Bulletin UASVM Agriculture, 69(2)/2012
Print ISSN 1843-5246; Electronic ISSN 1843-5386

Effects of Different Carbon Sources on Pectinase Bduction by Penicillium oxalicum
Diana A. NEAGU"?, Jacqueline DESTAIN, Phillipe THONART 2, Carmen SOCACIU"

'University of Agricultural Sciences and Veterinafedicine, Department of Chemistry and
Biochemistry, 400372 Cluj-Napoca,amhstur St. 3-5, Romania; carmen.socaciu@usamvcluj.ro
University of Liege - Gembloux Agro-Bio Tech, CWHlassage des Déportés, 2. B - 5030

Gembloux, Belgium.

Abstract. Currently, obtaining enzymatic preparations withvIproduction costs is the ultimate
challenge for researchers worldwide. This study gamasthe productivity of pectinolytic enzymes
usingPenicillium oxalicumstrain in submerged and solid state fermenta#dgno-industrial residues
used as carbon sources were beet pulp, wheat bdarapeseed cake. Enzyme production was higher
in both fermentation types using wheat bran. Coingathe two types of fermentation, it was
observed that enzyme activity is higher in solatestermentation. The maximal activity was reached
after seven days by solid state fermentation. Raséi activity decreased progressively after 96,days
in solid state fermentation when was used beet putbrapeseed cake. Optimum pH and temperature
for the crude enzyme activity was obtained by wheah in solid state fermentation at 5 and 60°C,
respectively. The crude enzyme lost 50% of itsvitgtafter 40 minutes, when was heated at 60°C.
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INTRODUCTION

Pectinolytic enzymes are mainly obtained from fursgaurces (Alkortaet al.,1997).
Polygalacturonase, pectinlyase, pectate lyase autinpsterase are the main pectinolytic
enzyme complexes. These enzymes catalyze the ggdraf pectin into sugars (Debirag
al., 2006).

Pectinolytic enzymes are acidic and occur as pobtfsaides with high molecular
weight and negatively charged (Jayanhial., 2005). Chemically speaking, pectic substances
are complex colloidal polysaccharide, which is tmge of structural polysaccharide chain
composed of galacturonic acid residues, residwes)acted byi-1, 4 (Pedrolliet al.,2009).

Pectinases can be produced either by submergedlidsstate fermentation (SSF)
procedures (Solis-Pereirt al., 1992).The nature of solid substrate is the mogtontant
factor in solid state fermentation. This, not oslypplies the nutrient to the culture but also
serve as anchorage for the growth of microbial. Gdte selection of substrate SSF depends
upon several factors mainly with the cost of avality and this may involve the screening of
several agro-industrial residue. An optimum substpaovides all the necessary nutrients to
the microorganism for optimum function (Bhardwagdgarg, 2010).

Most enzymes used in industry have fungal origicg@li-Valle et al., 2001). The
genus Penicillium is worldwide known for production of secondary aimilites and
extracellular enzymes of commercial value, inclgdpectinases. A new challenge for this
area is the production of enzymes with low productcost and desirable characteristics
(Banuet al.,2010).

Pectinolytic enzymes are increasingly used in lolmelogical processes such as:
improved extraction of plant bio-compounds from &on(Zuorroet al., 2011; Zuorro and
Lavecchia, 2010; Choudhari and Ananthanarayan, 20@gpberry residues (Laroee al.,
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2010), grape skin (Pinelet al.,2006), apple skin (Pinelet al., 2008), processing of cotton
fabric (Solbaket al.,2005)

Selection of a carbon source that allows the prooluof pectinolytic enzymes, with
higher enzymatic activity in a shorter fermentatiome using submerged and solid state
fermentation, was the objective of the presentystud

MATERIALS AND METHODS

Strain characterization. The strain ofPenicillium oxalicum MT#vas provided by
The Walloon Centre of Industrial Biology (GembloAgro-Bio Tech, Bio-industries Unit ,
Belgium). The characteristic of this strain arei¢gbfor Penicillium This strain belongs &.
oxalicum speciesand is characterized by an abundant sporulatdnaabig speed to grow at
25 and 30°C. The cultures were maintained on patatdrose agar at 4°C by periodic sub
culturing. The inoculum was prepared in peptonaaéewharvesting the spores from 96 h old
cultures at 30°C. The conidia were dispersed iriqreggte water for successive dilution.

