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Abstract- This study aims to isolate and characterize pectinolytic bacteria from natural sources, including
soil, rotten fruits, and vegetables collected from a local vegetable market in Vadodara, Gujarat, India.
Pectinases, a group of enzymes that degrade pectin, have significant industrial applications in fruit juice
clarification, textile processing, and paper manufacturing. These isolates were screened for pectinolytic
activity using a pectin agar medium, where a hydrolysis zone was visualized by clear zones by flooding
with Lugol’s solution indicating the production of pectinase enzymes. Six isolates that demonstrated clear
zones were subjected to quantitative analysis. Polygalacturonase and Pectin methyl esterase activity was
determined to be highest with the isolate Sgpm23. The biochemical characterization of the six active isolates
revealed distinct metabolic profiles, including IMViC, nitrate reduction, urease activity, starch hydrolysis,
and various sugar utilization tests. The isolates included gram-positive cocci and gram-negative rods, with

varied biochemical behaviours.

INTRODUCTION

Pectinase is an enzyme used for the breakdown of
pectin. Pectin is found in a plant’s primary cell,
secondary walls, and middle lamella. It is deposited
during the initial phases of cell expansion (Voragen
et al., 2009). Methanol and galacturonic acid are the
two primary constituents of pectin. The pectin
polysaccharide comprised a series of polymers,
including -1, 4-D-polygalacturonase, -1, 4-D-
galactan, and a highly branched L-araban. Sugars
such as L-thamnose, L-arabinose, D-galactose, D-
xylose, and L-fructose are also present in addition to
D-galacturonic acid (Riyamol et al., 2023). Pectinases
are classified based on their mode of action as pectin
esterases, hydrolases, and lyases. Unsaturated
galacturonates are formed when the «-1,4-
glycosidic bond in pectic acid is broken by trans-
elimination, catalyzed by polygalacturonate lyase
(Akinyemi et al., 2017). Polygalacturonases catalyze
the hydrolytic breakdown of a-1,4-glycosidic bond
in pectic acid (Haile et al., 2022). The enzyme

polymethyl galacturonate esterase catalyzes the
methyl ester group of the galacturonate unit forming
methanol and pectic acid (Haile and Ayele, 2022).
These pectinolytic enzymes are made from yeast,
bacteria, and plants. They are used in food and
vegetable processing, recycling of waste paper, the
winemaking industry, extracting vegetable oils, and
coffee and tea processing (Shrestha et al., 2021).
Several bacterial and fungal strains are known to
produce pectinases. Industrially, pectinolytic
enzymes are produced by submerged and solid-state
fermentation using different strains of bacteria and
fungi respectively (de Alencar Guimaraes et al.,
2024). Due to the ease of the fermentation process
and the improvement of strain for the increased
production of enzymes, bacterial strains are
preferred over bacteria (Huang et al., 2019). Texeiria
et al. (2011) produced 27-fold greater PG than the
wild strain using recombinant P. griseoroseum
(Teixeira et al., 2011). Kapoor produced
polygalacturonase from Bacillus sp. MG-cp-2 under
submerged and solid-state fermentation.
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Researchers studied the pectinolytic activity of
resident fungi isolated from grapefruit in solid-state
fermentation (Adedayo ef al., 2021). The present
study aims to screen and isolate the pectinase-
producing bacterial strains from decomposing
fruits, vegetables, and the soil where the
decomposing fruits and vegetables are dumped.
Many different bacterial strains are isolated and
screened for pectinolytic enzymes. Based on the
results, the best producers of pectinase are isolated
and characterized biochemically.

MATERIALS AND METHODS

Enrichment and Isolation of Bacteria

Rotten fruits and vegetables were collected from a
local vendor and the soil sample was collected from
a dumping site from a local market near Vadodara,
Gujarat. The samples were collected in sterile bags
and stored at 4 °C. Pectin, Nutrient Broth, Yeast
extract and chemicalswere purchased from HiMedia
Labs.1 gm of soil sample was added to 100 ml of
sterile nutrient broth. Rotten fruits and vegetable
peels were added separately in the nutrient broth to
enrich the bacteria; dilutions were made from the
above broth after 24 hrs of incubation. 10*dilutions
were plated on nutrient agar separately for each
sample. The bacterial colonies that appeared were
further purified on the same media.

