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Abstract: Pectinases are a group of enzymes with broad application, including in plant fiber processing, pectic wastewater treatment, paper pulping, fruit juice extraction, and clarification. With
an increasing industrial demand for these enzymes, it is useful to isolate organisms that produce
large amounts of pectinase and possess wide ranges of stability factors like temperature and pH.
In this study, 17 out of 29 bacteria (58.62%) from forest soil samples were pectinolytic. However,
only four bacteria (S-5, S-10, S-14, and S-17) showed high pectin hydrolysis zones (ranging from
0.2 cm to 1.7 cm). These four bacteria were identified based on colony morphology, microscopic
characterization, biochemical characteristics, and 16S rDNA sequencing. They were designated as
Streptomyces sp. (S-5, S-14), Cellulomonas sp. (S-10), and Bacillus sp. (S-17). Interestingly, bacteria
showed cellulase and xylanase activity in addition to pectinase. The quantitative assay for pectinase
activity of the four isolates provided proof that they are pectinase producers and can be considered
potential candidates for industrial uses. The crude enzyme extracts of these bacteria are applicable in
oil and juice extraction from sesame seeds and apples, respectively.
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1. Introduction
Pectinases catalyze the degradation of pectic polysaccharides into simpler molecules
like galacturonic acids [1]. Pectinases are found in bacteria, fungi, yeasts, plants, and
insects [2]. The biotechnological potentials of pectinase from microorganisms are of great
interest due to their broad substrate specificity and versatility [1]. Pectinases are widely
used in industrial applications such as processing fruits and vegetables, production and
clarification of juice, fermentation of tea and coffee. In addition, pectinases are exploited
for bleaching pulp and recycling wastepaper, animal feed, vegetable oil extraction, and
pretreatment of wastewater produced from different fruit juice industries. Moreover, pectinases are applied for bioethanol production, liquefaction and saccharification of biomass,
bio-scouring of cotton fiber, retting and degumming plant fiber, and oil extraction [3–5].
A recent study also showed that pectinase-treated fruit juice has inhibitory effects on colorectal cancer proliferation [6]. Due to the extensive applications of pectinase in different
avenues, the demand for pectinase enzymes is increasing continuously [7]. With growing
opportunities and the need for pectinase use worldwide, it is beneficial to isolate and
characterize new pectinase-producing bacteria. Different microbes, including bacteria,
fungi, yeast, insects, are habituated in soil, and it is the most readily available source for
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microbes [8]. Thus, the present study focuses on isolating and identifying the pectinaseproducing bacteria from the forest soil, understanding their phylogenetic relationship with
each other, and studying their application in oil extraction from sesame seeds and juice
extraction from apples.
2. Materials and Methods
2.1. Collection of Samples
The soil sample was collected during the end of spring and beginning of summer 2019
from the three nearby boreal forests in Thunder Bay, Ontario, Canada. The topsoil was
collected with sterile spatulas, kept in clean zip lock bags, and transferred to the laboratory
as soon as possible after collection.
2.2. Isolation of Pure Bacterial Strains and Preservation
Initially, 5 g of soil sample was taken in a sterilized Erlenmeyer flask (250 mL),
and 45 mL of 0.9% (w/v) autoclaved NaCl solution in distilled water was added. The
homogenized samples were agitated for an hour at 120 rpm in a shaking incubator and
then serially diluted until 10−4 and 10−5 . For the isolation of a single pure bacterium, a
sample of 0.1 mL aliquots from each dilution was spread onto sterilized and solidified
nutrient agar (NA) plates with the help of sterile disposable spreaders. Then these plates
were cultured at 35 ◦ C for 24–48 h. Different colonies from countable plates were selected
and sub-cultured on NA plate by streak plate technique until a pure isolated colony was
observed. Pure cultures of microorganisms were stored at 4 ◦ C after streaking in NA slant
for further studies.
2.3. Screening of Isolates for Pectinase Activity
The isolates were primarily screened for pectinase activity by point inoculation on
1% (w/v) pectin agar, i.e., pectinase screening agar medium (PSAM), pH 5.5 ± 0.5, and
incubated at 35 ◦ C for 24–48 h. After 48 h of incubation, when colonies of 2–4 mm
were observed, the plates were flooded with 50 mM iodine potassium iodide solution. A
