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Abstract
Microorganisms are now the main sources of industrial enzymes, with fungi and yeasts that have
contributed about 50%, bacteria has contributed about 35%, whereas the remaining 15% are also of
phytopathogenic fungi while some are plant parasitic nematodes or animal origin. The prospective of
using these microorganisms as sources of biotechnological and industrial relevant enzymes motivated
interest in the study of extracellular enzymes from numerous microorganisms which include various
fungi, bacteria, actinomycetes and yeasts. The aim of this study was to isolate and screen for
mannanase-producing yeasts from citrus wastes and to produce, optimize, purify and characterize the
enzyme. One hundred and two (102) yeasts were isolated from different citrus wastes obtained from �ve
different markets and screened for their mannanase producing ability. Gum Arabic was used as a
substrate for the production of mannanase enzyme by yeasts isolates using submerged fermentation.
Candida sp. LES2, Candida sp. OS12, Pichia sp. and Pichia kudriavzevii (AUMC 10190) were the yeast
isolates with the best potential of mannanase production. Incubation period, pH, temperature, carbon and
nitrogen source were optimized under submerged fermentation for the production of mannanase. The
mannanase produced by Pichia kudriavzevii (AUMC 10190) was optimally active at pH 7.0 (202.10 U/ml)
and its temperature is stable at 600C. Pichia kudriavzevii (AUMC 10190) was optimally active at 350C
(147.91U/ml). Mannanase enzyme produced by Pichia kudriavzevii (AUMC 10190) had a puri�cation fold
of 2.14 with a speci�c activity of 134.53U/ml proving that yeasts obtained from citrus wastes have the
ability to produce mannanase enzyme under optimized conditions. Therefore, it can be concluded that
Pichia kudriavzevii (AUMC 10190) isolated from citrus waste is potential yeast for the production of
mannanase under suitable condition for higher yield.

Introduction
Mannanases from microorganisms are now important biotechnologically as they are involved in the
hydrolysis of complex polysaccharides of plant tissues into simple molecules like
mannooligosaccharides and mannoses. The importance of mannanases in the paper and pulp industry
is well well-known and recently they have also found application in the food and feed technology, coffee
extraction, oil drilling and detergent production. Mannanase is commonly produced by bacteria,
actinomycetes, fungi, plants, and animals (Adiguzel et al. 2015). Bacterial mannanases are mostly
extracellular and act in a wide range of pH and temperature. However, acidic and neutral mannanases are
more common (Dhawan and Kaur 2007).

Yeasts are the least studied group of microorganisms that have the ability to produce mannanase. For
these microorganisms, mannanase activity as a component of their lytic complex is more characteristic.
However, even among the yeasts, the cultures with high mannanase activity are described, although not
as numerous as among bacteria and micromycetes (Dhawan and Kaur 2007; Chauhan et al.2012). The
undoubted advantage of yeasts as enzyme producers over other microorganisms is their resistance to
infections and they are easy to separate from the culture medium due to large cell sizes. Mannanases
have been produced by submerged fermentation in most of the studies (Kote et al. 2009).
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Beta-D-mannanase (mannan endo-1,4-beta- mannohydrolase, EC 3.2.1.78) are hydrolytic enzymes that
hydrolyze randomly beta-1,4 mannosidic linkages within the backbones of mannan,
galactoglucomannan, glucomannan and galactomannan (Olaniyi and Adebowale 2017). Mannans, in
which D-mannose is the main component, are important to many industries for example food, feed, and
feed stocks. Mannans could be broken down into simple sugars or oligosaccharides by the combined
action of endo-mannanases (EC number 3.2.1.78, mannan endo-1,4-beta-mannosidase) and beta-
mannosidase (EC number 3.2.1.25) (Chantom et al. 2015). Continuous identi�cation and the introduction
of new and diverse microbial sources, mainly those which are non-toxic to humans, are of high interest.

