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ABSTRACT

Cyanobacteria are an important source of food and a primary producer of the aquatic food chains. 
Cyanobacteria are universally photosynthetic, with a higher plant type of photosynthesis, a large 
number of those also have the pivotal character of nitrogen fixation.  Phytoplankton is made up of 
mostly cyanobacteria and microalgae. The microalgae store food in the form of lipids and serve as 
the source of energy as well as lipids for the fish. The lipid content of the fish depends on the diet that 
they take, and some of the lipids like the omega 3 and omega 6 fatty acids are derived from specific 
microalgae, like the marine protists and dinoflagellates including Thraustochytrium, Schizochytrium, 
and Phaeodactylum. Cyanobacteria being nutritionally more independent with nitrogen and carbon 
fixing ability, are more economical to grow in bulk.  Hence the present work was aimed to screen the 
high lipid-containing cyanobacteria for use as fish feed. Five different cyanobacterial isolates, originally 
obtained from the mangroves were used as the sample cyanobacteria. The mangroves are a unique 
and at the same time stressful ecosystem. The significance of choosing cyanobacteria from this area is 
to allow for the isolation of cyanobacteria with unique characteristics. It is known that microorganisms 
from harsh or unique environments have even more potential for developing special survival strategies 
and for the production of more secondary metabolites. These cyanobacteria from stress environments 
can grow in conditions where other cyanobacteria or microalgae do not survive well. The isolation 
of lipids was performed by different extraction methods and separation using different solvent 
compositions was performed. The standard growth and biochemical studies of the cyanobacteria were 
conducted, followed by the assessment of their lipid content and variability. Out of the five isolates, 
a higher number of lipids were observed in AS1-(1) and AS2-(2). Lipids were isolated in chloroform-
methanol and three variations of TLC were used to separate the lipids. The three are the single mobile 
phase, two mobile phase systems, and 2D development solvent system. The separation of the lipids 
gave the best results with the two mobile phase system, in which two different mobile solvent mixtures 
were used sequentially. The isolates AS1-(1) and AS2-(2) exhibited higher lipids, hence they could be 
a potentially suitable candidate as a fish feed. .     

INTRODUCTION 

Cyanobacteria

Cyanobacteria (blue-green algae) are a group of bacteria 
showing higher plant-like photosynthesis.  Cyanobacteria 
appeared approximately 2.5-3 billion years old and thus are 
the oldest oxygenic phototrophs on Earth. Even the devel-
opment of an oxygen-rich atmosphere on Earth is attributed 
to cyanobacterial photosynthesis (Kumar et al. 2019, Gar-
cia-Pichel 2009).

The cyanobacteria show oxygenic photosynthesis. 
However, they differ from the higher plants in having only 
one type of Chlorophyll, the Chlorophyll a, and lacking the 
chlorophyll b. Combinations of Chlorophyll a, together with 
other pigments like phycobilins, and carotenoids, result in 
the most commonly observed blue-green color of the cyano-
bacteria. The ability to change the pigment composition, by 

altering the proportion of various pigments is another unique 
character. This allows harvesting light as per the light quality 
available allowing it to grow even in the polar regions, open 
ocean, and desert regions. In addition, the cyanobacterial 
nitrogen fixation can be a significant source of biologically 
available nitrogen in these ecosystems. Cyanobacteria are 
also one of the primary colonizers of many new ecosystems

Cyanobacteria is a large, heterogeneous group resembling 
the eukaryotic algae in many ways, including morphologi-
cal characteristics and ecological niches. In fact, they were 
considered a type of algae before being regrouped in the 
kingdom Monera with the other prokaryotes, including the 
bacteria (Garcia-Pichel 2009). 