Primary Screening

A total of 44 colonies were purified and further
streaked on pectin agar medium. The colonies were
carefully examined for the presence of the
pectinolytic enzyme using Pectin Agar Medium
containing K. HPO, -0.3g/l, (NH ,),PO, - 3g/l, MgSO,
- 0.1g/1, Pectin -5g/1, and Agar- 2g/1 at 37 °C (pH 7)
(Jayani et al., 2010). After incubating for 24-48 hrs,
the plates were carefully flooded with Lugol’s
solution to allow for the visualization and
assessment of the hydrolysis zone (Hankin et al.,
1971). The colonies exhibiting the zone of hydrolysis
were used for further studies.

Secondary Screening

The colonies that showed the hydrolytic zone were
used for the quantitative screening using a pectinase
enzyme activity assay. The isolates that showed the
maximum clear zone around the colony were grown
overnight separately in 20 ml of sterilized pectin
broth medium at 37 °C for 24-48 hrs under shaking
conditions. The fermented broth of the six cultures

was centrifuged and supernatant was used to
determine polygalacturonase and pectin
methylesterase activity.

Polygalacturonase assay

One ml of supernatant as a crude enzyme was
added separately in each test tube with 1 ml of 1%
pectin (sodium acetate buffer, pH 5.5) in the reaction
mixture. The test tubes were then incubated at 40 °C
for 30 minutes. Following the incubation process, 1
ml of 3,5, Dinitrosalicylic acid reagent was added,
and placed in a boiling water bath for five minutes
or until the colour changed to orange-red. After
cooling the test tubes under tap water, 7 ml of
distilled water was added to each tube. The
absorbance at 540 nm was measured using a
spectrophotometer to quantify the amount of
reducing sugars (Miller, 1959). A blank was created
by mixing 1 ml of DNS reagent with 1 ml of distilled
water instead of crude enzyme.

Pectin methylesterase assay

Pectin methylesterase activity was calculated by
measuring the amount of methanol released by
titration using a pH meter. For assaying pectin
esterase activity, 1 gm of pectin was dissolved in 100
ml of 0.1 M NaCl (1% pectin-pH 7.0). 1 ml of
supernatant was added to the above solution and
incubated for 1 hour. The enzyme and the pectin
solution were titrated with 0.02 N NaOH (Zhang et
al., 2018). The reaction mixture consists of distilled
water and the pectin solution for the blank.

Pectin methylesterase activity (PME) was
calculated by the amount of methanol released by
using the following formula:

PME (units/ml) = (Vs- Vb) (Normality of
NaOH)(1000)/ (t) (ml of enzyme)

Vs -Volume of NaOH consumed for the
supernatant

Vb -Volume of NaOH consumed for blank

t- Time
Biochemical Characterization
The pectinolytic activity was used to screen forty-
four bacterial strains. Six out of 44 strains displayed
the hydrolysis zone on pectin agar media. Gram
staining and biochemical tests (IMViC, Nitrate,

Urea, starch hydrolysis, TSI, and Sugar utilization)
were used to characterize these strains.

Results Screening and isolation

On nutrient agar, 44 isolates from various sources
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were selected. Sgpm1-Sgpm9 from rotten grapes,
Sgpm10-Sgpm12 from lemon peels, Sgpm13-
Sgpm?20 from decaying tomato, Sgpm21-Sgpm?28
from papaya peels, Sgpm?29-Sgpm36 from carrot
peels and Sgpm37-Sgpm44 from local market
garbage soil. Pure cultures were kept at 4°C for
subsequent investigation using pectin agar. The
isolates Sgpm4, Sgpm6, Sgpm?7, Sgpm15-20, and
Sgpm44 failed to grow pectin agar media as shown
in Figure 1A&B.

Fig. 1. A-Isolates Sgpm1-Sgpm12 from rotten grapes and
lemon peels, B-Isolates Sgpm13-Sgpm36 from
decaying tomato, papaya peels, and carrot peels
and Sgpm37-Sgpm44 from soil.

The isolates that could grow on pectin agar were
tested for pectinolytic activity by flooding the plates
with Lugol’s solution to identifies the zone of pectin
hydrolysis. Six isolates Sgpm21, Sgpm23, Sgpm?24,
Sgpm30, Sgpm34, and Sgpm38 showed the zone of
pectin hydrolysis, as shown in Figure 2.

