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ABSTRACT
In this study, Aspergillus terreus NCFT4269.10 was selected for the biosynthesis of pectinase

after screening from fifteen native fungal strains as the performance of A. terreus was best in pectin
hydrolyzing activity (2.75 cm). Aiming at the cost effective fermentation, several agro-industrial
residues such as, Pearl Millet (PM), Finger Millet (FM), Orange Peels (OP), Mustard oil Cake
(MoC) and Chikling Vetch Peels (CVP) were evaluated for highest pectinase production using
Liquid Static Surface Fermentation (LSSF) and Liquid Shaking Fermentation (LShF). Among these
substrates, orange peel was found to be the most suitable substrate for optimal pectinase
biosynthesis (LSSF: 633.33±57.73 U mLG1, LShF: 733.33±115.47 U mLG1). Liquid shaking
fermentation at 120 rpm for 96 h at  30°C  was  suitable  for  pectinase  biosynthesis  as compared
to  LSSF.  Total  protein  content   was   also   higher   in   OP   (LSSF:  880.33±12.5  µg mLG1,
LShF: 992.7±4.16 µg mLG1) when the culture was grown under static and shaking condition at 30°C
for 96 h. Maximum biomass was formed when OP was implemented for fermentation at static
condition followed by CVP. But maximum biomass did not always support the enhanced pectinase
biosynthesis in most of the cases. Partial purification  of  pectinase  revealed  a 3.86 fold
purification and 27.63% yield of protein. Fermentation kinetics study revealed that  purified
enzyme activity yield per gram of substrate  was maximum at  both  LSSF (1866.6 U gdsG1) and
LShF (2026.7 U gdsG1) when biosynthesis of pectinase was carried out using OP. Ratio of enzyme
yield and biomass were best with OP as compared to the other substrates both in static and
shaking fermentation at crude and purified conditions.

Key words: Aspergillus terreus, fermentation kinetics, liquid static surface fermentation, orange
peels, pectinase

INTRODUCTION
The chemical transformation processes implemented in many industries have numerous

disadvantages owing to its commercial and environmental standpoint. Keeping in view, the
enzymes may be most suitable industrial biocatalyst and are increasingly becoming the alternative
of chemical catalysts in many industrial sectors (Smith, 1996). The microbial pectinases are the
most imperative enzymes in contemporary biotechnology as they have almost entirely substituted
chemical hydrolysis of pectin. In contemporary, pectinases have occupied approximately 25% of the
enzyme trading (Sidkey et al., 2011).
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Pectinases, the multifaceted hydrolases that function as esterases and depolymerases include
mostly pectin esterases (EC. 3.1. 1.11), pectin lyases (E.C. 4. 2. 2. 10) and polygalacturonases.
Pectin esterases catalyze the hydrolysis of methylated carboxylic ester groups present in pectin into
pectic acid and methanol. Similarly, pectin lyases (E.C. 4. 2. 2. 10) hydrolyze α-1, 4-glycosidic bond
by process called transelimination releasing galacturonide with a double bond between C-4 and C-5
at   the  nonreducing  end  of  the  sugar  backbone.  Generally,  polygalacturonases  also  attack
α-1, 4-glycosidic linkages in homogalacturonans (Delgado et al., 1993). Now-a-days, they are the
high flying industrial enzymes of textile industries, plant fiber processing, degumming, tea, coffee,
vegetables oil extraction industries and treatment of industrial wastewater having pectinacious
wastes. They are also having potential applications in purification of viruses (Salazar and
Jayasinghe, 1999) and in paper producing industries (Ricard and Reid, 2004). Further, enzyme
cocktails having pectinases are used for the preparation of animal feeds. To reiterate, these
enzymes are also employed in facilitated extraction, filtration and clarification of fruit juices for
enhanced biosynthesis (Kashyap et al., 2001), food processing industry, souring of cotton, bleaching
of paper and in alcoholic beverage preparation (Beg et al., 2001).

Many potential microorganisms like bacteria, fungi and actinomycetes are wide distributed in
the nature having the capability to exploit pectin as their sole source of carbon and energy. But,
almost all  the  industrially  imperative  pectinases  are  biosynthesized  from  fungal  sources
(Singh et al., 1999). Aspergillus niger is the most well known fungal species implemented for
industrial biosynthesis of pectinases (Naidu and Panda, 1998). Nonetheless, many fungal genera
like, Aspergillus, Erwinia, Fusarium, Kluyveromyces, Penicillium, Rhizopus and Saccharomyces,
have been well recognized for their pectinase biosynthesizing ability (Favela-Torres et al., 2006).
However, assortment of the particular fungal species for the biosynthesis of pectinase relies on
numerous factors, like, type of fermentation required (solid-state or submerged fermentation), kind
of pectinase to be biosynthesized, initial medium pH and temperature profile for the fungus and
enzymes and above to all the genotypic trait of the working strain (Favela-Torres et al., 2006).

