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ABSTRACT

The present study was aimed to selection of mdieieit strains of fungal species from the arecahusk waste for the
production of industrially important fungal pectsgaunder submerged fermentation (SmF). The ou#t dtiRgal species,
20 species showed the pectin degradation abilityramain four fungal species not showed any zor®eafrance around
the colony. More efficient ten fungal species weekcted based on the rate of zone of clearantleeo8zapek Dox agar
(CDA) plates supplemented with pectin and Congoaedn optimal conditions of temperature 28+1°C; 7081 and §
days of incubation under shake culture. Maximumtipase activity was showed 8enicillium canescens (2.192+0.20
IU/ml) followed by Rhizopus stolonifer (2.134+0.23 IU/ml)Aspergillus candidus (2.133+0.19 IU/ml)Gliocladium viride
(2.13+0.22 [U/ml), Penicillium sppl (1.852+0.21 IU/ml) than the other isolates34t day of incubation.Exo—
polygalacturonase activity was showed Riyizopus stolonifer (1.553+0.11 IU/ml) andAspergillus candidus (1.55+0.08
IU/ml) followed by, Penicillium brevicompactum (1.251+0.12 IU/ml), Penicillium canescens (1.202+0.13 1U/ml),
Penicilliumspp1 (1.171+0.09 1U/ml) than the other isolate8"3tlay of incubation. Soluble crude proteins were mmaxn
by Aspergillus terreus (650+9.12 pg/ml) followed b¥Penicillium brevicompactum (53046.23 pg/ml)Rhizopus stol onifer
(500+7.56 pg/ml)Aspergillus niger (360+3.91pug/ml) anliocladium viride (350+3.46 pg/ml) at'2 day of incubation.
Partial purified proteins were maximum Benicillium brevicompactum (620+7.47 ug/mg) followed byGliocladium
viride (490+6.23 pg/mg),Aspergillus terreus (470+6.98 pg/mg),Fusarium chlamydosporum (370+7.12 pg/mg),
Penicillium sppl (330+5.91 pg/mg) than the other isolated'atefy of incubation.

Keywords: Areca nut husk waste, Exo—polygalacturonase, [eidous fungi, Pectinase, Screening, Submerged
fermentation.

[1] INTRODUCTION

Pectinolytic enzymes are one of the severain the cell walls of plants [8]. This enzyme splits
extracellular enzymes produced by fungi that breakolygalacturonic acid into monogalacturonic acid by
down pectin, a polysaccharide substrate that indou opening glycosidic linkages. Through this procéiss,
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softens the cell wall and increase the yield ofgui Now a day’'s pectinase is one of the most important
extract from the fruits. The two major sourcestidt enzymes in food processing industries mainly for
enzyme pectinase are plant and microorganism. Beixtraction and clarification of fruit juices andnegs.
for both technical and economic point of viewPectinases have been useds&veral conventional
microbial source of pectinase has becoméndustrial processes, suchs textile, plant fiber
increasingly important [4, 38]. A great variety of processing, tea, coffee, oil extraction, and trestm
strains of bacteria [20, 42], yeast [26, 39],0f industrial wastewater [4]. Evidence showed that
actinomycetes [6, 19] and mold [4] are capable opectinases are inducible and they can produce from

producing pectic enzymes. different carbon sources. Numerous reports have
Areca nut Areca catechu L.) is one of the most appeared on the optimization of fermentation and
important commercial crops in Shivamogga districtmicrobiological parameters and different

Karnataka state, India [29]. The area under areta nfermentation strategies for the production of
cultivation has increased more rapidly in Shimogaectinases. Submerged fermentation (SmF) is
district. The area under Shivamogga district arada important fermentation method employed for the
is 94, 077.50 hectares with a production of aroungroduction of microbial enzymes [26, 30].
52,781 Metric tonnes [36, 37]. The areca nut huslSubmerged fermentations (SSF) were used for the
fibers are predominantly composed of cellulose angroduction of fungal extracellular pectinolytic
varying proportions of hemicelluloses, lignin, pact enzymes.

and protopection. The total hemicellulose contenPresent study was taken up to isolate and chaizeter
varies with the development and maturity, the meaturthe fungi from areca nut husk waste, screen them fo
husk containing less hemicellulose than the imneaturpectinase enzyme production and selection of more
ones. The lignin content proportionately increasesefficient isolates for industrial applications. €rh
with the development until maturity [34]. selected strains were studied for the production of
Microbial pectolysis is important in plant pectinase at different time of incubation and they
pathogenesis, symbiosis and decomposition of plamtere partially purified by submerged fermentation.
deposits [22]. Thus, breaking down pectin polymer

for nutritional purposes, microbial pectolytic enmsss  [Il] MATERIALS AND METHODS

play an important role in nature [9]. The compasiti 2.1.Study area

of pectic enzymes varies among species ofhivamogga is a district in the Karnataka state of
microorganisms. Many studies have been reporteghdia. A major part of Shivamogga district liestive
that the enzyme preparations used in the fooalnad region of the Western Ghats. Shimoga lies
industry are of fungal origin because fungi are théetween the latitudes 13°27' and 14°39' N and
potent producers of pectic enzymes [1, 3, 24]between the longitudes 74°38' and 76°04' E at amea
Apergillus niger pectinases are most widely used inaltitude of 640 meters above sea level. As theidist
industries because this strain posses GRASes in the tropical region, rainy season occusir
(Generally Regarded As Safe) status so thalune to October. The average annual temperature of
metabolites produced by this strain can be safelghimoga District is around 26 °C. The average
used. This fungal strain produces various pecthasg@emperature has increased substantially over the

including polymethyl-galacturonase (PMG), years. In some regions of the district; the day
polygalacturonase (PG), and pectin esterase (FE) [3temperature can reach 40 °C during summer. This has
38, 43] led to water crisis and other problems (Fig. 1).

