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The nutrient medium used for the cultivation of microalgae adds more cost to its
value-added product as well as the commercial scale application. Therefore in this
study, focused feasibility of cattle urine as a cheap source of nutrients for microalgal
growth, because, it contains various minerals and economical which may support
the growth of microalgae and reduce the medium cost. To check this, fresh cattle
urine was collected, characterized, diluted and inoculated microalgae species
Oscillatoria-SRA (Stagnant rainwater algae), Oscillatoria-CWA (Cooum waste
algae), Chlorella and Synecocystis separately and incubated under fluorescent
light with 8 hours light and 16 hours dark cycle. The biomass was quantified after
15 days and found out variation in biomass quantity in all microalgae isolates.
The maximum of 2.6 g/L biomass was produced in Chlorella sp., at 10% urine,
followed by Synechocystis sp., (2.25 g/L in 10% urine), Oscillatoria sp.,-SRA (1.3
g/L in 5% urine) and Oscillatoria sp.,-CWA (0.3 g/L in 1% urine). Moreover, lipid
quantity was shown at the maximum of 12% dry weight in Oscillatoria sp-SRA.,
trailed by the 10% in Chlorella sp., 7% in Synecocystis sp., and the least of 5% in
Oscillatoria sp-CWA. This study divulged that cattle urine alone is being able to
support microalgae growth at a significant amount, thus convalescing industrial
production of microalgae ultimately will reduce the cost of microalgal valueadded products.
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INTRODUCTION
Value added products (food, feed, fuel, pigments,
bioremediator and neutraceuticals) from microalgae
are a new promising industry because of their
high photosynthetic efficiency and ability to grow
in extreme environmental conditions (Bilal et al.,
2017). Lately, a number of studies are being carried
out to develop cheap techniques to produce useful
products from microalgae not only due to its ability
to produce value-added chemicals, but also for the
lack of competition with food, water and land, also
contribute to CO2 mitigation (Chisti, 2008). Although,
extensive work is being achieved on the production
of biochemicals from algae and its biomass, (singlecell protein, animal feed, biodiesel, pigments and
drugs) but still costlier when compared to the
normal plant products, which obstruct the largescale applications of algae industry (He et al., 2013).
Since media composition requires the expensive
operation cost and therefore limits its availability
at a larger scale as well as boosting its final product
cost (Sharma and Rai, 2015). Sustainability issues
impact on the cultivation of algal biomass for its
importance, on one hand, the nitrogen fertilizer
manufacturing process is energy-demanding and
causes greenhouse gas emissions, on the other
hand the world’s phosphorus reserves are depleting
due to phosphate rock mining (Dawson and Hilton,
2011; Hilton and Dawson, 2012; Canter et al., 2015).
The world, inorganic fertilizer (NPK) consumption
in the year 2017 was 197 million tons with a
division of 60% N, 23% P, and 17% K (Alexandratos
and Bruinsma, 2012). The estimation for fertilizer
consumption in the year 2050 has been projected
as 263 Mt and will be elevated price (FAO, 2015).
Hence, there is a need to use cost-effective nutrient
media for the sustainable agriculture industry. Cattle
urine is providing nutrients to plants at low prices,
thus reducing the cost of production owing to the
inexpensive in comparing with inorganic fertilizers
moreover it’s a renewable source. Therefore, it
is considered and preferred for choice for plant
nutrition (Jandaik et al., 2015; Singh et al., 2018).
Cattle urine contains a rich source of macro and
microelements, an average 5.5 gN/L (Shephered
et al., 2017) besides cattle urinate at an average of
10 times/day with ~1.8L each time (Misselbrook et
al., 2016), therefore ~100gN/cattle/day. Meantime
world cattle population currently reached ~1 billion
2