Media and fermentation condition for submerged andsolid state fermentation.
Media for submerged fermentation (SmF) containell ((¥1,).SOy, 0.1; MgSQe7H,0, 0.5;
KH.PO,, 0.5 (Solis-Pereirat al., 1996) and 7 g carbon source. Beet pulp, wheat anah
rapeseed cake with particle size > 100 mm was wsedarbon source. Medium was
autoclaved for 20 min at 121°C. Inoculum size amdl were 1.4x10 spores/ml and 5,
respectively.

Media for the solid state fermentation (SSF) comdithe same ingredients, and the
initial moisture value was 60%. In this case medronstituents were dissolved in 150 ml
distiled water. The solution was heated at 70°€C I min and the carbon source was
separately sterilized for 15 min at 121°C. Afteroliog, both fractions were mixed and
inoculated withPenicillium oxalicumspore suspension in aseptic conditions. Inoculiz®a s
and pH were 1.4x10spores/g and 5, respectively. Fermentation wasedain 250 ml
Erlenmeyer flask for both fermentation types at 3G static condition. Fermentation
duration was examined from 24 to 144 h. The sa@actif the substrate for the process of
enzyme biosynthesis in solid state fermentationthagke main objectives: to be the cheapest
agro-industrial product, to be available at anyetiof the year and to be bought whit out
storage problem. They were purchased from shopsiadized in selling agro - industrial
products.

Enzymatic activity measurements and characterisatio. The crude enzyme (CE)
was extracted from a known quantity of fermentedtema which was mixed with an
equivalent amount of distilled water and then anagnetic stirrer for 20 min and centrifuged
at 4000 RPM for 20 min. The supernatant contair®@tgwas stored at 4°C for enzymatic
assay.

Enzymatic activity was determined by measuring glease of reducing groups from
apple pectin using a 3, 5-dinitrosalicylic acid (BNreagent assay. The number of reducing
groups, expressed as galacturonic acid releasdtel®nzymatic action, was quantified by the
dinitrosalicylic acid (DNS) method. 3, 5-dinitrosallic acid is an aromatic compound that
reacts with reducing sugars and other reducing ecotds to form 3-amino-5-nitrosalicylic
acid, which absorbs light strongly at 540 nm. Enagimmmethods are usually preferred to
DNS due to their specificity (Miller G.L., 1959)

The reaction mixture containing 1 ml 1% apple pe¢8igma-Aldrich, Darmstadt,
Germany) in 0.02 M acetate buffer, pH 5.0 and 0l2omcrude enzyme solution, was

328



incubated at 50°C for 10 min. After 1 ml of DNS geat was added, the mixture was boiled
for 5 min in test tubes. Boiled test tubes werespdsdirectly in cold water bath and
supplemented with 10 ml of distillate,®. After gentle but thorough mixing, was measured
the absorbance at 550 nm with a spectrophotometerkinElmer LAMBDA 25 UV/Vis,
Shelton,WA, USA). The activity of the enzyme isatdhted according to the galacturonic
acid release, calculated using the calibration€®=0.998) and expressed in mg. One unit
of enzyme activity (U) was defined as the amounematyme which released one mmol of
galacturonic acid per minute.

Optimal pH. In order to determine the optimum pH value for @&, theenzymatic
activity was assayed at 50°C, at different pH valbetween 3.0 and 8.0. Different buffers
were used: citrate (pH 3), acetate (pH 4-6) angphate (pH 7 and 8).

Optimal temperature. The crude enzyme was incubated with the substrates
different temperatures ranging from 20°C to 70°CpH 5. The reaction mixtures were
analyzed for pectinase activity.

Thermostability. The CE was allowed to stand at 60°C for differémiet (10 min
until 60 min), and the activity was assayed by tiseial procedure at optimum pH and
temperature.

RESULTS AND DISCUSSIONS

Enzymatic activity monitorization of pectinase obtaned from SmF and SSF on
different substrates.

The effect of the carbon source on pectinase ptadus SmF is shown in Table 1.
Enzymatic activities are reported as units per liti#hi of crude enzymes for the CE obtained
in SmF and units per gram for SSF. In both casedymtion begins from the first day of
incubation. For both fermentation types using thoeebon sources, the production of
pectinolytic enzymes was evaluated up to 144 h.

