (P<0.05) than T resulting in 38.02% of protein
content. In T, and T3, protein accumulation did not appear
to have a significant difference and the corresponding crude
protein content was 32.98% and 32.45%, respectively.
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FiGure 5: Cell conditions in different concentrations of DRPS and BBM: T; and T, are depicting healthy cells where T, and T; are exhibiting
expanded (blue arrow) and disrupted cells (red arrow) of M. littorale during the experimental period. Each scale bar: 10 um. (T; =25%
concentration of DRPS; T, =50% concentration of DRPS; T5=75% concentration of DRPS; T, = BBM).
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Ficure 6: The influence of different DRPS concentrations and BBM
(control) on the mean daily division rate of M. littorale. Means with
different letters are significantly different from one another (DMRT,
P<0.05). (T, =25% concentration of DRPS; T, =50% concentra-
tion of DRPS; T3 =75% concentration of DRPS; T, =BBM).

The highest crude lipid content (26.623%) was found in
T,. There was no significant difference between the lipid
content found in T, (16.93%) and T3 (16.34%). It was also
worth mentioning that a statistically significant difference
(P<0.05) was found among in the lipid content of T; and
T, where two times lower lipid content was observed in T,
(12.697%) than T;.

3.5. Effect of Different Concentrations of DRPS and BBM on
the Morphology of M. littorale. Morphological observation of
M. littorale cultivated under the three DRPS concentrations
and BBM was performed on days 20, 30, 40, 50, 60, and
70 using a light microscope which revealed the high pheno-
typic plasticity of this species. The morphology of M. littorale
was variable and strongly affected by DRPS concentrations
and BBM. At optimum conditions, cells of M. littorale were
mostly fusiform like. During the late logarithmic phase, with
a change in unfavorable conditions, cells began to change their
shape as well as the number of oval and spherical cells. First,
fusiform cells were observed to produce 2—4 fusiform progeny
during the early exponential phase (Figure 9(a)-9(c)). Then,
fusiform cells were noticed to produce 4-8 oval progeny in the
late exponential phase (Figure 10(d)). In the stationary phase,
fusiform, oval, and spherical cells produced spherical progeny
(Figure 9(e)— 9(k)). In addition to the morphological changes,
aggregation of spherical cells in the late stationary phase was also
observed (Figure 9(1)).

3.5.1. Effect of Different Concentrations of DRPS and BBM on
the Morphology of M. littorale on 20™ and 30" Days of the
Culture Period. The cell morphology of M. littorale was
markedly affected (P<0.05) by various concentrations of
DRPS and BBM (Figure 10). In T} and T, the early stationary
phase cultures consisted of 98% and 100% fusiform-like cells
on day 20, whereas 78% and 96.7% of fusiform cells were
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FiGure 7: Growth curve of M. littorale in terms of (a) chlorophyll-a content and (b) optical density at different DRPS conditions and BBM
(T, =25% concentration of DRPS; T, =50% concentration of DRPS; T5=75% concentration of DRPS; T, = BBM).
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Figure 8: Crude protein and lipid content (in dry weight basis)
obtained from M. littorale grown under different concentrations
of DRPS and BBM (T, =25% concentration of DRPS; T,=50%
concentration of DRPS; T3=75% concentration of DRPS;
T,=BBM). Means with different letters are significantly different
from one another (DMRT, P<0.05).

observed on day 30. In T, and T3, the number of fusiform-like
cells was significantly lower P<0.05) on 20" and 30" days. In
T;, shape changes of cells occurred within 8 days after inocu-
lation where most of the cells were oval (35.8%) and spherical
(18.6%) on 20" day, and only 34.6% of fusiform cells were
observed on 30" day. Morphological changes of the M. littorale
cells on 20™ and 30" days have been shown in Figure 11.

3.5.2. Effect of Different Concentrations of DRPS and BBM on
the Morphology of M. littorale on 40™ and 50" Days of the
Culture Period. Fusiform-like cells on 40™ and 50™ days
accounted for 80.49% and 68.6%, respectively, in T, and

63.73% and 40.5%, respectively, in T;. Fusiform-like cell
numbers were drastically decreased (P<0.05) in T, and T;
on 40™ and 50" days (Figure 12). In T, spherical cells
increased 1.45-fold from 38% to 55.43%, and in T3, spherical
cells increased 1.31-fold from 48.47% to 63.67% on 50™ day.
The highest percentage of spherical cells was recorded in T;
on 50" day. The morphological shapes of the cells changed
with the increasing concentration of DRPS and culture ages.
Morphological changes of M. littorale cells on 40™ and 50"
days have been shown in Figure 13.