transparent halo zone around the colonies indicated the isolates could produce pectinase [9].
Once a halo zone around the colonies was noted, further different tests were performed
on those bacteria as described below. Similarly, screening for cellulase, xylanase, and
amylase activity was performed by flooding congo red and iodine solution over the
colonies isolated in the agar plate containing 1% (w/v) CMC, 1% (w/v) xylan, and 1%
(w/v) starch respectively. The halo or clear zone was the indication of pectin degradation.
Pectin degradation index (PDI)% was calculated as PDI% = (colony diameter + clear zone
diameter)/clear zone diameter [10]. The composition of different media is described in
Supplementary Materials.
2.4. Identification
After selecting bacteria with pectinolytic properties, they were streaked on NA plates
and incubated at 35 ◦ C to produce isolated colonies. From the pure individual growth,
colony morphology, biochemical studies, and molecular analysis were performed.
2.5. Colony Morphology and Different Tests
Once the pure isolated colonies were observed in NA agar plates, size, shape, elevation,
color, consistency, and transparency-like characteristics of each colony were noted. From
each different colony, various tests were performed, such as Gram’s staining, capsule staining, biofilm production, catalase, oxidase, indole, methyl red (MR), Voges-Proskauer (VP),
citrate use, DNase, urease, hemolysis, antibiotic susceptibility, etc. Additional information
on the tests is presented in the Supplementary Materials.
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2.6. Genomic DNA Extraction, 16S rDNA Amplification, and Extraction of DNA from Gel
Pure isolated colonies were picked up from NA plates with a sterile toothpick and
resuspended in 50 mL of Luria-Bertani (LB) broth and incubated at 35 ◦ C for 18–24 h.
From this suspension, the genomic DNA of selected isolates was extracted by the freezethaw cycles method as described by Chen et al. [11]. The 16S rDNA gene of the isolates
was amplified by Taq DNA polymerase with a universal eubacterial primer set, (Forward Primer) 27F-50 -AGAGTTTGATCCTGGCTCAG-30 and (Reverse Primer) 1492R-50 GGTTACCTTGTTACGACTT-30 .
The amplification system contained 2 × Taq PCR Master Mix of 10 µL (10 × Taq DNA
polymerase buffer, 10 mM dNTPs, 25 mM of MgCl2 , 1 U of Taq DNA polymerase), 1 µL
of 10 µM forward and reverse primers respectively, 1 µL of the genomic DNA template,
and 7 µL of distilled water making a total volume of 20 µL. The PCR reaction conditions
used were as follows: denaturation at 94 ◦ C for 5 min and a cycle starting at 94 ◦ C for 30 s,
followed by annealing at 55 ◦ C for 30 s, extending at 72 ◦ C for 1.5 min for 33 cycles, and
finally extending at 72 ◦ C for 10 min. The PCR products were determined by 1% (w/v)
agarose gel electrophoresis. The target fragments from the gel were cut, and DNA was
extracted from the gel with a gel extraction minipreps kit (Biobasic) and then sent for
DNA sequencing.
2.7. Gene Sequencing and Phylogenetic Analysis
The 16S rDNA sequences of the isolates were compared with known sequences
found in the GenBank operating the basic local alignment search tool (BLASTn) of the
National Center for Biotechnology Information (NCBI). Isolates were identified based
on the percentage similarity with the known species sequences in the database. New
sequences of those isolates were deposited in GenBank (accession numbers W547427MW547430). For molecular analyses, the accessible sequence data for all related species
of Cellulomonas sp., Streptomyces sp., and Bacillus sp. were downloaded from the NCBI
database. All the sequences were congregated and parallelized using the Clustalw module
in BioEdit v. 7.0.9.0 [12] with default settings. Phylogenetic analysis was constructed using
a Neighbor-Joining (NJ) tree with 1000 bootstrap using MEGA 7 [13].
2.8. Growth at Different Temperature and pH
The selected isolates were cultured in NA and incubated at different temperatures
ranging from 25 ◦ C to 50 ◦ C. They were also cultivated in NA with different pH levels
(5 to 9) and at 35 ◦ C. The colonies of the isolates were observed and noted after 24 h
of incubation.
2.9. Quantitative Determination of Pectinase Enzyme Activity
The concentration of reducing sugar was estimated by the dinitrosalicylic acid (DNS)
method [14]. The reaction products after the degradation of pectin by a pectinase were
reducing sugars. The quantity of reducing sugars obtained by the sample was calculated
with the standard graph curve obtained from different galacturonic acid concentrations
versus absorbance following the same procedure [14]. The enzyme activity (U/mL) was
calculated according to Equation (1) [15]:
Enzyme activity (U/mL) =