Most mannanases are of microbial origin and are extracellular. They act in a wide range of pH and
temperature that is why they have applications in pulp and paper, food, feed, pharmaceutical, oil and
textile industries. Microbial mannanases are inducible (Dhawan and Kaur 2007). Galactomannan-rich
substrate locust bean gum (LBG) has been used widely as an inducer of β-mannanase (Kote et al. 2009;
Kim et al. 2011a). Other substrates like copra meal, wheat bran and konjac powder, have also been used
for the same purpose, since they have important bene�t because they are cheap and also in abundant
(Zhang et al. 2009; Meenakshi et al. 2010; Rashid et al. 2010). The production of mannanases is affected
by nutritional and physicochemical factors such as; incubation time, temperature, pH, carbon and
nitrogen sources, inorganic salts, agitation and dissolved oxygen concentration (Aziz et al.2008; Moreira
and Filho 2008; Ajibare 2014). Different microorganisms require different incubation times for maximum
mannanase production. This study aimed to isolate and screen for yeasts that have the ability to produce
mannanase from citrus wastes and to optimize the production of the enzyme.

Materials And Methods

Yeast Isolation
Samples were serially diluted in sterile distilled water and plated out using the pour plate method. The
media used was Yeast Extract Agar (Oxoid). The media was prepared and sterilized according to
Manufacturer’s speci�cation. The media was supplemented with glucose and streptomycin to enhance
yeast growth and to suppress the growth of bacteria respectively. All plates were incubated at 30°C for
about 3 to 5 days. Yeast cells were further puri�ed by streaking on fresh plates in order to obtain a pure
colony. The pure colonies were examined and identi�ed microscopically. The pure cultures were then
stored in Yeast Extract broth and glycerol at 4°C for further use (Barnett 2003) 

Screening for mannanase producing yeasts
The isolates were screened for mannanase producing ability by inoculating them in a sterile medium
containing 1% Gum Arabic, 0.1% yeast extract, 0.1% peptone, 0.1% NH4NO3, 0.14% KH2PO4, 0.02% MgCl2,
1% Congo Red and 3% Agar (Rattanasuk and Ketudat-Cairns 2009). The plates were incubated at 30ºC
for 24 hours, 48 hours and 72 hours. The mannanase activity of each isolate was measured based on the
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ratio of the clearing zone (dark blue-black colouration) formed. The colonies with highest clear zone were
collected and maintained as frozen stocks in the presence of 20% glycerol (Adebayo-Tayo et al. 2013).

Secondary mannanase screening
The Mannanase Screening Medium (MSM) containing in g/l: Peptone 0.1, yeast extract 0.1, MgCl2 0.02,
KH2PO4 0.14, NH4NO3 0.1, and Gum Arabic 1.0, Distilled water 1 liter and pH 5.5 was used. 100 ml of the
sterile mannanase production medium was inoculated with 0.5 ml of the isolate after using Mac Farland
Standard and incubated for 48 hrs. After incubation, the fermentation medium was harvested by
centrifugation at 4000rpm for 30 minutes at 4°C. The supernatant was used to assay for mannanase
activity (Adebayo-Tayo et al. 2013).

Molecular identi�cation of the tolerant strain

DNA Extraction Protocol
The extraction of the yeast genomic DNA for molecular analysis was carried out according to the method
of Arnold et al. (2011).  Colonies of yeast isolates were picked from a Yeast Extract Agar (YEA) plate and
was suspended in 100 μL 200 mM LiOAc 1% SDS solution, and incubated at 70°C for 15 min. After
incubation, 300 μL 96% ethanol was added and the samples were mixed by brief vortexing. The DNA was
collected by centrifugation at 15,000× g for 3 minutes. Precipitated DNA was dissolved in 100 μL Tris-
EDTA (TE) buffer. The cell debris was spun down by brief centrifugation (15,000× g for 1 min), and 1 μL
supernatant was used for PCR.

