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Abstract

Microbially derived pectinases have been shown to have due advantages over those
produced from other sources because of the ease in manipulating the microorganisms to
increase yield. The study was undertaken to determine the pectinolytic activities of
pectinase produced by some bacterial isolates cultured from deteriorating fruits under
submerged fermentation. Deteriorating oranges and grapefruits were collected and
surfaced sterilized. Thereafter, 1 g of each sample was homogenized and transferred into
10ml sterile distilled water. The suspensions were agitated, streaked onto nutrient agar
and incubated at 37 °C for 24 h. The isolates were screened for pectinolytic activities and
identified using standard protocols. The specific activities of the enzyme and the
physicochemical factors were analysed. The isolates identified were Bacillus subtilis,
Bacillus cereus, Staphylococcus aureus, and Klebsiella aerogenes isolates. The specific
activities of pectinase produced by the isolates were between 26.40- 52.27 U/ml. The
isolates reacted differently to the different substrates used. The optimum temperature
for the activity of pectinase observed from the isolates was 50 °C and the pH varied
between pH 4 and 8. Sodium azide at 1 mM and EDTA at 10 mM were observed to inhibit
pectinase activity in all the isolates. The isolates showed promising potential for
pectinase production under optimal physicochemical conditions.
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Introduction of action and biochemical properties (Gummadi
Enzymes are appreciably utilized in & Panda, 2003; Favela-Torres et. al.,, 2005).
various industrial processes. It has been  Pectinases are a complex group of enzymes that
reported that microorganisms possess the act specifically on pectic substances and
abilities to synthesize various enzymes required  influence intracellular adhesivity and tissue
for various uses (Pandey et al., 1999). Enzymes  rigidity (Tatiana da Costa & Flavo, 2005).
obtained from different microorganisms are Microorganisms have a number of
known to be superior and they perform reactions  advantages in the production of pectinase
in bio-processes in an economical and through the application of selection methods,
environmentally friendly way as opposed to the  increase of biosynthesis via the conditions of
chemical catalyst (Poonam, 2013). cultivation, in-depth interaction on various
Microorganisms have been shown to possessthe  substrates, a wide spectrum of enzyme complex
ability to synthesize different types of and can genetically be modified (Vibha &
pectinolytic enzymes with a different mechanism  Neelam, 2010). Bacteria have been exploited in
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pectinase production and the capacity of
selected species to produce and secrete large
quantities of extracellular enzymes has been
reported (Namasivayam et. al., 2011; Geetha et.
al., 2012; Torimiro & Okoniji, 2013). Enzymes are
easily denatured and their catalytic activity may
be significantly reduced by a variety of physical
or chemical agents. However, if these conditions
are maintained at the optimum, increasing
enzymes activity and longer stability may be
achieved (Amutha & Jaya, 2011).

Pectic substances which form important
natural substrates of pectinase are widely
distributed in fruits and vegetables.
Namasivayam et. al., 2011 reported that 10-30%
pectic substances are found in peels of oranges
and various fruits. In a study carried out by
Geetha et. al. (2012), pectinase producing
organisms isolated from fruit peel wastes were
found to produce significant quantities of
pectinolytic enzymes. Microorganisms that
produce a high yield of pectinase under optimal
physicochemical conditions are desirable to
reduce production costs (Vibha & Neelam, 2010;
Torimiro & Okonji, 2013). This present study
aims to determine the pectinolytic activities of
pectinase produced under various
physiochemical conditions by bacterial isolates
cultured from deteriorating fruits.