(Global cattle population, 2018), which produces
0.1 million tons of nitrogen/day, the however world
used 0.32 million tons N/day in 2017 (Alexandratos
and Bruinsma, 2012) and this can be replaced
by 4 days of cattle urine and the same for other
nutrients (in particular phosphorous and potassium)
as well. Obviously, these nutrients are recycled
for agriculture, the artificial fertilizer production
could be reduced significantly, in addition culturing
microalgae on the urine is that microalgae removes
nutrients and clean it for recycling purposes
and also yield high biomass (Chang et al., 2013).
Recently, growing of microalgae in human urine has
gained more interest, (Jaatinen et al., 2016; Torres
et al., 2014; Tuantet et al., 2014; Zhang et al., 2014)
yet not much scientific evidence on cattle urine
(Sharma and Rai, 2015). Therefore, in this research,
focused feasibility of cattle urine as a cheap source
for nutrient media for microalgae, which reduce
the growth medium cost, eventually this will bring
down the cost of microalgal value-added product
and make sustainable production. To explore this,
the cattle urine was collected and used for the
microalgal growth at various dilutions and checked
for the biomass production and lipid content. The
overall findings of this study could be very helpful to
the scientific society and the algal industry to reduce
the nutrient medium-cost eventually reduces the
cost of microalgal value-added products. This study
has been carried out in Vels Institute of Science,
Technology and Advanced Studies, Chennai, India in
2018.
MATERIALS AND METHODS
Collection and characterization of cattle urine
Five liters of fresh cattle urine (from 5 different
cattle’s) were collected at the early morning from
the cattle shelter in Tiruvannamalai region, Tamil
Nadu and stored at 4°C. The mixed cattle urine was
analyzed physicochemical parameters (Table 1) in
Chennai testing laboratory private limited, Chennai,
Tamil Nadu.
Microalgae cultures
Four microalgae cultures were used, two species
from Oscillatoria (SRA-stagnant rainwater algae and
CWA-Cooum waste algae), one from Chlorella (GSAGoat shed algae) and Synecocystis (AnA-Anakaputur
algae) (Suresh et al., 2018). The collected algal species
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were subcultured in 200 ml of Himedia (M342) algal
culture broth and incubated under white light around
4000 lux at 25°C with 16 hours light and 8 hours dark
cycle.
Growth of microalgae on cattle urine
Ten days grown microalgal cultures were taken
and rinsed with sterile deionized water (twice) and
blended smoothly with pestle and mortar. Then
smaller amounts equal to 100 mg dry weight of
homogenized culture were introduced into the test
tubes which contains 10 mL of sterile cattle urine
with varied dilution (0%, 1%, 5%, 10% and 15%).
Then inoculated tubes were incubated as mentioned
previously. All the experiments were performed in
duplicate.
Quantification of microalgae growth and lipid
Microalgal biomass were collected after 15 days of
growth by vortex and scratching method and filtered
using pre-weighed Whatman No.1 filter paper. Then
filter paper was rinsed with distilled water and dried
at 60°C in a hot air oven for 12 h then weighed and
calculated the dry weight and specific growth rate (µ)
as per Sayadi et al. (2016). The lipid was extracted
with chloroform; methanol (2:1 v/v) and estimated
as per Suresh et al. (2013).
RESULTS AND DISCUSSION

Microalgae growth and lipid production in cattle urine
Microalgae has a lot of potentials to solve world
problems (hunger, fuel, disease, pollution), however,
its product is costlier than the plant source due to its
production cost especially nutrients. Therefore, in
this study used cheap cattle urine as a nutrient for
the microalgal isolates, which are indigenous and
naturally adapted to the urine wastewater (Suresh
et. al., 2018), hence expected high utilization of
nutrients from cattle urine and the result would be
high biomass. Fig. 1 shows the microalgae growth
in cattle urine at varying concentration in deionized
water and it disclosed that the Chlorella sp., and
Synecocystis sp., shown the abundant growth at 5
to 10% cattle urine in compare with the other two
Oscillatoria sp.
Within the two Oscillatoria sp., SRW has grown
more than the Oscillatoria sp., of CWA sample, it
was unexpected because the Cooum River contains
more urine than the stagnant rainwater. This result
might be a slow growth rate of CWA, but in this study
microalgae were incubated only for 15 days and it
would be better growth if more days of incubation. Fig.
2 depicts the growth of microalgal isolate Oscillatoria
sp., (SRA) in agar plate with different concentration of
cattle urine and visibly indicated that the 5% of cattle
urine supported the microalgal growth significantly,
whereas
exhibited characterization
insignificant ofgrowth
and a
Table 1:10%
Physicochemical
cattle urine

Characterization of cattle urine
Cattle urine was characterized (Table 1) and
contained 21.6 g/L dissolved solids with a conductivity
of 30 mS/cm, which indicates that the huge amount
of dissolved minerals. The maximum of 6.6 g/L
potassium was observed, followed by Cl (6.3 g/L) and
Na (2.4 g/L). In the case of nitrogen, 1.8 g/L, whereas
phosphorous shown only 0.015 g/L. The least amount
of 0.07 mg/L Cu was noticed while nitrate was below
detectable limits (0.10 mg/L). A great variation was
observed in the composition of cattle urine with
other countries such as Brazil shown 12.6, 2.6 and 1.7
g/L N, K and Cl, respectively (De Oliveria et al., 2009),
whereas in New Zealand, 7.7, 9.4 and 0.3 g/L of N, K
and P, respectively (Ledgard et al., 1982). These great
differences were attributed to the many factors such
as collection time, types of feed used, climate, and
species. However, this data indicate that the cattle
urine encompasses many minerals which can support
the microalgae growth.