Mannanase production in submerged fermentation
The Mannanase Production Medium (MPM) containing in g/l: Bacteriological peptone 0.1, yeast extract
0.1, MgCl2 0.02, KH2PO4 0.14, NH4NO3 0.1, and locust bean gum (LBG) 1.0, Distilled water 1 liter and pH
5.5 was used. 100 ml of the sterile mannanase production medium was inoculated with 0.5 ml of the
isolate and incubated for 24 hrs. After incubation, the fermentation medium was harvested by
centrifugation at 4000rpm for 30 minutes at 4°C. The supernatant was used to assay for mannanase
activity (Adebayo-Tayo et al. 2013).

Mannanase assay and protein determination
The mannanase activity was assayed by measuring the reducing sugars using dinitrosalicylic acid
(DNSA) method (Miller 1959). An assay mixture containing 0.5 ml of the culture supernatant and 0.5 ml
of 0.5% (w/v) Locust bean gum (LBG) in 0.05M phosphate buffer at pH 5.5.0 was incubated at 50°C for
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30 min. After incubation, 1 ml of reagent was added and boiled for 5 – 15 min. The developed red brown
color was measured at 575 nm. The amount of reducing sugar released was determined by the
dinitrosalicylic acid (DNSA) method (Miller 1959).  One unit of mannanase activity was de�ned as
amount of enzyme producing 1 micromole of mannose per minute under the experimental conditions.
The amount of protein produced in the basal medium was also determined by the method of Lowry et al
1951 using Bovine Serum Albumin (BSA) as the standard.

Optimization of the cultural parameters in submerged
fermentation
The basal medium was optimized with various factors that in�uence the mannanase production. The
various physicochemical parameters of fermentation were optimized which included; temperature, pH,
incubation time, incubation temperature, carbon sources and nitrogen sources.

Effect of Temperature
The effect of temperature on mannanase production using submerged fermentation was carried out at
different temperatures. This was done between the range of (25, 30, 35, 40, and 45)   °C (Adebayo-Tayo et
al. 2013; Oskay and Yalcin 2014).

Effect of pH
The effect of pH on enzyme production was also carried out. pH values ranging from  ( 4, 5,6,7 and 8)
was used to investigate the effect of pH on the production of mannanase. Acetate, citrate and phosphate
buffer were the buffers of choice used in this experiment (Adebayo-Tayo et al. 2013; Oskay and Yalcin
2014).

Effect of Incubation time
The production enzyme for mannanase were harvested at different incubation time (24, 48, and 72) hours
and assayed to determine the best time that supports enzyme production (Adebayo-Tayo et al. 2013;
Oskay and Yalcin 2014).

Effect of nitrogen sources
To investigate the effect of the different nitrogen sources on mannanase production, the only nitrogen
sources in the basal medium which was peptone and yeast extract were replaced by different nitrogen



Page 6/23

sources such as Urea, casein, ammonium sulphate, ammonium chloride and yeast extract/peptone(1:1)
at1% (w/v) concentrations (Adebayo-Tayo et al. 2013; Oskay and Yalcin  2014).

Effect of carbon sources
The effect of various carbon sources such as glucose, fructose, sucrose, maltose and mannitol at 1%
(w/v) concentrations was also carried out in addition to gum arabic which was the sole source of carbon
in the basal medium (Adebayo-Tayo et al. 2013; Oskay and Yalcin 2014).

Puri�cation of enzyme

Ammonium Sulphate (NH4SO2) Precipitation
After determining the percentage saturation of ammonium sulphate salts that gave the highest activity,
the equivalent amount of salt for 1 litre of crude enzyme was added. The salt was allowed to dissolve
completely and the mixture was allowed to stand for 30 hrs at 4ºC. It was then centrifuged at 4000 rpm
for 30minutes. The pellets were collected and stored in a cool place for further studies (Khairnar et al.
2009).