Kudureru Jayanna Naveenkumar, et al. 189



PRODUCTION AND PARTIAL PURIFICATION OF FUNGAL PECNASES FROM ARECA NUT ARECA CATECHU L.)

.\, i Pt . 1;' I;J I‘W'ﬂ'
s & _*" = - : Iﬂ.ia — 1 ol "':? éﬁk"} ’U‘E—L'I Shevmmeggs Detrict
n e [ i 5 '_. - o L
h = /E\“';_;::“' 1%” = ! {‘J\\n
; -I_"'_. a0 L ' h\.; ﬁ{, _r I & - \l"
: T b "~ A _?u Nk A\;\_\BJ veiamns_|
2! = =" oy 5 93:
a5 =W el A ! W

- L TRIHAMALLL
- 3 i U ) 2y e A LA
. L &Sl ~8”
il = Karnataka 2 ¥~ =)
1 | i W

water. One milliliters of the diluted sample was
poured into Petri plates containing the Martin Rose
Bengal agar medium and Potato Dextrose agar
2.2. Collection of areca nut husk waste medium. Streptomycin was added to the molten
Partially degraded areca nut husk waste was cetlect medium after autoclave and the plates were incdbate
from the local farmer in Shivamogga region,at 28 £ 2 C for 4 to 5 days to identify the fungi.
Karnataka, India during the 2012-2013. The sampleRistinct fungal colonies grown on Martin Rose
were taken by means of sterilized spatulas anBe€ngal agar medium and Potato Dextrose agar
collected in sterile sealed polythene bags. Thepam Medium were isolated from repeated plating [7, 28,
was brought to the laboratory and was maintained &1

room temperature for microbiological study. 2.4. Isolation of fungi by warcup (direct soil plag)
_ - method

Areca nut husk waste sample was collected in
sterilized polythene bag. Then, 0.15 g of soil siemp
was added to sterile plates with the help of dlizted
cooled loop or transfer needle. Then, 15-20 ml of
melted, cooled (4%) sabouraud’'s agar media was
added supplemented with Streptopenicillin and Rose
Bengal, to each soil inoculated Petri plate. Disgen
the soil particles throughout the medium by gentle
rotation of the Petri dishes and allowed the plabes
solidify. Plates were incubated at room tempeeatur
(28°C) in an inverted position for 15 days. After
incubation, observed the different fungal colonies
grown on sabouraud’s agar media [7, 28].

2.3. Isolation of fungi by serial dilution method 2.5. Identification of fungi

One gram of areca nut husk waste sample was tak@ingal morphology was studied macroscopically by
in a conical flask containing nine milliliters dfesile  observing colony features (colour and surfacespund
distilled water and shaken well in vortex mixer 8 stereo binocular microscope (Magnus BQ0004) and
minutes. From this stock, various dilutions weremicroscopically by staining with lacto phenol caito
prepared from 1 to 107, using sterile distiled blue and observe under binocular compound

Figure 1. Study location and map of Shivamogga district,
Karnataka state, India.

Figure 2. Partially degraded areca nut husk waste.
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microscope (LABOMED Vision 2000) for the plotted the standard protein calibration curve. The
conidia, conidiophores and arrangement of sporesulture filtrates from the culture flasks at diffet

[11, 14, 16, 17, 40]. days of incubation were used as crude proteins and
2.6. Screening of more potential pectinolytic ammonium sulfate precipitated and dialyzed proteins
fungal species were used as partially purified proteins and theyew

Screening was done for the selection of more effici quantification.

pectinolytic fungi for the production of extracddu 2.9. Estimation of reducing sugar

pectinase. Discs of actively growing mycelium’s (3The reducing sugar (Galacturonic acid) concentnatio
days old culture) were removed from the growingwvas determined by Dinitrosalicylic acid (DNS)
edge of the fungal isolates by using sterile carkeb method, as described by Miller, [27] using D-
of 6 mm diameter, the discs were inoculated to thgalacturonic acid as a standard (1 mg/ml). Thewolo
pre-welled pectin agar plates supplemented witldeveloped was measured at 540 nm using JENWAY-
Congo red solution at pH 7.0 incubated at 28 €1 6305 UV-VIS Spectrophotometer and plotted the
for 4-5 days, after the incubation plates werestandard galacturonic acid calibration curve.
observed for the zone of clearance around the golon2.10. Determination of Pectinase activity

