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Different species of orange peels were evaluated as carbon source in comparison to Locust Bean Gum for
mannanase production by Penicillium italicum, Trichosporonoides oedocephalis and co-culture of P. italicum
and T. oedocephalis. Mannanase activity was determined by dinitrosalicylic acid method. The protein
concentration was however determined by the Lowry method. Of all the substrates screened, the highest
mannanase activity (573.89 U/ml) was achieved with P. italicum cultured on sweet orange peels. The highest
mannanase activity for mixed substrate fermentation in ratio 1:1:1:1 and 1:1:1:2 (Lime, Grape, Tangerine and
Sweet orange peels) was obtained in a medium inoculated with P. italicum while mixed culture of P. italicum
and T. oedocephalis gave maximum mannanase activity in mixed substrate ratio 2:1:1:1. The mixed substrate
fermentation gave appreciable enzyme activity and thus, they can be used as low-cost substrate for mannanase

production by these organisms.
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INTRODUCTION

Agro-wastes are the most abundant and renewable material
produced on earth. Large quantities of agro-wastes are
obtained from forests, agricultural practices, and industrial
processes, particularly from agro-allied based industries
such as breweries, paper and pulp, textile and timber
industries. These wastes generally accumulate in the
environment as pollutants (Abu et al., 2000). About 2.9 x
10° million tons of lignocellulosic residues are produced
from cereal crops and 3 x 10° million tons from pulse and
oil seed crops. In addition, 5.4 x 10° million tons is
produced annually from crops worldwide (FAO, 2006) and
these materials accumulate in enormous amounts (GOP,
2009). Agricultural and industrial wastes are among the
causes of environmental pollution. Their conversion into
useful products may ameliorate the problems they cause.
Enzyme production from lignocellulosic biomass through
the biological route seems to be very attractive and
sustainable due to several reasons, the major being the
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renewable and ubiquitous nature of biomass and its non-
competitiveness with food crops (Singhania et al., 2010).
Mannanase (B-mannanase; EC 3.2.1.78) participates in
the degradation of hemicellulose and similar polysac-
charides by hydrolyzing the B-1, 4-glycosidic linkages
within the main chain such as galactoglucomannan, the
major hemicellulose of softwood (McCleary et al., 1988;
Lundgvist et al., 2002). The hemicelluloses are the
second richest renewable energy substances on earth
(Wyman et al, 2005). Mannan, glucomannan,
galactomannan, and galactoglucomannan are the major
polysaccharides that constitute hemicellulose (Yan et al.,
2008). Mannanase is useful in many fields including the
feed, food as well as paper and pulps industries (Gubitz
et al.,, 1997; Sachslehner et al., 2000; Daskiran et al.,
2004; Kansoh and Nagie, 2004). Furthermore, it is
employed for the preparation of mannooligosaccharides
used as non-nutritional food additives for selective growth
of human beneficial intestinal microflora (bifidobacteria
and lactobacilli) (Alvarez-Mancedo et al., 2008). Despite
of the high practical potentialities, the use of mannanase
is still limited due to low yield and high-production cost.
This has necessitated a renewed search for mannolytic



organisms with novel mannanase properties and strategies
for low-cost enzyme production.

In search of viable mannolytic organisms, we isolated
different mannolytic microfungi from agricultural wastes in
Akure, Nigeria, in which Penicillium italicum and
Trichosporonoides oedocephalis gave considerable
mannanase activity (Arotupin and Olaniyi, 2013). In
another study conducted by Akinyele et al. (2013), various
agro-wastes were screened for quantitative mannanase
production as substitute to Locust Bean Gum (LBG) in
solid state fermentation and sweet orange peels were
observed to give the highest mannanase activity. Based
on this information, different species of orange peels
(sweet, lime, grape and tangerine) were evaluated as
alternative carbon source for mannanase production.

MATERIALS AND METHODS
Chemicals and Substrates

Different species of orange peels (sweet, lime, grape and
tangerine) utilized as carbon sources were procured from
farm field, local market and domestic sources. The
substrates were washed, sun dried and oven-dried at
70°C with Model DHG Heating Drying Oven for a period
of 2 h, sieved to 40 mm mesh size and stored in air tight
transparent plastic containers to keep it moisture free.
Locust Bean Gum was purchased from Sigma Chemicals
(St. Louis, MO). All other chemicals were of analytical grade.