Cyanobacteria are structurally simple with only one or 
two types of vegetative cells. Some of the species form the 
spores with thick walls called the akinetes, which might 
allow the cyanobacteria to tide over the stressful conditions. 
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Despite such simple and unspecialized structural evolution, 
the cyanobacteria show morphologically diverse forms. 
They show a very wide occurrence, in both the aquatic 
and terrestrial habitats (Sompong et al. 2005). They have 
widespread occurrence due to their physiological diversity, 
the filamentous species also occur either freely or in groups 
forming trichomes. Species such as certain Nostoc forms 
synthesize extracellular mucilage embedding the filaments 
in them and forming large structures like bunches and balls. 
The filamentous forms include nonheterocystous, and hetero-
cystous genera. Heterocysts are specialized cells harboring 
enzymes for nitrogen fixation, a process by which atmos-
pheric nitrogen (N2) is converted to a biologically useful 
form (NH3). All heterocystous and some non-heterocystous 
coccoid/filamentous cyanobacteria also fix nitrogen. By 
nitrogen fixation, the cyanobacteria can occupy the most 
varied ecosystems, including those devoid of reduced nitro-
gen compounds (Prasanna et al. 2009) 

Most cyanobacteria do not grow in the absence of light 
(they are obligate phototrophs); however, some can grow in 
the dark if there is a sufficient supply of glucose to act as 
a carbon and energy source, this could be required for the 
symbiotic associations with plants where they are harbored 
away from light or when buried below the soil layers. 

In addition to being photosynthetic, many species of 
cyanobacteria can also “fix” atmospheric nitrogen–that is, 
they can transform the gaseous nitrogen of the air into com-
pounds that can be used by living cells. Particularly efficient 
nitrogen fixers are found among the filamentous species 
that have specialized cells called heterocysts (Garlapati et 
al. 2020). The heterocysts are thick-walled cells that have 
special structural features to make them impermeable to ox-
ygen; they provide the anaerobic (oxygen-free) environment 
necessary for the operation of the nitrogen-fixing enzymes. 
In Southeast Asia, nitrogen-fixing cyanobacteria often grow 
abundantly in rice paddies, thereby eliminating the need to 
apply nitrogen fertilizers (Chittora et al. 2020)

Cyanobacteria reproduce asexually, either utilizing binary 
or multiple fission in unicellular and colonial forms or by 
fragmentation and spore formation in filamentous species. 
Under favorable conditions, cyanobacteria can reproduce 
at explosive rates, forming dense concentrations called 
blooms. Cyanobacteria blooms can color a body of water. 
For example, many ponds take on an opaque shade of green 
as a result of overgrowths of cyanobacteria, and blooms of 
phycoerythrin rich species cause the occasional red color of 
the Red Sea. Cyanobacteria blooms are especially common 
in waters that have been polluted by nitrogen or phosphorous 
wastes; in such cases, the overgrowths of cyanobacteria can 
consume so much of the water’s dissolved oxygen that fish 

and other aquatic organisms perish (Ariosa et al. 2003). Two 
species, which fall under this category, are Anabaena and 
Microcystis (Watson et al. 2015, Kumar et al. 2019).

Cyanobacteria are one of the most successful organisms 
having survived so many ecological and environmental 
changes, in their atmosphere. There has been very little 
change in there structure. The physiological adaptations to 
global change have played a significant role in the success 
of cyanobacteria. As a group, they can tolerate desiccation, 
very cold and very hot temperatures, hypersalinity, variable 
visible light conditions, and high ultraviolet light conditions 
(Garcia Pichel 2009, Yamamoto 2009). 

Cyanobacteria account for a larger proportion of the 
phytoplankton. Though the cyanobacteria have a simple 
structural variability, they are limited to only three cell types. 
They still show a wide variety of morphological, genetic, and 
ecological diversity in their occurrence in nature (Nayak et al. 
2007). The cyanobacteria also present a very wide secondary 
metabolite production, with applications in the food, feed, 
pharmaceutical, and nutraceutical industries (Berg & Smalla 
2009,  Kumar et al. 2019, Carpine & Sieber 2021). 

In addition to the large variability of production, the sta-
bility of the products of cyanobacterial origin has attracted 
scientists towards them (Carpine & Sieber 2021). The me-
tabolites are stable over a wide range of pH and temperature 
and are generally easily soluble in water. There are over 
200 genera of cyanobacteria, however, the production of 
secondary metabolites is more commonly reported from the 
cyanobacteria belonging to the order Oscillatoriales (49%), 
Nostocales (26%), Chroococcales (16%), Pleurocapsales 
(6%), and Stigonematales (4%) (Gerwick et al. 2008).

