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Abstract

Bio-deteriorated waste is the leftover organic matter of unwanted raw food which if not handled
properly or left for natural degradation can cause health issues. Microorganisms have the ability
to biodegrade waste by secreting enzymes. The aim of the work was to isolate and identify lipase-
producing bacteria from waste polluted (Bio-deteriorated waste and Municipal Solid Waste) dumping
sites of Gandhinagar, Gujarat, India. Lipase-producing bacteria were isolated using tributyrin agar as
a selective medium. Out of 7 bacterial isolates, 1 isolate (HAL-2) gave the highest lipolytic activity.
HAL-2 was identified as Bacillus pumilus by 16S rRNA sequencing. The bacterial isolate gave maximum
lipase activity (0.68 U/mL) at 37°C and pH 7.0 Culture medium parameters such as carbon source,
nitrogen source, pH, and inoculum size were varied for the purpose of optimization. The maximum
lipase production was observed at pH 7.0, 37°C temperature. Inoculum size had an effect of direct
proportionality on lipase activity. Glycerol tributyrate was found to be the best substrate (0.68 U/
mL). Sucrose and Tryptone in the medium increased enzyme production when compared with other
carbon and nitrogen sources.
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INTRODUCTION

Developed countries create 521.95-759.2
kg of waste per person per year (kpc), compared
to 109.5-525.6 kpc in developing countries.
According to the most recent projections,
global MSW (Municipal Solid Waste) output is
approaching 2 billion tonnes per year, creating an
environmental hazard2.

Every day, Gujarat state, India, produces
8,336 metric tonnes of urban solid trash, while
national total solid waste generation is 1,33,760
metric tons per day in urban areas. Gandhinagar,
known as the Green city of the Gujarat state,
generate approximately 60 tons per day (TPD)
Municipal Solid Waste (MSW)3.

Enzymes are used as biological catalysts
without any environmental impact because of their
high specificity and economic advantages. Enzymes
are highly specific. Enzymes can be immobilised
and reused multiple times. Enzymes can also be
used to remediate trash that contains hazardous
substances. Enzymes naturally disintegrate with the
aid of decomposers, allowing the enzymes’ whole
chemical components to be returned back into
nature®. Enzymes are biomolecules that catalyzes,
which means, increase the rates of chemical
reactions. Most enzymes are proteins. Nearly
all metabolic processes in the cell need enzyme
catalysis in order to carry out chemical reactions®”.

Because of their catalytic activity, large
yields, and ease of genetic modification, microbial
enzymes are more valuable than enzymes
originating from plants or mammals.®2 Some
enzymes are used commercially in Dairy Industries,
Pharmaceuticals Industries, Textile Industries,
Brewing Industries, synthesis of antibiotics, etc.>*°

Lipase (E.C 3.1.1.3) is known as
triacylglycerol acyl hydrolase and belongs to the
hydrolases family. In an oil-water interface, lipase
catalyses the hydrolysis of triglycerides, turning
them to glycerol and fatty acids.'*!? Food, dairy,
flavour, medicines, biofuels, leather, cosmetics,
detergents, and chemical manufacturers industries
all utilise lipases. Lipases can be obtained from
plants, animals, and microbes, however, microbial
lipases are the most commonly employed class
of enzymes in biotechnological and organic
chemistry.9314

MATERIALS AND METHODS

Sample Collection and Physicochemical Analysis

Soil samples were collected from the
Gandhinagar Municipal Corporation (GMC)
dumping site from the depth of 10 cm. Bio-
deteriorated waste samples were also collected
from the vegetable market garbage, sector-21 of
Gandhinagar. 50 gm of each selected sample was
collected in sterile polythene bags and brought
to the laboratory and kept at 4°C for further
processing and use.

The physicochemical parameter
Temperature, pH, Moisture content, Total carbon
content and Total nitrogen content was analysed
by standard methods.**?

Screening and Identification of Bacterial Isolate

1 gm of soil and bio-deteriorated waste
samples were suspended in 9.0 mL sterile distilled
water. The sample were serially diluted up to
107 dilution. 0.1 mL of each dilution was plated
on Tributyrin agar plates containing 0.5% (w/v)
peptone, 0.3% (w/v) yeast extract, 1% (v/v)
Tributyrin and 1.5% agar, pH 7.0) by spread plate
method®®. Microbial colonies, which appeared on
Tributyrin agar plates were further sub cultured on
the respective media. The pure Isolates obtained
were transferred on Tributyrin agar slants and
preserved at 4-5 °C.