Table 1: Physicochemical characterization of cattle urine

Parameters
pH at 25°C
Alkalinity as CaCO3
Conductivity
TDS
TN
NO3
K
Chloride
Na
Ca
S
Mg
P
Mo
Al
Fe
Zn
Co
Mn
B
Cu

mg/L
7.9
7900
30120 µS/cm
21610
1848
*BDL (DL=0.10)
6630
6362
2420
752
198
55
14.8
7.37
4.22
3.4
0.18
0.16
0.12
0.12
0.07

*BDL; Below detection limit, DL; Detection limit
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Fig. 2: Growth (10days) of Oscillatoria sp., (SRA) in agar medium containing varied dilution of cattle urine (A; 5%, B; 10%)

Fig. 2: Growth (10days) of Oscillatoria sp., (SRA) in agar medium containing varied dilution of cattle urine
(A; 5%, B; 10%)

similar effect was noticed in broth medium (Fig. 1).
However, Fig. 3 explained that the 10% cattle
urine supported the growth of Chlorella sp., up to
a maximum of 2.6g/L, and it reduced to 0.5g/L in

15% cattle urine. The same pattern was observed
in Synecocystis sp, where reached its maximum
growth of 2.25g/L at 10% cattle urine and reduced
same as Chlorella sp. While species of Scenedesmus

4
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Fig. 3: Biomass production and maximum lipid percentage of microalgal isolates cultured in cattle urine at varied dilutions
Table 2: Comparison of microalgae biomass production using urine as nutrient source

Table
2: Comparison
microalgae lipid
biomass
production of
using
urine as nutrient
source
Fig. 3: Biomass
producon
andofmaximum
percentage
microalgal
isolates
cultured
in
cattle
urine
at
varied
dilutions
Microalgae
Urine concentration (v/v)
Biomass production
Reference
Chlorella sp.,
Synecocystis sp.,
Oscillatoria sp.,(SRA)
Oscillatoria sp.,(CWA)
Chlorella pyrenoidosa
Chlorella vulgaris
Chlorella sorokiniana
Chlorella vulgaris
Secendesmus sp
Spirulina platensis
Spirulina platensis
Scenedesmus acuminatus

10% (cattle urine)
10% (cattle urine)
5% (cattle urine)
1% (cattle urine)
7.5% (cattle urine)
10% (cattle urine)
12.5% (cattle urine)
1% (human urine)
1% (human urine)
20% (human urine)
2% (human urine)
2% (human urine)
0.83% (human urine)
0.6% (human urine)
0.6% (Synthetic human urine)
2% (human urine)

2.6 g/L
2.25 g/L
1.3 g/L
0.3 g/L
1.93 g/L
1.8 g/L
0.6 g/L
0.6 g VSS/L
1 g/L
8.1 g/L
1.474*
0.913*
0.81 g/L
2.32 g/L
2.4 g/L
0.16 g/L

This study

Sharma and Rai, 2015
Jaatinen et al., 2015
Tuantet et al., 2014
Torres et al., 2014
Chang et al., 2013
Lun and Cheng, 2006
Adamsson, 2000

*Average OD (600 and 750nm) value increased from 0.1

(Adamsson, 2000) and Spirulina (Lun and Cheng, 2006)
have been studied earlier and found to be incapable
of growing in more concentrated urine which was
concordant with this study. Similarly, Sharma and
Rai (2015) found that more than 7.5% of cattle urine
reduced the microalgal growth. Moreover, unionized
ammonia (as NH3) can be lethal to microalgae as
shown by Adamsson (2000) and reported diminished
growth of microalgae when ammonium concentration
increased while adding more cattle urine (2% urine
was used). However, in this study, the microalgal
growth was not reduced bellow 2% cattle urine and