Pectinase producing colonies were seemed to Weulture filtrates from the incubated shake culture
surrounded by the pale orange to clear zone agairfisks at different time intervals (24, 48, 72, &td

the dark red background [41]. 120 hrs) were used as crude pectinase, activity was
2.7. Submerged fermentation (SmF) assayed using a method described by Okafor et al.,
Cultures were grown in 250 ml Erlenmeyer flask[30]. The pectinase activity was determined usitig 1
containing 100 ml of Czapek Dox Broth (CDB) of pH pectin as substrate prepared in citrate buffers(®10

7.0 supplemented with 1% of pectin were used fopH 5). The reaction mixture containing equal
pectinase and exo-polygalacturonase enzymamounts of 1% pectin (0.5 ml) and crude enzyme (0.5
production. After the sterilization of the Erlenmeey ml) by maintaining a blank containing enzyme (0.5
flasks containing fermentation medium, cooled andnl) with buffer (0.5 ml) instead of substrate was
aseptically inoculated, discs of more efficientgah incubated at 50C in water bath for 30 min. The
mycelium of 3 days old cultures from the growingreactions were stopped by the addition of 1 ml of
edge. Cultures were incubated in the incubatoreshakDNS reagent followed by keeping in boiling water
operating at 120-160 rpm at 28 £ @ for 5 days. bath for 5 min. and cooled in ice cold water then
Aseptically transferred 10 ml of incubated brothnfr added 10 ml of distilled water and its optical dgns
the culture flasks at different time intervals ofwas read at 540 nm against blank using
incubation (24, 48, 72, 96 and 120 hrs), mycelid anspectrophotometer. A standard  curve  of
spores were harvested by centrifugation unde&® 4t  D-galacturonic acid (1 mg/ml) was developed under
10,000 rpm for 10 min. The supernatants obtainedlentical conditions to determine the reducing ssiga
from the centrifugations were carried to filtrationformed. The enzymatic activity of filtrate was
through sterile whatman filter paper; they wereduseexpressed as unit per ml (U/ml), which is defined a
as crude enzyme sources for assaying purpose [10].the amount of enzyme which liberates 1umol of
2.8. Estimation of protein reducing sugar per ml per minute under assay
The protein concentration was determined by theonditions.

Lowry’s method, as described by Lowry, [23] using2.11. Determination of Exo-Polygalacturonase
using bovine serum albumin (BSA) as a standard (0.@Exo-PGase) activity

mg/ml), absorbance was read at 660 nm usinQulture filtrates from the incubated shake culture
JENWAY-6305, UV-VIS Spectrophotometer andflasks at different time intervals (24, 48, 72, &&d
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120 hrs) were used as crude Exo-Polygalacturonagil] RESULTS

(Exo-PGase), activity was assayed according to the

method of Cassanco et al., [15]. The Exo-PGasB.l. Isolation and identification of fungi

activity was determined using 1% polygalacturonidsolation and screening of fungal species were done
acid (PGA) as substrate, prepared in citrate buffedrom the inoculums of partially degraded areca nut
(0.05 M, pH 5). The reaction mixture (1 ml) husk waste by serial dilution method and Warcup
containing equal amounts of crude enzyme (0.5 mijdirect soil plate) method. Cultural and morphobadji
and substrate (0.5 ml) by maintaining a blankcharacters of the isolates were examined and
containing crude enzyme (0.5 ml) with buffer (0.5identified asAspergillus niger, Aspergillus terreus,

ml) instead of substrate was incubated 4tG@or 30  Aspergillus fumigatus, Aspergillus flavus, Aspergillus

min. in a water bath. The reactions were stopped bstavatus, Aspergillus wentii, Aspergillus candidus,

the addition of 1 ml of DNS reagent followed by Aspergillus spl., Aspergillus sp2., Penicillium
keeping in boiling water bath for 5 min. and coolled chrysogenum, Penicillium brevicompactum,

ice cold water then added 10 ml of distilled wated  Penicillium canescens, Penicillium spl., Penicillium

its optical density was determined at 540 nm againsp2., Penicillium sp3., Gibberdla avenacea,
blank using spectrophotometer. A standard curve dfusarium chlamydosporum, Rhizopus stolonifer,
D-galactouronic acid (1 mg/ml) was developed undePaecilomyces carneus, Trichoderma viride, Humicola
identical conditions to determine the reducing ssiga fuscoatra, Exophiala jeanselmei, Gliocladium viride
formed. The exo-polygalacturonase activity of adtu andLacellina graminicola.

filtrate was expressed as unit per ml (U/ml), whigh 3.2. Screening of more potential pectinolytic
defined as the amount of enzyme which liberates fungal species

umol of reducing sugar per ml per minute undeiThe strains were furthered screened qualitative and
assay conditions. semi-quantitatively for the selection of more et
2.12. Partial purification of Enzymes pectinolytic activity by the fungus on Czapek Dox
After the incubation of % day, the contents of the agar (CDA) plates supplemented with pectin and
culture flasks were filtered through Whatmann'sfii Congo red, based on the rate of zone of clearance
paper after the incubation and centrifuged undearound the fungal colony. The out of 24 fungal
refrigerated condition at 8000 rpm for 10 min tostrains, 20 strains showed the pectin degradation
remove the fungal cells and spores. The crudability and remain four fungal strains not showeg a
enzyme  was precipitated  with different zone of clearance around the colony. The more
concentrations of ammonium sulfate up to theefficient ten pectinolytic fungal strains were s
saturation level from 20-100%, kept under magnetiamong the others likeRenicillium brevicompactum
stirrer at 4°C for 24 hrsprotein precipitate was (20+0.23 mm)JFusarium chlamydosporum (18+0.28
collected by refrigerated centrifugation at 10,606  mm), Penicillium canescens (17+0.24 mm),

for 10 min. The pellet was suspended in citratédsuf Gliocladium viride (15£0.09 mm), Aspergillus