Materials & Methods
Isolation and screening of bacterial isolates for
pectinolytic activities

Deteriorating oranges and grapefruits
were collected and surface sterilized with 70%
ethanol. A pooled one gram of the samples was
each homogenized and transferred into 10ml
sterile distilled water and agitated. A 0.1ml of the
aliquot was inoculated unto nutrient agar plates,
seeded using the spread plate technique and
incubated at 35°C for 24 h. Pure colonies of the
bacterial isolates were obtained and were
screened for their ability to produce pectinase
using the modified Pectin Agar plate method (Al-
Aljani et. al., 2012). The isolates were streaked
on the Pectin Agar plate and incubated at 35°C
for 48 h. Thereafter, the plates were flooded with
Lugol's iodine and the appearance of a clear halo
zone around the colonies was an indication of
pectinase production.
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Identification of the bacterial isolates

The isolates with the ability to produce
pectinase were streaked unto nutrient agar and
incubated at 35°C for 18-24 h. The bacterial
isolates were subjected to morphological and
various biochemical tests as described by
Olutiola et. al. (1991) and the identity of the
isolates was determined by referencing Bergey's
Manual of Determinative Bacteriology (Holt et.
al., 1994).

The production of the pectinolytic enzyme by the
bacterial Isolates

The bacterial isolates were standardized
to an optical density (OD) of 0.3 at 1% (v/v) and
subsequently inoculated into 100 ml defined
enzyme production growth medium containing;
0.5g citrus pectin, 0.1g Yeast extract, 0.715g
NH,Cl, 0.45g Na,HPO,.12H,0 0.63g KH,PO,
0.075g KCl, and 0.025g MgSO, (Kumar &
Sharma, 2012). The culturing was done under
submerged fermentation in triplicates. The
cultures were incubated in a rotary shaker
incubator at 37°C for 36 h at 120 rpm and
centrifuged at 4000rpm for 10 min to separate
the supernatant from the cell biomass. The cell-
free supernatants were used to assess the
pectinase activity of the isolates (Kumar &
Sharma, 2012).

Determination of the Total protein concentration

The protein concentration was routinely
determined by the method of Bradford (1976)
using bovine serum albumin (BSA) as standard,
where the absorbance of protein was
extrapolated from the standard curve. The
reaction mixture contained 0.2 ml of the enzyme
and 1.0 ml Bradford reagent. The absorbance
was taken at 595nm under a Vvisible
spectrophotometer.

Pectinase Assay

The crude enzyme produced by the test
isolates were assayed using the modified
method as described (Miller, 1959). Five
milliliters (5 ml) of cell-free supernatant was
incubated with 1% pectin in 0.1 M Citrate buffer
at pH 4.8 and the reaction mixture was incubated
at 50 °C for 10 min. After adding 1.0 ml of DNSA
reagent (3, 5- Dinitrosalicylic acid), the mixture
was boiled for 5 min and was stopped by adding
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1 ml of Rochelle's salt (Sodium potassium
tartrate- Sigma USA). The absorbance was read
at 540 nm to estimate the reducing sugars
released. One unit of pectinase activity was
defined as the amount of enzyme that liberated
reducing sugar equivalent to 1 pmol glucose per
minute under the specified assay conditions
(Karthik et. al., 2011).

Determination of kinetic parameters of pectinase
The kinetic parameters (K, and V,_,) of the
enzyme were determined by varying the
concentration of pectin between 4 mM and 52
mM in 0.1M citrate buffer, pH 4.8. The kinetic
parameters were then determined from the
double reciprocal plot (Lineweaver & Burk,
1934).

Effect of substrate concentration on pectinase
activities

The effect of different substrates (Apple
pomace, Orange peel, and banana peel) was
determined. The substrates were obtained by
drying the peels of various fruits in an oven
maintained at 50°C between 6 and 8 hours till
they were completely dried. The dried peels
were ground to a powder which was then used to
prepare 1% solution of each of the substrate in
0.1M citrate buffer, pH 4.8. In a typical pectinase
assay, 5 ml of cell-free supernatant was
incubated with 1% of the fruit peels (substrates)
in 0.1 M citrate buffer at pH 4.8 and then
incubated at 50°C for 10 min. After adding 1.0 ml
of DNSA reagent, the mixture was boiled for 5
min and the absorbance was read at 540 nm.
The assay with the pectin was taken as the
control.

Effect of temperature on pectinase activity

The effect of temperature on the activity
of the enzyme was determined by carrying out
the assay at temperatures between 30 and 70°C.

