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Spirulina is commonly found in aquatic ecosystems like lakes, ponds and tanks. It is
one of the nature’s first photosynthetic organisms capable of converting light directly
for complex metabolic processes. Spirulina can play an important role in human and
animal nutrition, environmental protection through wastewater recycling and energy
conservation. Spirulina is rich in proteins (60-70%), vitamins and minerals used as
protein supplement in diets of undernourished poor children in developing countries.
One gram of Spirulina protein is equivalent to one kilogram of assorted vegetables.
The amino acid composition of Spirulina protein ranks among the best in the plant
world, more than that of soya bean. In the present study, the biochemical constituent in
Spirulina platens is cultivated using rice mill effluent supplementation was analyzed.
The wastes were used in four different concentrations viz., 25 ml, 50 ml, 75 ml and 100
ml. Among the four different concentrations, maximum Spirulina platensis growth and
biochemical parameters were recorded in the flasks containing 100 ml waste followed
by 75 ml and 50 ml. Least growth and biochemical parameters were recorded in the
flasks containing 25 ml waste. It was concluded that the Zarrouk’s medium showed
good results when compared to Paoletti’s medium.
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INTRODUCTION
The protein is an essential component of diet. The greatest
single problem in the world today is Global food protein
shortage. With the current system of production, agriculture
cannot be relied upon to feed an ever increasing world
population. Hence there is an urgent need to find other protein
sources. The best potential is seen in microbial protein or
single cell protein (SCP), a new source of protein independent
of agriculture. The dried cells of microorganisms such as
bacteria, fungi, yeasts and algae that are grown in large scale
culture systems as proteins, for human or animal consumption
are collectively known as single cell protein. SCP are
characterized by; fast growth rate; high protein content (43-
85%) compared to field crops; require less water,  land and
independent of climate; grow on wastewater; can be
genetically modified for desirable characters such as amino
acid composition and temperature tolerance.

Spirulina are multicellular and filamentous blue green algae
that has gained considerable popularity in the health food
industry and increasingly as a protein and vitamin supplement
to aquacultures diets. It grows in water, can be harvested and
processed easily and has very high macro and micro nutrient
contents. It has long been used as a dietary supplement by
people living close to the alkaline lakes where it is naturally
found for instance those living adjacent to lake chad in the
kanem region have very low levels of malnutrition despite
living on a Spartan millet base diet.

This traditional food, known as dihe, was rediscovered in chad
by a European scientific mission and is now widely cultured
throughout the world. In many countries of Africa, it is still
used as human food as a major source of protein and is
collected from natural water, dried and eaten. It has gained
considerable popularity in the human health food industry and
in a many countries of Asia; it is used as protein supplement
and as health food. Spirulina has been used as a
complementary dietary ingredient of feed for fish, shrimp and
poultry and increasingly as a protein and vitamin supplement
to aqua feeds. China is using this micro alga as a partial
substitute of imported forage to promote the growth, immunity
and viability of shrimp. There has also been comprehensive
research on the use of Spirulina as aquaculture feed additives
in Japan.

Spirulina platensis is naturally found in tropical regions
inhabiting alkaline lakes (pH 11) with high concentration of
NaCl and bicarbonates. These limiting conditions for other
microorganism allow cultivation of microalgae in opened
reactors (Harriet, 2008). In Cyanobacteria, the light harvesting
pigments include chlorophyll-a, carotenoids and phycobili
proteins. The later are proteins with linear tetrapyrrole
prosthetic groups called according to their structure:
phycocyanin, phycoerythrin and allophycocyanin. Among the
various microorganisms used as sources of SCP, the blue
green algae, Spirulina is considered as the best source. The
composition of the biomass, including the high protein
content, low content in nucleic acids, occurrence of high
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concentrations of vitamins and other growth factors and the
presence of cell wall that is more easily digestible than that of
other microbes indicate that Spirulina is a promising source of
food or feed.

