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Petroleum is a natural source of energy being largely consumed by world’s
population. But consumption of petro products is not only exhausting
availability of crude oils but also increasing greenhouse gases and creating
expensive as well as challenging waste recycling issues. Microbial lipid
could be an alternative to petroleum, containing a high fraction of
polyunsaturated fatty acids which could serve as the potential source of
significant quantities of transportation fuels. In the present study, an attempt

fatty acids, oleaginous, petroleum. has been made to isolate oleaginous endophytes, the microorganisms

prevailing inside the plant part that is supposed to contain lipid in abundance
within them. Further characterization of the isolates has been done which
would give an ideal oleaginous microorganism, useful in the production of
microbial lipid, an alternative source of petroleum.
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Introduction:-

Energy is a critical input for socio-economics development, which is growing very rapidly day by day. The
development can be directly related to energy consumption, the standard of living and demand for conventional
sources of energy. Even though only approx. 16% of natural or renewable energy is used worldwide (Voloshin et al.,
2015), it still plays a dominant role in current socio-economics development. Among these conventional energies,
petroleum is the largest fuel used up by world’s population (Brennan et al., 2008). Petro products are present
everywhere in the society. Global demand for petroleum is predicted to increase by up to 40% by 2025
(Subramaniam et al., 2010). But since conventional energy has some limitations like lack of abundance, non-
renewable characteristics, polluting and creating expensive and challenging waste recycling issues, these
conventional sources of energy are predicted to last for only next few decades. The limiting factors of conventional
sources of energy have compelled the researchers to find alternative sources of energy for maintaining and
developing the socio-economics scenarios.

Biodiesel fuel is comparable or equivalent to petroleum diesel, only differing in the manner of origination, i.e.
deriving from biological sources. It is produced from vegetable oils (Bunyaki et al., 2006), plant oils or animal fats
by transesterification with low molecular weight alcohols (Lang et al., 2001). Soybean is a major source of biodiesel
but other sources must include rapeseed, canola, palm, coconut seed, sunflower, and peanut. It can also be made
from recycled cooking greases. These are esters of fatty acid (Subramaniam et al., 2010). It was first demonstrated
by Rudolph Diesel in 1898 at World Exhibition in Paris with peanut oil as fuel (International Energy Report, 2008).
Biodiesels can be used in its pure form but generally, it is blended with standard diesel fuel. The blends are indicated
with the abbreviation Bxx, where xx represents the percentage of biodiesel in the mixture. It is safe to use and can be
used with slight or no modifications. It has many advantages like it reduces CO, emission by 78%, lowers the
carcinogenic properties of diesel fuel by 94%, degrades four times faster than conventional diesel fuels, decreases
the dependence on imported oil, contributes to engine’s ease of movement, decreases the clogging problem as it acts
as solvent which loosens the deposits inside engine causing clogging problems, is safe to use, is nontoxic, has higher
flashpoint than conventional diesel, since it burns at higher temperature, there are fewer chances to combust
accidently, also movement and transportation become easier.
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Traditionally, it is made from vegetable oil, animal fats and waste cooking oils (Liu et al., 2008). But the production
of biodiesel from plants is bit problematic because of a long time and a large amount of land required for plant
cultivation from which these biodiesels can be made. Using of plant-based feedstock encounters a problem that their
use for biodiesel production would turn away agricultural lands from their original purpose that is food production
and compete with edible oils, thus leading to food insecurity and rise in food prices. This further led the researchers
to find alternative sources of biodiesel which are cheap, time saving and easy to handle. (6, 7)

Some microbes can accumulate lipid in the cell more than 20% of their dry weight in the form of triacylglycerols.
These microbes are called as oleaginous microorganisms (Certik 1999). These microbes can use various agro-
industrial residues like molasses (Zhu et al., 2008), methanol (Rupcic et al., 1996), orange peel (Gema et al., 2002),
monosodium glutamate (Xue et al., 2006), sewage sludge (Angerbauer, 2008), starch (Papnikolaou et al., 2007) and
pectin (Papnikolaou et al., 2007).

Endophytes are the microorganisms that are supposed to prevail in the plant parts without visibly harming the plant
(Fisher and Pertini, 1987). These endophytes have sometimes been found to produce chemical compounds which are
similar to those of the host chemicals (aly et al., 2010).

This led to the development of Biofuel production from microorganisms which are major approach towards energy
independence, reducing greenhouse gas emission, revitalizing rural communities, enhancing sustainable economic
development (Chunjie et al., 2011)

The present study has been focused on the isolation of those endophytes which are oleaginous from the sources
which have a higher percentage of lipid content.

Materials and methods:-

Sample Collection and Isolation of Endophytes:- Leave samples of Anacardi Occidentale (Cashew), Brassica
(Mustard), Cymbopogon (Citronella) were collected from BIT Medicinal Garden in a sterile plastic bag and brought
to the laboratory. Processing of the sample was started within 2-3 hours of arrival. Rest of the sample was kept at
4°C for further use.

The isolation of endophytes was carried out using spread plate technique for which surface sterilization was done by
cutting the sample into small pieces and washed with tap water, distilled and finally rinsed with Bavistine. Only one
sample was handled at a time. Then samples were transferred to Laminar Air Flow and washed with chemicals 70%
ethanol, 0.01% HgCl, and 4% NaOCI for 30 seconds, 5 minutes and 2-3 minutes respectively in different sterile
beakers (Ahmad et al., 2012). After every chemical wash, the samples were subsequently washed with sterile
distilled water in separate sterile beakers. Once surface sterilization was done, the sides of the leaves were cut with
sterile scalpel and forceps in a petriplate. Then these leaf pieces were picked up with forceps and placed on the
Terrific Agar plates for 10 minutes. The plates were marked as control. Thereafter, leaf pieces placed on control
plates were transferred to a mortar with the addition of 3 to 4 ml of sterile distilled water and crushed finely with the
help of pestle. 200 pl of this aqueous solution was poured on Terrific Agar plate and spread uniformly (Costa et al.,
2012). This process was repeated for each of the samples. Control as well as test plates, both were incubated at
37°C for 24 to 74 hours. The selected colonies were streaked on slants for further use.