The features of pectinases though vary with the working strain and diverse group of
microorganisms biosynthesize single or a mixture of these pectinolytic enzymes (Castro et al.,
1992). Owing to its escalating demand in many industries, searching of pectinases from different
novel and innate fungi and its apposite application at cost effective level is a continuous exercise.
Hence, this study was aimed at the selection of a suitable strain for the biosynthesis of pectinase
using agricultural byproducts as substrates and type of fermentation for maximum enzyme
biosynthesis.

MATERIALS AND METHODS
Chemicals and substrates procured for the study: All chemicals implemented in this study
were of Analytical Reagent (AR) grade and purchased from Sigma, Hi-Media Limited, SRL Pvt. Ltd.
and Merck India Ltd. (Mumbai, India). Commercial citrus pectin was procured from a local supplier
of chemicals from Bhubaneswar, Odisha, India. Pearl Millet (PM), Finger Millet (FM), Orange Peels
(OP), Mustard oil Cake (MoC) and Chikling Vetch (CV) were obtained from the local market of
Cuttack and Bhubaneswar, Odisha, India. The substrates were dried inside a hot air oven at 60°C
for 24 h and processed for fermentation.

Screening of fungal isolates for pectinase activity: The seven day old pre-isolated fungi were
point inoculated on modified   Czapek-Dox   agar   supplemented   with   commercial   citrus   pectin
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(1%, w/v) as the sole source of carbon and screened for pectinolytic activity by a modified plate
method of Phutela et al. (2005). The sterilized and cooled medium (pH 6.5) was supplemented with
norfloxacin at 300 mg/100 mL before pouring. The plates were incubated at 30±2°C for five days.
The growth of fungi and hydrolysis pattern of pectin were evaluated qualitatively by visual
inspection. The clearance zone formed around the colonies was determined using CTAB reagent.
Suitable organism was selected and used in subsequent experiments.

Inoculum preparation:  Aspergillus terreus NCFT 4269.10, a pectinase producing strain was
used as the working fungus in the study (Sethi et al., 2013a). The master culture was subcultured
and one week old PDA slant culture was processed for inoculum build up using potato dextrose
broth. Finally, about 1×107 spores mLG1 was used as the inoculum for fermentation (Sethi et al.,
2013b).

Fermentation study: Liquid static and shaking fermentation was carried out using 50 mL of
sterilized fermentation medium having PM, FM, OP, MoC, CVP and commercial pectin as the sole
source of carbon and substrate for pectinase. Each Erlenmeyer flasks having fermentation medium
were inoculated separately with 1×107 cells mLG1 from 7 days old culture and incubated at 30±2°C
at static condition. After 96 h, samples were processed for pectinase activity assay. Similarly, one
set of the inoculated fermentation  flasks  were  kept  in  a  shaker-cum-incubator  at 120 rpm for
96 h at 30±2°C. After completion of fermentation, 50 mL of cultured broth was centrifuged at
10,000 rpm for 10 min at 4°C to obtain a cell-free supernatant. The clear supernatant was filtered
through Whatman No. 1 filter paper before pectinase activity assay.

Partial purification of pectinase: Purification of pectinase was performed by ammonium
sulphate precipitation. Varying concentration of ammonium sulphate (20-80%, w/v) was added to
the crude enzyme gently and mixed by magnetic stirrer at 4°C. The precipitated protein was
recovered by cold centrifugation at 10, 000 rpm for 15 min and dialyzed against phosphate buffer
(pH 6.5). Pectinase activity and total protein content was measured thereafter.

Analytical method
Total protein content: Protein concentrations were determined according to Bradford (1976)
taking Bovine Serum Albumin (BSA) as the standard.

Pectinase assay: The reagents was taken for the estimation of pectinase activity are given in
Table 1 (Khairnar et al., 2009).

All reagents were mixed by gentle shaking. Titrated the test and blank with Na2S2O3 (100 mM)
until it became light yellow. Then 1 drop of pectin indicator was added and continuously titrated
with the reagent (Na2S2O3) until solution becomes colourless.

Table 1: Reagents taken for the estimation of pectinase activity
Reagents Test sample Blank
Pectin solution (0.5%) 4.90 5.0
Pectinase 0.10 -
I2/KI (50 mM/200 mM) 5.0 5.0
Na2CO3 (1 M) 1.0 1.0
H2SO4 (2 M) 2.0 2.0
Pectin indicator (1%) 1-2 drops 1-2 drops
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Calculation:

1 Sodium thiosulfate for blank (mL) Sodium thiosulfate for test (mL)×DF
Enzyme (U mL ) = (1×100)

5 mL×0.1 mL×2 mL
 



Biomass determination: The biomass was determined by measuring the dry weight of sample.
The sample was centrifuged at 10,000 rpm for 15 min at 4°C and the fungal biomass was washed
with sterilized double distilled water and filtered out using funnel and Whatman No.1 filter paper.
The biomass obtained was dried overnight inside the hot air oven at 60°c till the constant weight
was obtained. Then, the dry weight of the mycelia was weighed and calculated (Sethi et al., 2013b).