(pH 5.0) and dialysed against-2 changes of buffer terreus (14+0.12 mm)Humicola fuscoatra (13+0.12
during the process under magnetic stirrer at 49C fanm), Penicillium spl (12+0.16 mm), Rhizopus

24 hrs. An aliquot of partially purified proteinseve  stolonifer (11+0.27 mm)Aspergillus niger (10+0.11
quantified (U/ml) [10]. mm) and Aspergillus candidus (10+0.19 mm) and
2.13. Statistical analysis they were used for extracellular pectinase and exo-
Data presented on the average of three replicates a polygalacturonase (Exo—PGase) enzyme production
means + standard error obtained from independestudies under submerged fermentation (Table 1).
experiments.

Kudureru Jayanna Naveenkumar, et al. 192



PRODUCTION AND PARTIAL PURIFICATION OF FUNGAL PECNASES FROM ARECA NUT ARECA CATECHU L.)

Table-1. Screening of extracellular pectinolytic fungi from
areca nut husk waste

Pectinolytic activity at 5" day of incubation

SI. No. Fungi Fungal Colony Zone of Clearance
(dia. in mm) (dia. in mm)
1 Aspergillus niger 40+1.1 10+0.11
2 Aspergillusterreus 32+0.8 14+0.12
3 Aspergillus fumigatus 33£1.1 9+0.08
4 Aspergillus flavus 32+0.9 2+0.09
5 Aspergillus clavatus 25+1.2 7+0.06
6 Aspergillus wentii 28+1.4 0.0+0.0
7 Aspergillus candidus 49+2.1 10+0.19
8 Aspergillusspl. 22+1.0 0.0+0.0
9 Aspergillus sp2. 26+1.3 410.01
10 Penicillium chrysogenum 28+0.9 8+0.09
11 Penicillium brevicompactum 43+1.6 20+0.23
12 Penicillium canescens 39+1.1 17+0.24
13 Penicilliumsp1. 23+1.4 12+0.16
14 Penicilliumsp2. 38+2.1 0.0+0.0
15 Penicillium sp3. 34+1.8 3+0.02
16 Gibberella avenacea 31+0.8 7+0.09
17 Fusarium chlamydosporum 36£1.0 18+0.28
18 Rhizopus stolonifer 36x2.0 11+0.27
19 Paecilomyces carneus 37£1.2 3+0.03
20 Trichoderma viride 42+2.0 6+0.01
21 Humicola fuscoatra 29+1.7 13+0.12
22 Exophiala jeanselmei 30+1.3 5+0.06
23 Gliocladiumviride 40+0.9 15+0.09
24 Lacellina graminicola 23+1.1 0.0+0.0

Note: Results are mean + S.E of three replicates (n=3)
3.3. Enzyme assay observed at '$ day of incubation byPenicillium

Culture filtrates were used as fungal extracellulaganescens (2.192+0.20 IU/ml) followed byrhizopus
crude enzyme preparations for the assays of peetinastolonifer (2.134+0.23 1U/ml),Aspergillus candidus
and exo—polygalacturonase activity at differentetim (2.133+0.19 1U/ml), Gliocladium viride (2.13+0.22
of incubation (24, 48, 72, 96 and 120 hrs.) ang thelU/ml),  Penicillium spl (1.852+0.21 IU/ml),
were showed varied levels of enzyme activitiediumicola fuscoatra (1.851+0.09 IU/ml),Aspergillus
among the species investigated. All ten investiatet€reus (1.851+0.08 IU/ml),  Fusarium
species were showed very high pectinase and exgblamydosporum (1.79+0.19 IU/ml), Penicillium
polygalacturonase activity at 72 hrs of incubagiol ~ Previcompactum (1.792+0.24 1U/ml) andhspergillus
some species were showed slight increased &¥ger (1.6960.13 IU/ml). (Table 2). Specific activity

decreased rate of activity at"4and %' day of Of pectinase was maximum b@liocladium viride
incubation. (11.83+0.34 1U/mg) at'8day of incubation followed

3.3.1. Pectinase activity by, Rhizopus stolonifer (10.67+0.24 1U/mg),
The culture filtrates were assayed for pectinaskiumicola fuscoatra (8.04+0.30 IU/mg)Aspergillus
activities, the following fungal species showedterreus (8.04+0.14 1U/mg), Aspergillus niger

different rate of enzyme activites under assay6.784+0.25  1U/mg), Aspergillus  candidus

conditions. Maximum pectinase activity was (6.454+£0.36 1U/mg) and Penicillium canescens
(5.763+0.27 1U/mg) (Table 3).
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Table 2.Pectinase activity at different time of incubation

Pectinase activity (IU/mL)