µg galacturonic acid released × V
v × 194.1 × t

(1)

where V is the total volume of solution, v is the volume of the crude enzyme used in
the assay, 194.1 is the molecular weight of galacturonic acid, and t is the reaction time
in minutes.
One unit of enzymatic activity (U) was defined as the amount of enzyme required to
release 1 µmol of reducing sugars per minute [14].
For enzyme activity assay, 1 mL samples of freshly grown culture were centrifuged at
10,000 rpm for 5 min. The supernatant obtained represented the crude enzyme extract, and
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1% (w/v) pectin in phosphate buffer (0.1 M, pH 7) served as the enzyme assay substrate.
From the prepared substrate, 20 µL was taken into a well, and 10 µL of enzyme extract
was added, then kept in a water bath (50 ◦ C) for 10 min. The mixture temperature was
then lowered to room temperature, 60 µL of DNS reagent was added, and the solutions
were kept in a boiling water bath for 5 min. Finally, the absorbance of the solutions was
measured at 540 nm using a spectrophotometer. Enzyme blank and reagent blank were
also measured for quantitative analysis of pectinase.
2.10. Application in Oil and Juice Extraction
Oil extraction was performed as described by Demir et al. with slight modification [16].
Sesame seeds were dried, cleaned, and stored at room temperature. Two grams of sesame
seeds were weighed and ground with mortar and pestle. When the seeds were ground,
2 mL of the crude enzyme was added (for control samples, distilled water was added
instead of enzyme extract). The paste formed was transferred into 50 mL centrifuge tube
by adding 10 mL of water. The mixture was incubated at 50 ◦ C for 1 h and centrifuged at
4000 rpm for 20 min. The floating layer of emulsified oil was collected in another test tube,
and the volume was measured.
For juice extraction, an apple was washed, cut into small pieces, and weighed (25 g).
Thereafter, apple pieces were ground with mortar and pestle by adding 4 mL of crude
enzyme. The apple paste was transferred into a 50 mL centrifuge tube by rinsing the mortar
and pestle with 10 mL of distilled water. The mixture was incubated at 50 ◦ C for 1 h and
centrifuged at 5000 rpm for 20 min. The amount of clear supernatant was measured and
collected in another tube. The percentage juice recovery, clarity, and relative viscosity of
the recovered apple juices were analyzed. The clarity of the apple juice was analyzed
by taking absorbance at 660 nm using a UV visible spectrophotometer. Furthermore,
the relative viscosity of the juice was measured at room temperature using an Ostwald
viscometer. The percentage of juice recovery was calculated as ‘(apple weight − total solid
waste) × 100/apple weight’.
2.11. Statistical Analysis
The tests in this study were performed in triplicate, and the values are expressed as
mean with standard deviation. The statistical significances were assessed using one-way
analysis of variance (ANOVA) followed by the Tukey–Kramer comparison. A p-value less
than 0.05 is regarded as statistically significant for the experimental data.
3. Results
3.1. Isolation of Pure Bacterial Strain and Preservation
The forest soil was serially diluted, spread on NA plates, and incubated at 35 ◦ C
for 24 to 48 h. After this incubation, we observed different isolates with different colony
morphologies. From these various colonies, 29 different isolates were selected based on
their color, elevation, consistency, transparency, edges, etc. They were subcultured on the
NA plate until the pure colonies were isolated. Screening of pectin hydrolyzing activity
was based on observing halo zones around the microbial colonies. Among 29 isolates,
only 17 (58.62%) isolates produced a halo zone around the colonies and were considered
as having pectin hydrolyzing properties. These 17 bacterial strains were preserved with
streaking on the nutrient slant and storing them at 4 ◦ C for further study.
3.2. Screening, Identification, and Growth Conditions of Pectinolytic Isolates
Of 17 pectin hydrolyzing isolates, four isolates (S-5, S-10, S-14, and S-17) showed the
high hydrolysis zone and were selected for the identification (see Supplementary Materials;
Figure S1). The isolates were identified based on colony morphologies, biochemical tests,
and 16S rDNA sequencing. After reading the colony characteristics, they were subjected to
various tests, including capsule staining, starch hydrolysis, gelatin hydrolysis, antibiotic
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susceptibility, biofilm production, etc., and the results, along with the colony characteristics
and their PDI%, are shown in Table 1.
Table 1. Different tests result of the four selected isolates with pectinolytic properties.
Different Tests