Fig. 2. Primary Screening of the isolates showing zone of
pectin hydrolysis
Polygalacturonase assay

The isolates Sgpm21, Sgpm?23, Sgpm?24, Sgpm30,
Sgpm34, and Sgpm38 were subjected to DNS assay

to determine the amount of reducing sugars. The
amount of sugar molecules released in pg/ml/min
was calculated using a glucose standard graph. The
results are tabulated below in Table 1. The isolate
Sgpm?23 exhibited the highest polygalacturonase
activity at 1.075 pmol/ml/min (Khan and Latif 2016),
followed by Sgpm?21, Sgpm34, Sgpm30, and
Sgpm38. In contrast, Sgpm24 demonstrated the
lowest enzyme activity at 0.8 pmol/ml/min.

Table 1. Secondary Screening of the isolates showing
polygalacturonase activity.

Isolate Enzyme activity (umol/ml/min)
Sgpm21 1.525

Sgpm23 1.775

Sgpm?24 0.8

Sgpm30 1.425

Sgpm34 1.475

Sgpm38 1.075

Pectin methylesterase assay

Pectin methylesterase activity was calculated as
milli equivalents of NaOH consumed or acid
produced/min/ml of crude enzyme under the assay
conditions. Sgpm23 showed the maximum pectin
methylesterase activity of 72 U/ml (Kumar et al.,
2016) Sgpm24 showed the least pectin methyl
esterase activity of 30 U/ml as shown in Table 2.

Table 2. Secondary Screening of the isolates showing
pectin methylesterase activity

Isolate Enzyme activity U/ml
Sgpm21 60
Sgpm23 72
Sgpm?24 30
Sgpm30 45
Sgpm34 50
Sgpm38 40

Unit is defined as milliequivalents of NaOH
consumed under the assay conditions.

Morphological and Biochemical characterization

Gram-positive cocci were detected in isolates
Sgpm21, Sgpm23, Sgpm?24, and Sgpm38. Sgpm30
and Sgpm34 were discovered as gram-negative
rods. The biochemical assays revealed that Sgpm21,
Sgpm23, and Sgpm38 were catalase-positive and
oxidase- positive (Holt et al., 1994) as shown in Table
3.
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Fig. 4. The isolates showing pectin methylesterase activity

DISCUSSION

The research aims to isolate and characterise
bacteria with pectinolytic activity from various
sources such as soil, rotten fruits, and vegetables.
The study aimed to find bacterial strains that can
produce pectinase enzymes important for industrial
operations, including fruit juice clarifying, textile

bacterial colonies were isolated, indicating a diverse
microbial community in the samples. Among the 44
isolates examined, merely six exhibited distinct
zones of pectin hydrolysis, demonstrating their
capacity to produce pectinase enzymes as
determined by Polygalacturonase assay and Pectin
methylesterase assays. According to the results,
isolate Sgpm23, which was isolated from papaya

processing, and paper manufacturing. A total of 44 peel, exhibited the highest levels of
Table 3. Biochemical Characteristics of the isolates showing pectinase activity

Biochemical Test Sgpm21 Sgpm23 Sgpm?24 Sgpm30 Sgpm34 Sgpm38
Indole + + - - - -
MR + + + + + -

VP - - - - - -
Citrate + + + + - +
Urease + - - + + -
TSI +/G +/G +/G + +/G

Nitrate - - - - - -
Starch Hydrolysis + - - + - -
Catalase + + + - + +
Oxidase + + - + - +
Glucose + + + + + No G/A
Lactose + + + + + No G/A
Mannitol - + + + + No G/A
Sucrose + + + + + No G/A
Protease + + + + + -
Haemolysis - - - + - -

*G/A — Gas / Acid formation, G - Gas Formation
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polygalacturonase and pectin methylesterase
activity (Koubala et al., 2014). This suggests that
Sgpm23 could be a potent source of pectinase for
industrial applications. No published studies
regarding pectin methylesterase-producing bacteria
isolated from papaya peel were identified in the
literature. The study found that the isolates
belonged to gram-positive cocci and gram-negative
rods, with variations in their biochemical profiles.

CONCLUSION

This study investigated the isolation of potential
pectin methylesterase and polygalacturonase-
producing bacteria from papaya peel. This research
also provided insights into the physiological and
metabolic capabilities of the isolates.
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