Sl. No. Fungal species 24h 48h 72h 96h 120h
1 Penicilliumbrevicompactum  1.171+0.09 0.945+0.08 1.792+0.24  1.251+0.09 0.92072
2 Fusarium chlamydosporum  0.942+0.01 1.068+0.13 1.79+0.19 1.492+0.21  0.51@#0
3 Penicillium canescens 0.958+0.02 0.785+0.06 2.192+0.20 1.463+0.24  0.08%
4 Rhizopus stolonifer 0.675+0.04 0.817+0.04 2.134+0.23  1.466+0.13 0.678%
5 Aspergillusterreus 1.64+0.08 1.601+0.15 1.851+0.08 1.09+0.08 0.89530.
6 Penicillium sppl 1.46340.10 1.642+0.04 1.852+0.21  1.571+0.09 9270.07
7 Aspergillus candidus 0.942+0.08 1.037+0.13 2.133+0.19  1.463%0.20 1.03772
8 Gliocladiumviride 0.785+0.03 0.817+0.08 2.13+0.22 1.681+0.26 0.67%0.
9 Humicola fuscoatra 1.25+0.11 1.38340.07 1.851+0.09 1.605+0.19  1.08430
10 Aspergillus niger 0.455+0.04 0.397+0.02 1.696+0.13  1.694+0.18 1.00%

Note: Results are mean + S.E of three replicates (n=3)

Note:

Table 3.Pectinase specific activity at different time of

incubation

Sl. No.

Pectinase specific activity (IU/mg)

Fungal species 24h 48h 72h 96h 120h

1 Penicillium brevicompactum 5.57+0.26 2.231+0.22  5.114+40.33 3.906+0.12 1.74830.
2 Fusarium chlamydosporum 3.364+0.16  3.8144#0.28 4.475+0.18 5.321+0.25  1.23130
3 Penicillium canescens 5.043+0.21  4.61+0.34  5.763%0.27 5.619:0.28  2.8QB40.
4 Rhizopus stolonifer 3.375+0.13  4.085+0.31  10.67#0.24 2.932+0.34  1.771#0
5 Aspergillusterreus 3.64+0.12 26404021  8.04+0.14  1.67+0.11  3.891+0.24
6 Penicilliumsppl 3.946+0.11  3.64+0.16  5.285+0.29  6.038+0.21  2.2QTkO.
7 Aspergillus candidus 4952+0.18 4.93840.38  6.454+0.36 4.427+0.16  2.1180
8 Gliocladiumviride 4617+0.19 5.106+0.29 11.83+0.34  5.09+0.42  2.040.1
9 Humicola fuscoatra 2.242+0.09 3.285:0.26  8.04+0.30  5.01#0.33  5.16180.3
10 Aspergillus niger 0.771+0.01  0.651%0.03  6.784#0.25  4.70+0.39  3.4(&0.

Results are mean + S.E of three replicates (n=3)

IU/ml), Humicola fuscoatra (0.314+0.02 I1U/ml),

Pectinase enzyme was partially purified byrespectively. Specific activity of pectinase was
ammonium sulphate precipitation of culture filtsate observed at ' day of incubation fromAspergillus

at 5" day of incubation followed by dialysis and theycandidus (7.462+0.16 IU/mg) followed by,
were showed maximum pectinase activity byAspergillus terreus (6.277+0.34 1U/mg),Humicola
Aspergillus candidus (0.597+0.05 1U/ml) followed by fuscoatra (5.233+0.03 1U/mg), Aspergillus niger
Aspergillus niger (0.565+0.06 IU/ml), Aspergillus  (5.136+0.37 IU/mg)Gliocladium viride (4.870+0.07

terreus (0.565+0.04 1U/ml), Rhizopus stolonifer  1U/mg), Rhizopus stolonifer (4.34+0.14 1U/mg),
(0.434+0.02 1U/mI),Gliocladium viride (0.414+0.04 Penicillium  canescens  (3.525+0.01  1U/mg),
IU/ml), Penicillium brevicompactum (0.370+0.01 respectively (Table 7).
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3.3.2. Exo—Polygalacturonase activity

The culture filtrates were assayed for exo—-Penicillium canescens  (1.492+0.13 IU/ml),
polygalacturonase activities, the following fungalPenicillium sppl (1.171+0.09 I1U/ml), respectively.
species showed different rate of enzyme activitie§Table 4). Specific activity of exo-polygalacturcea
under assay conditions. Maximum  exo—was maximum byRhizopus stolonifer (9.70+0.21
polygalacturonase activity was observeddtday of 1U/mg) at 2° day of incubation followed by,
incubation byRhizopus stolonifer (1.553+0.11 IU/ml)  Penicillium  canescens  (8.776x0.24  1U/mg),
andAspergillus candidus (1.55+0.08 1U/ml) followed Aspergillus  candidus  (7.380+0.19 IU/mg),
by, Penicillium brevicompactum (1.251+0.12 IU/ml),  Gliocladium viride (7.131+0.22 I1U/mg) and

Table 4. Exo-Polygalacturonase (Ex®Gase) activity at  Fusarium chlamydosporum (6.905+0.15 IU/mg)
different time of incubation.