Weight of biomass = Weight of filter paper with fungal biomass-Weight of blank and dry filter
paper [Weight of biomass = Weight of organism].

Fermentation kinetics study: Different fermentation yield parameters (Ye/s, Ye/x and Yx/s) were
calculated after the successful fermentation.

RESULTS AND DISCUSSION
Filamentous fungi display much unique individuality that ranks them as superior potential

organisms for numerous industrial applications. Remarkably, they have the potentiality for best
suited in different fermentation processes, biosynthesis of bulk amount of commercially significant
enzymes, cultivation possibilities using cheapest substrates and low-cost-high valued biosynthesis
in large bioreactors (De Vries and Visser, 2001; Aro et al., 2005). Among many filamentous fungi,
most exploited fungal genera for  the  biosynthesis  of  polymer-degrading  enzymes  are
Trichoderma  and  a  variety  of  strains of  Aspergillus  and  Penicillium  (Aro  et  al.,  2005;
Cardoso et al., 2008). Furthermore, the biosynthesis of microbial pectinase by fungi is solely
dependent on the type of strain and substrate implemented for fermentation, growth conditions like
pH, temperature, incubation period, methods of cultivation regimen, cell growth pattern,
requirement of nutrients and minimization of cross-contamination during the entire fermentation.
This study has emphasized on the fermentation of substrates for biosynthesis of pectinases by a
filamentous fungus, A. terreus and the strategies for its partial purification for application and
enhancement of competence in the food processing industry.

Selection of fungus for pectinase biosynthesis: Selection of potent microorganism and types
of fermentation are vital for superlative growth and production of enzyme by fungi. Hence, prior
to the biosynthesis of extracellular enzymes in Liquid Static Surface Fermentation (LSSF), it was
wise to screen them for identifying the excellent producers of enzymes. Screening on modified
Czapek Dox agar media was performed semiquantitatively by measuring the diameter of the
hydrolyzing zones formed in the agar after CTAB staining correlating this zone size to the colony
size. In this approach, pectin hydrolyzing capabilities of the fungal species were determined. The
employment of pectin nutrient agar and CTAB for evaluating pectinase producing potentiality has
been reported by Hankin and Anagnostakis (1975). In this study, total fifteen strains were tested
for pectin  degradation.  Among  the  fifteen  strains  tested,  performance  of Aspergillus terreus
was best  in  pectin  hydrolyzing  activity (2.75  cm)  followed  by Aspergillus tamari  and
Aspergillus stellatus (Fig. 1).
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Fig. 1: Screening of fungal isolates for pectinase activity (Mean±SD)

On the basis of the area of clearance one out of fifteen fungal species, Aspergillus terreus was
selected for subsequent experiments as it exhibited highest pectinolytic activity in pectin agar
medium (Fig. 1). Similarly, Hankin and Anagnostakis (1975) first used the solid media to evaluate
the pectin degrading ability of seven plants pathogenic, six saprophytic fungi and one leaf
composting fungus.

Liquid static surface fermentation versus shaking fermentation: In spite of many
fermentation processes, only two types are well accepted for pectinase biosynthesis, such as liquid
static surface fermentation and solid-state fermentation. At industrial scale, most of the enzymes
are biosynthesized by Liquid Static Shaking Fermentation  (LSSF) techniques. In addition,
enzymes are usually biosynthesized by LSSF due to its significance in downstream processing
despite of its cost intensiveness for medium components (Prakasham et al., 2006). Nonetheless,
pectinase is an inducible enzyme and is generally induced in the presence of carbon sources such
as pectin, its hydrolytic product or maltose (Morkeberg et al., 1995). Pectinases of bacterial sources
have long been employed in industries, but, they are now substituted by pectinase of fungal origin
(Ogrydziak, 1993), as the extraction is comparatively easier and swiftly separated from mycelium
(Phadatare et al., 1993). Both LSSF and SSF processes are usually employed for biosynthesis of
enzymes though various amendments have been suggested. Nevertheless, for cost-effective
fermentation, nature, availability and cost of the substrates are of major concern. Thus, process
optimization may demand the screening of several agro-industrial residues for its further
exploitation in industries. Therefore, abundantly available agro-wastes were selected for screening.
Among the various substrates tested, orange peel was found to be the suitable substrate for optimal
pectinase biosynthesis (LSSF: 633.33±57.73 U mLG1, LShF: 733.33±115.47 U mLG1). The total
protein content was also higher in OP (LSSF: 880.33±12.5 µg mLG1, LShF: 992.7±4.16 µg mLG1)
when the culture was grown at static and shaking condition at 30°C for 96 h (Fig. 2). At par protein
content was also found when the organism  was  grown  with  CV (LSSF: 870.7±17.47µg mLG1,
LShF: 989.3±76.42 µg mLG1) at static and shaking condition (Fig. 2).
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Fig. 2:Pectinase, total protein and biomass production using different substrates at both liquid
static and shaking fermentation carried out at 30°C for 96 h  using Aspergillus  terreus
NCFT 4269.10