signifying that biomass production sustained even
with increasing ammonium concentration in the 10%
of cattle urine. This result might be because of those
microalgae used for this study were collected from a
urine contaminated site and adapted for more urine
concentration.
Unexpectedly, the CWA Oscillatoria sp., did not
grow at 5% cattle urine and more, which shown
0.3g/L in 1% urine. In other hand SRA Oscillatoria
sp., grown at the maximum of 1.3g/L at 5% urine,
however, the growth reduced in 10% and 15% urine.
The maximum specific growth rate (µ) of 0.243 per
5
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day was noticed in Chlorella sp., in 10% cattle urine,
followed by Synechocystis (0.231/day in 10% cattle
urine), Oscillatoria sp.,-SRA (0.186/day in 5% cattle
urine) and least amount of 0.076/day in Oscillatoria
sp.,-CWA in 1% cattle urine, respectively. These
data clearly indicate that the cattle urine absolutely
supports the growth of microalgae, however, each
microalgae has the optimum dose of urine as well as
the source of urine (Table 2). Many studies have proven
that the human urine was supporting the microalgae,
however, there was optimum concentration, which
falls between 5-10% of urine, which is in accordance
with this study with cattle urine. Moreover, for plant
growth also falls under this 10-15% concentration of
cattle urine (Singh et al., 2018; Jandaik et al., 2015).
Fascinatingly, the Oscillatoria sp., from SRA contained
the maximum lipid (12%) than the Chlorella sp.,
(10%) which was shown maximum biomass. The least
lipid concentration (5%) was found in Oscillatoria sp
from CWA, and Synecocystis sp., exhibited 7% lipid in
dry wt of algae. In contradicting to our study previous
studies observed high lipid production in Chlorella
sp., at 33% lipid in 10% cattle urine, while 23% lipid in
7.5% cattle urine and this amount were higher than
the same microalgae which grown in Fogg’s medium
(standard microalgae growth medium), which
accumulated only 7% lipid (Sharma and Rai, 2015).
CONCLUSION
In this study, cattle urine was characterized and
contains 21.6 g/L dissolved solids, 6.6 g/L potassium,
1.8 g/L nitrogen and 15 mg/L phosphorous as major
nutrients. These nutrients were supporting the
growth of microalgae at the sizeable amount as the
observed maximum of 2.6 g/L biomass (Chlorella sp.,)
in 10% cattle urine, followed by Synecocystis at 2.25
g/L. Whereas Oscillatoria sp., shown a maximum of
1.3 g/L in 5% cattle urine and inhibited its growth
in 10% and 15% cattle urine. Moreover, suggested
that each microalgae have a specific concentration of
cattle urine that found out to be 5-10% v/v. Microalgae
grown in cattle urine showed a decent amount of lipid
accumulation at a maximum of 12% in Oscillatoria
sp., and 10% in Chlorella sp. This study proved that
cattle urine alone can support microalgae growth at a
considerable amount and further research is needed
for the specific value-added product from microalgae
and its cost analysis using cattle urine as a nutrient
source.
6

ACKNOWLEDGMENT
This study is a product of the student project
entitled “Feasibility study of microalgae growth in
cow urine”, Vels Institute of Science, Technology and
Advanced Studies, India. The authors are grateful to
the University management for providing lab facilities
and financial support for the project.
CONFLICT OF INTEREST
The author declares that there is no conflict of
interests regarding the publication of this manuscript.
In addition, the ethical issues, including plagiarism,
informed consent, misconduct, data fabrication and/
or falsification, double publication and/or submission,
and redundancy have been completely observed by
the authors.
ABBREVIATIONS
%

Percent

°C

Degree Celsius

µS/cm

Microsiemens per centimeter

Al

Aluminum

AnA

Anakaputur algae

B

Boron

BDL

Below Detection Limit

Ca

Calcium

CaCO3

Calcium carbonate

Cl

Chlorine

Co

Cobalt

CO2

Carbon dioxide

Cu

Copper

CWA

Cooum waste algae

DL

Detection Limit

Fe

Iron (Ferrum)

Fig

Figure

g

Gram

g/L

Gram per liter

gN/L

Gram nitrogen per liter

GSA

Goat shed algae

h

Hours

K

Potassium

L

Liter

Global J. Environ. Sci. Manage., 5(4): *-*, Autumn 2019

mg
Mg
mg/L
mL
Mn
Mo
mS/cm
Mt
N
N/day
Na
NH3
nm
NO3
OD
P
pH
S
sp
SRA
TDS
TN
µ
v
v/v
wt
Zn