Dialysis
Dialysis tubes stored in 90% ethanol were used. The tubes were rinsed thoroughly with distilled water and
�nally with 0.05M phosphate buffer in order to remove traces of ethanol. An amount of the precipitated
enzyme was poured into the dialysis tubes and placed in a beaker containing 0.05 M phosphate buffer.
The beaker was placed on a magnetic stirrer which allows for a homogenous environment. The dialysis
was carried out according to Dixon and Webb (1964) for 12 hours and the buffer is changed after 6 hours
which allows for the exchange of low molecular weight substances and left over ammonium sulphate
salts that may interfere with the activity. After dialysis, mannanase activity was measured in each
fraction applying DNS method: 0.5 ml of dialysed partially puri�ed enzyme was added to 0.5 mL gum
arabic 1% (w/v) in 0.05M phosphate buffer (pH 6.0) separately. Test tubes were covered and incubated
for 5mins at 65°C in a water bath. Then, 1 mL DNS reagent was added to each tube to stop the reaction
and placed in boiling water bath for 5mins. After cooling the samples in a cold water bath, the
absorbance was read at 540 nm (Khairnar et al. 2009).

Gel-�ltration chromatography
Mannanase was puri�ed to homogeneity by the gel-�ltration chromatography. The dialysed enzyme was
loaded on the gel permeation column (Sephadex G-25). All the eluted fractions were estimated for



Page 7/23

enzyme activity and absorbance was read at 540nm and 575nm respectively. The fractions showing the
highest enzyme activity were pooled and assayed for protein content. The speci�c activity of puri�ed
enzyme fractions was compared to that of crude enzyme and fold puri�cation was calculated (Sharma et
al. 2005).

Characterization of partially puri�ed mannanase enzyme

Effect of pH Change on Mannanase Activity
The effect of pH on enzyme activity was determined using 0.05M sodium acetate buffer pH 3.5 – 5.5,
phosphate buffer pH 6.0 – 7.5 and Tris-HCl buffer pH 8.0 – 10.0 at intervals of 1.0. 0.1% gum arabic
solution was prepared by dissolving 0.1g gum arabic in 100ml of 0.05M of the respective buffers
separately. Also 0.5 ml of the partially puri�ed enzyme was added to 0.5 ml of each of the buffers. Then
ultimately, 0.5ml of the enzyme-buffer solution was mixed with 0.5ml gum arabic solution at the
corresponding pH for mannanase assay as described previously (Adebayo-Tayo et al. 2013; Oskay and
Yalcin  2014).

Effect of Temperature Change on Mannanase Activity
The optimum temperature was determined by incubating the enzymes with gum arabic solution at 35-
50ºC interval of 5ºCfor 1hour and at the pH with the highest activity. The activity was then determined as
described previously (Adebayo-Tayo et al. 2013; Oskay and Yalcin 2014).

Effect of Substrate Concentration on Mannanase Activity
The effect of substrate concentration on the activity of mannanase was determined by incubating the
enzyme with 0.5 up to 2.0mg/ml gum arabic at an interval of 0.5 using the buffer at the pH with highest
activity and the temperature at which highest activity was determined (Adebayo-Tayo et al.,2013; Oskay
and Yalcin 2014).

Km and Vmax were determined by incubating the enzyme with varying concentrations of substrate. The
results were plotted as a graph of rate of reaction (v) against concentration of substrate[S].
The relationship is de�ned by the Michaelis-Menten equation:

v = Vmax / (1 + (Km/[S]) 

Thermal Stability of Mannanase
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 For thermal stability, the partially puri�ed enzyme was pre-incubated for 1h at various temperatures (50,
60, 70, 80, 90)˚C before enzyme assay, and promptly cooled on ice and residual activity was determined
under standard assay conditions. 

Statistical Analysis
Each of the 𝛽-mannanase activity experiment was done in triplicate and expressed as mean ±SD
(standard deviation) using SPSS and analysis of variance (ANOVA) was used to compare various
treatment groups.

Results

Screening for Mannanase producing yeasts isolated from
citrus wastes
All the isolates were screened for mannanase production. Thirty-one isolates showed mannanase
degrading ability. Secondary screening was carried out for isolates with the highest zones of clearance.
Ten yeast isolates showed the highest zones of clearance, therefore, four most promising isolates were
selected for the production of mannanase. These four isolates with the code OS8, LeA5, OS12 and LeS2
showed mannanase activity of 121.10U/ml, 155.50U/ml, 138.50U/ml and 107.60U/ml respectively and
production using submerged fermentation. The four best isolates were selected based on secondary
screening for further studies.

