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Microalgae are considered as a potential feedstock for producing sustainable biofuel. The high growth rate and ability to
rapidly improve the strains for high lipid and carbohydrate content without competing for arable land, makes microalgae a
viable option for sustainable fuel production. Five microalgae designated as MA-1, MA-2, MA-3, MA-4 and MA-5 were
isolated from the waterlogged areas of villages Theri, Ghagga and Gurusar of district Muktsar, Punjab. On the basis of
optical and scanning electron microscopy, these microalgal isolates were found to be round in shape, green coloured and
unicellular in structure and were tentatively identified as Chlorella sp. Chlorella sp. MA-1 was found to be fast growing
with maximum absorbance (Agoonm), Viable cell count and chlorophyll content of 3.26, 369.4x10° cfu/mL and 24.31 mg/g
dry wt., respectively at 5 days after culturing (DAC) However, significantly high total soluble protein content of 11.42%
was found in this isolate at 5 days after culturing. Chlorella sp. MA-3 showed significantly high total carbohydrate content
of 5.10 percent at 5 days after culturing (DAC), whereas the total lipid content was found to be significantly high in
Chlorella sp. MA- 2 (4.16%) at 7 DAC. Alteration in the environmental and culturing conditions can further improve the
chemical constituents of these microalgal isolates to improve biofuel production.
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Rapid growth of human population and technological
advancements have led to increased energy demands,
which in future is projected to increase by 50% or
more’. In the light of depleting fossil-fuel reserves,
dwindling resources, geopolitical conflict and climate
change  with  increased  atmospheric  CO,
concentration, clean and green energy has become
one of most overwhelming challenge in the overall
world*®. Biofuels can be produced from starch,
vegetable oils, animal fats, waste biomass or algal
biomasses, which are nontoxic, biodegradable and
renewable®. Unfortunately, the present biofuel
projections are mostly based on feedstocks that are
also food commodities as well as resources suitable
for conventional agriculture®. The cultivation of
edible crops for first generation biofuels can have
detrimental effects on food security, induce
deforestation and show poor energy balances®. They
also require fresh water, fertilizers and a vast area of
arable land area for their cultivation. This can even
result in a further increase of net carbon emissions’.
The substitution of diesel by biodiesel requires the
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utilization of lands meant to produce food and the
fiscal incentives by governments are thus decreasing
the availability of these lands for food production®.

Microalgal biofuels are promising to replace fossil
fuels in the light of microalga’s intrinsic efficiency to
convert solar energy into chemical energy’. Depending
upon the species and cultivation conditions, they can
produce useful quantities of polysaccharides (sugars)
and triacylglycerides (fats) which are the raw materials
for producing bioethanol and biodiesel transport fuels.
Microalgae also produce proteins that can be used as a
source of animal feed and commercially valuable
compounds such as pigments and pharmaceuticals™.
Their metabolic and ecological diversity allows selection
of taxa that are adapted for growth in locally available
aquifers’. In the southwestern regions of Punjab, about
70% of the area is under severe waterlogging. The water
bodies of these regions have been identified as rich pool
of many halophytic plants that can be exploited for
biofuel production. These water bodies due to their high
salt content cannot be utilised for conventional
agriculture practices™.

Hence, there is a need to isolate different
microalgae from the waterlogged area of Southwest


mailto:monicasachdeva@pau.edu

KAUR et al.: MICROALGAE FROM WATERLOGGED AREAS OF SOUTHWEST PUNJAB 701

Punjab and biochemically characterize these species
in terms of carbohydrate, lipid, chlorophyll and
protein content to assess their potential for biofuel
production. In the present study, we have made an
attempt for isolation and biochemical characterization
of different microalgal species from the waterlogged
areas of different villages located in Southwest Punjab
to find their potential application in biofuel production.