Exo-Polygalacturonase activity (IU/mL)
Sl.No.  Fungal species

24h 48h 72h 96h 120h
1 Penicillium brevicompactum 0.474+0.04 1.25140.12 0.781+0.01 0.644+0.01 0.990%
2 Fusarium chlamydosporum 0.958+0.11 1.381+0.08 0.91140.04 0.59740.03 0.000%
3 Penicillium canescens 1.202+0.12 1.492+0.13 1.132+0.08 0.345+0.01 0.038%
4 Rhizopus stolonifer 1.461+0.10 1.553+0.11 1.133+0.09 0.392+0.02 0.5804
5 Aspergillusterreus 1.091+0.09 0.534+0.02 0.781+0.02 0.345+0.01 0.6
6 Penicillium sppl 0.911+0.04 1.171+0.09 1.068+0.09 0.644+0.04  5970.02
7 Aspergillus candidus 1.068+0.08 1.55+0.08 0.970+0.03 0.392+0.02 0.51840
8 Gliocladiumviride 0.581+0.01 1.141+0.10 1.22+0.11 0.644+0.05 0.39220
9 Humicola fuscoatra 0.675+0.03 0.623+0.01 0.628+0.02 0.424+0.03 0.000%
10 Aspergillus niger 1.084+0.09 0.581+0.02 0.691+0.03 0.424+0.02 0.810&

Note: Results are mean + S.E of three replicates (n=3)  Table 5. Exo-Polygalacturonase (Ex®Gase) specific
activity at different time of incubation

Exo-Polygalacturonase specific activity (IU/mg)

Sl.No. - Fungal species 24h 48h 72h 96h 120h

1 Penicillium brevicompactum 2.251+0.15  2.978+0.09 2.22+0.17 2.012+0.22 1.1282:0.

2 Fusarium chlamydosporum 4.79+0.28 6.905+0.15  2.277+0.18 2.13+0.20 1.68330.1
3 Penicillium canescens 6.32+0.34 8.776£0.24  2.973#0.15 1.326+0.09 2.63530.

4 Rhizopus stol onifer 7.30+0.31 9.70+0.21 2.26£0.21  1.507+0.11 1.528+0.11
5 Aspergillusterreus 2.422+0.12  1.089+0.08 1.21+0.09 1.52+0.10 2.93430.1
6 Penicilliumsppl 2.461+0.14 2.61+0.11 3.051+0.27 2.47+0.19 1.42160.1
7 Aspergillus candidus 5.623+0.28  7.380+0.19 2.93+0.20 1.187+0.18 1.057=2:0.

8 Gliocladiumyviride 3.221+0.18  6.705+0.22  3.69+0.36  3.577%0.29 1.1880.0
9 Humicola fuscoatra 1.923+0.11  1.476+0.08 1.962+0.09  1.834+0.14 3.36810
10 Aspergillus niger 1.832+0.13  0.966+0.01 3.94+0.24 1.696+0.08 2.72380.

Note: Results are mean + S.E of three replicates (n=3)
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Exo—polygalacturonase enzyme was partially purifie®.4. Protein content

by ammonium sulphate precipitation of cultureSoluble crude protein was moreAspergillusterreus
filtrates at %' day of incubation followed by dialysis (650+9.12 ug/ml) followed by Penicillium
and they were showed maximum exo—-brevicompactum (530+6.23 pg/ml), Rhizopus
polygalacturonase activity byGliocladium viride  stolonifer (500+7.56 pg/ml), Aspergillus niger
(0.628+0.05 1U/ml) followed byHumicola fuscoatra  (360+3.91pg/ml) andsliocladium viride (350+3.46
(0.597+0.04  IU/ml), Penicillium  canescens pg/ml) and they were obtained from the culture
(0.515+0.04 IU/ml),Rhizopus stolonifer (0.502+0.05 filtrates of fungal species grown at"4day of
IlU/ml),  Aspergillus candidus (0.471+0.02), incubation (Table 6). Partially purified proteingne
Aspergillus  terreus (0.43910.02), respectively. obtained by ammonium sulphate precipitation of
Specific activity of exo-polygalacturonase wasculture filtrates at 8 day of incubation followed by
obtained at 8 day of incubation fromHumicola dialysis and they were showed maximum protein

fuscoatra (9.95+0.09 IU/mg) followed by,
Gliocladium viride (7.388+0.19 IU/mg) Penicillium

canescens (6.437 +£0.05 1U/mg)Aspergillus candidus

(5.887+0.23 1U/mg) Rhizopus stolonifer (5.02+0.17
IU/mg), Aspergillus terreus (4.877+0.08 1U/mg),
respectively (Table 7).

content fromPenicillium brevicompactum (620+7.47
png/mg) followed by,Gliocladium viride (490+6.23
png/mg), Aspergillus terreus (470+6.98 pg/mg),
Fusarium chlamydosporum (370+7.12 pg/mg),
Penicillium sppl (33045.91 pg/mg),Rhizopus
stolonifer (25045.42 pg/mg) antlumicola fuscoatra
(25046.16 pg/mg), respectively (Table 7).