Foods containing the required amounts of essential nu-
tritional compounds, such as carbohydrates, proteins, fats, 
vitamins, and minerals, are termed functional foods. They 
are designed to also contain certain bioactive compounds, 
exhibiting additional benefits for human health. Such bio-
active compounds are generally derived from various plant 
or microbial sources (Liu et al. 2021).

One of the microorganisms used as a source of bioactive 
compounds cyanobacteria, has been exploited as a potential 
food supplement since ancient times. Spirulina maxima and 
some other cyanobacteria have been used as food for more 
than 600 years (Afnovandra et al. 2021, Alagawany et al. 
2021).

The population of the world is on an ever-increasing wave 
from six billion in 1999 to seven billion in 2011, which may 
easily reach nine billion by 2050. The population puts pres-
sure on the agricultural resources. Not only the population 
has to be provided with food, but also it has to be balanced 
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to overcome the nutritional deficiency. The fish is worldwide 
recognized as a delicacy with local flavors of each place. In 
addition, it is a very healthy alternative to providing nutri-
ent-rich food. Fish also occupy a very special place, being one 
of the richest and in many cases the only way of obtaining 
omega 6 fatty acids, which helps to provide the crucial bal-
ance to the omega 3 fatty acids (Castejó & Señoráns 2020, 
Jovanovic et al. 2021).

The food needs require that we check into alternative 
resources for food as well as active principles such as preb-
iotics, probiotics, or essential fatty acids (Afnovandra et al. 
2021, Alagawany et al. 2021).  

Despite a large number of plants and other sources being 
used as a source of active principles of health care or to pro-
vide nutrient benefits, cyanobacteria are still underutilized. 
Spirulina are probably the only cyanobacteria that have been 
utilized to a larger extent (Alagawany et al. 2021).

Cyanobacteria as A Source of Lipids and Protein For 
Fish Feed 

Use of Lipids in Fish Feed 

 ● Lipids play important physiological roles in providing 
energy, essential fatty acids, and fat-soluble nutrients 
for the normal growth and development of fish.

	 ● Fish oil, because of its high content of essential fatty 
acids, is used as the main lipid source in marine fish 
feeds.

Cyanobacteria are considered to have given rise to the 
higher eukaryotic chloroplasts through endosymbiosis. 
This appears true as the cyanobacterial lipids are similar 
to those in the inner envelope membranes and thylakoid 
membranes of the chloroplasts of higher plants.  On the 
other hand, they show differences from those of many other 
bacteria, which generally show phospholipids as a major 
component of glycerol lipids. The cyanobacteria exhibit 
monogalactosyldiacylglycerol, digalactosyldiacyl glycerol, 
and sulfoquinovosyldiacyl glycerol, and a phospholipid, 
phosphatidylglycerol, as major glycerolipids (Oliveira et al. 
2018, Uma et al. 2020). They also contain glycolipids.  In 
the absence of reliable morphological and structural charac-
teristics to differentiate between the different cyanobacterial 
genera, one taxonomic classification is also based on the type 
of fatty acids in the cyanobacteria. The lipids are also most 
sought after for commercial uses as the source of essential 
fatty acids for fish and animals and more vigorously in the 
recent past as the source of biofuel (Uma et al. 2020).

The ability to act as an important source of lipids and oils 
is due to the fast growth of many of the cyanobacteria. As 
also the significant quantities produced by many. The lipids 

of cyanobacteria are generally esters of glycerol and long 
fatty acids. They may be either saturated or unsaturated. In 
the natural environment, cyanobacteria serve as one of the 
natural sources of essential fatty acids for animals (Semanti 
et al. 2021). These are also the same as required in the hu-
man diet. These essential fatty acids include the C18 linoleic 
(18:2ω6) and γ-linolenic (18:3ω3) acids and their C20 deriv-
atives, eicosapentaenoic acids (20:5ω3) and arachidonic acid 
(20:4ω6). Certain filamentous cyanobacteria show a higher 
production of the polyunsaturated fatty acids accounting for 
25 to 60 % of the total fatty acids. (4-6). Marine microalgae 
have been studied more with respect to the accumulation of 
lipids. Some cyanobacteria also show accumulation of lipids 
as reserve material.