Effect of pH on pectinase activity

The effect of pH on pectinase activity was
studied by assaying the enzyme using the
following buffers of different pH values: 0.1 M
citrate buffer (pH 3.0,4.0 and 5.0), 0.1 M
phosphate buffer (pH 6.0 and 7.0), 0.1M Tris
buffer (pH 8.0) and 0.1 M borate buffer (pH 9.0).
A solution of 1% pectin was first prepared in the
different buffers and this was used in a typical
pectinase assay: 5 ml of cell-free supernatant
was incubated with 1% of the pectin in 0.1 M of
the different buffer and the reaction mixture was
incubated at 50°C for 10 min. After adding 1.0 ml
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of DNSA reagent, the mixture was boiled for 5
min and the absorbance was read at 540 nm.
The assay with 0.1 M citrate buffer pH 4.7 was
taken as control.

Effect of metal on pectinase activity

The effect of different metal ions (Na“,
K*, Mn**, Mg*" and Ba*") at a concentration of 1
mM and 10 mM on the pectinase activity of each
crude enzyme was determined. Chloride salt
solutions of each metal were added in 0.5 ml of
1% pectinin 0.1M citrate buffer and incubated at
50°C for 10 min, the mixture was then boiled for
5 min after the addition of 1.0 ml DNSA. The
absorbance was read at 540 nm.

Effect of inhibitors pectinase enzyme activity

The effect of two inhibitors (Sodium
azide and Ethylenediaminetetraacetic acid
(EDTA) at a concentration of 1 mMand 10 mM on
the pectinase activity of each crude enzyme was
determined. The different concentrations of
each of the compounds were added in 0.5 ml of
1% pectin in 0.1M citrate buffer and incubated at
50°C for 10 min, the mixture was then boiled for
5 min after the addition of 1.0 ml DNSA. The
absorbance was read at 540 nm.

Results

A total of five bacterial isolates with
pectinolytic activity belonging to four genera
were identified. These include Bacillus subtilis-1,
S. aureus and Bacillus subtilis-2 cultured from
grape fruits while Klebsiella aerogenes and
Bacillus cereus were cultured from deteriorating
orange.

The range of the specific activity
observed in all the isolates is between 26.40 -
52.27 U/mg. The specific activity of B. cereus is
high at 52.27 U/mg while S. aureus had a low km
of 6.82 mM as shown (Table 1). High pectinase
activity by the isolates was observed especially
when orange peels were used as substrate (Fig
1). The optimum temperature for pectinase
activity for all the isolates was 50°C and there
was a gradual decrease of activity after the
optimum temperature (Fig 2). The pH range is
between 4.0 -8.0 (Fig. 3). The metal ions
MnCl,.4H,0 and MgCl,.7H,0 at 10 mM
concentration were observed to have the highest
inhibitory effect on enzyme produced by all the
test isolates (Table 2). Figure 4 shows that
Sodium Azide at 1 mM and EDTA at 10 mM
respectively, inhibited the enzyme activity.
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Table 1: Pectinase activity of the Bacterial Isolates with kinetic parameters

Enzyme source Specific Activity Km (MmM) Vmax
(U/mgqg) (Activity)
B. subtilis 28.69 84.77 29.85
B. cereus 52.27 81.39 38.75
S. aureus 32.80 6.82 22.72
K. aerogenes 26.40 39.17 23.04
B. subtilis 2 45.50 22.14 17.85
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Figure 1: Effect of the substrate (apple pomace, banana peel, and orange peel) on the pectinase
activity. Org22 B. subtilis-1; Org3 = B. cereus; Org 6 = S. aureus; Org 9 = Klebsiella aerogenes.; Org
12 > B. subtilis-
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Figure 2: Effect of temperature on the activities of the enzymes. Org2> B. subtilis-1; Org3 = B.
cereus; Org 6 = S. aureus; Org 9 = Klebsiella aerogenes.; Org 12 > B. subtilis-2
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Figure 3: Effect of pH on the pectinase activities
Table 2: Effect of metal ions on pectinase activity
METAL IONS. B.subtilis 1 B.cereus Saureus Kaerogenes Baubtilis -2