Optimization of fermentation parameters
The production of mannanase enzyme by the yeast isolates Pichia  sp. , Pichia kudriavzevii  (AUMC
10190), Candida sp.OS12, Candida sp. LeS2 were affected by several factors which include the following
parameters; incubation time, temperature, carbon sources, nitrogen sources and pH under submerged
fermentation.

Effect of incubation period
Mannanase production by all the yeast isolates increased as incubation period increased but was
optimum at 48 hours. Mannanase production by Candida sp. OS12 was 130.20U/ml and Pichia
kudriavzevii (AUMC 10190) with the highest production of 138.02U/ml (�gure 1) were found to be the
highest after 48 hours of incubation. 

Effect of temperature on enzyme production
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Mannanase production by Saccharomyces sp. OS8, Pichia kudriavzevii (AUMC 10190), Candida sp.
OS12, Candida sp. LeS2 was found to be optimal at an incubation temperature of 30ºC and 35ºC. The
values at the optimal temperature which is 35ºC are 136.02U/ml for Saccharomyces  sp. OS8,
147.91U/ml for Pichia kudriavzevii (AUMC 10190), 110.03U/ml for Candida sp. LeS2 and 141.01U/ml for
Candida sp. OS12. Therefore, Pichia kudriavzevii (AUMC 10190) gave the highest production of
147.91U/ml at 35ºC (�gure 2) which is the optimal temperature. 

Effect of pH on enzyme production
The pH value of the fermentation medium for the production of mannanase enzyme is an important
factor. For mannanase production, the optimal pH for Saccharomyces sp. OS8 was 5 with a value of
152.07U/ml while the optimal pH for Saccharomyces sp.LEA5 was 7 with a value of 202.10U/ml as the
enzyme produced after 48 hours. Therefore, Saccharomyces sp. OS8 and Pichia kudriavzevii (AUMC
10190) gave the highest enzyme production at pH 5 and 7 respectively after 48 hours (�gure 3). 

Effect of carbon sources on enzyme production  
The effect of different carbon sources on the production of mannanase enzyme was studied. It was
observed that mannanase production by Pichia kudriavzevii  (AUMC 10190) after 48 hours gave the
highest production when the medium was supplemented with glucose with a value of 144.26U/ml.
Candida sp. OS12 also had its highest value (139.19U/ml) when the medium was supplemented with
fructose (�gure 4). 

Effect of nitrogen sources on enzyme production
The effect of different nitrogen sources on the fermentation medium was also studied. After 48 hours,
optimal mannanase production was observed by Pichia kudriavzevii  (AUMC 10190) when the medium
was supplemented with ammonium nitrate (NH4NO3) and peptone showing different values of
226.1U/ml and 177.02U/ml respectively while Candida sp. OS12 showed different values of 165.5U/ml
and 128.0U/ml (�gure 5) when the medium was supplemented with ammonium sulphate (NH4SO4) and
peptone.

 Puri�cation of enzyme
After all the puri�cation steps were complete, the speci�c activity of mannanase enzyme by Pichia
kudriavzevii (AUMC 10190) was 134.53U/ml with a puri�cation fold of 2.14. Table 1 summarizes the
effect of each puri�cation step on the activity of mannanase enzyme produced by Pichia kudriavzevii
(AUMC 10190) respectively. The activity increases progressively as each puri�cation step was carried
out. 
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Table 1
Enzyme yield and Puri�cation fold of mannanase produced from Pichia kudriavzevii (AUMC 10190)

Puri�cation
steps

Total
volume
(mL)

Total enzyme
activity (U/mL)

Total protein
(mg/mL)

Speci�c
activity
(U/mg)