Identification of Lipase Producing Bacteria

The potent bacterial isolate showing
maximum zone of clearance was selected for
further analysis.’®¥” Morphological characteristics
of the bacterial isolate were studied for the
identification of the isolate.’®° For molecular
characterization the bacterial isolate was
submitted to Gujarat Bio-technology Research
Centre (GBRC), Gandhinagar for Partial 16S rRNA
gene sequencing.

Lipase Activity Test

Lipase activity was carried out by the
titrimetric method. Glyceryl tributyrate present
in Tributyrin broth was used as a substrate. 1 mL
culture was added to 100 mL Tributyrin broth and
incubated for 24 hrs at 37 °C. After incubation 15
mL mixture was centrifuged (REMI) at 5000rpm
for 15 minutes. To 10 mL supernatant 2-3 drops

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org


https://en.wikipedia.org/wiki/Metabolism
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Enzyme_catalysis
https://en.wikipedia.org/wiki/Enzyme_catalysis

Savalia & Dungrechiya | J Pure Appl Microbiol. 2022;16(4):2592-2600. https://doi.org/10.22207/JPAM.16.4.27

of phenolphthalein indicator were added and then
titrated against 0.01N NaOH.>*

Optimization of Media Parameters for High
Enzyme Activity
Effect of Temperature on Lipolytic Activity

For selection of optimum temperature for
the production of lipase the temperatures varying
from 25 °C-48 °C were selected by maintaining the
other parameters constant.??

Effect of pH on Lipolytic Activity

To study the effect of pH, the lipase
activity was measured at various pH ranging from
6.0 to 8.0 while the other parameters remained
unchangesd.*

Effect of Inoculum Size on Lipolytic Activity

1 % to 5 % inoculum was inoculated in
Tributyrin broth to study the effect of inoculum
size. Bacterial cultures were incubated at 37°C in
an orbital shaker with a 100-rpm agitation speed.
After 6 hours, the culture broth was collected by
centrifugation at 8000xg for 20 minutes at 4°C.
The supernatant was tested for enzyme activity
and utilized as a crude enzyme solution.?

Effect of Carbon Sources as Lipolytic Activity

To study the effect of carbon sources
on lipase production different carbon sources
such as sucrose, fructose, mannitol, glucose, and
starch were used. The carbon source present
in the production media was substituted at the
concentration of 1.0 %.%

Effect of Nitrogen Sources as Lipolytic Activity
The effect of nitrogen source was studied

by using different nitrogen sources like tryptone,

ammonium sulphate, ammonium chloride,

Table. Physicochemical properties of selected samples

ammonium nitrate and potassium nitrate. The
nitrogen present in the production media was
replaced at the concentration of 1.0 %.%*

Effect of Substrate on Lipolytic Activity

Glycerol tributyrate, groundnut oil,
sunflower oil, soybean oil, and cottonseed oil
were added to the production medium at the
concentration of 1.0% to study the effect of
different substrates on lipase activity.?*

Effect of Metal in on Lipolytic Activity

CusSO,, MgSO,, Zinc, KCL, FeSO, were
added to the production medium at a final volume
of 1 mM to study the effect of different metal ions
on lipase activity.

RESULTS AND DISCUSSION

Physicochemical Test of Samples

The temperature of the soil sample was
35.2°Cinthe Piranasite and 35.5 °Cin the Gyaspur
sitel. Whereas in our study the temperature
of the soil samples was 38°C, 32°C, 40°C, and
39°C of samples A1, A2, A2, and A4, respectively,
and bio-deteriorated waste sample’s temperature
was 32°C. The pH of GMC dumping site soil sample
Al, A2, A2, and A4 was 6.73, 6.58, 6.51, and 6.07
respectively and bio-deteriorated waste sample B
was 6.16 which is almost same as that obtained
by K.R. Atalia and his colleagues which was 6.5
and 6.6 respectively. The moisture content of the
sample was 25.80 % and 28.40 % in Pirana site
and Gyaspur site respectively in study of K.R Atalia
et al® but in our study moisture content of the soil
samples was 11.95 %, 8.78 %, 18.98 %, and 18.60
% of samples Al, A2, A2, and A4 respectively and
moisture content of the bio-deteriorated waste
sample was 42.60 %. In our study C/N ratio of soil