3.5.3. Effect of Different Concentrations of DRPS and BBM on
the Morphology of M. littorale on 60" and 70" Days of the
Culture Period. As shown in Figure 14, the percentage of the
spherical cells was markedly variable (P<0.05) in different
DRPS concentrations and BBM. The spherical morphotype
showed the greatest percentage and fusiform cells exhibited
the lowest percentage in three concentrations of DRPS and
BBM on 60" and 70" days. In T, fusiform cells decreased
from 10.8% to 5%, whereas spherical cells increased from
71.6% to 90.1% from 60" to 70" days, respectively. In con-
trast, about 91.67% of the cells became spherical in T3 on day
70, and the cells became clustered. During the late stationary
phase, the fusiform cells in T; and T, were 20.93% and
30.3%, respectively, which were higher than the cultures
grown in T, (5%) and T3 (2%) on 70 day. Morphological
changes of the M. littorale cells on 60" and 70" days have
been shown in Figure 15.

4. Discussion

For the enduring upliftment of the bio-based economy, the
inclusion of nutrients from the accessible waste resources is
indispensable for attaining the economic liability in micro-
algal mass cultivation. Assessment of microalgal growth



()

Aquaculture Research

(k)

FiGure 9: Microscopic observation of the morphological plasticity in M. littorale: (a) fusiform-like cells; (b) four fusiform progeny cells
dividing inside a fusiform mother cell; (c) eight fusiform progeny cells dividing inside a fusiform mother cell; (d) two oval cells dividing inside
a fusiform cells; (e) two spherical cells dividing inside the oval mother cell; (f) four spherical cells dividing inside the oval mother cell;
(g) spherical cell; (h) four spherical cells inside the spherical mother cell; (i) releasing of spherical cells from a fusiform cell in late stationary
phase; (j) releasing of spherical cells from the oval cell; (k) spherical cells from fusiform cells; (1) aggregation of spherical cells in late stationary

phase. Each scale bar: 10 um.

improvement via vegetable waste supplementation is one of
the most reliable approaches to cost-effective cultivation mode.
Therefore, it is important to explore the beneficial functions of
the green alga, M. littorale, as well as its growth potential in
supernatant of rotten potatoes for the future upliftment of
aquaculture globally by conducting meticulous research. Sub-
sequently, in this study, an evaluation of the mass culture of
M. littorale performed under DRPS treatments showed
improved biomass growth at lower concentration of DRPS.
The highest cell density of M. littorale was recorded in T
and T, respectively on 12" day of the culture period which
values were lower than other reported strains of Monoraphi-
dium (Monoraphidium sp. CCALA; 11 x 10° cells mL™") [40],
(Monoraphidium sp. HDMA-20; 204 X 10° cells mL™Y) [41],
and higher than M. littorale (5.45 X 10° cellsmL™") [42], and
Monoraphidium contortum (2.88 X 10* cells mL™!) [43]. Dur-
ing the experimental period, it was notable that M. littorale

alga was highly sensitive to higher DRPS concentrations. The
reason behind this lower growth at a higher concentration of
DRPS was likely to be occurred owing to the excessive avail-
ability of nutrients in the culture media. Moreover, another
astaxanthin-producing green algal strain, Scenedesmus sp. KT-
U, was also found to be shown the best growth rate in vegetable
waste extract media [44]. In contrast, Tan et al. [45] unveiled
the potential of utilizing organic fruit waste medium where
Chlorella vulgaris and Haematococcus pluvialis yielded similar
higher biomass concentrations (4.133-4.533gL™") in 20%
tropical fruit waste and 10% mango waste medium, respec-
tively. In addition, during the course of the experiment, signif-
icantly higher chlorophyll-a content, OD, and total biomass
were observed in T}, which indicated that a lower concentra-
tion of DRPS did not impede the photosynthetic yield of
M. littorale. In view of the above-mentioned facts, it appears
that culture media made from rotten potatoes especially the
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Figure 10: Morphology of M. littorale grown in different DRPS concentrations and BBM (T; =

20 | 30 20 | 30 |
Tl T2

Days

20 | 30 |
T;

W Spherical

20 | 30
T4

25% concentration of DRPS; T, =50%

concentration of DRPS; T =75% concentration of DRPS; T, = BBM) on 20™ and 30" days. Means with different letters (bold white letters
for 20™ day and black letters for 30 day) are significantly different from one another (DMRT, P<0.05).