Isolate S-5

Isolate S-10

Isolate S-14

Isolate S-17

Colony characteristics

Small circular rough
(grey powdery) colony
having raised convex
elevation with hard
consistency

Small yellowish
glistering smooth,
raised colony with
soft consistency

Small circular rough
(white powdery)
colony having raised
convex elevation with
hard consistency

Small whitish
noncircular, flat
with not smooth
edge (jagged edge)

Pectin hydrolyzing zone (D-d)
[PDI%]

22 − 5 = 17 [129.41]

15 − 3 = 12 [125.0]

16 − 2 = 14 [114.28]

12 − 2 = 10 [120.0]

Gram staining

+

+

+

+

Cell morphology

rods

rods

filamentous

rods

Spores

+

−

+

+

Capsule

−

−

−

−

Biofilm

−

−

−

−

Catalase

+

+

−

+

Oxidase

−

−

−

−

Indole

−

−

−

−

MR

+

+

−

−

VP

−

+

−

−

Citrate

−

−

−

−

H2 S

−

−

−

−

TSI

alkaline/alkaline

acid/alkaline

alkaline/alkaline

acid/acid

DNase

+

+

+

+

Urease

−

−

−

−

Hemolysis

−

−

−

−

Starch hydrolysis

+

−

−

++

Gelatin hydrolysis

−

−

−

−

Lactose

−

−

−

−

VRB

−

−

−

−

Cellulase (D-d)

+ (15)

+ (3)

+ (9)

−

Xylanase (D-d)

+ (8.5)

−

+ (7)

+ (4)

+ (2)

−

−

+ (5)

25

◦C

+

−

+

+

30

◦C

+*

+

+*

+

35

◦C

+*

+*

+*

+*

40

◦C

+*

+*

+*

+

50

◦C

−

−

−

+

pH 5

−

−

−

−

pH 6

+

−

+

−

pH 7

+*

+

+*

+

pH 8

+*

+*

+*

+*

pH 9

+

+*

+

+*

Amylase (D-d)
Growth in
different
temperatures

Growth in
different pH
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Table 1. Cont.
Different Tests

Isolate S-5

Antibiotic susceptibility test

Antibiotics
used

Isolate S-10

Isolate S-14

Isolate S-17

Zone of inhibition (mm)

Ampicillin

0 (R)

18.3 ± 1.5 (S)

0 (R)

>14 (S)

Bacitracin

18.3 ± 0.6 (S)

49.3 ± 2.1 (S)

18.3 ± 2.1 (S)

>11 (S)

Penicillin

0 (R)

27.7 ± 0.6 (R)

0 (R)

>29 (S)

Novobiocin

27.7 ± 0.6 (S)

44.3 ± 1.2 (S)

24.7 ± 0.6 (S)

>16 (S)

23.7 ± 0.6 (S)

41.7 ± 1.2 (S)

25.3 ± 1.5 (S)

>18 (S)

Erythromycin

18.3 ± 0.6 (I)

37.0 ± 1.7 (S)

16.3 ± 1.5 (I)

>23 (S)

Tetracycline

17.7 ± 1.5 (I)

29.7 ± 2.5 (S)

15.3 ± 0.6 (I)

>19 (S)

Chloramphenicol

MR: methyl red, VP: Voges-Proskauer, H2 S: hydrogen sulfide, TSI: triple sugar iron, VRB: violet red bile, −: Negative/absent/no growth, +:
Positive/present/growth, + *: Maximum growth, D: total diameter (mm) of hydrolysis area with colony, d: diameter (mm) of colony, R:
resistant, S: susceptible, I: intermediate, data are presented as mean ± standard deviation.