MATERIALS AND METHODS

Isolation and Purification of Test Strains

A total of six heterocystous filamentous cyanobacteria were 
used in this study. All these strains were isolated from rice 
fields of Visakhapatnam and mangroves of Kakinada, India. 
The strains were subjected to purification by plating, sub 
culturing in sterile nitrogen source-free BG-11 agar medium 
(Rippka et al. 1979).

Cultures were inoculated in 500 and 1000 mL Erlenmey-
er flasks containing 40% of the volume as BG-11 nitrogen 
source free medium and incubated at 28±2ºC, in continuous 
light intensity from the cool white light source. 

Culture Conditions

The cyanobacteria were maintained on the standard BG 
11 broth or agar medium. The medium composition is as 
under. Citric acid monohydrate (C6H8O7) - 6 g.L-1, Ferric 
ammonium citrate (C6H8FeNO7) - 6 g.L-1, dipotassium 
hydrogen orthophosphate (K2HPO4) - 40 g.L-1, magnesium 
sulfate heptahydrate (MgSO4) - 75 g.L-1, calcium chloride 
dihydrogen (CaCl2) - 36 g.L-1, sodium carbonate (Na2CO3) - 
20 g.L-1, ethelene diamine tetra acetic acid (EDTA) - 1 g.L-1 
(0.1g.100 mL-1), trace metal solution. After proper mixing 
of solution, the medium was sterilized in an autoclave at a 
temperature of 121oC, maintaining 15lb/inch2 pressure for 
15 min. Stock - 2 (ferric ammonium citrate) and stock - 3 
(dipotassium hydrogen phosphate solutions) were sterilized 
separately and added to the medium after cooling as per 
Stanier et al. (1971). 

Inoculation 

Soil dilutions: 1 g of soil sample was taken and serially 
diluted until 10-9 dilutions. 10-6 and 10-7 dilution tubes of 
each culture were used to inoculate in 5 mL of BG11 broth 
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medium. An observation for growth was made after 10 to 
15 days.

Direct soil suspension: For another set, 1g of soil sample was 
taken and added to 20 mL of saline or BG11 medium  in100 
mL conical flasks. Put on a shaker for about 2 h for a com-
plete suspension of the soil sample. Left to settle overnight 
and then inoculated the supernatant on solid BG 11 medium. 

Direct slide inoculation: The soil sample was suspended in 
a minimum amount of water,  and allowed to settle. The su-
pernatant was later observed under the microscope. Capillary 
tubes were used to pick up visible cyanobacterial filaments, 
on observation and the tubes were put directly into 10  mL of 
BG11 broth medium in test tubes. The inoculated test tubes 
were incubated for growth. 

Culture maintenance: The test cyanobacteria inoculated 
both on agar and broth medium were subcultured periodical-
ly.  The colonies on Petri plates were used for restreaking and 
plating onto agar media to maintain the cultures. Re-streaking 
was performed monthly.

Growth: To assess the growth of various test organisms, a 
growth curve was made by repeated growth measurement 
over a period of 10-12 days. For this, the 20 mL culture tubes 
were used with the 5 mL of BG 11 broth. A homogenized 
thick suspension of the cyanobacterial samples was prepared 
by centrifuging actively growing culture suspension followed 
by homogenization. Homogenization was performed using a 
mechanical glass homogenizer in laminar airflow to maintain 
sterile conditions. An equal quantity of the thick suspension 
was added as inoculum in each of the tubes to a final O.D. 
to 0.08 -0.09 at 663 nm.

These inoculated culture tubes were transferred to culture 
racks. Care was taken to ensure all the tubes were equidistant 
from the light source. Every alternate day 3 test tubes with 
the suspension were utilized individually for doing growth 
and biochemical analysis. Growth measurement of samples 
was carried out at a 2-day interval for 16 days. Absorbance 
was measured in UV-Visible Spectrophotometer at 670 nm 
(Plate 13).