(e) (f)

Ficure 11: Morphological changes of M. littorale at the early stationary phase where (a—d) de;
treatments (a = T}, 25% of DRPS; b = T, 50% of DRPS; ¢ = T5, 75% of DRPS; d = T, BBM) on 20"
T1, 25% of DRPS; f=T),, 50% of DRPS; g= T3, 75% of DRPS; h=T,, BBM) on 30t day of the culture period.

cells in the four treatments (e =

(Each scale bar: 10 um; 40X magnification; B-510BT OPTIKA, Italy).

lower concentration of DRPS (25%) can make a colossal
impact on the growth of M. littorale at the marginal stage.
The biomass content of M. littorale based on the dry weight
in Ty, T,, T3, and T, was recorded as 1.47, 0.77, 0.61, and
1.42 gL', respectively, which clarified a simultaneous declin-
ing trend of total biomass in the higher concentration of DRPS.
Probably, the downfall in growth was endorsed by the diminu-
tion of chloroplasts and voluminous damage to the photosyn-
thetic machinery [46]. The biomass content found in BBM
(1.42gL™") of newly isolated microalga, M. littorale, was higher
than the strains Monoraphidium KMNS (0.65 gL_l) [47] and
M. contortum (0.095gL_1) [43] and lower than the strain

(h)

(8)

ict phenotypic changes of cells in the four
day and (e-h) deplct phenotypic changes of

&

Monoraphidium sp. QLY-1 (5.54gL_1) [19]. Moreover,
Mishra and Mohanty [30] reported that while Monoraphidium
sp. KMC4 was grown in raw domestic sewage wastewater,
superior biomass production (1.47 + 0.08 gL™") was obtained,
which was similar to our recorded maximum biomass value
(147¢g LY of M. littorale in T,. Furthermore, Zhang et al. [48]
reported that Chlorella sorokiniana SDEC-18 and
Scenedesmus SDEC-8 showed optimal biomass production of
0.42 and 0.55g L™, respectively, under anaerobically digested
effluent from kitchen waste which was quite lower than the
present findings. In addition, Giwa et al. [49] demonstrated
that C. vulgaris showed maximum biomass production in
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Ficure 12: Morphology of M. littorale grown in different DRPS concentrations and BBM (T =25% concentration of DRPS; T,=50%
concentration of DRPS; T5=75% concentration of DRPS; T, = BBM) on 40" and 50" days. Means with different letters (bold white letters
for 40™ day and black letters for 50™ day) are significantly different from one another (DMRT, P<0.05).

Ficure 13: Morphological changes of M. littorale at the mid-stationary phase where (a—d) depict phenotypic changes of cells in the four
treatments (a = Ty, 25% of DRPS; b= T, 50% of DRPS; ¢ = T3, 75% of DRPS; d = T, BBM) on 40 day and (e-h) show phenotypic changes of
cells in the four treatments (e =T}, 25% of DRPS; f=T,, 50% of DRPS; g= T3, 75% of DRPS; h=T,, BBM) on 50t day of the culture period.

(Each scale bar: 10 um; 40X magnification; B-510BT OPTIKA, Italy).

digested food waste and brine than control (Johnson’s
medium). Furthermore, Habib et al. [34] recorded that
S. platensis produced the highest amount of biomass
1135.65 + 9.56 mg L ™" while cultured in 50% digested rotten
tomato supernatant which is far lower than our study. Thus,
the supernatant of digested rotten potato will be a novel
medium for getting huge biomass from M. littorale. Pursuant
to the literature, the microalgae Monoraphidium spp. mostly
spectacularize a wide level of total lipids, and proteins in
amounts between 19%-35% and 28%— 45% consecutively
[50]. Yee [18] also reported that the lipid content of Mono-
raphidium may vary from 19.9% to 43.5% on a dry weight
basis and the lipid content can reach up to 56% relying on the

culture ambiance and mode of cultivation [51]. In the present
study, both the maximum value of lipid content and protein
content was recorded in T3, although the lipid and protein
contents in T, and T were statistically identical. Both the lipid
content and protein content of T; recorded in the present
study were close to the value reported in the literature by
Diaz et al. [50] which was higher than the reported lipid
content of Monoraphidium sp. QLY-1 (22.4%) [19],
Monoraphidium neglectum SAG48.87 (17.8%) [52], and
Monoraphidium sp. Dekl9 (26.4%) [53] but lower
than Monoraphidium sp. (28.92%) [54]. While, in contrast,
decreased lipid accumulation was evident in T, which was
2.1-fold lower than T; but higher than the recorded value of
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Fiure 14: Morphology of M. littorale grown in different DRPS concentrations and BBM (T} =25% concentration of DRPS; T, =50%
concentration of DRPS; T; =75% concentration of DRPS; T, = BBM) on 60 and 70 days. Means with different letters (bold white letters
for 60™ day and black letters for 70" day) are significantly different from one another (DMRT, P<0.05).