Spirulina provides all essential nutrients without excess
calories and fats. It is recommended to control obesity and
premenstrual stress. Athletes take Spirulina for instant energy.
Many herbal cosmetics like face creams biolipstics, hair lotion
have been formulated from phycocyanin pigment found in
Spirulina. The beta carotene and other carotenoids are having
a suggested role in the control of cancer in human and
enhancement of pigmentation of eggs, meats and coloration of
ornamental fish. The mass cultivation of Spirulina is achieved
both in fresh water and waste water. Spirulina grown in clean
waters and under strictly controlled conditions could be used
for human nutrition. The micro alga grown in waste water is
used as animal feed and provide a source of the fine chemicals
and fuels. The waste water system is highly applicable in
populated countries like India where wastes are generated in
high quantities and pose environmental problem. Large scale
production of Spirulina is feasible in tropical conditions in
developing countries, where land costs and labour are
comparatively cheaper. The micro alga can be exploited as a
potential source of food, feed and fuel.

MATERILAS METHODS
Algal source

The Blue Green Algae Spirulina platensis used in the present
study was obtained from the Department of Microbiology,
Annamalai University, Tamil Nadu. The obtained culture was
maintained on Zarrouk’s medium.
Collection of wastes

The Rice mill effluent was collected in Rice mill in Annamalai
Nagar, Cuddalore District, and Tamil Nadu.  The collected
samples were stored in a sterile container.

Physico – chemical analysis of Rice mill effluent samples

The physico – chemical properties of the collected wastes
were determined by following the procedure given in Table –
1.

Utilization of Rice mill effluent for cultivation of Spirulina
platensis

The Spirulina platensis was cultivated in Zarrouk’s medium
and Paoletti medium with different concentrations of Rice mill
effluent as supplementation. The Spirulina platensis was
cultivated in ten groups and the details of the groups are given
below.

Group – I

a) RE1 – Rice mill effluent (25 ml) + Zarrouk’s medium
(1000 ml) + Spirulina platensis (10 ml)

b) RE2 – Rice mill effluent (50 ml) + Zarrouk’s medium
(1000 ml) + Spirulina platensis (10 ml)

c) RE3 – Rice mill effluent (75 ml) + Zarrouk’s medium
(1000 ml) + Spirulina platensis (10 ml)

d) RE4 – Rice mill effluent (100 ml) + Zarrouk’s medium
(1000 ml) + Spirulina platensis (10 ml)

(RE – Rice mill effluent)

Group – II

a) RE1 – Rice mill effluent (25 ml) + Paoletti’s medium
(1000 ml) + Spirulina platensis (10 ml)

b) RE2 – Rice mill effluent (50 ml) + Paoletti’s medium
(1000 ml) + Spirulina platensis (10 ml)

c) RE3 – Rice mill effluent (75 ml) + Paoletti’s medium
(1000 ml) + Spirulina platensis (10 ml)

d) RE4 – Rice mill effluent (100 ml) + Paoletti’s medium
(1000 ml) + Spirulina platensis (10 ml)

(RE – Rice mill effluent)

Growth Measurement

The monitor of algal growth was measured spec to photo
metrically as described by Payer (1971). Briefly, 10 ml of
cultures was taken every 3 days interval for 20 days and
measured at 670 nm density.

Determination of Dry weight

Ten ml of Spirulina platens is from different conical flasks
was filtered under vacuum through filter membrane (0.45 μm)
and washed, several time with distilled water to remove
soluble salts. Then the algae cells was dried at 80°C for 30 min
and weighed. The difference was compared and the dry weight
mass was calculated by using the given formula.

Biomass (mg/L) = Final weight - Initial weight.

Determination of proximal composition

Moisture and ash was determined by the air oven method
(AOAC, 1984). Crude fat was determined by the Soxhlet
extraction method of Egan et al. (1981). Total protein will
determined by Lowry’s method (Lowry et al., 1951). Total
available carbohydrate was determined using the An throne
method (Osborne and Voogt, 1978).

Determination of Total Phenol content

The concentration of phenolics in Spirulina platens is samples
was estimated by the Folin-Ciocalteu procedure of Singleton
et al. (1999) and expressing results in Gallic acid equivalent, a
naturally occurring phenols.

Determination of Chlorophyll content

One gram of Spirulina platens is was homogenized in 20 ml
acetone (80%) and allowed to stand overnight in dark at 4EC for
complete extract followed by centrifugation at 10,000 rpm for 5
minutes. The contents of total chlorophyll (T-Chl), chlorophyll a
(Chl-a) and chlorophyll b (Chl-b) in the supernatant were
determined spectophotometrically according to Lichtenthaler
(1987) method.