The screening test for cellulase and xylanase of the four isolates was performed
by flooding congo red over the colonies. Similarly, the screening test for amylase was
conducted by flooding with iodine solution. The results of the screening tests are shown in
Table 1. When the isolates were cultured at different temperatures (25 to 50 ◦ C) and pH
levels (5 to 9), all the bacteria were able to grow at 35 ◦ C and pH 7, as depicted in Table 1.
The sequence similarity of isolates was analyzed, blasted, and compared with the
known probable sequences in the NCBI database. The phylogenetic tree of 16S rDNA
sequences was constructed using the Neighbor-joining algorithm, as shown in Figure 1.
The phylogenetic results identified the isolates S-5, S-10, S-14, and S-17 as Streptomyces sp.,
Cellulomonas sp., Streptomyces sp., and Bacillus sp., respectively.
3.3. Quantitative Analysis of Pectinase Enzyme Activity of Different Isolates
For quantitative analysis of pectinase activity, all isolates were grown at 35 ◦ C, pH 7,
and for 120 h in a pectinase production media. Every 24 h, 1 mL of the cultured broth was
taken out aseptically and centrifuged to get cell-free crude enzyme extract for quantitative
analysis of enzyme activity. The bacterial growth (OD600 ) and enzyme activity of the
isolates were studied, as shown in Figure 2.
3.4. Application of Pectinase in Oil Extraction and Juice Extraction
A crude enzyme extract of 2 mL was added to ground sesame seeds and was transferred into the 50 mL centrifuge tube, and 10 mL of water added. After incubation at 50 ◦ C
for 1 h and centrifugation, an emulsified oil appeared as a floating layer at the top of the
tube and was collected and measured. The emulsified oil extracted from enzyme extract of
isolate S-10 was significantly higher in volume than the other samples (Table 2). Similarly,
the crude enzyme extract was added to ground apples for juice extraction, incubated, and
centrifuged. The amount of juice extracted was measured and compared with control (no
enzyme extract), as shown in Table 2.
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3.3. Quantitative Analysis of Pectinase Enzyme Activity of Different Isolates
For quantitative analysis of pectinase activity, all isolates were grown at 35 °C, pH 7,
and for 120 h in a pectinase production media. Every 24 h, 1 mL of the cultured broth was
taken out aseptically and centrifuged to get cell-free crude enzyme extract for quantitative
analysis of enzyme activity. The bacterial growth (OD600) and enzyme activity of the isolates were studied, as shown in Figure 2.
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3.4. Application of Pectinase in Oil Extraction and Juice Extraction
A crude enzyme extract of 2 mL was added to ground sesame seeds and was transferred into the 50 mL centrifuge tube, and 10 mL of water added. After incubation at 50
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Table 2. Application of pectinase produced from those isolates in oil and juice extraction.

Sample

Oil
Extraction
(mL)

Juice
Extraction
(mL)

Juice
Recovery%

Clarity
(Transmittance%)

Relative
Viscosity

Control

1.1 ± 0.2 b

0.3 ± 0.3 c

41.0 ± 0.2 e

30.2 ± 1.0 d

2.9 ± 0.1 a

S-5

1.2 ± 0.0 a b

2.0 ± 1.0 b c

44.2 ± 0.1 c

33.1 ± 1.9 c d

2.4 ± 0.0 b

S-10

1.7 ± 0.1 a

4.9 ± 0.9 a

51.8 ± 0.1 a

48.9 ± 1.0 a

1.9 ± 0.0 d

S-14

1.1 ± 0.1 b

1.7 ± 0.9 b c

43.6 ± 0.1 d

35.8 ± 1.8 b c

1.8 ± 0.0 e

S-17

1.1 ± 0.1 b

2.7 ± 0.9 b

46.2 ± 0.1 b

38.9 ± 1.6 b

2.3 ± 0.0 c

a,b,c,d,e different superscripted letters in the same column indicate that the data were significantly different
(p ≤ 0.05). Responses presented as mean ± standard deviation.