Materials and Methods

Culture collection

The algal cultures were collected from
waterlogged areas of villages Theri (N 30° 12.435', E
0.74° 34.915), Ghagga (N 30° 14.320", E

0.74°34.814") and Gurusar (N 30° 14.108', E 0.74°
34.821") in district Muktsar (Punjab). The algal
cultures were collected in sterilized wide mouth
bottles. The cultures were brought to the laboratory
for isolation, purification and identification of
microalgae. The standard culture Chlorella
sorokiniana NCIM 5561 was procured from National
Collection of Industrial Microorganisms (NCIM),
CSIR-National Chemical Laboratory (NCL), Pune,
Mabharashtra, India.

Media composition

The basal culture media by Wu et al.™ with some
modification was used for enrichment and growth of
microalgal cultures. The composition of culture
medium was as follows : KH,P0O,0.50 g L™, K;HPO,
0.20 g L, MgSO,.7H,0 0.20 g L FeS0,7H,0
3mg L™, Glycine 5.00 g L™, Vitamin B1 0.05 mg L™,
and A5 trace mineral solution 1 mL L™ The nutrient
media was prepared in double distilled water and pH
was maintained in the range of 6-7. The culture media
was sterilized by autoclaving at 121°C, 15 psi for
15 min in 250 mL flask containing 125 mL of culture
medium. The solid culture media was prepared by
adding 2% (w/v) bacteriological agar to the
liquid broth.

IlZ

Isolation and purification of microalgae

The isolation of microalgae was performed from
enrichment culture developed by adding a small
portion of sample in liquid broth™. The culture was
incubated in an orbital shaking incubator at 100 rpm
under light (6000 lux) at 28+2°C for 7 days. Isolation
was done by serial dilutions of the enrichment culture
and further spread plating on solidified growth
medium. The plates were again incubated in an orbital
shaking incubator at 28+2°C under 6000 lux irradiance

for 7 days in algal culture room and observed for
appearance of microalgal colonies on the surface of
media. Single, well distinct algal colonies were picked
by sterilized loop and transferred to freshly prepare
liquid culture medium. After 7-8 days of confluent
growth, a loopful of culture was streak plated on solid
algal nutrient medium and incubated as described
earlier. Distinct healthy algal colonies were again
picked up and inoculated into fresh liquid medium
contained in 250 mL flasks. The procedure was
repeated till pure culture was established. Isolated and
purified microalgae were propagated and maintained
on agar slants inside the incubator.

Morphological characterization of microalgal isolates

Morphological  characterization of different
microalgal isolates was carried out by optical research
microscopy using both bright field (primary staining)
and phase contrast condenser (unstained condenser).
A drop of algal suspension was spotted on the glass
slide, covered with cover slip and observed under
microscope with bright field and phase contrast
condenser (40X). The scanning electron microscopy
(SEM) (S-3400 N, Hitachi Science Limited, Japan)
of microalgal isolates and standard culture
C. sorokiniana was also performed as per standard
protocol of Bozzola & Russell'”. The microalgal cells
were pelleted by centrifugation at 10000 rpm for
10 min. The primary fixation of cultures was carried
out by overnight incubation in 2.5% glutaraldehyde
solution. The cultures were later washed thrice with
0.1 M sodium cacodylate buffer. The cultures were,
then, post fixed with 1 per cent osmium tetraoxide for
2 h at 4°C and washed thrice with the same buffer.
The fixed cultures were gradually dehydrated using
graded alcohol series (30-100%). The dehydrated
cultures were mounted with double-sided sticky
carbon conductive tape on circular specimen holder.
The stubbed cultures were sputter coated in gold ion
sputter coater prior to imaging under SEM at 500 and
2000X magnifications.