Determination of Carotenoids

The total carotenoids in Spirulina platen sis samples were

Table 1 Analysis of Physico – chemical analysis of
effluent sample

S. No Parameters References
1 Total suspended solids (TSS) Anon (1992)
2 Total dissolved solids (TDS) Richard (1954)
3 Calcium (mg/L) AOAC (2005)
4 Magnesium (mg/L) AOAC (2005)
5 Chloride (mg/L) Jackson (1973)
6 Sodium (mg/L) Jackson (1973)
7 Potassium (mg/L) Jackson (1973)
8 Sulphate (mg/L) AOAC (2005)
9 Nitrogen (mg/L) AOAC (2005)

10 Phosphorous (mg/L) Jackson (1973)
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determined spectrophotometrically at 450 nm according to
AOAC standard methods (1995).

Extraction and determination of Phycocyanin

An aliquot of twenty days old culture was used as a source for
extracting phycocyanin. Harvested Biomass was homogenized
in hand homogenizer for 20 minutes in presence of phosphate
buffer at pH 6.8 in 1:3 ratios. The homogenized culture was
subjected to freezing and thawing for 3 days. Freeze thawed
sample subject to Centrifugation at 5000 rpm for 45 minutes.
The supernatant raw phycocyanin will take in sterile tubes
covered with aluminum foil and stored at 40C for further
analysis. The phycocyanin concentration was calculated
spectrophotometrically by measuring the absorbance at 615
nm and 652 nm using the following calculation.

Calculation

Phycocyanin mg/ml = A615-0.047(A652)
5.34

Whereas,
A615- absorbance at 615nm
A652- absorbance at 652nm.
5.34 – constant factor.

RESULTS AND DISCUSSION
Industrial pollution has been and continues to be a major
factor causing the degradation of the environment around us,
affecting the water we use, the air we breathe and the soil we
live on. The exponential increase in industrialization is not
only consuming large areas of agriculture lands, but
simultaneously causing serious environmental degradation as
well as to sail. Water originating from various industries is
finding their place in agriculture. The challenge is to properly
incorporate the disposal of the wastes in a controlled
management programme so that the applied industrial solid
wastes do not contribute any problem of pollution to soil, soil
microbes and environment. The physico – chemical
parameters of the Rice mill effluent was estimated in the
present research and the results were furnished in Table – 2.
The TSS and TDS of the collected rice mill effluent was 576
mg/L and 883 mg/L respectively. It also contains calcium
(98.3 mg/L), magnesium (24.3 mg/L), chloride (170 mg/L),
sodium (263 mg/L), potassium (35 mg/L), sulphate (70 mg/L),
nitrogen (800 mg/L) and phosphorous (338 mg/L). The
characteristics of rice mill effluent and sago industrial effluent
were analyzed based on their pH, BOD, Do etc. the
observation made in the present study agree with earlier
observations of Bryan and Sabin (2011) and Mehadia (2008).

Spirulina is an economically important filamentous
cyanobacterium. The annual production of the algae is about
10,000 tons which makes it the largest microalgal cultivation

industry in the world (Zhang et al., 2005). Due to its richness
in protein, phycocyanin, essential amino acids,
polysaccharides, carotenoids, minerals, vitamins and essential
fatty acids has been regarded as an ideal bio-resource and has
drawn increasing attention in recent decades ( Moris et al.,
2001; Kawata et al., 2004; Chen et al., 2006). The effect of
Zarrouk’s medium supplemented with rice mill effluent on the
growth and biochemical parameters of Spirulina platensis was
studied and the results were furnished in Table – 3. The wastes
were used in four different concentrations viz., 25 ml, 50 ml,
75 ml and 100 ml. Among the four different concentrations,
maximum Spirulina platensis growth and biochemical
parameters were recorded in the flasks containing 100 ml
waste followed by 75 ml and 50 ml. Least growth and
biochemical parameters were recorded in the flasks containing
25 ml waste. The Spirulina platensis cultivated in Zarrouk’s
medium supplemented with 100 ml of Rice mill effluent
showed more Direct microscopic count (182 cells/ml), Growth
(0.759 at 560 nm), Dry weight (2.88 mg/g), Moisture (9.95
mg/g), Ash (16.85 mg/g), Crude fat (8.25 mg/g), Protein
(49.75 mg/g), Carbohydrates (24.20 mg/g), Phenols (5.95
mg/g), Chlorophyll (17.72 mg/g), Carotenoid (21.50 mg/g)
and Phycocyanin content (1.865 mg/ml).