Protein content (ug/mL)

Fungal species

Sl. No. 24h 48h 72h 96h 120h

1 Penicillium brevicompactum 21044.0¢ 420+7.1. 35046.5: 53016.2! 320+7.2!

2 Fusarium chlamydosporum 280+4.12 200+3.14 400+6.12 280+4.08 420+5.82
3 Penicillium canescens 190+3.81 17043.75 380+6.05 260+3.62  280+3.01
4 Rhizopus stolonifer 20043.1¢ 16046.2 20043.6! 500+7.5¢  380+5.9¢

5 Aspergillus terreus 450+6.78 490+7.12 230+3.12 650+9.12  230+3.46
6 Penicilliumsppl 370+6.12 450+6.91 320+5.83 260+3.85  420+6.10
7 Aspergillus candidus 190+3.9: 210+4.4¢ 33045.9: 33046.10  490+7.1!

8 Gliocladiumviride 170+3.08 160+3.86 18045.42 350+3.46  33045.51
9 Humicola fuscoatra 35045.63 420+6.81 230+5.36 320+3.62  210+4.13
10 Aspergillus niger 590+6.02 600+8.14 250+6.13 360+3.91  300+5.13

Table 6. Soluble crude pectinase protein content at
different time of incubation
Note: Results are mean + S.E of three replicates (n=3)

Table 7.Pectinase and Exo-Polygalacturonase
(Exo—PGase) activity, specific activity, crude and plyi
purified protein content af"5day of incubation

Pectinase

Exo-Polygalacturonase Protein content

(Exo—PGase)
SI.No.  Fungal species Activity Specific Activity Specific activity Crude partially purified
(IU/mL) activity (IU/mL) (IU/mg) (ng/mL) (ng/mL)
(IU/mg)
1 Penicillium brevicompactum 0.370+0.01 3.083+0.09 0.157+0.02 1.308+0.02 530140 120+7.47
2 Fusarium chlamydosporum 0.226+0.02 1.614+0.05 0.251+0.01 3.585+0.05 4218 140+7.12
3 Penicillium canescens 0.282+0.01 3.525+0.01 0.515+0.04 6.437 +0.05 28086 80+4.91
4 Rhizopus stolonifer 0.434+0.02 4.34+0.14 0.502+0.05 5.02+0.17 380+7.41 10045.42
5 Aspergillusterreus 0.565+0.04 6.277+0.34 0.439+0.02 4.877+0.08 2325, 90+6.98
6 Penicilliumsppl 0.282+0.01 2.563+0.11 0.439+0.03 3.990+0.16 0+@23 11045.91
7 Aspergillus candidus 0.597+0.05 7.462+0.16 0.471+0.02 5.887+0.23 4907 . 80+4.52
8 Gliocladiumviride 0.414+0.04 4.870+0.07 0.628+0.05 7.388+0.19 33D+7. 85+6.23
9 Humicola fuscoatra 0.314+0.02 5.233+0.03 0.597+0.04 9.95+0.09 210#5.9 60+6.16
10 Aspergillus niger 0.565+0.06 5.136+0.37 0.439+0.03 3.990+0.34 30D+6. 11045.16
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[IV] DISCUSSION In the present study, maximum  exo—
polygalacturonase activity was observed "dtd2y of
The present study showed that partially degradehcubation byRhizopus stolonifer (1.553+0.11 [U/ml)
areca nut husk waste is rich source of biodiversity followed by Aspergillus candidus (1.55+0.08 [U/ml)
pectinolytic fungal species, those were plays a@ndPenicillium brevicompactum (1.251+0.12 [U/ml).
important role in the biogeochemical cycles in theExo—polygalacturonase enzyme was partially purified
environment. The indigenous microflora from theby ammonium sulphate precipitation of culture
partially degraded areca nut husk waste was mofétrates at &' day of incubation followed by dialysis
potent for the production of industrially importantand they were showed maximum exo—
pectinolytic enzymes. polygalacturonase activity byGliocladium viride
During our study semi-quantitative plate assay0.628+0.05 IU/ml) followed byHumicola fuscoatra
approach providing rapid selection of fungal specie (0.597+0.04 1U/ml) and Penicillium canescens
it was very helpful for the enumeration and isalati (0.515+0.04 [U/ml).
of more efficient extracellular pectinase and exoPolygalacturonase is hydrolytic pectin depolymerise
polygalacturonase producing fungal species from thproduced by both microorganisms and plant tissues
partially degraded areca nut husk waste, from thd6]. Banakar, [10] reported that the maximum exo-
selection of more potent ten fungal species weeel us polygalacturonase activity was observed "ty of
for the enzyme production studies. Culture filtsate incubation byMortierella sp. (2.22 1U/mL) followed
were assayed for pectinase and exoby Aspergillus fumigates (2.16 IU/mL) and
polygalacturonase activities under assay conditiongrichosporiella cerebriformis (1.99 IU/mL). Amande
In the present study, maximum pectinase activitg waand Adebayo-tayo, [6] reported that the
observed at "8 day of incubation byPenicillium  polygaluronase production ranged from 0.115-5.885
canescens (2.192+0.20 IU/ml) followed byrhizopus  U/ml in which Aspergillus tamari produced the
stolonifer  (2.134+0.23 [U/ml) and Aspergillus  highest at " day by submerged cultivation on
candidus (2.133+0.19 IU/ml). Pectinase enzyme wasmedium with citrus pectin. Fungal polygalacturonase
partially  purified by ammonium  sulphate are used in industrial processes for juice clatfan
precipitation of culture filtrates at ™5 day of [19]. The production of polygalacturonase (PG) by
incubation followed by dialysis and they wereAspergillus, Fuasrium, Penicillium, Thermoascus,
showed maximum pectinase activity Bgpergillus  Lentinus species on variousubstrates during solid
candidus (0.597+0.05 1U/ml) followed byAspergillus  substrate fermentation and submerged fermentation
niger (0.565+0.06 IU/ml) andAspergillus terreus  (21) arestrong evidences of the hydrolysis of pectin
(0.565+0.04 IU/ml). Banakar, [10] reported that theand pectin containing materials for the growthlaf t
maximum pectinase activity was observed ey  fungi. Pasha et al., [32] reported that the fungal
of incubation by Mortierella sp. (5.38 IU/mL) Polygalacturonase  from Aspergillus  foetidus
followed by Syncephalastrum recemosum (4.95 MTCC10367 capable of utilizing citrus pectin as
IU/mL) and Aspergillus fumigates (4.94 1U/mL). substrate. Polygalacturonase activity for purified
Banu et al., [12] reported that moulds isolatednfro enzyme was found to be 40.1 U/ml, protein
municipal waste soil sample were screened foconcentration was 0.5 mg/ml and specific activity
pectinolytic enzyme production when grown onwas determined as 80.2 U/mg.
pectin containing (YPSS) solid mediRenicillium In the present study, the yield of soluble crudsein
chrysogenum was selected based on clearance zonesas more inAspergillus terreus (650+9.12 pg/ml)
and pectinase enzyme production was carried out fiollowed by Penicillium brevicompactum (530+6.23
submerged fermentation. png/ml) andRhizopus stolonifer (500+7.56 pg/ml) and
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they were obtained from the culture filtrates afdal enzymological and biochemical properties of fungi
species grown at'3day of incubation. Partially and other reasons they are the most important group
purified proteins were obtained at™ 5day of of microorganisms used to industrial production of
incubation and they were showed maximum proteipectinolytic enzymes: Although bacteria are known
content fromPenicillium brevicompactum (620+£7.47 as industrial enzymes producer, fungi are desioed f
png/mg) followed by,Gliocladium viride (490+6.23 the production of enzymes such as pectinases kecaus
png/mg) andAspergillus terreus (470+6.98 pg/mg). of their nature that is generally regarded as safe
Amande and Adebayo-tayo, [6] reported that th€dGRAS) [35]. The comparison with prokaryotes fungi
yield of extracellular protein released on mediumare eukaryotic organisms and have broad range of
containing banana peels ranged from 0.9247 — 4.01@fenetic information and are able to perform micabbi
mg/ml in which Mucor piriformis had the highest conversions. Almost all the commercial preparations
biosynthesis potential on"™3day of submerged of pectinases are produced from fungal sources. In
cultivation. Banakar, (10) reported that the saubl order to enhance the pectinase production it may be
crude proteins were more inTrichosporiella  feasible to select fungal strains that are gerlbtica
cerebriformis (790 pg/ml) followed byAspergillus  more productive, or modified fungi, which are not
fumigates (762 pg/ml) and Syncephalastrum  subjected to catabolite repression or generate high
recemosum (714 pg/ml) at 8 day of incubation. levels of the enzymes without require to an inducer
Pectinase are constitutive or inducible enzymes th§25].