ImM o~ ™ o™ ™ 0™ ™M 1M  IMn  10mM

Kd 24 LA BB BB 6438 402 AOB  4H0 B0 B
Nadl 232 B0 {5 4032 44 3B BH 1263 6% 1980
Myd 2.7H20 1918 0 BHr 2746 &H B2 A4 A BR 1B
B 2 7% 1783 720 4032 A0 5147 868 0B HHYH B

M 2.4H 20 362 0 962 1757 100 387 100 0 6066 447
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Figure 4: Effect of sodium azide and EDTA on pectinase activity. Org2> B. subtilis-1; Org3 = B.
cereus; Org6 = S. aureus; Org 9 2 Klebsiella aerogenes.; Org 12 = B. subtilis-2

Discussion

Microbially derived pectinases have been
shown to have advantages over those produced
from other sources because of the ease in
manipulating them to increase yield. The study
was undertaken to determine the pectinolytic
activities of pectinase produced by some
bacterial isolates cultured from deteriorating
fruits under submerged fermentation. Bacterial
isolates which included B. subtilis, B. cereus, S.
aureus, and K. aerogenes were identified to
possess pectinolytic enzyme potentials. Bacillus
sp. were observed to show high specific activity
for pectinase especially B. cereus. This
observation is in agreement with findings
reported that selected Bacillus sp can produce
large quantities of pectinase (Schallemey et. al.,
2001; Namasiyavan et. al.,, 2011). The study
revealed that S. aureus possesses the capabilities
to produce pectinolytic enzyme and has a low Km
indicating a high affinity for pectin. Studies have
shown that S. aureus and other Staphylococcus
sp. isolated from vegetable dump yards have
been reported to possess pectinolytic potentials
(Raju & Divakar, 2013; Rokade et. al., 2015).

It has been reported that orange
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bagasse gives the optimum yield of pectinase
(Giese et. al., 2008; Madu et. al., 2014). In this
study, it was observed that the isolates showed
high specificity for the substrate used but most
of the isolates produced pectinase at the
optimum with orange peel as compared to other
substrates an indication that orange peels could
be a good alternative substrate in pectinase
production. The optimum temperature of 50°C
was recorded for all the isolates in this study and
this in agreement with the report of Patil et. al.
(2012) who used carrot waste in their
experiment and reported maximum activity of 43
U/ml at 50°C for pectinase produced by Bacillus
sp. However, a steady decline in pectinase
activity by all the isolates was observed after the
optimum temperature was attained which is an
indication there will be reduction in pectinase
yield at temperature above 50 °C.

A high pectinolytic enzyme activity was
observed for B. cereus and S. aureus between pH
7-8 in this study. Most bacteria have been
observed to produce maximally at pH 7 and
above (Silley, 1986; Torimiro & Okonji 2013).
The effect of metal ions on the activities of the
isolate showed relative inhibition of the enzyme.
At 10mM concentration of MgCl,.
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7H,0 and MnCl,. 4H,0 a total loss of pectinase
activity of B. subtilisl and a reduced pectinase
activity of B. cereus, S. aureus, K. aerogenes and B.
subtilis2 was observed while MnCl,. 4H,0 caused
a total loss of pectinase activity in K. aerogenes.
However, it was observed that pectinase activity
is enhanced at a low concentration (1mM) for all
the isolates. A report has shown that Ca*, Mg™,
and Zn* activate pectinase produced by
Penicillium italicum (Alana et. al., 1990). It was
observed that an increase in the concentration of
Ethylenediaminetetraacetic acid (EDTA)
increases its inhibitory effect while an increase in
the concentration decreases the inhibitory effect
of sodium azide. This is in agreement with the
report of Banu et. al. (2010), who reported that
EDTA exhibited maximum inhibition of 40% on
pectinase activity of Penicillium chrysogenum.

In conclusion, the various bacterial
isolates showed appreciable production of
pectinases at varying physicochemical
parameters. However, B. cereus followed by S.
aureus showed promising potential for pectinase
activity under optimal physicochemical
conditions, an indication they can be exploited to
increase yield during the production of the
enzyme.
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