4. Discussion
Pectinase has been used in the fruit and juice industries for decades, and in the present
biotechnological era, the industrial applications of pectinase and its market demand are in
increasing even more. Thus, it is beneficial to isolate novel microorganisms with higher
pectinolytic properties and with stability at a wide range of temperature and pH levels.
In our study, 58.6% of isolates demonstrating pectin hydrolyzing properties were isolated
from forest soil samples, the majority of which were Gram-positive cocci. Aislabie and
Deslippe [8] report that soil contains various microorganisms that contribute to different
soil services such as recycling wastes, nitrogen cycle, detoxification of pollutants, etc. The
types and mass of the microorganisms in the soil depend upon soil properties and the
carbon source(s) available for energy and cell synthesis. Aaisha and Bharate [17] isolated
51.4% of pectinolytic bacteria from different soil samples and observed Bacillus sp. to be the
most prominent pectinase-producing isolates. In another study, ten bacteria were isolated
from agricultural waste dump soil, and 30% were pectinolytic bacteria [18]. Similarly, a
study performed by Oumer and Abate [19] isolated 31.6% of isolates with pectinase activity
from the coffee pulp, and Ajobiewe et al. [20] isolated five pectinolytic bacteria from soil
containing decaying fruits and vegetables.
A pure culture of isolates was obtained only after several subculturing on NA. A pure
culture of isolates was considered usable if there was no contamination and the colonies
were all similar in color, size, shape, elevation, consistency, etc. After obtaining a pure
culture of isolates, further studies were possible, such as screening tests, identification of
isolates, DNA extraction, and more.
Screening of pectin hydrolysis was performed within the screening agar plate containing pectin and when a hydrolysis zone was observed after the addition of potassium
iodide solution (Supplementary Figure S1). The hydrolysis area looked clear because the
pectinase produced by bacteria hydrolyzed the pectin and made the pectin incapable of
binding with iodine that formed a complex. The highest hydrolysis area was an indication
of the most pectinase activity [9]. In this study, the hydrolysis zone ranged from 2 mm to
17 mm. However, the four isolates with a hydrolysis zone of more than 10 mm were chosen
for further study, including identification.
Xylanase and cellulase enzymes were present in addition to pectinase in isolates S-5
and S-14. The isolate S-10 had pectinase and cellulase, while isolate S-17 had pectinase and
amylase. Beg et al. [21] isolated Streptomyces sp. with thermostable pectinase and xylanase.
Similarly, Kaur et al. [22] isolated Bacillus pumilus, which produced xylanase and pectinase
from soil contaminated with paper and pulp industry effluents.
Production of more than one commercial enzyme from a single microorganism is rare,
but is economical and feasible for industrial applications. For example, the combination of
xylanase and pectinase effectively removes bark from wood, processing plant fibers [21],
and bio-scouring fibers in textile industries [23]. Thus, detailed studies on the production
of various industrially essential enzymes from a single microbe for commercial benefit and
their industrial applications are needed.
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The detailed morphological characteristics and different biochemical test results for the
isolates were potentially helpful in identifying them based on Bergy’s Manual of Systemic
Bacteriology. Additionally, 16S rDNA sequencing was performed to determine the isolates.
The genomic DNA of the four isolates produced one distinct band on an agarose gel. The
16S rDNA amplification of the genomic DNA was subjected to PCR by using universal
primers. The amplified 16S rDNA was extracted from the gel using the Gel extraction
minipreps kit (Biobasic) and sent for sequencing. The sequence results were analyzed and
blasted with the probable sequences in NCBI.
The phylogenetic tree was constructed with the closest sequences found within the
NCBI GenBank and E. coli as an out-group. The phylogenetic analysis indicated that the
Cellulomonas strain (isolate S-10) and Bacillus sp. (isolate S-17) were clustered with other
strains of Cellulomonas massiliensis and Bacillus strain, respectively, with high bootstrap
support value. Similarly, Streptomyces strains (isolate S-5 and isolate S-14) were grouped
with Streptomyces thermocarboxydus (Figure 1).
In a study conducted by Bharadwaj and Udupa [24], 50 ◦ C and pH 4 were the optimal
growth temperature and pH for Streptomyces thermocarboxydus isolated from soil. However,
the maximum enzyme activity of partially purified pectinase was found at 60 ◦ C and neutral
to alkaline pH [24]. In another study, Streptomyces fumigatiscleroticus VIT-SP4 showed the