(@) | (0) | (h)

FIGURE 15: Morphological changes of M. littorale at the late-stationary phase where (a—d) depict phenotypic changes of cells in the four
treatments (a = T, 25% of DRPS; b = T, 50% of DRPS; ¢ = Ts, 75% of DRPS; d = T, BBM) on 60" day, and (e~h) show phenotypic changes of
cells in the four treatments (e =T}, 25% of DRPS; f=T,, 50% of DRPS; g= T3, 75% of DRPS; h=T,, BBM) on 70t day of the culture period.
(Each scale bar: 10 um; 40X magnification; B-510BT OPTIKA, Italy).

M. griffithii NS16 (9.24%) [55] and lower than the Monora-
phidium sp. KMN5 (35%) [47] grown in BBM. In another
study, Dong et al. [31] recorded the highest lipid content
(49.54%) of Monoraphidium sp. QLZ-3 in walnut shell extract
media which was quite higher than in our study. Likewise,
Schizochytrium mangrovei and Chlorella pyrenoidosa also
showed elevated biomass production with a higher accumu-
lation of lipids and proteins in food waste hydrolysate as a
growth medium than in a conventional medium [56]. In
another study, C. vulgaris (CPCC 90) grown in vegetable
waste media exhibited higher content of lipids [57]. Indica-
tively, the elevated protein content of 37.8% and lipid content
of 26.4% were also found in C. vulgaris when cultivated under
municipal food waste [58]. Wang et al. [59] also reported that

Chlorella sp. grew very well in food waste hydrolysate along
with producing higher lipid content of 2.5 gL™". Considering
the above-mentioned results, it is an absolute necessity to
explore the latent applicability of nutrient-rich bio-wastes
including agricultural wastes, vegetable wastes, food wastes,
and fruit wastes for their timely and efficient utilization in
triggering microalgal cultivation that can pave the way for
feasible improved production with proven efficient nutrient
recovery [60, 61].

Morphological changes are crucial for algae to survive in
harsh environmental conditions [62]. This transformation
can be triggered by media content, temperature, salinity,
and pH variation in culture conditions [63]. In the present
study, it was worth noting that the morphology of M. littorale
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was found to be affected rapidly in T3 and then T, during the
experimental period. In contrast, T} and T, showed very
slower morphological changes within the 70 days of the cul-
ture period than T3 and T5. In these cultures, fusiform-like
cells of M. littorale were reduced from 98% to 20.93% in T,
and 100% to 30.3% in T, from day 20 to 70, respectively. In T,
and T3, oval and spherical cells were evident in the early
stationary phase, whereas late stationary phase cultures con-
sisted of almost 90% of spherical cells. This is similar to the
findings of Wang et al. [26] who demonstrated that fusiform
cells of Monoraphidium were found markedly in the expo-
nential phase, whereas spherical cells were observed predom-
inantly in the late stationary phase. Moreover, during the late
stationary phase, spherical cells of M. littorale were observed
to be aggregated which may be occurred due to the secretion
of a gelatinous substance from spherical cells [26]. It is worth
noting that the morphology of M. littorale was found to be
affected markedly by a high concentration of DRPS. This
result also suggests that medium content is the major factor
influencing morphotype alternation of M. littorale.

Therefore, the isolated green alga, M. littorale, grew
under rotten potatoes may be a particularly promising source
of algal feed for enhancing the growth of zooplankton and
freshwater fish larvae in the hatchery by dint of their higher
adaptability to wide environmental conditions as well as
superior nutritional composition.

5. Conclusion

In conclusion, the result of the study showed that DRPS had
a significant effect on the growth of M. littorale by producing
higher biomass. The study noted that a lower concentration
of DRPS (25%) supported the best growth of M. littorale in
terms of cell density, growth rate, OD, and total biomass.
Furthermore, M. littorale, grown in 25% DRPS concentra-
tion, showed higher content of crude lipid and crude protein
that makes this species more potential for industrialization
for the development of a bio-based economy. Moreover, the
morphology of the cells of M. littorale was also found to be
significantly affected by the elevating concentration of DRPS
and very rapid alternation of the morphology of M. littorale
was evident at 75% and 50% DRPS. Hence, a concentration
of 25% DRPS is best for the growth of M. littorale. Due to the
cost effectiveness of DRPS, marginal farmers can also easily
culture M. littorale and utilize it as the first feed for rearing
fish larvae directly or indirectly in aquaculture. Furthermore,
the potential of this algal species can also be extended along
with its successive utilization in aquaculture for rearing zoo-
plankton and fish larvae. Hence, mass culture development
of M. littorale with DRPS will decrease the total cost of
microalgal production along with improving the growth
and nutritional content of microalgae.

Data Availability

The data sets in this study are available from the correspond-
ing author on reasonable request.

