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Abstract: This study was carried out to determine the ability of Rhizobium species CWP G34B to degrade the peels of
selected Nigerian fruits. The potential of the bacterium to digest some carbon sources (lactose, maltose, sucrose and
mannitol) and peels of some Nigerian fruits (pineapple, orange, plantain, banana, pawpaw and mango fruits) was
investigated by growing the organism on the substances separately after which DNSA reagent method was used to
quantify glucose released into the medium. The results showed that the bacterium was able to degrade all the
carbohydrates with the highest and the lowest glucose concentrations of 5.52 mg/ml for lactose and 0.50 mg/ml for
mannitol. The carbohydrate-catabolic-enzyme (CCE) activity ranged from 0.169 mg/ml to 1.346 mg/ml glucose per
mg/ml protein. Mannitol exhibited the highest CCE activity while the lowest activity was observed in the presence of
sucrose. The amount of extracellular protein synthesized was highest (9.803 mg/ml) in the presence of maltose and lowest
(0.925 mg/ml) in mannitol. The mean polygalacturonase activity was 0.54 unit/ml when the bacterium was grown in
pectin in contrast to 0.28 unit/ml when it was grown in mannitol. The bacterium showed ability to breakdown the peels of
the Nigerian fruits with the highest capability in banana and pineapple (0.42 and 0.41 mg/ml glucose per mg/ml protein

respectively). The fruit-peel-degrading enzyme activity was lowest in orange peel (0.75 unit/ml).
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INTRODUCTION

Peel, also known as rind or skin, is the outer protective
layer of a fruit or vegetable. Botanically, the rind is usually
the exocarp, which includes the hard shell in fruits such as
nuts. Depending on the thickness and taste, peel is
sometimes eaten as part of the fruit, as seen with apples. In
some fruits such as banana or grape, the peel is unpleasant or
inedible; thus, it is removed and discarded [1]. Oladiji et al.
[2] reported that most fruit peels are discarded as waste after
the inner fleshy portions have been eaten.

It is vital that peels be removed from most fruits before
eating; and more importantly before using them in fruit juice
industries to prevent contamination. Processing of fruits into
juices reduces and prevents wastage when fruits are in
season. Olukunle et al. [3] opined that fruit juice is the next
best thing to fresh fruit, and can be packaged in aseptic,
easily transportable containers that are less susceptible to
damage and have a relatively long storage life. Juice extraction
and separation therefore open up new market opportunities
for tailoring fruit products to modern consumer demands.

At the time of producing fruit juice, a lot of peels are
produced. This could cause environmental pollution and
health problems if left untreated. Peels can be removed
manually, mechanically and by the use of enzymes. A lot of
money, time, equipment and other resources are used to
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remove the peels in the industry. Enzymatic removal of peels
could be cheaper and more effective than manual and
mechanical methods. The use of enzyme in the manufacture of
various industrial products is wide spread [4]. Development
of microbes that will synthesize these enzymes will then be
useful to man. Pectate lyase (PL) is one of those enzymes.
The PL is otherwise known as pectate transeliminases; it
catalyses the eliminative cleavage of de-esterified pectin,
which is a major component of the primary cell walls (peels)
of many higher plants [5, 6]. The backbone of this pectic
polysaccharide (de-esterified pectin) is built up with blocks
of a-1,4 linked polygalactosyluronic acid residues inter-
spersed with regions of alternating galactosyluronic acid and
rhamnosyl residues [7].

Various microbes are known to synthesize pectolytic
enzymes. Xanthomonas  campestris,  Erwinia  and
Streptomyces have been reported to produce pectate lyases
[8-10]. Microorganisms that produce pectinases are mostly
pathogenic in nature [11, 12]. Until recently, it was thought
that pectolytic enzymes were secreted mainly by plant
pathogens, which actions result to maceration of plant
tissues. Non-pathogenic microorganisms will be safer for
use in the production of these enzymes than pathogens.
Rhizobia, a group of non-pathogenic bacteria known to form
nodules on legumes through the digestion of external walls
of legume’s roots, may be a potential candidate that can be
used to synthesize these enzymes. Therefore, this study was
designed to evaluate the ability of Rhizobium species CWP
G34B to synthesise enzymes that can breakdown the peels
of selected Nigerian fruits. This investigation will provide
scientific information on the potential of Rhizobium species
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CWP G34B for possible use industrially and in the control of
environmental pollution.

MATERIALS AND METHODS
Samples and Test Bacterium

Dried peels of pineapple, orange, plantain, banana,
pawpaw and mango were ground using Marlex Electroline
Blender. Lactose, maltose, sucrose, mannitol and Rhizobium
species CWP G34B were provided by the Department of
Microbiology at the Federal University of Technology,
Akure, Nigeria.