Lipid estimation: Equal quantity of cultures of the six 
cyanobacteria cultures AS2(2), AS1(2), AS1(1), AS5(1), 
AS4(2), and AS3(1) was taken. The cultures were homoge-
nized in mortar and pestle. From this homogenized culture 
again, equal quantities of each culture were taken in three 
replicates each. 

An equal amount of the homogenized culture was taken 
in centrifuge tubes and centrifuged at 5000 rpm for 5 min 
at 16 degrees temperature in high-speed centrifugation. 
The pellet was extracted in chloroform and methanol (2:1) 
repeatedly for complete extraction. The extracted solution 

was transferred to the preweighed Petri dish and kept the 
plates in a hot air oven for 1 hour at 45 degrees temperature, 
for evaporation of the supernatant and collection of lipids.  
After complete evaporation, the Petri dishes were removed 
from the hot air oven and the weight of the dish was recorded. 
The lipids were redissolved in 1 mL of extract solvent and 
collected and stored in Eppendorf tubes.

Preparation of Tlc Plates

TLC plates were poured using silica slurry and allowed to 
dry. After drying the TLC plates were kept in the hot air oven 
for 3 hours at 80 degrees temperature for activation.

Lipid separation Using TLC

The separation of isolated cyanobacterial lipids was carried 
out in 3 ways as follows: 

 1. Single mobile phase 

 2. Dual mobile phases

 3. 2D direction system                                                                                                                           

Single Mobile Phase

Chloroform, methanol, acetic acid, and water (80 mL: 9 mL: 
12 mL:  2 mL) were used in the mobile phase.

Procedure 

Single mobile solvent system: The lipid samples were 
loaded about 2cm from the bottom end of the TLC plate.  
For the single mobile solvent system, after a run covering 
70% of plates, the plates were dried and developed with 
iodine crystals in a glass chamber, Followed later with the 
UV observation. 

Two mobile phase solvent systems: In this method, the TLC 
was first run in the mobile phase of chloroform, methanol, 
and water (60 mL: 30 mL:  5 mL) till the 50% run was over. 
Whereafter the second mobile phase made of hexane, diethyl 
ether, and acetic acid was used (80 mL: 20 mL: 1.5 mL).

2D development system: The lipid extract from a single 
organism was taken in the TLC plate and treated with two 
solvent systems, after the completion of the run in one direction 
with one solvent system, the run was completed in the second 
direction after turning the TLC plate by 90 degrees. The first 
run of TLC plates was run in this solvent after rotating by 90 
degrees, so that the run line of lipids in the first direction is 
towards the bottom, till the solvent front reached about 90%  
of the TLC plate. After drying the TLC plate, The chromato-
gram was developed with iodine crystals in a glass chamber. 

Protein estimation for the different cultures (AS3-(1), 
AS2(4), AS1-(2), AS2-(2), AS5-(1), AS1(1)) was done using 



1091ISOLATION OF LIPIDS FROM MANGROVE ISOLATED CYANOBACTERIA

Nature Environment and Pollution Technology • Vol. 21, No. 3, 2022

Folin’s method. 1mg of algal biomass + 1 mL of 1N NaOH 
was taken in a test tube and placed in a boiling water bath for 
10min. The blank/sample tubes were added with reagent A ( 1 
mL of freshly prepared Na-K tartrate solution containing 0.5% 
of CuSO4 and 2% Na2CO3) and incubated for 10min. After 
incubation 0.5 mL of reagent B (Folin reagent) was added and 
incubated again for another 15min. Finally, the supernatant ab-
sorbance was recorded at 650nm. BSA solution standard curve 
was used to estimate the protein content (Lowry et al. 1951)