Fold Yield

Crude 50 2924 46.43 62.97 1 100

Ammonium
sulphate

50 2808 38.09 73.72 1.17 96.03

Dialysis 10 879 11.20 78.48 1.25 30.06

Gel �ltration 5 487 3.62 134.53 2.14 16.66

 

Characterization of crude mannanase enzyme

Optimum temperature for stability of crude mannanase
The effect of temperature on crude mannanase stability was determined by exposing the enzyme to
various temperatures ranging from 50ºC-90ºC for 30 minutes. The activity of mannanase enzyme by the
yeast isolate Pichia kudriavzevii (AUMC 10190) gradually dropped above 60ºC (�gure 6). 

Optimum pH for stability of crude mannanase
The effect of different pH on mannanase activity was determined by exposing the crude enzyme to
different pH from pH 4-8 at 50ºC for 30 minutes. Results indicate that optimum mannanase activity was
observed at a pH level of 7 for Pichia kudriavzevii (AUMC 10190) (120.U/ml) (�gure 7).

Optimum substrate concentration for mannanase activity
The effect of substrate concentration on the activity of enzyme was studied by determining the activity at
different concentrations (0.5% - 2.0%w/v). Results show that mannanase activity by Pichia kudriavzevii
(AUMC 10190) was optimal at a substrate concentration of 0.5% with a value of 108.7U/ml (�gure 8).

Discussion
In this study, one hundred and two (102) yeast isolates were obtained from different citrus wastes (lemon,
lime, orange and grape). After preliminary screening of the one hundred and two (102) isolates for their
enzyme producing ability, thirty-one (31), which represented 30% of the total, were positive for
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mannanase producing ability. This was almost similar to the report of Ernesto et al. (2006) and Obinna-
Echem et al. (2014).

The factors that affect mannanase production are temperature, incubation time, pH nitrogen sources and
carbon sources. In this study, it was observed that after 48 hours of fermentation, there was
accumulation of maximum extracellular enzyme. This is in accordance with the study of Oskay and
Yalcin (2014) who also reported 48hours as the best incubation time for maximum mannanase
production by yeasts. The period of fermentation is in�uenced by the nature of medium, concentration of
nutrients, fermenting organisms, and the physiological conditions (Patil and Dayanand 2006).

A temperature of 35ºC and pH 5.0–6.0 were the optimum parameters for mannanase production. This is
in line with the work of Oskay and Yalcin (2014) and Adebayo-Tayo et al. (2013) who reported similar
temperature and pH for mannanase production.

In this study, the substrate used for the production of extracellular mannanase was gum Arabic.
Substrates should provide all needed nutrients to the microorganism for its growth. Although a decreased
level in the production of mannanase was observed when gum Arabic was supplemented with additional
carbon sources. Mannanase production was carried out using gum arabic as substrate, but the optimal
production was observed when the medium was supplemented with glucose as an external source of
carbon. This was not in accordance with the work of Adebayo-Tayo et al. (2013) who reported that
fructose as an external source of carbon was optimum for mannanase production by Bacillus species
because they worked on bacteria. These observations were however in conformity with the suggestion of
How and Ibrahim (2004) who suggested that there is need to supplement mannanase substrate with
other carbon sources because the substrates are derived from the degradation of organic compounds
which may not be enough to supplement microbial growth fully.

Nitrogen source is one of the most important in microbial growth because it plays a major role in the
biosynthesis of cell metabolites and general maintenance of physiology of the cells. In this study,
ammonium nitrate was the best source of nitrogen for mannanase production, which was also in line
with the work of Oskay and Yalcin (2014). However this was in contrast with the work of Hoa and Hung,
(2013) who reported urea as the best nitrogen source and also Adebayo-Tayo et al. (2013) who reported
ammonium sulphate and urea as the best nitrogen source for the production of mannanase by some
other microorganisms. In this research, submerged fermentation technique was applied due to the fact
that temperature, pH, moisture, substrate concentration during cultivation would have been di�cult to
control under limited water availability (Holker et al. 2004). Submerged liquid fermentation is the
cultivation of microorganisms in liquid nutrient broth. Submerged fermentation involves growing
carefully selected microorganisms (bacteria and fungi) in closed vessels containing a rich broth of
nutrients (the fermentation medium) and a high concentration of oxygen (GrigelmoMigeul and Martin-
Belloso 1998).