Culture Media

The commercial media used in this study were nutrient
agar, nutrient broth and agar agar (Lab M., Topley House,
England). All the media were prepared according to the
manufacturer’s specification.

Minimal medium (MM) was prepared by dissolving 1.0g
of disodium hydrogen phosphate (Na,HPO,), 0.2g of
potassium chloride (KCl) and 0.2g of magnesium sulphate
(MgSOy) in 1 litre of distilled water. All the media were
sterilized by autoclaving at 121°C for 15 minutes. The agar
was allowed to cool before pouring into sterile Petri dishes.

Determination of Carbohydrate-Degrading Ability and
Carbohydrate-Catabolic-Enzyme (CCE) Activity of
Rhizobium species CWP G34B

Sterile minimal medium (MM) containing each
carbohydrate (1.0 w/v), was inoculated with an overnight (18
hours) grown culture of Rhizobium species CWP G34B and
incubated at 28°C for 24 hours. Each grown culture was
centrifuged at 3600rpm for 15 minutes. The supernatant was
transferred into a fresh tube as a source of extracellular
glucose and enzyme. Dinitrosalicylic acid (DNSA) reagent
method [13] was used to assay the amount of glucose
released into the growth medium as described by Boboye
and Alao [14]. The supernatant (0.5ml) was mixed with
0.5ml DNSA reagent, left for 15 minutes at 28°C and boiled
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for 5 minutes. The tubes were rapidly cooled under tap water
and the optical density of the reaction mix was measured at
540 nm. The OD values were referred to a glucose standard
curve to estimate the amount of glucose released into the
medium by the bacterium during growth.

The CCE activity was based on the concentration of
glucose released from the carbohydrate per milligram
of protein produced by the bacterium [14]. Glucose
concentration was measured according to DNSA reagent
method [14]. The concentrations of extracellular glucose and
protein formed by the Rhizobium were quantified by Biuret
method [14, 15].

Measurement of Fruit-Peel-Degrading (FPD) Ability of
the Rhizobium

A 10ml of each fruit peel (10% w/v) was dispensed into
test tubes. They were autoclaved at 121°C for 15 minutes and
allowed to cool. Each fruit peel was inoculated with 0.2ml of
24 hours old inoculums and incubated at 28°C for 24 hours.
Each culture was centrifuged 3600 rpm for 15 minutes. The
glucose and protein concentrations of the supernatant were
determined using DNSA and Biuret reagent methods [14].
The extracellular Fruit-Peel-Degrading Enzyme (FPDE)
activity of bacterium was defined as mg/ml glucose per
mg/ml protein in the supernatant.

Statistical Analysis of Data

The data collected were analyzed using the analysis of
variance (ANOVA) technique and expressed as means of
values. Duncan Multiple Range Test was carried out to
determine differences in the means using SPSS Software
package [16].

RESULTS

Carbohydrate-Degrading Ability of Rhizobium species
CWP G34B

There was considerable (at 95% confidence limit)
degradation of each carbohydrate by the Rhizobium species
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Fig. (1). Quantity of glucose released by Rhizobium species CWP G34B during growth in some carbohydrates.
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CWP G34B within 24 hours of incubation. The amount of
glucose released into the minimal growth medium is shown
in Fig. (1). Concentration of the glucose is lowest in the
growth medium containing mannitol (0.50 mg/ml) and
highest (5.52 mg/ml) in lactose.

Carbohydrate-Catabolic-Enzyme (CCE) Activity

The Rhizobium species CWP G34B grown in minimal
medium containing each carbohydrate (lactose, sucrose,
mannitol and maltose) showed varying degrees of the
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carbohydrate-catabolic-enzyme (CCE) activity at a probability
level of < 0.05 (Fig. 2). The CCE activity ranged from 0.169
mg/ml to 1.346 mg/ml glucose per mg/ml protein. Mannitol
exhibited the highest CCE activity while the lowest activity
was shown in the presence of sucrose.

Effect of some Carbohydrates on Extracellular Protein
Synthesized by Rhizobium species CWP G34B

The Rhizobium species showed ability (P = < 0.05) to
synthesize protein when cultivated separately in minimal
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Fig. (2). Carbohydrate-Catabolic-Enzyme activity of Rhizobium species CWP G34B.
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Fig. (3). Effect of some carbohydrates on extracellular protein synthesized by the Rhizobium species CWP G34B.
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Fig. (4). Degradation of fruit peels by Rhizobium species CWP G34B.

medium containing each of the carbohydrates separately.
The amount of extracellular protein synthesized was highest
in maltose with a concentration of 9.803 mg/ml followed by
lactose (7.900 mg/ml) and sucrose (6.753 mg/ml) (Fig. 3).
Concentration of the protein synthesized was lowest in
mannitol.