Cell Lysis:- For extracting the lipid, present within the cells, the cells were harvested by growing in nutrient broth
medium and centrifuged. The pallets that were obtained were weighed and dissolved in chloroform. Thereafter, cells
were lysed by the ultra-sonication method and subjected to centrifugation (Shilpa et al., 2012).

Biochemical Characterization:- The obtained endophytic colonies were characterized for cultural characteristic
(on the basis of color, margin, texture, elevation and opacity of the colony), morphological characteristics (Grams
staining was done and slides were observed under light microscope under 10X, 40X and 100X magnification so as
to characterize on the basis of Grams reaction) and different biochemical tests were performed (Catalase Test,
Methyl Red Test, Voges-Proskauer Test, Citrate Utilization Test, Hydrogen Sulphide Production Test, Nitrate
Production Test, Starch Hydrolysis Test, Sugar Fermentation Test).

Lipid Estimation:- The lipid estimation was carried out using phosphovallin method. For this, 20 ul of the samples
were taken in different clean, dry test tubes. Then, 0.2 ml of H,SO, was added to each test tube. Tubes were mixed
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well on vortex for 10 minutes. Then samples were cooled in water at room temperature. Thereafter, 10 ml of
phosphovallinin was added to each tube and incubated for 10 minutes in water bath at 60° C. Finally, Optical density
of samples was taken at 530 nm and quantity of lipid was estimated by using standard plot (Fig-1)

1 -
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

0 T T T T T !

0 10 20 30 40 50 60

Lipid (ul)

OD @ 530 nm

Fig-1:- Standard plot for estimation of quantity of lipid.

Result and discussion:-

A total of 4 colonies were obtained on cashew test plate, 2 on Citronella plate, and 35 on Mustard test plate. Out of
them, 1 colony was selected from both Cashew and Citronella and 2 from Mustard plates for further studies and
characterization. The isolates were named as Cashew, Citronella, Col A, Col B. isolates.

The cultural characteristics of the obtained endophytes were studied and classified on the basis of color, texture,
margin, shape, elevation, opacity. The observation has been tabulated in Table-1. The Gram’s Reaction and the
morphological characteristics of bacterial isolates were studied by preparing slides and observing under a light
microscope at 10X, 20X, and 100X magnification (Table-2).

On the basis of biochemical tests (Table-3), the isolated endophytes were identified using ABIS Online Software.
The isolate obtained from cashew isolate was identified as Solibacillus silvestris (88% identified by ABIS Online).
The one isolated from citronella leaves Paenibacillus curdlanolyticus (88% identified by ABIS Online). From the
mustard plant, two colonies were isolated. One was identified as Bacillus megaterium (68% identified by ABIS
Online) and another colony was identified as Paenibacillus jamilae (73% identified by ABIS Online).

The lipid content in isolated endophytes was estimated in terms of by mass percentage composition. Among all the
four endophytes, Cashew Isolates has highest lipid content of 30.58% (w/w) and Citronella Isolates having lowest
lipid content of 0.039% (w/w). Col A and Col B having lipid content of 1.574% (w/w) and 12.87% (w/w)
respectively. Since the lipid content of Cashew Isolates having higher than the 20% so it may be considered as an
oleaginous endophyte.

Table 1:- Cultural characteristics of the isolated endophytes.

S. No. | Characteristics | Cashew Isolates | Citronella Isolates | Col A Col B

1 Color White Creamy Whitish Creamy Whitish | Cream

2 Texture Smooth Smooth Smooth Glossy and granular
3 Margin Slight Undulate Entire Entire Slimy

4 Shape Circular Circular Circular Circular

5 Elevation Flat Flat Raised Flat

6 Opacity Opaque Opaque Opaque Translucent
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Table 2:- Gram’s Reaction and morphological characteristics of the isolated endophytes.

Sample Grams Reaction Shape Arrangement
Cashew Isolates -ve Cocci In chain
Citronella Isolates +ve Cocci Single
Col A -ve Rod In chain
Col B -ve Cocci In chain

Table 3:- Biochemical characteristics of isolated endophytes

S.No. Biochemical Tests Cashew Citronella Isolates Mustard Col. A Mustard
Isolates Col. B

1. Starch Hydrolysis -ve +ve +ve +ve

2. Nitrate Test +ve +ve +ve -ve

3. Methyl Red Test +ve +ve +ve +ve

4, Voges Proskeur Test -ve -ve -ve -ve

5. H,S production Test -ve -ve -ve -ve

6. Citrate Utilization Test -ve -ve +ve -ve

7. Caesin Hydrolysis Test -ve +ve +ve +ve

8. Catalase Test -ve -ve -ve -ve

9. Lactose Fermentation Test +ve -ve -ve -ve

Table 4:- Lipid content in the isolated endophytes.

Sample Lipid Content (w/w)

Cashew Isolates 30.58%

Citronella Isolates 0.039%

Col A 1.574%

Col B 12.87%

Conclusion:-

Oleaginous endophytes may be a promising alternative for the production of microbial lipid. In present study the
endophytes isolated from the Cashew plants having higher lipid content of 30.58% so, it may be claimed as an
oleaginous. The 16S rDNA based identification may further confirm the nature of this oleaginous endophytes.
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