Microalgal growth measurement

The growth of microalgal isolates was monitored
by measuring absorbance as well as colony forming
units (CFU) of respective cultures. Appropriate
amount of exponentially growing algal culture was
inoculated in 125 mL of sterilized liquid medium so
as to obtain initial absorbance of 0.1 and incubated at
28+2°C under 6000 lux irradiance in an orbital
shaking incubator. Each isolate was cultivated for
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7 days. At the end of each day, aliquots were
withdrawn for 7 days and absorbance of culture was
measured at 600 nm using visible spectrophotometer.
The number of viable cells was determined using
serial dilution spread plate count method™. Serially
diluted microalgal inoculum was spread over
solidified agar plate with the help of sterilized glass
spreader. The plates were, then, incubated for 5 days
at 28+2°C under 6000 lux irradiance in an orbital
shaking incubator. The number of colonies were
counted and expressed as CFU/mL using following
formula'®:

CFU /mL = Number of colonies x Dilution factor
Size of inoculum

Biochemical composition of microalgal isolates

The biochemical composition of microalgal
isolates, viz. total carbohydrates, lipids, total soluble
protein and total chlorophyll content was determined at
different days after culturing (DAC), i.e 5, 7 and 9 DAC.

Total carbohydrates

The total carbohydrates were extracted from dried
algal biomass by the method of Margarites & Costa'’.
For this, 25 mL of HCI (1.5 N) was added to the
known amount of dried algal biomass and resulting
algal suspension was autoclaved at 121°C, 15 psi for
15 min. The mixture was then cooled to room
temperature (28+2°C), neutralized with 40% NaOH
solution and total volume was made to 50 mL with
distilled water. After this, 1 mL each of 15%
potassium ferrocyanide and 30% zinc acetate were
added and the resulting solution was allowed to stand
for 30 min. Further, 0.2 mL of sodium tungstate
(12%) was added to the solution. The mixture was
subsequently filtered through Whatmann no. 1 filter
paper and the total sugars were then estimated from
the filtrate by the method of Dubois et al.*.
Lipids

The estimation of lipids was carried out by the
method of Mishra et al.’. The fresh microalgal
biomass was collected from the liquid culture medium
by centrifugation at 10000 rpm for 10 min. To the
known amount of dried algal biomass, 100 pL of
distilled water and 2 mL of concentrated sulphuric
acid was added. The reaction mixture was heated for
10 min at 100°C. The tubes were cooled in ice bath
for 5 min. Five mL of freshly prepared phospho-
vanillin reagent (0.6 g vanillin dissolved in 10 mL
ethanol and diluted to 100 mL with deionized water
followed by addition of 400 mL of concentrated

phosphoric acid) was added to the mixture and
incubated at 37°C in water bath for 15 min. The
absorbance of pink colour, thus developed, was read at
530 nm. The amount of total lipids in the microalgal
isolates were calculated from the standard curve
prepared using olive oil (10 to 100 pg) as standard.

Total soluble proteins

The extraction of total soluble proteins was carried
out by the method of Kong et al.®® with some
modifications. The dried microalgal biomass (50 mg)
was homogenized and extracted in 20 mL of 90%
ethanol for 1 h. The homogenate was centrifuged at
10000 rpm for 10 min. The obtained pellet was mixed
with 10 mL of 20% trichloroacetic acid and incubated at
95°C in water bath for 15 min and then recentrifuged.
The pellet was repeatedly washed with 95% ethanol for
removal of trichloroacetic acid. It was further dissolved
in 10 mL of 0.1 N NaOH and extracted twice for 1 h at
60°C in a water bath. The soluble protein content was
estimated by method of Lowry et al.?.

Total chlorophyll content

The total chlorophyll content of microalgal isolates
was estimated by the method of Arnon? with some
modifications. The dried algal biomass (50 mg) was
grinded using pestle mortar and suspended in 8 mL of
90% acetone to extract the pigments. The tubes were
kept in water bath at 65°C for 2 h. The algal
suspension was shaken vigorously after every 15 min
during 2 h incubation. The tubes were then allowed to
stand in dark for 24 h. Acetone was added to
compensate for any evaporation and the culture was
centrifuged at 10000 rpm for 5 min. The absorbance
of resulting supernatant was measured at 663 and
645 nm using visible spectrophotometer.