Degradation of Fruit Peels by Rhizobium species CWP
G43B

The Rhizobium spp. CWP G34B degraded the peels of
fruits used in this study (Fig. 4). The bacterium showed a
greater ability to breakdown the peels of banana and
pineapple (0.42 and 0.41 mg/ml glucose per mg/ml protein
respectively). The fruit-peel-degrading enzyme (FPDE)
activity expressed in the peels of orange, mango, plantain
and pawpaw was between 0.32 and 0.36 mg/ml glucose
per mg/ml protein. The lowest degrading enzyme activity
was exhibited in orange. In comparison with the fruit
peels, the polygalacturonase enzyme activity in the presence
of pectin appeared to be higher than the values of FDPE
activity of any of the fruit peels.

DISCUSSION

The experiment showed that the organism was able to
breakdown all the carbohydrates significantly (P = <0.05),
indicating that R. spp. CWP G34B was capable of using any
of the carbohydrates as carbon and energy source. This
means that the Rhizobium synthesized enzymes necessary for
catabolism of the carbohydrates. It then suggests that the
enzyme that degraded each carbohydrate in the bacterium
recognized the bonds between monomers in the macro-

molecules. This is based on mechanisms of digesting similar
carbohydatrates by microbes [17].

The Rhizobium species CWP G34B showed considerable
(P = < 0.05) degradative ability on the peels of the orange,
mango, banana, plantain, pawpaw and pineapple used in the
experiment. This showed that the organism was able to
attack the pectin derivatives in the peels. This is related
to the high fruit-peel-degrading enzyme (FDPE) activity
expressed by the Rhizobium in the presence of the fruit peels.
This enzyme exhibited its action best in the presence of
pectin, meaning that each fruit peel contains one substance
or the other that reduced the enzyme activity. It could also be
that the amount of reducing sugar units present in the
individual peels is lesser than that in the pectin. Indeed, the
amount, structure and chemical composition of pectin differs
between plants, within a plant over time and in different
parts of a plant. The pectin content of some food stuffs are
0.2-1.0% (grapes), 0.5-1.6% (apples), 1.6-4.5% (grape fruit),
3.0-4.0% (lemon), 6.0% (lemon seeds), 32% (lemon rind),
25.0% (lemon pulp), 10.0% (turnip), 30.0% (sugar beet
pulp), 20.0% (pineapple/orange peel), 29.0% (pineapple/
orange membrane) and 16.0% (pineapple/orange juice
sac) 30% (oranges) and 25% (fleshy roots like sugar-beets)
[4, 18-20].

The bacterium was able to synthesize protein in the
minimal medium containing the carbohydrates. This result
indicates that the synthesis of protein by the organism was
not repressed by the presence of lactose, maltose, sucrose
and mannitol used in this work. The non-deleterious effect of
the carbohydrates on the protein synthesis suggests that the
production of fruit-peel-degrading enzyme (a protein) will
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not be significantly affected by these carbohydrates and
possibly complexes made up of the disaccharides.

The pectin and fruit peels degradative activities
expressed by this Rhizobium species CWP G34B are similar
to that reported on many microorganisms including
Xanthomonas, Erwinia and Streptomyces. Boboye and
Shonukan [10] and Boboye and Shonukan [21] documented
that Xanthomonas campestris campestris formed pectate
lyase (PL) and the PL synthesis can be genetically
controlled. Erwinia species [22, Erwinia aroideae [23],
Streptomyces nitrosporeus [8], Erwinia chrysanthemi [9],
Bacillus gibsonii S-2 and Clostridium species [24, 25] are
known to produce pectin and pectin-derivatives degrading
enzymes. Besides bacteria, other microorganisms such as
fungi (Penicillium sclerotigenum) [26] and human oral
spirochaetes [27] produce pectin degrading enzymes. Many
of the microbes reported to produce enzymes capable of
degrading pectin and pectin-derivatives are pathogens. These
pathogenic microorganisms have been used in the production
of industrial pectinases including Clarizyme, Irgazyme,
Spark-1 and Ultrazym SE604 for extraction and clarification
of fruit juices and grape must, maceration of vegetables and
fruits, application in fruit juice and wine technology and
Olive oil extraction [4].

The data obtained in this research that Rhizobium species
CWP G34B has the ability to degrade fruit peels by
synthesizing enzyme/s that catabolize pectin and the peels
suggests that the bacterium can be used beneficially for
similar purposes as other microbes or organisms. This
rhizobium can thus be developed in a process for enzymatic
removal of peels from fruits for fruit juice production. Also,
it can be applied to control environmental pollution that is
caused by piles of fruit peel wastes thrown on the streets or
wastes dump site. This is because enzymatic degradation of
peels has many benefits including the fact that it is less
cumbersome, faster and cheaper at the long run than manual
or mechanical means of removing peels. In addition, the
merit of using non-pathogenic bacterium can be interesting
to develop this organism for safe industrial use, human
health and environment application. However, further work
is considered to purify and characterize the enzyme.
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