Sample name Temp. pH Moisture Total Total C/N

Content Carbon Nitrogen Ratio

Content Content
Al 38°C 6.73 11.95% 0.72% 0.48 % 1.50 %
A2 37°C 6.58 8.78 % 0.65% 0.49 % 1.32%
A3 40 °C 6.51 18.98 % 0.90 % 0.62 % 1.45%
A4 39°C 6.07 18.60 % 0.97 % 0.59 % 1.64 %
B 32°C 6.16 42.60 % 1.71% 1.92% 0.89 %
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samples of GMC dumping site was 1.50 %, 1.32
%, 1.45 %, and 1.64 of samples Al, A2, A2, and
A4 respectively and C/N ratio of bio-deteriorated
waste sample of vegetable market garbage site
was 0.89 % (Table).

Screening and Identification of Bacterial Isolate

A total of 7 morphologically different
bacterial strains were isolated from GMC dumping
site and Bio-deteriorated waste samples collected
from Vegetable market garbage sites, Gandhinagar,
Guijarat, India. The isolated strains were screened
for lipase production using Tributyrin agar media.
These isolates were identified based on cultural
and morphological characterization. They were
named as HAL 1, HAL 2, HAL 3, HAL 4, HAL 5, HAL
6, and HAL 7. Out of the 7 bacterial isolate, HAL 2
was found to be potent as it produced larger clear
zone (23 mm) than the others, indicating higher
lipase activity. The colony was medium in small and
irregular in shape and margin it was convex and
moist and opacity was opaque and pigmentation
was off white. The bacterial isolate HAL 2 was Gram
positive and big rod in shape.

Lipase Production (U/mL)

HAL 1

HAL 2 HAL 3 HAL 4

HAL 5

The selected bacterial isolate HAL2
was confirmed by sequencing of 16S rRNA
gene identified as Bacillus pumilus by Gujarat
Biotechnology Research Centre, Gandhinagar,
Guijarat. The 16S rRNA gene was amplified and the
resultant gene product was found to be 863 BP.
The 16S rRNA gene PCR product was sequenced,
and the results were deposited in GenBank under
the accession number MT539145.

Lipase Activity Test

Out of the 7 bacterial isolate, HAL 2
bacterial isolate gave maximum lipase activity
(0.68 U/mL) at 37°C and pH 7.0 (Figure 1) and
it was selected for further studies. The lipase
activity was low as compared to studies done by
R. Sangeetha et al.?

This may be because lipase production
is influenced by the type and concentration of
carbon and nitrogen sources, the culture pH,
the growth temperature and dissolved oxygen
concentration?*% Lipidic carbon sources appear
to be required for high lipase yields in most cases;
nevertheless, a few researchers have reported
good yields in the absence of fats and oils.?

HAL 6 HAL 7

Sample name

Figure 1. Lipase Production of Isolated bacteria

Optimization of Media Parameters for High
Enzyme Activity
Effect of Temperature on Lipolytic Activity

In the present study 37°C was found to
be the optimum temperature for lipase activity
(0.68 U/mL) Figure 2. The results show that lipase

activity increases up to 37°C and then declines
above the optimum temperature. Because most
organisms' enzymes rapidly denature at severe
temperatures, the decrease in lipase productivity
might be attributed to insufficient temperature for
microorganism growth and enzyme production.
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Figure 2. Effect of Temperature on production of Lipase

Similar results were reported in the study of
R. Sangeetha et al** and Sagar et al®® that the
maximum lipase production was at 37°C.

Effect of pH on Lipolytic Activity
The maximum lipase activity (0.69 U/mL)
was observed at pH 7.0, (Figure 3). R. Sangeetha

Lipase production (U/mL)

PH 6

PH 7
pH

Figure 3. Effect of pH on Lipase production

Effect of Inoculum Size on Lipolytic Activity
In our study, it was observed that there is
adirect relationship with inoculum size and lipase

37 oC 40 -C

et al’3, reported that the lipase activity for Bacillus
pumilus was highest at pH 9.0. Similarly, Lipase
produced by Bacillus pumilus SG2 exhibited
maximum activity at alkaline pH. According to
R. Sangeetha et al*, the enzymes were stable
between pH 7.0 and 11.0.