The following equation was used to calculate the
concentration of total chlorophyll?:

Total chlorophyll (mg/g) = 20.20D,s +8.020D4;, X \olume
W x1000

V= volume of solvent; W= dry weight of algal biomass
Statistical analysis

Statistical analysis of the data was done using
CPCS1 software. Data on biochemical parameters
were analysed by using Completely Randomised
Designs (CRD) in CPCS1.

Results and Discussion
Isolation of microalgae

The water samples containing microalgae were
collected from waterlogged areas of villages Theri,
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Ghagga and Gurusar of district Muktsar (Punjab).
Five microalgae, designated as MA-1, MA-2, MA-3,
MA-4 and MA-5 were isolated and purified by streak
plate method (Fig. 1). Individual colonies of each
isolate appearing at the tail end of streak were picked
up and repeatedly subcultured. The purity of the
culture was ensured by repeated plating and regular
observation under microscope.

Morphological characterization of microalgal isolates
Morphological characterization of five microalgal
isolates using bright field condenser (primary

staining technique) and phase contrast condenser
(unstained cultures) was carried out on the basis of

C. sorokiniani

MA-S

cell shape, cell size, colour and cellular structure, i.e.
unicellular or multicellular. All the five isolates
(MA-1, MA-2, MA-3, MA-4 and MA-5) were
observed to be round in shape, green coloured and
unicellular in structure with different cell size when
observed under bright field condenser (Fig. 2).
Moreover, under the phase contrast condenser
anisotropic dense structures such as nuclei were
observed in microalgal isolates in various quantity
and sizes (Fig. 2). On the basis of morphological
characterization, the microalgal isolates were
tentatively identified to be Chlorella sp.
Morphometric analysis of microalgal isolates using
scanning electron microscope (SEM) was carried out
for morphological characterization. The microalgal
isolates MA-1, MA-2, MA-3, MA-4, MA-5 possessed
cells with an average size diameter of 3.62, 3.43, 3.57,
3.01 and 3.24 pm, respectively and were spherical
with smooth surface (Fig. 3). The individual cells of
isolates exhibited aggregation to form larger oblong
shaped aggregates. However, standard culture of
C. sorokiniana possessed cells with average diameter
of 3.86 pm. Ponnuswamy et al.?* isolated Chlorella
vulgaris from water samples collected from
Bhavanilake at Erode, Tamil Nadu, India. The
morphological characterisation using light microscope
and scanning electron microscopy revealed that cells
were green coloured, unicellular, spherical in shape
and individual cells of the colonies were in range of
10 pm. Elumalai et al.** isolated algae from
Kabaleeshwarar temple tank, India and reported that
cells were unicellular, spherical about 5-10 pm in size
and surrounded by a cell wall consisting of two

Chilorella soreKiniana

Fig. 2— Morphological view of different microalgal isolates using bright field condenser (A); and phase contrast condenser (B) viewed at 40X
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regions, an outer thin layer and an inner bulky
microfibrillar layer. The cells were identified as were
identified as Chlorella vulgaris.

Growth and Viable cell count

The study of growth of five microalgal isolates and
standard culture C. sorokiniana in terms of absorbance
at wavelength 600 nm at different days after culturing
(Fig. 4) revealed that in all the microalgal isolates,
growth was observed to be maximum at 5 days after
culturing and then, declined thereafter. The maximum
growth was observed in isolate MA-1 (3.69) followed
by MA-2 (3.42) at 5 days after culturing. However,
the standard culture C. sorokiniana showed maximum
growth in terms of absorbance of 2.07 at 5 days after
culturing. Wong et al.” studied the effect of various
growth medium compositions on the growth of

MA-S

C. sorokiniuna

Fig. 3—Scanning electron micrographs of microalgal isolate
(2000X)