Aquaculture Research

Conflicts of Interest
The authors declare that they have no conflicts of interest.
Authors’ Contributions

Jinnath Rehana Ritu took care of methodology, software, for-
mal analysis, writing of original draft, and writing of review and
editing. Saleha Khan took care of conceptualization, methodol-
ogy, supervision, resources, investigation, validation, writing of
review and editing, project administration, and funding acqui-
sition. Md. Sakhawat Hossain and Md. Mahfuzul Haque took
care of writing of review and editing.

Acknowledgments

This study was supported by the Bangladesh Agricultural
University Research System (BAURES) (Project No. 2020/
997/BAU) to the corresponding author (Saleha Khan) which
is gratefully acknowledged.

References

[1] A. Catarina-Guedes, I. Sousa-Pinto, and F. Xavier-Malcata,
“Application of microalgae protein to aquafeed,” in Handbook
of Marine Microalgae, S.-K. Kim, Ed., pp. 93-125, Academic
Press, 2015.

[2] A. R.Hodar, R. J. Vasava, D. R. Mahavadiya, and N. H. Joshi,
“Fish meal and fish oil replacement for aqua feed formulation
by using alternative sources: a review,” Journal of Experimental
Zoology, vol. 23, no. 1, pp. 13-21, 2020.

[3] C.Paliwal, T. Ghosh, B. George et al., “Microalgal carotenoids:
potential nutraceutical compounds with chemotaxonomic
importance,” Algal Research, vol. 15, pp. 24-31, 2016.

[4] Y. Chen, C. Xu, and S. Vaidyanathan, “Microalgae: a robust
“green bio-bridge” between energy and environment,” Critical
Reviews in Biotechnology, vol. 38, no. 3, pp. 351-368, 2018.

[5] J. R Rity, R. R. Ambati, G. A. Ravishankar, M. Shahjahan, and
S. Khan, “Utilization of astaxanthin from microalgae and
carotenoid rich algal biomass as a feed supplement in aquaculture
and poultry industry: an overview,” Journal of Applied Phycology,
vol. 35, pp. 145-171, 2023.

[6] M. Alishahi, M. Karamifar, and M. Mesbah, “Effects of
astaxanthin and Dunaliella salina on skin carotenoids, growth
performance and immune response of Astronotus ocellatus,”
Aquaculture International, vol. 23, pp. 1239-1248, 2015.

[7] N. Saleh, E. A. Wassef, and S. M. Shalaby, “The role of dietary
astaxanthin in European sea bass (Dicentrarchus labrax) growth,
immunity, antioxidant competence and stress tolerance,” Egyptian
Journal of Aquatic Biology and Fisheries, vol. 22, no. 5, pp. 189-
200, 2018.

[8] Y. Cheng and S. Wu, “Effect of dietary astaxanthin on the
growth performance and nonspecific immunity of red swamp
crayfish  Procambarus  clarkia,”  Aquaculture, vol. 512,
Article ID 734341, 2019.

[9] @.]. Hansen, V. Puvanendran, and R. Bangera, “Broodstock
diet with water and astaxanthin improve condition and egg
output of brood fish and larval survival in Atlantic cod, Gadus
morhua L.” Aquaculture Research, vol. 47, no. 3, pp. 819-829,
2016.

[10] K. C. Lim, F. M. Yusoff, M. Shariff, and M. S. Kamarudin,
“Astaxanthin as feed supplement in aquatic animals,” Reviews
in Aquaculture, vol. 10, no. 3, pp. 738-773, 2018.



Aquaculture Research

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

M.-Y. Li, X.-Y. Liu, C.-G. Xia, G.-Q. Wang, and D.-M. Zhang,
“Astaxanthin enhances hematology, antioxidant and immu-
nological parameters, immune-related gene expression, and
disease resistance against in Channa argus,” Aquaculture
International, vol. 27, pp. 735-746, 2019.

X.-M. Zhu, M.-Y. Li, X.-Y. Liu et al, “Effects of dietary
astaxanthin on growth, blood biochemistry, antioxidant,
immune and inflammatory response in lipopolysaccharide-
challenged Channa argus,” Aquaculture Research, vol. 51,
no. 5, pp. 1980-1991, 2020.

L. Gouveia, G. Choubert, N. Pereira, J. Santinha, J. Empis, and
E. Gomes, “Pigmentation of gilthead sea-bream, Sparus aurata
(L. 1875), using Chlorella vulgaris (Chlorophyta, Volvocales)
microalga,” Aquaculture Research, vol. 33, no. 12, pp. 987-
993, 2002.

N. Chimsung, S. P. Lall, C. Tantikitti, V. Verlhac-Trichet, and
J. E. Milley, “Effects of dietary cholesterol on astaxanthin transport
in plasma of Atlantic salmon (Salmo salar),” Comparative
Biochemistry and Physiology Part B: Biochemistry and Molecular
Biology, vol. 165, no. 1, pp. 73-81, 2013.