Spirulina platensis is a cyanobacterium that has been largely
studied due to its commercial importance as a source of
protein, vitamins, essential amino acids, and fatty acids (Zhang
et al., 1999). More recently, special attention has been given to
Spirulina platensis as a potential source of pharmaceuticals,
and other high value products such as chlorophyll (Chen and
Zhang, 1996). The utilization of chlorophyll from Spirulina
platensis is an attractive alternative that should be considered
due to its high content of this pigment, and ease of cultivation.
The Cyanobacteria Spirulina platensis possesses a high
tolerance to alkaline pH, for ease of cultivation; a large size for
its cell aggregates for ease of harvest; and an easily digestible
cell wall.

Pelizer et al. (2002) reported that Spirulina platensis is
generally produced in open ponds in liquid culture but there is
recent production possible also In solid-state cultivation
system but the estimation of cell growth is made difficult in
separating cells from the cultivated medium in case of solid-
state cultivation systems. Pandey et al. (2010) found that, the
influence of pH for Spirulina platensis growth, protein and
Chlorophyll a content were examined and the dry weight of
Spirulina platensis was 0.91g/500ml and protein and
Chlorophyll a content were 64.3% and 13.2mg/gm
respectively at pH 9.

The effect of Paoletti’s medium supplemented with rice mill
effluent on the growth and biochemical parameters of
Spirulina platensis was investigated and the results were
presented in Table – 4. The wastes were used in four different
concentrations viz., 25 ml, 50 ml, 75 ml and 100 ml. Among
the four different concentrations, maximum Spirulina platensis
growth and biochemical parameters were recorded in the
flasks containing 100 ml waste followed by 75 ml and 50 ml.
Least growth and biochemical parameters were recorded in the
flasks containing 25 ml waste. The Spirulina platensis
cultivated in Paoletti’s medium supplemented with 100 ml of
Rice mill effluent showed more Direct microscopic count (171
cells/ml), Growth (0.647 at 560 nm), Dry weight (2.43 mg/g),
Moisture (8.83 mg/g), Ash (14.55 mg/g), Crude fat (7.15

Table 2 Analysis of physico – chemical characteristics
of Rice mill effluent

S. No Parameters Values
1 Total suspended solids (TSS) (mg/L) 576
2 Total dissolved solids (TDS) (mg/L) 883
3 Calcium (mg/L) 98.3
4 Magnesium (mg/L) 24.3
5 Chloride (mg/L) 170
6 Sodium (mg/L) 263
7 Potassium (mg/L) 35
8 Sulphate (mg/L) 70
9 Nitrogen (mg/L) 800

10 Phosphorous (mg/L) 338
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mg/g), Protein (46.64 mg/g), Carbohydrates (22.05 mg/g),
Phenols (5.17 mg/g), Chlorophyll (15.92 mg/g), Carotenoid
(19.65 mg/g) and Phycocyanin content (1.865 mg/ml).

Sources. Optimum medium composition consisting of mineral
salt and organic complex derived from low-cost nutrient
sources. Spirulina platensis grown on complex media
containing latex serum from concentrated latex factory,
supplemented with salt minerals might produce high yielding
carotenoids.

Reichert et al. (2006) studies the specific growth rate and
productivity of two Spirulina platensis strains. Spirulina
platensis strain used was found that low concentration
(0.50g/L) and high renewal rates (50% v/v) resulted in high
specific growth rate and productivity. These values are two to
four times higher than those obtained in simple batch cultivation
and indicate that the semi continuous cultivation of Spirulina
platensis is viable.

Kemka Ogbonda et al. (2007) studied the influence of
temperature and pH on biomass production and protein
biosynthesis in a Spirulina sp. isolated from an oil-polluted
brackish water environment in the Niger Delta. The isolated
organism was identified on the basis of its phenotypic
characteristics such as nature and direction of helix, temperature,
pH and salt tolerance ranges. Biomass concentration in the culture
media was calculated as cell dry weight. The combination of
30°C and pH 9.0 gave the highest values of 4.9mg/ml and 48.2
g/100 g for biomass and total crude protein, respectively. The
effect of pH was modulated by temperature and vice versa
during biomass production. This native isolate of Spirulina sp.
act as a good source of natural protein that could be easily
accepted by rural communities as single cell protein in the
form of feed, food and health supplement when properly
processed.
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