Similarly, Adeleke et al. (2012) evaluated the potentials of fungi for the biosynthesis of
pectinase and cellulase employing orange peels as the substrate using Penicillium sp. Fawole and
Odunfa (1992) have reported that Aspergillus, Fusarium, Penicillium and Rhizopus have high
pectolytic activities. Galiotou-Panayotou et al. (1993) have reported biosynthesis of PG using
submerged fermentation by A. niger in medium supplemented with citrus pectin. Hence,
commercial use of orange peel powder for biosynthesis of pectinase can be highly inexpensive,
which may trim down the processing cost to a greater extent. Citrus peel was also used for the
formulation of fermentation medium by Dhillon et al. (2004) for the biosynthesis of pectinase.
Employments of such byproducts in industries for the enzyme production in bulk can reduce
processing costs as well can bring betterment to the environment and industry.

At the same time, the generation of biomass was also estimated along with the pectinase and
total protein content estimation. It was concluded from the finding that the biomass production was
dissimilar in response to different substrates. Maximum biomass was formed when OP was used
for the fermentation at static condition followed by CVP (Fig. 2). But maximum biomass did not
always support for the enhanced pectinase biosynthesis in most of the cases. In case of shaking
fermentation, maximum biomass biosynthesis was attained with MoC followed by OP and CVP.
Similarly, PM was at par with the biomass produced when shaking fermentation was carried out
using OP.

Purification of enzyme: The result of the purified pectinase activity and total protein content is
presented in Fig. 3.

After ammonium sulphate precipitation and desalting by dialysis, the enzyme preparation
contained 9333±1172 U (LSSF), 10133±1097 U mLG1 (LShF) of enzyme (Fig. 3). After purification
by dialysis, a 3.86-fold purification and 27.63% yield was achieved in case of shaking condition.

Fermentation yield kinetics: After successful fermentation, the yield kinetics was calculated.
The results obtained are presented in Table 2. It is evident from  the  table  that  the  enzyme  yield
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Fig. 3:Pectinase activity and total protein content obtained after partial purification of crude
extracts produced using different substrates at both liquid static and shaking fermentation
carried out at 30°C for 96 h using Aspergillus terreus NCFT 4269.10

per gram of substrate was maximal at both LSSF (1866.6 U gdsG1) and LShF (2026.7 U gdsG1) when
biosynthesis of pectinase was carried out using OP. It can be stated that pectin is a high molecular
weight acidic and heterogeneous structural polysaccharide (Janani et al., 2011) which is mostly
present in fruits and vegetables, but, the amount of pectin is excellent in citrus fruits like, orange
peel (Blanco et al., 1999). Therefore, in present days, citrus fruit peels and apple pomade are the
principal resources of commercial pectin. To reiterate, during the extraction of juices, the use of
pectinase to soft fruits guarantees the elevated yield of juice by partially destructing the pectin
present (Itoandon et al., 2011). Meanwhile, ratio of enzyme yield and biomass were best with OP
as compared to the other substrates both in static and shaking fermentation at crude and purified
conditions. Further, the yield of biomass per gram of substrate was not uniform as compared to the
enzyme yield (Table 2). Form this, it can be concluded that the biosynthesis of enzyme is not
exclusively growth associated; rather it is growth independent and depends on the nature of the
substrates available. Further, establishment of an economic production protocol is conceivably the
main limitation in industrialization of novel sources of enzymes (Siddiqui et al., 2013). Therefore,
optimization of conditions and analyzing the fermentation kinetics, higher yields of pectinase at
low-cost investment may be achieved.

CONCLUSION
Pectinases have gained significant recognition in biotechnological industries especially in food,

beverage and textile sectors. Exploitation of such agro-based substrates like citrus peels and other
wastes rich in pectin can produce high-valued products. Further, liquid shaking fermentation is
more suitable for biosynthesis of pectinase as compared to the liquid static surface fermentation.
For these reasons, biosynthesis of stable, highly active and high-valued enzymes requires a detailed
study. Regardless of biotechnological improvements, more detailed studies on enzyme
characterization and optimization of fermentation conditions are still essential for suitable
applications in industries.
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