Chlorella vulgaris. Thirteen different media in the
culture tubes were tested for the growth of alga. The
optical density of the batch cultures in different
culture media ranged from 0.101 to 3.389. The
maximum absorbance of culture medium was
recorded for the bold basal medium (ODgss: 3.389
+0.023) with highest biomass productivity (114.208+
0.850 mg L™ day™) and specific growth rate (0.279+
0.001 d?) at 12" day. Similarly, Verma et al® studied
the cultivation of Chlorella pyrenoidosa in six
different media and modified CHU-11 media
(containing urea) was found to be the best on the basis
of optical density (5.7) and pigment content in algal
cells. The viable cell count of different microalgal
isolates ranged from 211.8 to 369.4x10° cfu mL™. The
highest viable cell count of 369.4x10°cfu mL™ was
observed in isolate MA-1, followed by cell count of
287.9x10°cfu mL™in isolate MA-2 (Fig. 5). However,
standard culture of C. sorokiniana was observed to have
viable cell count 226.8x10° cfu mL™ Farhani et al.”’
isolated microalga from Tiab estuary and the identified
strain belonged to genus Chlorella. The maximum
viable cell count was found to be 6.25x10* cfu mL™
with maximum specific growth rate at 72 h and
biomass productivity of 852 mg L™

Biochemical components of microalgal isolates
Carbohydrates of different algael species can be
found in the form of starch, cellulose, and other
polysaccharides, as storage products or cell wall
components. In eukaryotic green algae Chlorella sp.
carbohydrates are accumulated in the form of starch
and cell wall constituents such as cellulose and
hemicellulose”. The total carbohydrate content of
different microalgal isolates was reported to be
maximum at 5 days after culturing and declined
thereafter (Table 1). Among different isolates,
significantly high total carbohydrate content of 5.10%
was recorded in Chlorella sp. MA-3 followed by
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Fig. 4—Growth of different microalgal isolates at different days
after culturing
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Chlorella sp. isolate MA-4 (4.19%) at 5 days after
culturing. The total carbohydrate content of standard
culture of C. sorokiniana was observed to be 5.70% at
5 DAC. The carbohydrate content in these species
varied significantly, and even for the same species, it
was growth-stage dependent. Similarly, Dong et al.?
studied the composition of different microalgae
species viz., Scenedesmus acutus, C. vulgaris and

Nannochloropsis granulate at different growth stages
(early, middle and late). The carbohydrate content in
N. granulata and S. acutus increased from early to
middle growth stage, while decreased from middle to
late stage For C. wvulgaris, carbohydrate content
increased with the nutrient depletion time. The total
carbohydrate content of S. acutus, C. vulgaris and
N. granulata at middle stage was found to be 49.7,
35.7 and 11.1%, respectively. The compositional
characterisation of these isolates further helped in
optimising the pretreatment conditions to maximize
the valorization of algal biomass conversion for
biofuels and bioproducts. Guccione et al.*® evaluated
the performance in terms of protein, carbohydrate and

400 -
350 -
300 -
250 -
200 -

150 ~

CFU count Nx105 (cfu/mL)

100 -

50 -

0 -
MA-3  MA-4 MA-5 C. sorokiniana
Microalgal isolates

MA-1  MA-2

Fig. 5—Viable cell count of different microalgal isolates
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lipid content and productivity of selected Chlorella
strains grown under controlled conditions to increase
the sustainability of the cultivation process. Total
carbohydrates varied from a minimum of 24.2% for
microalgal strain F&M-M49 to a maximum of 35.6%
for BdR3 strain. Under nitrogen deprivation, six
microalgal strains accumulated carbohydrates up to
50%. Extraction of the target product (for example,
protein or lipid) from both the nutrient sufficient and
nitrogen starved algal biomasses could find
application as biomaterials or energy feedstocks.

The lipid content of different microalgal isolates
was reported to be maximum at 7 days after culturing
and declined, thereafter (Table 1). Significantly high
total lipid content of 4.16% was observed in Chlorella sp.
MA-2 followed by Chlorella sp. MA-5 (3.89%)
which was statistically at par with Chlorella sp. MA-1
(3.85%) at 7 days after culturing. The total lipid content
of standard culture of C. sorokiniana was observed to
be 3.46 per cent at 7 DAC. Feller et al.*! similarly
reported that the lipid content of different algal
biomasses varied from 7.4 to 12.5% with high lipid
content in green microalgae C. vulgaris (12.5%) and
Scenedesmus sp. (12.1%). Phaeodactylum tricornutum
presented the lowest lipid content of 7.4%.