PH S8

activity. There was an increase in the lipase activity
as the inoculum size increased. (Figure 4).
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Lipase production (U/mL)

1.00% 2.00% 3.00%

4.00% 5.00%

Inoculum size (%)

Figure 4. Effect of Inoculum size on Lipase production

Effect of Carbon Sources as Lipolytic Activity
The carbon source present in the media
plays an important role in lipase activity. The lipase
activity was found to be maximum for sucrose
(0.75 U/mL) followed by glucose (0.71 U/mL) and
mannitol (0.69 U/ml) while optimizing the process

for carbon source. The different carbon sources
were added to the production medium at the
concentration of 1%. (Figure 5). Similar results
were obtained by R. Sangeetha et al** in which
Sucrose was found to be an effective carbon source
for the lipase production.

Lipase production (U/mL)

i

SUCROSE FRUCTOSE MANNITOL GLUCOSE
Carbon source

STARCH

Figure 5. Effect of different carbon sources on Lipase production

Effect of Nitrogen Sources as Lipolytic Activity
Beside carbon source, the type of nitrogen
source in the medium also influences the lipase
activity in production broth. In our study, the lipase
activity was found to be maximum for tryptone
(0.68 U/ml) (Figure 6). Microorganisms mostly

show high yield of lipase activity when organic
nitrogen sources are used. The inorganic nitrogen
sources i.e. Ammonium chloride also showed its
influence on lipase activity. R. Sangeetha et al** in
their study found Casein and yeast extract to be
effective in lipase production.
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Lipase production (U/mL)

*77 ' 7 I

TRYPTONE AMMONIUM AMMONIUM AMMONIUM POTTASIUM

SULFATE = CHLORIDE

B Nitrogen source
Figure 6. Effect of nitrogen sources on Lipase production

Effect of Substrate on Lipolytic Activity

HAL-2 showed maximum lipase activity
when the media was supplemented with 1%
Glycerol tributyrate. Apart from these, groundnut
oil, sunflower oil, soybean oil, and cottonseed oil
also showed positive effect on lipase activity but
it was less in comparison to Glycerol tributyrate.

NITRATE NITRATE

o |

Glycerol tributyrate can also be considered as a
best carbon source for lipase production. (Figure.7)
R. Sangeetha et al*, in their study found olive oil,
coconut oil and castor oil to be the best crude
substrates for lipase production. According to
Ertugrul S. et al* Olive oil was the best carbon
source for Bacillus sp. for lipase production.

Lipase production (U/mL)

i

GLYCEROL
TRIBUTYRATE OIL OIL

Substrate

Figure 7. Effect of substrate on Lipase production

COTTONSEED SUNFLOWER SOYBEAN OIL GROUNDNUT

OIL
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Effect of Metal ion Lipolytic Activity
HAL2 showed maximum lipase activity
in the presence of Fe?*ion in our study. Zn+ and

K+ also showed significant effect but it was less in
comparison Fe*. Mg? and Cu?* showed the least
effect (Figure 8).

P
'é 0.72
= 0.67 —
=
g B
=
~
=
=
e 0.38
2
L
<
B
-
CU+2 ZN+ K+ FE+2 MG+2
Metalion

Figure 8. Effect of Metal ion on Lipase production

CONCLUSION

From the present study lipase producing
bacteria were isolated from the dumping waste
site and bio-deteriorated waste. Out of the total 7
isolates obtained bacterial isolate HAL 2 exhibited
the highest lipase activity and was characterized
as Bacillus pumilus S113 through 16s rRNA partial
sequencing. Lipase activity was determined by
titrimetric method with higher activity of 0.67
U/mL at 37°C at pH 7.0. Optimization of culture
conditions such as pH, temperature, inoculum size
and various substrate were studied for production
of lipase. 1 % sucrose and tryptone were used
as carbon and nitrogen source respectively.
Limitations of the industrial use of these enzymes
have mainly been due to their high production
costs, which may be overcome by molecular
technologies.
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