P.J. Saez, E. S. M. Abdel-Aal, and D. P. Bureau, “Feeding
increasing level of corn gluten meal induces suboptimal
muscle pigmentation of rainbow trout (Oncorhynchus
mykiss),” Aquaculture Research, vol. 47, no. 6, pp. 1972-
1983, 2016.

M. Kaha, K. Iwamoto, N. A. Yahya et al., “Enhancement of
astaxanthin accumulation using black light in Coelastrum and
Monoraphidium isolated from Malaysia,” Scientific Reports,
vol. 11, Article ID 11708, 2021.

K. Fujii, H. Nakashima, Y. Hashidzume, T. Uchiyama,
K. Mishiro, and Y. Kadota, “Nutritional profile of Mono-
raphidium sp. GK12, astaxanthin-producing microalga, and its
energy-saving outdoor cultivation,” Journal of Bioscience and
Bioengineering, vol. 108, Supplement 1, Article ID S44, 2009.

W. Yee, “Microalgae from the Selenastraceae as emerging
candidates for biodiesel production: a mini review,” World
Journal of Microbiology and Biotechnology, vol. 32, Article ID 64,
2016.

Y. Zhao, D. Li, K. Ding et al., “Production of biomass and lipids
by the oleaginous microalgae Monoraphidium sp. QLY-1
through heterotrophic cultivation and photo-chemical mod-
ulator induction,” Bioresource Technology, vol. 211, pp. 669
676, 2016.

F. Islam, “Bangladesh among world’s top 10 in 13 sectors,”
2021 April, https://en.prothomalo.com/business/bangladesh-a
mong-worlds-top-10-in-13-sectors.

The Daily Star, “Potato glut badly hurts growers,” 2019 May,
https://www.thedailystar.net/backpage/potato-production-in-

bangladesh-glut-badly-hurts-growers-1748572.

M. A. B. Habib, M. S. Munni, and Z. Ferdous, “Culture and
production of spirulina (Spirulina platensis) in supernatant of
digested rotten potato,” Bangladesh Journal of Fisheries,
vol. 31, no. 1, pp. 55-64, 2019.

R. Wicker and A. Bhatnagar, “Application of Nordic microalgal-
bacterial consortia for nutrient removal from wastewater,”
Chemical Engineering Journal, vol. 398, Article ID 125567, 2020.
N. S. Yaacob, M. F. Ahmad, N. Kawasaki et al., “Kinetics
growth and recovery of valuable nutrients from selangor peat
swamp and pristine forest soils using different extraction
methods as potential microalgae growth enhancers,”
Molecules, vol. 26, no. 3, Article ID 653, 2021.

K. Arumugam, M. F. Ahmad, N. S. Yaacob et al., “Enhance-
ment of targeted microalgae species growth using aquaculture

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

[36]

(37]

(38]

(39]

(40]

13

sludge extracts,” Heliyon, vol. 6, no. 7, Article ID e04556,
2020.

W.-L. Wang, S.-L. Liu, and P.-C. Chen, “Studies on the
morphotype alteration in Monoraphidium sp. (Selenastraceae,
Chlorophyta),”  Cryptogamie, ~Algologie, vol. 26, no. 3,
pp. 243-257, 2005.

1. Bacsi, Z. Novak, M. Jandszky, V. B-Béres, 1. Grigorszky, and
S. A. Nagy, “The sensitivity of two Monoraphidium species to
zinc: their possible future role in bioremediation,” Interna-
tional Journal of Environmental Science and Technology,
vol. 12, pp. 2455-2466, 2015.

Q. He, H. Yang, L. Wu, and C. Hu, “Effect of light intensity on
physiological changes, carbon allocation and neutral lipid
accumulation in oleaginous microalgae,” Bioresource Technol-
ogy, vol. 191, pp. 219-228, 2015.

P. Hanachi, A. Aghababaei, and M. Noroozi, “Effects of
temperature and pH on biochemicals content of microalgae
Monoraphidium sp,” Iranian Journal of Medicinal and
Aromatic Plants Research, vol. 37, no. 2, pp. 290-299, 2021.
S. Mishra and K. Mohanty, “Comprehensive characterization
of microalgal isolates and lipid-extracted biomass as zero-
waste bioenergy feedstock: an integrated bioremediation and
biorefinery approach,” Bioresource Technology, vol. 273,
pp. 177-184, 2019.

X. Dong, L. Huang, T. Li, J.-W. Xu, P. Zhao, and X. Yu, “The
enhanced biomass and lipid accumulation in algae with an
integrated treatment strategy by waste molasses and Mg**
addition,” Energy Sources Part A: Recovery, Utilization, and
Environmental Effects, vol. 42, no. 10, pp. 1183-1192, 2020.
C. Candido and A.T. Lombardi, “Mixotrophy in green
microalgae grown on an organic and nutrient rich waste,”
World Journal of Microbiology and Biotechnology, vol. 36,
Article ID 20, 2020.