The total soluble protein content of different
microalgal isolates was reported to be maximum at
7 days after culturing (Table 1). Among different
isolates, significantly high total soluble protein content
of 11.42% was recorded in Chlorella sp. MA-1 followed
by Chlorella sp. MA-2 (10.76%) at 7 days after culturing.
However, standard culture of C. sorokiniana was
observed to have total soluble protein content of
10.01% at 7 DAC. The chlorophyll content of all the
microalgal isolates decreased from 5 to 9 DAC with
maximum chlorophyll content at 5 days after culturing
(Table 1). Significantly high chlorophyll content of

Table 1—Mean biochemical contents (% dry wt. basis) of different microalgal isolates at different days after culturing (DAC)

Microalgal ~ Total carbohydrate content Total lipid content Total soluble protein content  Total chlorophyll content
isolates (% dry wt. basis) (% dry wt. basis) (% dry wt. basis) (mg/g dry wt.)
5 DAC 7 DAC 9 DAC Mean 5DAC 7 DAC 9 DAC Mean 5 DAC 7 DAC 9 DAC Mean 5 DAC 7 DAC 9 DAC Mean
MA1 315 287 250 284 260 38 181 275 1012 1142 543 899 2431 2281 20.42 2252
MA2 350 283 280 304 210 416 310 312 825 10.76 3.75 7.58 21.65 20.25 18.60 20.16
MA3 510 421 276 402 214 324 111 216 7.18 999 385 7.00 19.58 18.12 16.35 18.02
MA4 419 253 181 284 228 352 183 254 595 768 472 6.11 18.85 16.68 14.43 16.65
MAS5 408 242 098 249 207 389 164 253 518 6.92 339 516 1833 16.49 13.39 16.07
Cglc?rzjlilr?iana 570 422 235 409 172 214 102 163 7.40 10.01 386 7.09 2092 1831 16.60 18.60
Mean 428 318 220 215 346 175 734 946 4.16 20.60 18.78 16.63
C.D. (5%) DAC:0.03 DAC: 0.18 DAC: 0.42 DAC: 0.06
Isolates: 0.05 Isolates: 0.26 Isolates: 0.59 Isolates: 0.09

DACxIsolates: 0.09 DACxIsolates: 0.46

DACxIsolates: 1.03 DACxIsolates: 0.16
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24.31% was observed in Chlorella sp. MA-1 followed
by MA-2 (21.65%) at 5 days after culturing. The
decrease in chlorophyll content with days may be due
to exhaustion of nutrients (nitrogen) in the aqueous
media®. Idrissi et al.® studied nineteen microalgal
species from different reservoirs in Fez region
(northern Morocco). Protein, carbohydrate and lipid
content varied between taxa and within genera. The
total carbohydrate, lipids and protein content of
Chlorella sp. ranged from 4.13 to 9.76, 9.80 to 18.36
and 9.55 to 18.47%, respectively. The lipid content in
some species such as Lyngbya bergei, Oscillatoria
amphibian and Polytoma papillatum was found to be
as high as 40%. Such species with high lipid
production capacity could play an alternative role in
energy sources.

Conclusion

The present study revealed that waterlogged area of
Southwest Punjab is a rich pool of diverse microalgal
strains. The microalgal strains isolated from this
region were found to have different growth patterns,
total carbohydrate, lipid, total soluble protein and
chlorophyll content. Chlorella sp. MA-2 and MA-3
were reported to be most promising in terms of high
lipid and carbohydrate content. Further, multitude of
environmental and nutritional factors impact
microalgal growth and its metabolic regulation. These
factors must be considered for the promotion of
microalgal culture system to maximise the production
chemical constituents required for harnessing
bio energy.
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