Milligram
Magnesium
Milligram per liter
Milliliter
Manganese
Molybdenum
Millisiemens per centimeter
Megatonne
Nitrogen
Nitrogen per day
Sodium
Ammonia
Nanometer
Nitrate
Optical density
Phosphorous
Potential of hydrogen
Sulfur
Species
Stagnant rainwater algae
Total dissolved solids
Total Nitrogen
Specific growth rate
Volume
Volume per volume
Weight
Zinc

REFERENCES
Adamsson, M., (2000). Potential use of human urine by
greenhouse culturing of microalgae (Scenedesmus acuminatus),
zooplankton (Daphnia magna) and tomatoes (Lycopersicon). Ecol.
Eng., 16: 243–254 (12 pages).
Bilal, M.; Rasheed, T.; Ahmed, I.; Igbal, H.M.N., (2017). Highvalue compounds from microalgae with industrial exploitability
- A review. Front. Biosci., 1(9): 319-342 (24 pages).
Canter, C.E.; Blowers, P.; Handler, R.M.; Shonnard, D.R., (2015).
Implications of widespread algal biofuels production on
macronutrient fertilizer supplies: Nutrient demand and
evaluation of potential alternate nutrient sources. Appl. Energy.
143:71–80 (10 pages).
Chang, Y.; Wu, Z.; Bian, L.; Feng, D.; Leung, D.Y.C., (2013). Cultivation
of Spirulina platensis for biomass production and nutrient
removal from synthetic human urine. Appl. Energy., 102: 427–
431 (5 pages).

Chisti, Y., (2008). Biodiesel from microalgae beats bioethanol.
Trends Biotechnol., 26:126-131 (6 pages).
Dawson, C.J.; Hilton, J., (2011). Fertilizer availability in a resourcelimited world: Production and recycling of nitrogen and
phosphorus. Food Policy. 36:S14–S22 (9 pages).
De Oliveira, N.L.C.; Puiatti, M.; Santos, R.H.S.; Cecon, P.R.;
Rodrigues, P.H.R., (2009). Soil and leaf fertilization of lettuce
crop with cattle urine. Horticultura Brasileira., 27(4): 431-437 (7
pages).
Alexandratos, N.; Bruinsma, J., (2012). Food and Agriculture
Organization of the United Nations (FAO), World agriculture
towards 2030/2050., (154 pages).
FAO, (2015). Food and Agriculture Organization of the United
Nations, World fertilizer trends and outlook to 2018. (66 pages).
Global cattle population, (2018). Number of cattle worldwide from
2012 to 2019.
He, P.J.; Mao, B.; Shen, C.M.; Shao, L.M.; Lee, D.J.; Chang, J.S.,
(2013). Cultivation of Chlorella vulgaris on wastewater containing
high levels of ammonia for biodiesel production. Bioresour.
Technol., 129:177-181 (5 pages).
Hilton, J.; Dawson, C., (2012). Enhancing management of and value
from phosphate resources. Waste Res. Manage., 165:179–189
(11 pages).
Jaatinen, S.; Lakaniemi, A.M.; Rintala, J., (2016). Use of diluted
urine for cultivation of Chlorella vulgaris. Environ. Technol.,
37(9):1159-1170 (12 pages).
Jandaik, S.; Thakur, P.; Kumar, V., (2015). Efficacy of cow urine as
plant growth enhancer and antifungal agent. Adv. Agric., Article
ID 620368 (7 pages).
Ledgard, S.F.; Steele, K.W.; Saunders, W.H.M., (1982). Effects of cattle
urine and its major constituents on pasture properties. New
Zealand J. Agric. Res., 25(1): 61-68 (8 pages).
Lun, F.D.; Cheng., (2006). Culture of Spirulina platensis in human
urine for biomass production and O2 evolution. J. Zhejiang Univ.
Science- B., 7(1):34-37 (4 pages).
Misselbrook, T.; Fleming, H.; Camp, V.; Umstatter, C.; Duthie, C.A.;
Nicoll, L.; Waterhouse, T., (2016). Automated monitoring of
urination events from grazing cattle. Agric. Ecosyst. Environ.,
230:191–198 (8 pages).
Sayadi, M.H.; Ahmadpour, N.; Fallahi Capoorchali, M.; & Rezaei,
M.R., (2016). Removal of nitrate and phosphate from aqueous
solutions by microalgae: An experimental study. Global J.
Environ. Sci. Manage., 2(4):357-364 (8 pages).
Sharma, N.; Rai, M.P., (2015). Cattle urine increases lipid content
in Chlorella pyrenoidosa: A low cost medium for bioenergy
application, Iranica J. Energy Environ., 6(4):334-339 (6 pages).
Shepherd, M.; Shorten, P.; Costall, D.; Macdonald, K.A., (2017).
Evaluation of urine excretion from dairy cattles under two farm
systems using urine sensors. Agric. Ecosyst. Environ., 236:285–
294 (10 pages).
Singh, S.N.; Maurya, K.K.; Singh, G.P., (2018). Effect of cattle urine
(Gomutra) as a source of nitrogen on growth yield and nitrogen
uptake in rice (Oryza sativa L.). Int. J. Microbiol. Res., 10(3):10351037 (3 pages).
Suresh, A.; Mahalakshmi, R.; Suriyapriya, S.; Harini, K.; Sevanthi,
H.V.; Deepan Guna, R.; Sharmila, D., (2018). Phycoremediation
of Cooum wastewater as nutrient source for microalgal biomass
production. J. Algal Biomass Utln., 9(4):42-47 (6 pages).
Suresh, A.; Seo, C.; Chang, H.N; Kim, Y.C., (2013). Improved volatile