Carbohydrates

Carbohydrates in the six test cultures were estimated by the 
anthrone method. 1mg of algal sample and 1.25 mL of double 
distilled water were added to a test tube, to this suspension 
freshly prepared Anthrone reagent (4 mL) was added and 
mixed thoroughly in the same way blank/ standard/sample 
tubes were prepared and these tubes were placed in boiling 
water bath for 10 min. The absorbance of the supernatant was 
observed at 620 nm against blank. The carbohydrate content 
was analyzed with a standard glucose curve (Spiro 1966)

RESULTS AND DISCUSSION

Growth Observation 

The growth curve of all the six isolates was plotted (Fig. 1). 
It was observed that all the isolates showed an increase in 
growth as the time passed however in general an increase in 

growth was obtained from the fourth day after inoculation. 
The highest growth was obtained in AS-2(2). Followed by 
AS-2(4) and AS 1(1).

Protein 

The protein content of the isolates was also quantified as a 
standard growth parameter. The protein values were taken 
after a growth of 15 days for all the cultures (Fig. 2). An 
equal quantity of the biomass was taken for protein assay. 
The highest amount of protein was obtained with AS3(1) with 
38 micrograms per milligram protein, followed by As-2(2) 
with less than 37 μg/mcg per mg. The minimum quantity 
was observed in AS-5(1) at 28 μg/mcg per mg. 

Estimation of Carbohydrates 

Carbohydrate analysis: Carbohydrate content was highest 
in AS1 (1) followed by AS-2(4) and AS-2(2). The graphs and 
results show that carbohydrate content was low in AS-5[1] 
and the highest carbohydrate content was seen in AS-2[4] 
followed by AS-3[1] (Fig. 3).

Lipids 

RF value of lipids in single mobile phase: The five cyano-
bacterial isolates each showed separation of two lipid spots. 
With almost similar Rf, in the common range of 0.45 to 0.48 
and 0.52 to 0.54.

 

Fig.1:  Growth curve of the six cyanobacteria (Mangrove isolates), the growth was recorded 
every day for up to 10 days. Growth was measured as optical density at 663 nm.  
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RF value of lipids in two mobile phases: In two mobile 
phase systems AS1-(1) showed the largest number of the 
lipid spots with 9 separate spots developing with iodine 
followed by AS2-(2) (Plates 1-3 and 7-9)).  AS4-(2)(Plate 
10), and AS5-(1)  (Plates, 12) both showed the development 

of seven lipid spots the least number were observed in AS3(-
1) (plate-11). AS1-(2) showed the development of only six 
spots (plates 4-6). This result clearly indicates the much 
better separation of lipids spots of the cyanobacteria with 
the two solvent systems.  

Fig. 2: Protein content of test cyanobacterial isolates (AS-2(4), AS-3(1), AS-5(1), AS-1(1), 
AS-1(2), and AS-2(2)) was tested for 15 DOI cultures of equal biomass (as a Chl a measure).

Estimation of Carbohydrates  

Carbohydrate analysis: Carbohydrate content was highest in AS1 (1) followed by AS-2(4)
and AS-2(2). The graphs and results show that carbohydrate content was low in AS-5[1] and 
the highest carbohydrate content was seen in AS-2[4] followed by AS-3[1] (Fig. 3). 

Fig 3. Quantification of carbohydrates in cyanobacterial isolates by anthrone method. Equal 
biomass (as a measure of OD at 663nm) of all five isolates was used to test for total 
carbohydrate.
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RF value of lipids in the 2D development system

1. AS1-(1)  
Step-1                          chloroform : methanol: water

Lipids  

RF value of lipids in single mobile phase: The five cyanobacterial isolates each showed 
separation of two lipid spots. With almost similar Rf, in the common range of 0.45 to 0.48 and 
0.52 to 0.54. 

RF value of lipids in two mobile phases: In two mobile phase systems AS1-(1) showed the 
largest number of the lipid spots with 9 separate spots developing with iodine followed by AS2-
(2) (Plates 1-3 and 7-9)).  AS4-(2)(Plate 10), and AS5-(1)  (Plates, 12) both showed the 
development of seven lipid spots the least number were observed in AS3(-1) (plate-11). AS1-
(2) showed the development of only six spots (plates 4-6). This result clearly indicates the 
much better separation of lipids spots of the cyanobacteria with the two solvent systems.   