optimum values at an incubation period of 48 h, pH level 6, and temperature of 35 ◦ C [25].
Thus, in our study, the four isolates were cultured in broth media containing 1% (w/v)
pectin at 35 ◦ C and pH 7 for the quantitative analysis of pectinase activity. Additionally,
the temperature and pH were selected after observing the results of the isolates cultured
in different temperatures and pH (Table 1). Our study showed the isolate S-17 had the
highest pectinase activity, followed by S-10, within the conditions as shown Figure 2.
However, the enzyme activities of S-10 and S-17 were not statistically different from each
other but were statistically different from other isolates (p < 0.05). Similarly, bacterial
growth was higher for S-10, and its growth was statistically significant (p < 0.05). Enzyme
activity and growth depend on various factors, including microorganisms, carbon and
nitrogen sources, incubation temperature, pH, hours, fermentation process, etc. Thus,
further detailed studies are needed for the optimization of the cultural conditions of the
isolates to maximize pectinase production.
An antibiotic susceptibility test was conducted against the isolates, and it was observed
that most of them were susceptible to the seven most commonly used antibiotics (see
Supplementary Materials: Table S1). Furthermore, those isolates were tested for hemolysis,
capsule, and biofilm production (Supplementary Materials), and it was found that they
were non-capsular, non-hemolytic, and non-producers of biofilm (Table 1).
Furthermore, the cell-free supernatants (crude enzyme extracts) were used to study
their application in oil and apple juice extraction. The amount of emulsified oil obtained
from aqueous extraction of the crude enzyme-treated sesame seeds and apple juice extracted was measured and considered to reflect the enzyme’s ability to extract oil and juice,
respectively. Table 2 shows that enzymes stimulated oil extraction from sesame seeds and
accelerated the juice extraction from apples. The oil and juice were extracted in higher
volume compared to the control without enzyme extract. Of the four bacteria, the amount
of emulsified oil volume and juice amount was greater from isolate S-10 followed by S-17,
and the extraction was significant statistically (p < 0.05). Moreover, apple juice extracted
by treatment with the crude enzyme extract from isolate S-10 had a much lower relative
viscosity compared to the control. The clarity of apple juice was affected by the enzymatic
treatment, which was determined in terms of absorbance and transmittance at 660 nm.
Pectinase facilitates oil extraction from sesame seeds and juice extraction from apples
by breaking pectin present in seeds and apples [16]. The synergistic action of different
hydrolytic enzymes such as pectinase, cellulase, xylanase, and amylase plays an important
role in extracting and clarifying juice [26]. Enzyme treatment degraded any pectin present
in the fruit, leading to a decrease in the water holding capacity of pectin, and water was
released to the system, increasing juice yield [4]. Moreover, a combination of enzymes
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increased clarity, juice recovery, and decreased viscosity and turbidity of juice and oil. The
enzymatic extraction of fruit and oil is a novel, green and beneficial technology [26,27]. This
study suggests that isolates from forest soil can effectively extract oil from sesame seeds
and juice from apples. The pectinase produced by these isolates may also have potential in
various industries besides fruit juice and oil extraction and merits further study.
5. Conclusions
Novel pectinase-producing bacteria were isolated from boreal forest soil in Thunder
Bay, Ontario. Four bacteria showing high pectinolytic activity in the screening test were
identified as Streptomyces sp. (S-5), Cellulomonas sp. (S-10), Streptomyces sp. (S-14), and
Bacillus sp. (S-17). Identification was based on the morphology of the bacteria, various
biochemical tests, and molecular analyses. The bacteria all had Gram-positive reactions,
rod-shapes, and formed spores, except S-10. The enzymes produced from the isolates have
the potential for oil and juice extraction, and could therefore be alternatives for commercial
pectinase production. However, further studies are needed to evaluate the optimization
of cultural conditions for enzyme production and optimization of oil and juice extraction
conditions to maximize oil production and juice yield. The characterization of enzymes,
oil, and juice and their physicochemical properties are essential to study for industrial and
economic development. The isolates studied here demonstrated multi-enzyme activities,
indicating that they are potentially viable candidates for various industrial applications
and worthy of further exploration.
Supplementary Materials: The following are available online at https://www.mdpi.com/2311-563
7/7/1/40/s1.
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