7

Cattle urine as nutrient for microalgae growth
fatty acid and biomethane production from lipid removed
microalgal residue (LRμAR) through pretreatment. Bioresour.
Technol., 149:590-594 (5 pages).
Torres, L.G.; Martínez, M.J.; García, D.; Fernández, L.C., (2014).
Three microalgae strains culture using human urine and light. J.
Chem. Biol. Phys. Sci., 4(5):74-80 (7 pages).
Tuantet, K.; Temmink, H.; Zeeman, G.; Janssen, M.; Wijffels, R.H.;

Buisman, C.J.N., (2014). Nutrient removal and microalgal biomass
production on urine in a short light-path photobioreactor. Water
Res., 55:162-174 (13 pages).
Zhang, S.; Lim, C.Y.; Chen, C.L.; Liu, H.; Wang, J.Y., (2014). Urban
nutrient recovery from fresh human urine through cultivation
of Chlorella sorokiniana. J. Environ. Manage., 145:129e136 (8
pages).

AUTHOR (S) BIOSKETCHES
Suresh, A., Ph.D., Assistant Professor, Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology
and Advanced Studies, Chennai-600117, Tamil Nadu, India and Department of Biotechnology, College of Biological and Chemical
Engineering, Addis Ababa Science and Technology University, Addis Ababa-16417, Ethiopia. Email: blueyellowsnu@gmail.com
Tamilvanan, S., M.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced
Studies, Chennai-600117, Tamil Nadu, India. Email: tamilvanan616@gmail.com
Harini, K., B.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced Studies,
Chennai-600117, Tamil Nadu, India. Email: harinikailash97@gmail.com
Sevanthi, H.V., B.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced
Studies, Chennai-600117, Tamil Nadu, India. Email: sevanthihv798@gmail.com
Deepan Guna, R., B.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced
Studies, Chennai-600117, Tamil Nadu, India. Email: deepanguna24@gmail.com
Mahalakshmi, R., B.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced
Studies, Chennai-600117, Tamil Nadu, India. Email: maharadjendrane1410@gmail.com
Suriyapriya, S., B.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced
Studies, Chennai-600117, Tamil Nadu, India. Email: priya26sp@gmail.com
Sharmila, D., B.Sc., Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology and Advanced Studies,
Chennai-600117, Tamil Nadu, India. Email: sharmisha.sai.08@gmail.com
Thenmozhi, M., Ph.D., Assistant Professor, Department of Biotechnology, School of Life Sciences, Vels Institute of Science, Technology
and Advanced Studies, Chennai-600117, Tamil Nadu, India. Email: drmthenmozhi@gmail.com
COPYRIGHTS
Copyright for this article is retained by the author(s), with publication rights granted to the GJESM Journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0/).

HOW TO CITE THIS ARTICLE
Suresh, A.; Tamilvanan, S.; Harini, K.; Sevanthi, H.V.; Deepan Guna, R.; Mahalakshmi, R.; Suriyapriya, S.;
Sharmila, D.; Thenmozhi, M., (2019). Feasibility of cattle urine as nutrient medium for the microalgal
biomass production. Global J. Environ. Sci. Manage., 5(4): *-*.
DOI: 10.22034/gjesm.2019.04.0*
url: http://gjesm.net/***

8