can be produced either by submerged or solid stafeata from this study could be considered very
fermentation [2]. Various factors related topromising due to the potential of pectinolytic fiing
environment affect the production of pectinase. &omisolated from partially degraded areca nut huskevas
of them are concentration of nutrients, pH,These pectinase producing fungi may also serve
temperature, moisture content, influence of eximact better in enzyme industries. We consider that these
parameters on recovery of pectinases and the effectew isolates may have more potential for industrial
played by the inducers. Both carbon and nitrogemises.

sources show overall effect on the productivity of

pectinases [5]. Microbial Pectinase can be staged §/] CONCLUSION

the most important enzyme for the juice industryThe results from our study indicated that the
Although pectinase production is an inherent priyper screening and isolation of indigenous microorgasism
of most all organisms, only those microbes thawill yields maximum quantity at optimum condition.
produce a substantial amount of extracellularireca nut husk waste is rich source for the isoati
pectinase are of industrial importance and hava beef industrially important microorganisms. The otit o
exploited commercially [38]. The applications of 24 fungal strains, 20 strains showed the pectin
pectinases in various fields is increasing thegefttre  degradation ability and remain five fungal stramnm
search for discovering new strains with novelshowed any zone of clearance around the colony.
properties and obtaining new enzymes with desirabl&he more efficient ten fungal strains were seleeted
biochemical and physico-chemical properties igotential extracellular pectinolytic enzyme prodisce
necessary [25]. by screening and isolation methods. Among them
Environmental pollution due to toxic wastes and thd”enicillium canescens showed maximum pectinase
advancement in biotechnology are cause of incrgasiractivity followed byRhizopus stolonifer, Aspergillus
demand to improve and to replace traditionakandidus and Gliocladium viride. Maximum exo—
chemical processes with biotechnological processgmlygalacturonaseactivity showed by Rhizopus

[13, 25]. Because of their physiological, stolonifer followed by Aspergillus candidus,
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brevicompactum and Penicillium

canescens. Further investigations will be required to
achieve a maximum amount of pectinolytic enzymeg.
by providing optimum conditions.
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