Fungi Isolates

Penicillium italicum and Trichosporonoides oedocephalis
isolated from agro-wastes previously confirmed positive
for mannanase activity were used in this study (Arotupin
and Olaniyi, 2013). The fungal isolates were identified in
Microbiology Research Laboratory, Federal University of
Technology, Akure, Ondo State, Nigeria according to the
method designed by Pitt and Hocking (1997) on the
bases of cultural characters (colour, shape of colony,
surface and reverse pigmentation and texture of the
colony) as well as microscopic structure (septate or
nonseptate hyphae, structure of hyphae and conidia).
The organisms were maintained at 4°C on Malt Extract
Agar (MEA).

Mannanase production

For the production of mannanase in solid state fermen-
tation, the isolates were cultured at 30°C in 250 ml
Erlenmeyer flasks containing 10 grams of the carbon
source (sweet, lime, grape and tangerine peels). The
substrate was suspended in 33 ml Mandels and Weber's
medium modified by Olaniyi et al. (2013). This medium
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(moistening agent) contained the following ingredients
(g/L): Peptone 2, yeast extract 2, NaNO; 2, K,HPO, 1,
MgS0O,.7H,0 0.5, KCI 0.5 and FeS0O,.7H,0 traces. After
sterilization at 121°C for 15 min, it was cooled and
inoculated with 2 discs of 8 mm diameter of the organism
from MEA culture plates using sterile cup borer. The flask
was incubated at 30°C for 5 days at static condition.

Mixed substrate fermentation

The effect of different substrate combinations was
evaluated on mannanase production and protein content
of P. italicum, T. oedocephalis and co-culture of P.
italicum and T. oedocephalis.

Enzyme extraction

The solid state cultures were prepared by adding 10-fold
(v/w) 0.1 M phosphate buffer (pH 6.8) and shaking (180
rom) at 30°C for 60 min. The solid materials and fungal
biomass were separated by centrifugation (Centurion
Scientific Limited) (6000 rpm, 15 min at 4°C). The clear
supernatant was used for enzyme assays and soluble
protein determination. Each treatment was carried out in
triplicates and the results obtained throughout the work
were the arithmetic mean of at least 3 experiments.

Enzyme assays

Mannanase activity was assayed in the reaction mixture
composing of 0.5 ml of 50 mM potassium phosphate
buffer pH 7.0 and 1% LBG with 0.5 ml of supernatant at
45°C for 60 min (ElI-Naggar et al., 2006). Amount of
reducing sugar released was determined by the
dinitrosalicylic acid reagent (DNS) (Miller, 1959). One unit
of mannanase activity was defined as amount of enzyme
producing 1 micromole of mannose per minute under the
experimental conditions.

Protein determination

The amount of protein liberated in the fermentation media
was evaluated according to the method designed by
Lowry et al. (1951) using Bovine Serum Albumin (BSA)
as the standard.

RESULTS

The mannanase activities of P. italicum, T. oedocephalis
and co-culture of P. italicum and T. oedocephalis on
different carbon sources is shown in Figure 1. The
highest mannanase activity on grape peels was achieved
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Figure 1. Effect of different orange peels on mannanase production potential of
P. italicum, T. oedocephalis and co-culture of P.italicum and T. oedocephalis.
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Figure 2. Effect of different orange peels on protein content of P. italicum, T.
oedocephalis and co-culture of P.italicum and T. oedocephalis.

with P. italicum with an activity of 260.14 U/ml while the
lowest of value of 94.72 U/ml was obtained for T.
oedocephalis. In lime peels containing medium, the
highest mannanase activity was achieved with co-culture
of P. italicum and T. oedocephalis while the lowest was
obtained in a medium inoculated with T. oedocephalis.
On tangerine and sweet orange peels, P. italicum gave
maximum mannanase activities of 231.53 and 573.89
U/ml respectively while T. oedocephalis recorded the
highest mannanase activity of 175 U/ml in a medium

supplemented with LBG (control). However, the overall
highest mannanase activity was achieved with P. italicum
cultured on sweet orange peels. The mannanase activity
displayed by P. italicum on sweet orange peels was 4-
fold higher than what was displayed by T. oedocephalis
on LBG (control).