RF value of lipids in the 2D development system 

1. AS1-(1)   

   Step-1                          chloroform : methanol: water 

                   

 Plate 1: Lipid separation using Two mobile phases; Step 1, of 2D separation of isolate AS1-
(1) 

  

 Plate 1: Lipid separation using Two mobile phases; Step 1, of 2D sepa-

ration of isolate AS1-(1)

Step-2                                 Hexane: Diethyl ether: Acetic acid Step-2                                 Hexane: Diethyl ether: Acetic acid 

                  

  Plate 2: Lipid separation using Two mobile phases; Step 2, lipids after separation of isolate 
AS1-(1) 

    

Step-3                                           Treating with iodine  

                      

 

Plate 3: Lipid separation using Two mobile phases; Step 3, lipids stained with Iodine vapors 
of isolate AS1-(1)                                 

   

  

  Plate 2: Lipid separation using Two mobile phases; Step 2, lipids after 
separation of isolate AS1-(1)

Step-3                                           Treating with iodine 

 Step-2                                 Hexane: Diethyl ether: Acetic acid 

                  

  Plate 2: Lipid separation using Two mobile phases; Step 2, lipids after separation of isolate 
AS1-(1) 

    

Step-3                                           Treating with iodine  

                      

 

Plate 3: Lipid separation using Two mobile phases; Step 3, lipids stained with Iodine vapors 
of isolate AS1-(1)                                 

   

  

Plate 3: Lipid separation using Two mobile phases; Step 3, lipids stained 
with Iodine vapors of isolate AS1-(1)                                

  2. AS1-(2)                   
Step-1                      chloroform: methanol: water

2. AS1-(2)                    

       Step-1                      chloroform: methanol: water 

                        

 

Plate 4: lipid separation using Two mobile phases; Step 1, of 2D separation of isolate AS1-(2) 

 

Step-2                             Hexane: Diethyl ether: Acetic acid 

             

 

  Plate 5: Lipid separation using Two mobile phases; Step 2, lipids after separation of isolate 
AS1-(2) 

 

 

 

 

Plate 4: lipid separation using Two mobile phases; Step 1, of 2D separa-

tion of isolate AS1-(2)

Step-2                             Hexane: Diethyl ether: Acetic acid

2. AS1-(2)                    

       Step-1                      chloroform: methanol: water 

                        

 

Plate 4: lipid separation using Two mobile phases; Step 1, of 2D separation of isolate AS1-(2) 

 

Step-2                             Hexane: Diethyl ether: Acetic acid 

             

 

  Plate 5: Lipid separation using Two mobile phases; Step 2, lipids after separation of isolate 
AS1-(2) 

 

 

 

 

Plate 5: Lipid separation using Two mobile phases; Step 2, lipids after 
separation of isolate AS1-(2)

Step-3                                         Treating with iodine

Step-3                                         Treating with iodine 

 

                   

                         

 

Plate 6: Lipid separation using Two mobile phases; Step 3, lipids stained with Iodine vapors 
of isolate AS1-(2) 

3. AS2-(2) 

      Step-1     chloroform : methanol : water 

 

 

Plate 7: Lipid separation using Two mobile phases; Step 1, of 2D separation of isolate AS2-
(2) 

  

Plate 6: Lipid separation using Two mobile phases; Step 3, lipids stained 
with Iodine vapors of isolate AS1-(2)
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3. AS2-(2)
Step-1     chloroform : methanol : water

Step-3                                         Treating with iodine 

 

                   

                         

 

Plate 6: Lipid separation using Two mobile phases; Step 3, lipids stained with Iodine vapors 
of isolate AS1-(2) 

3. AS2-(2) 

      Step-1     chloroform : methanol : water 

 

 

Plate 7: Lipid separation using Two mobile phases; Step 1, of 2D separation of isolate AS2-
(2) 

  

Plate 7: Lipid separation using Two mobile phases; Step 1, of 2D separa-
tion of isolate AS2-(2)

Step-2    Hexane : Diethyl ether : Acetic acid
Step-2    Hexane : Diethyl ether : Acetic acid 