M. H. Rahman, U. O. Rahman, F. Akter et al., “Physico-chemical
properties of digested rotten potato (Solanum tuberosum) used as
a production medium of spirulina (Spirulina platensis),” Journal of
Agriculture, Food and Environment (JAFE), vol. 2, no. 4, pp. 52—
58, 2021.

M. A. B. Habib, A. Nony, and M. F. Orpa, “Smart culture of
Spirulina using supernatant of digested rotten tomato (Solanum
Lycopersicum) to produce protein, bio-fuel and bio-electricity,”
International Journal of Current Science Research and Review,
vol. 4, no. 3, pp. 186-194, 2021.

S. Z. Usha, M. R. Rahman, J. Sarker et al., “Cultivation of
Chlorella vulgaris in aquaculture wastewater as alternative
nutrient source and better treatment process,” Bangladesh
Journal of Veterinary and Animal Sciences, vol. 9, no. 1,
pp. 43-51, 2021.

W. Horwitz, Official Methods of Analysis of the Association of
Official Analytical Chemists, Association of Official Analytical
Chemists, Washington DC, USA, 14th edition, 1984.

R. R. L. Guillard, “Division rates,” in Handbook of Phycological
Methods: Culture Methods and Growth Measurements,
J. R. Stein, Ed., pp. 2289-2311, Cambridge University Press,
London, USA, 1973.

APHA, Standard Methods for the Examination of Water and
Wastewater, American Public Health Association, Washing-
ton DC, 17th edition, 1989.

K. A. Gomez and A. A. Gomez, Statistical Procedures for
Agricultural Research, John Wiley & Sons, New York, NY,
USA, 2nd edition, 1984.

T. Rezanka, L. Nedbalov4, J. Lukavsky, A. Stiizek, and
K. Sigler, “Pilot cultivation of the green alga Monoraphidium


https://en.prothomalo.com/business/bangladesh-among-worlds-top-10-in-13-sectors
https://en.prothomalo.com/business/bangladesh-among-worlds-top-10-in-13-sectors
https://en.prothomalo.com/business/bangladesh-among-worlds-top-10-in-13-sectors
https://en.prothomalo.com/business/bangladesh-among-worlds-top-10-in-13-sectors
https://www.thedailystar.net/backpage/potato-production-in-bangladesh-glut-badly-hurts-growers-1748572
https://www.thedailystar.net/backpage/potato-production-in-bangladesh-glut-badly-hurts-growers-1748572
https://www.thedailystar.net/backpage/potato-production-in-bangladesh-glut-badly-hurts-growers-1748572
https://www.thedailystar.net/backpage/potato-production-in-bangladesh-glut-badly-hurts-growers-1748572

14

sp. producing a high content of polyunsaturated fatty acids in
a low-temperature environment,” Algal Research, vol. 22,
pp. 160-165, 2017.

[41] Y. Lin, J. Ge, Y. Zhang, H. Ling, X. Yan, and W. Ping,
“Monoraphidium sp. HDMA-20 is a new potential source of
a-linolenic acid and eicosatetraenoic acid,” Lipids in Health
and Disease, vol. 18, Article ID 56, 2019.

[42] J. C. de-Queiroz, A. C. de Melo Ferreira, and A. C. A. da
Costa, “The growth of Monoraphidium sp. and Scenedesmus
sp. Cells in the presence of thorium,” The Scientific World
Journal, vol. 2012, Article ID 592721, 8 pages, 2012.

[43] K. S. Menon, P. M. Thasnim, and C. C. Harilal, “Growth
standardization studies on Monoraphidium contortum
cultured under pH specific conditions in Bold Basal medium,”
Journal of Algal Biomass Utilization, vol. 9, no. 1, pp. 19-25,
2018.

[44] R. Karpagam, N. Abinaya, and R. Gnanam, “Assortment of
native microalgae for improved biomass and lipid production
on employing vegetable waste as a frugal cultivation approach
for biodiesel application,” Current Microbiology, vol. 78,
pp. 3770-3781, 2021.

[45] Y. H. Tan, Y. J. Khoo, M. K. Chai, and L. S. Wong, “Tropical
fruit wastes as an organic nutrient sources for the cultivation of
Chlorella  vulgaris and Haematococcus pluvialis,” Nature
Environment and Pollution Technology, vol. 20, no. 2, pp. 613-
618, 2021.