During puri�cation of the enzyme, mannanase, after the protein was precipitated, dialysis was carried out
to remove excess salt. It also changes the buffer composition of solutions of biomolecules which maybe
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too large to pass through the membrane during gel �ltration chromatography (Olaniyi et al 2014).
Therefore, it was observed that there was a decrease in volume of about 5 ml of the enzyme after
dialysis. This may be due to the further separation that occurred between the low and high molecular
weight proteins that were initially present (Olaniyi et al 2014)

There was increase in the activity of mannanase after precipitation and subsequently after dialysis. This
agrees with the suggestion of Lukong et al. (2007) who suggested that increase in enzyme activity may
have occurred due to the removal of impurities (such as other proteins) during dialysis. The activity peaks
obtained from the elution pro�le could be attributed to the source of isolation coupled with environmental
in�uences

The partially puri�ed enzyme was characterized based on the effect of change in pH, temperature and
substrate concentration. The optimal pH for the activity of mannanase was 7.0, which was not in
accordance with the work of Jiang et al. (2006) who reported pH 6.0 for Bacillus subtilis. This was
however in agreement with the report of Zakaria et al. (1998) and Meenakshi et al. (2010) who reported
pH 7.0 for optimal mannanase production.

Temperature has effect in the activity of mannanase. The activity of mannanase enzyme produced by
Pichia kudriavzevii (AUMC 10190) was optimum at 60ºC but was still stable throughout the different
temperature ranges. This would be an indication of the thermo stability of the enzyme.

The partially puri�ed mannanase was subjected to different substrate concentrations (0.5–
2.0%w/v).Mannanase activity however by Pichia kudriavzevii (AUMC 10190) was optimum at the lowest
substrate concentration. According to Anosike (2001), Km values provide a parameter for comparing
enzymes from different organisms. With the knowledge of Michaelis Menten, it is known that a small Km

indicates that the enzyme requires only a small amount of substrate to become saturated; hence, the
maximum velocity is reached at relatively low substrate concentration.

Conclusions
In this study, it was shown that yeast isolates obtained from citrus wastes (Lemon, Orange, Lime, Grape)
particularly Pichia kudriavzevii (AUMC 10190) yielded high activity of mannanase enzyme when supplied
with adequate nutritional and optimized conditions. Gum arabic as a substrate for mannanase
production is not su�cient as there is need for supplementation with an external source of carbon and
nitrogen for adequate enzyme production. Optimum incubation period, temperature and pH for
mannanase production were 48hours, 35ºC and 5.0-6.0 respectively. Glucose, in combination with gum
arabic was the best carbon source, while Ammonium nitrate (NH4NO3) was the preferred source of
nitrogen. Partially puri�ed mannanases were stable at high temperatures which indicate the possibility of
being used in the industry. Pichia kudriavzevii (AUMC 10190) showed a potential to convert substrates
that contain mannan into simple carbohydrates which could be readily used in many industrial
applications such as animal foods and a feed stock for production of prebiotics.
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Figures

Figure 1

Effect of incubation time on the production of mannanase by yeast isolates obtained from citrus wastes
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Figure 2

Effect of Temperature on the production of mannanase by yeast isolates obtained from citrus wastes
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Figure 3

Effect of different pH on the production of mannanase by yeast isolates obtained from citrus wastes
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Figure 4

Effect of different Carbon source on the production of mannanase by yeast isolates obtained from citrus
wastes
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Figure 5

Effect of nitrogen source on the production of mannanase by yeast isolates obtained from citrus wastes
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Figure 6

Stability of Mannanase at different temperatures
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Figure 7

Stability of Mannanase at different pH
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Figure 8

Effect of different Gum arabic concentration on Mannanase stability
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