 

Plate 8: Lipid separation using Two mobile phases; Step 2, of 2D separation of isolate AS2-
(2) 

 

 

Step-3        Treating with iodine 

                                                   

 

Plate 9: Lipid separation using Two mobile phases; Step 3, of 2D separation of isolate AS2-(2) 

 

 

 

 

4. AS4-(2) 

Plate 8: Lipid separation using Two mobile phases; Step 2, of 2D separa-

tion of isolate AS2-(2)

Step-3 Treating with iodine

Step-2    Hexane : Diethyl ether : Acetic acid 

 

Plate 8: Lipid separation using Two mobile phases; Step 2, of 2D separation of isolate AS2-
(2) 

 

 

Step-3        Treating with iodine 

                                                   

 

Plate 9: Lipid separation using Two mobile phases; Step 3, of 2D separation of isolate AS2-(2) 

 

 

 

 

4. AS4-(2) 

Plate 9: Lipid separation using Two mobile phases; Step 3, of 2D separa-
tion of isolate AS2-(2)

4. AS4-(2)

 

Plate 10: Lipid separation using Two mobile phases AS4-(2) 

 

5. AS3-(1)      

 

Plate 11: Lipid separation using Two mobile phases AS3-(1) 

6. AS5-(1) 

 

Plate 10: Lipid separation using Two mobile phases AS4-(2)

5. AS3-(1)     

 

Plate 10: Lipid separation using Two mobile phases AS4-(2) 

 

5. AS3-(1)      

 

Plate 11: Lipid separation using Two mobile phases AS3-(1) 

6. AS5-(1) 

 

Plate 11: Lipid separation using Two mobile phases AS3-(1)

6. AS5-(1)

 

Plate 10: Lipid separation using Two mobile phases AS4-(2) 

 

5. AS3-(1)      

 

Plate 11: Lipid separation using Two mobile phases AS3-(1) 

6. AS5-(1) 

 

Plate 12: Lipid separation using Two mobile phases AS5-(1)
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The third type of lipid separation used was the 2D system, 
however, we were unable to find good development of spots, 
which may have been likely due to the need for standardiza-
tion of the solvent system.

The lipid weight of the lipid isolated from the same 
amount of culture is shown in Fig. 4. Just as observed with 

the number of lipid spots developed in the two solvent 
systems, the lipid quantity was highest in AS1-1, however, 
AS1-(2) which showed production of 0.446 mg of the lipid 
exhibited only six spots.

It is well known that lipid production differs quantita-
tively and qualitatively depending on the need in different 

Plate 13: Cultures growing under the light.
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Plate 13:  Cultures growing under the light.

             

Plate 12: Lipid separation using Two mobile phases AS5-(1) 

 

The third type of lipid separation used was the 2D system, however, we were unable to find 
good development of spots, which may have been likely due to the need for standardization 
of the solvent system. 

 

Fig. 4: Lipid weight (Lipid isolated from the same amount of culture). 

 

 

The lipid weight of the lipid isolated from the same amount of culture is shown in Fig. 4. Just 
as observed with the number of lipid spots developed in the two solvent systems, the lipid 
quantity was highest in AS1-1, however, AS1-(2) which showed production of 0.446 mg of the 
lipid exhibited only six spots. 

It is well known that lipid production differs quantitatively and qualitatively depending on the 
need in different cyanobacteria. It would be interesting to find out if the higher number of lipids 
produced would improve the lipid levels of a fish diet or the high quantity.  

Conclusion: Our work points out that mangrove cyanobacteria can be used as a source of good 
protein and lipid content for fish or other aquatic animals.  

The lipid content of cyanobacteria could prove a very important source for introducing lipids 
into fish.  
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cyanobacteria. It would be interesting to find out if the higher 
number of lipids produced would improve the lipid levels of 
a fish diet or the high quantity. 

Conclusion: Our work points out that mangrove cyano-
bacteria can be used as a source of good protein and lipid 
content for fish or other aquatic animals. 

The lipid content of cyanobacteria could prove a very 
important source for introducing lipids into fish. 
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