The protein yield of the organisms cultured in the media
containing sweet, lime, grape and tangerine peels
respectively is shown in Figure 2. Penicillium italicum and
co-culture of P. italicum and T. oedocephalis produced
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Figure 3. Effect of mixed substrate fermentation (1:1:1:1) of different orange peels
(Lime, Grape, Tangerine and sweet orange peels) on mannanase activity and protein
content of P. italicum, T. oedocephalis and co-culture of P. italicum and T.

oedocephalis.
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Figure 4. Effect of the mixed substrates (1:1:1:2) of different orange peels
(Lime, Grape, Tangerine and sweet orange peels) on mannanase activity and
protein content of P. italicum, T. oedocephalis and co-culture of P. italicum

and T. oedocephalis.

much more protein in media containing sweet orange
peels compared to other substrates. The protein content
of culture filtrate in grape peels containing medium was
highest in mixed culture (P. italicum and T. oedocephalis)
inoculated medium while P. italicum gave maximum
protein content on lime and tangerine peels. However,
the protein content produced by mixed culture of P.
italicum and T. oedocephalis was 10-fold higher than
what was produced by any of the organism on LBG.

The effect of mixed substrate fermentation in ratio
1:1:1:1 of different orange peels (Lime, Grape, Tangerine

and sweet orange peels) on mannanase activity and
protein content of P. italicum, T. oedocephalis and co-
culture of P. italicum and T. oedocephalis is shown in
Figure 3. The mannanase activities of P. italicum, T.
oedocephalis and co-culture of P. italicum and T.
oedocephalis were 655.56, 489.17 and 363.33 U/ml
respectively. Therefore, the highest mannanase activity
and protein content were obtained in a medium
inoculated with P. italicum while the lowest was achieved
with mixed culture of P. italicum and T. oedocephalis
inoculated medium. Similarly, in Figure 4, P. italicum
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Figure 5. Effect of mixed substrate (2:1:1:1) of different orange peels (Lime, Grape,
Tangerine and sweet orange peels) on mannanase activity and protein content of P.
italicum, T. oedocephalis and co-culture of P. italicum and T. oedocephalis.

gave the highest mannanase activity and protein content
in mixed substrate fermentation in ratio 1:1:1:2 of
different orange peels (Lime, Grape, Tangerine and
sweet orange peels). In Figure 5, mannanase activity
was highest in a medium inoculated with mixed culture of
P. italicum and T. oedocephalis while the highest protein
content was achieved with T. oedocephalis in mixed
substrate fermentation in ratio 2:1:1:1 of different orange
peels (Lime, Grape, Tangerine and sweet orange peels).

DISCUSSION

Substrate selection for enzyme production in a solid state
fermentation (SSF) process depends upon several
factors, mainly relating to substrate cost and availability
and thus may involve screening several agro-industrial
residues (Ray et al., 2007). Penicillium italicum, T.
oedocephalis and co-culture of P. italicum and T.
oedocephalis were able to produce extracellular
mannanase on different species of orange peels although
with differences in the rate of enzyme production. The
differences in mannanase activity on different species of
orange peels could be due to the nature of cellulose or
hemicellulose, presence of some components (activators
or inhibitors) in these materials and variations in the
substrate accessibility (Mabrouk and EI Ahwany, 2008;
Akinyele et al., 2013). The overall highest mannanase
production was achieved with P. italicum cultured on
sweet orange peels. It might be that sweet orange peels
were readily assimilated and metabolized by the cells of
P. italicum for enzyme biosynthesis.

Penicillium italicum and co-culture of P. italicum and T.

oedocephalis gave much more protein in media
containing sweet orange peels compared to other
substrates. The high protein released on sweet orange
peels suggests the presence of other proteins (beside the
mannanase enzyme) which may include other cell-wall
hydrolyzing enzymes (de Vries and Visser, 2001).
Hemicellulases particularly xylanases are also required
for the hydrolysis of natural mannan (Khan, 1980). These
organisms seem to secrete the hydrolytic enzymes for
the breakdown of the sweet orange peels (polymer) into
the growth media which largely accounts for the high
protein contents.

The mixed substrate fermentation of different species
of orange peels gave considerable mannanase activity.
The remarkable differences in the enzyme production by
the use of mixed substrate fermentation of different
species of orange peels was not understood, it may be
due to different requirements by the isolates.

Conclusion

Different species of orange peels are available in
abundance and can be used as low-cost carbon source
for the production of commercial mannanase. Such use
could help reduce the pollution due to orange peels
wastes. The present work indicated that mannanase
production potential of these fungal isolates was
improved when compared with LBG that is known to be
expensive in enzyme production. An appreciable yield of
mannanase was achieved when mixed substrate
fermentation of different species of orange peels was
employed.
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