[46] R. Singh, C. Paliwal, A. A. Nesamma, A. Narula, and
P. P. Jutur, “Nutrient deprivation mobilizes the production of
unique tocopherols as a stress-promoting response in a new
indigenous isolate Monoraphidium sp.” Frontiers in Marine
Science, vol. 7, Article ID 575817, 2020.

[47] M. Tale, S. Ghosh, B. Kapadnis, and S. Kale, “Isolation and
characterization of microalgae for biodiesel production from
Nisargruna biogas plant effluent,” Bioresource Technology,
vol. 169, pp. 328-335, 2014.

(48] L. Zhang, J. Cheng, H. Pei et al., “Cultivation of microalgae
using anaerobically digested effluent from kitchen waste as a
nutrient source for biodiesel production,” Renewable Energy,
vol. 115, pp. 276-287, 2018.

[49] A. Giwa, B. Chalermthai, N. Moheimani, and H. Taher,
“Effective nutrient removal and metabolite accumulation by
C. vulgaris cultivated using digested food waste and brine,”
Environmental Technology & Innovation, vol. 24, Article ID
101935, 2021.

[50] G. C. Diaz, Y. R. Cruz, R. G. Carliz et al., “Cultivation of
microalgae Monoraphidium sp., in the plant pilot the Grand
Valle Bio Energy, for biodiesel production,” Natural Science,
vol. 7, no. 7, Article ID 58027, 2015.

[51] X. Yu, P. Zhao, C. He et al., “Isolation of a novel strain of
Monoraphidium sp. and characterization of its potential
application as biodiesel feedstock.” Bioresource Technology,
vol. 121, pp. 256-262, 2012.

[52] C. Bogen, V. Klassen, J. Wichmann et al., “Identification of
Monoraphidium contortum as a promising species for liquid
biofuel production,” Bioresource Technology, vol. 133,
pp. 622-626, 2013.

[53] G. P. Holbrook, Z. Davidson, R. A. Tatara, N. L. Ziemer,
K. A. Rosentrater, and W. S. Grayburn, “Use of the microalga
Monoraphidium sp. grown in wastewater as a feedstock for
biodiesel: cultivation and fuel characteristics,” Applied Energy,
vol. 131, pp. 386-393, 2014.

[54] A. Shrivastav, S. K. Mishra, W. 1. Suh et al., “Characterization
of newly isolated oleaginous microalgae Monoraphidium sp. for

Aquaculture Research

lipid production under different conditions,” Algal Research,
vol. 12, pp. 289-294, 2015.

[55] W. Yee, “Feasibility of various carbon sources and plant
materials in enhancing the growth and biomass productivity of
the freshwater microalgae Monoraphidium griffithii NS16,”
Bioresource Technology, vol. 196, pp. 1-8, 2015.

[56] D. Pleissner, W. C. Lam, Z. Sun, and C. S. K. Lin, “Food waste
as nutrient source in heterotrophic microalgae cultivation,”
Bioresource Technology, vol. 137, pp. 139-146, 2013.

[57] S. S. de Jesus, A. Santana, G. H. Ponce, and R. M. Filho,
“Potential use of vegetable waste for biofuel production,”
Journal of Chemical Technology and Biotechnology, vol. 92,
no. 1, pp. 90-99, 2017.

[58] O.Haske-Cornelius, T. Vu, C. Schmiedhofer et al., “Cultivation
of heterotrophic algae on enzymatically hydrolyzed municipal
food waste,” Algal Research, vol. 50, Article ID 101993, 2020.

[59] X. Wang, M.-M. Zhang, Z. Sun et al., “Sustainable lipid and
lutein production from Chlorella mixotrophic fermentation by
food waste hydrolysate,” Journal of Hazardous Materials,
vol. 400, Article ID 123258, 2020.

[60] A. Pratap, M. Kumar, and S. Ganapathi, “Fruit and vegetable
waste hydrolysates as growth medium for higher biomass and
lipid production in Chlorella vulgaris,” Journal of Environmental
Waste Management, vol. 4, no. 2, pp. 204-210, 2017.

[61] G.Markou, L. Wang, J. Ye, and A. Unc, “Using agro-industrial
wastes for the cultivation of microalgae and duckweeds:
contamination risks and biomass safety concerns,” Biotech-
nology Advances, vol. 36, no. 4, pp. 1238-1254, 2018.

[62] D. Barcyt¢ and L. Nedbalovd, “Coccomyxa: a dominant
planktic alga in two acid lakes of different origin,”
Extremophiles, vol. 21, pp. 245-257, 2017.

[63] S. Khan, M. M. Haque, O. Arakawa, and Y. Onoue,
“Physiological observations on a diatom Skeletonema costatum
(Greville) cleve,” Bangladesh Journal of Fisheries Research,
vol. 2, no. 2, pp. 109-118, 1998.