In order to study the production of pectinase inFSm theses three substrates it was
observed a progressive increase until the lasoflégrmentation. Using wheat bran substrate
the maximal activity 1.57 U/ml was obtained in thst day of fermentation. These have been
followed by beet pulp and rapeseed cake with malxao@vities at 1.39 U/ml and 1.23 U/ml,
respectively. The results are in agreement witsehreported by Solis-Pereea al.,(1993).

Tab. 1.
Evaluation of fermentation period for the produstaff pectinase bf. oxalicumin SmF using beet
pulp, wheat bran and rapeseed cake as substrate.

. Activity (U/ml)
Time (hours) Beet pulp Wheat bran Rapeseed cake
24 0.54+0.02 0.28+0.00 0.32+0.01
48 0.65+0.00 0.64+0.02 0.37+0.08
72 0.77+0.01 0.88+0.03 0.98+0.02
96 0.96+0.00 1.04+0.01 1.03+0.01
120 1.25+0.01 1.29+0.02 1.15+0.00
144 1.39+0.02 1.57+0.01 1.23+0.04

*Triplicates data were expressed as mean * startdasidtion.



Using the same agro — industrial wastes in solitesiermentation (Table 2), as was
expected the enzymatic activity was higher thasubmerged fermentation. Like in SmF in
the media that used wheat bran as carbon sourcefowad the higher activity.

A gradual decrease in the production of pectinass @ period up to 96 h was
observed in the medium that used beet pulp andseapecake carbon source in SSF. In case
of wheat bran the activity increased gradually lulast day of fermentation, when was
obtained 7.10 U/g. The obtained results are sinildhose reported by Silet. al.,(2005).

Tab. 2.
Evaluation of fermentation period for the produstaf pectinase bf. oxalicumin SSF, using beet
pulp, wheat bran and rapeseed cake as substrate.

: Activity (U/g)
Time (hours) Beet pulp Wheat bran Rapeseed cake

24 2.16+0.56 1.1240.17 1.29+0.38
48 2.62+0.38 2.56+0.49 1.49+0.26
72 4.64+1.02 3.52+0.51 3.94+0.34

96 5.86+0.79 4.97+0.29 4.94+0.98
120 4.77+0.28 5.18+0.94 4.79+0.68
144 4.14+0.42 7.12+1.17 4.65+0.89

*Triplicates data were expressed as mean = startdasidtion

As was expected the maximal activity in SmF for atheran was obtained at 144 h,
in contrast with a shorter time in SSF (96 h). S&&lereira (1993) observed the same
differences in pectinases production between SndFS8F. Also the enzymatic activity was
higher in SSF 7.12 U/g, compared with SmF where atdgined only 1.57 U/ml for the same
carbon source.

Optimal pH. For enzyme characterization was used crude enzystaned from
SSF of wheat bran in 144 hours. Determination ¢ihegd pH (Figure 1) was made for six pH
values, from pH 3 until 8. The pH of 5 was foundb®the optimum obtaining an enzymatic
activity of 7.98 U/g.
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Fig. 1. Enzymatic activity dependent on the pH eal(range 3-8)
As shown in Figure 1 the best enzymatic activitys\aaa pH of 5.0. This finding is

similar to that reported in China by Zhang C. (20@8)the three endo-polygalacturonases
obtained fromPenicillium oxalicum(CGMCC 0907). Fermentation preparation of the best
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enzymatic activities at an optimal pH of 4.5, 5@l &.5was reported for polygalacturonases
from Sclerotium rolfsii(PG1 pH 5.0, PG2 pH 4.5) (Schnitzhoé&tral.,2007).

Optimal temperature. The effect of different temperatures on CE activgtghown
in Figure 2. 60°C was found to be the optimal terapge for the pectinolytic enzymes
obtained in SSF, which was close to that reportgdZhang C. (2009). Fermentation
preparation of the best enzymatic activities wasmibto be at an optimal temperature of 65,
55 and 50°C, respectively.
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Fig. 2. Enzymatic activity dependent on the tempeea(range 20-70°C)

Close to obtained results was polygalacturonasas Aspergillus kawachi(50°C)
obtained by Esquivel and Voget (2004), but quitéedent from those reported for endo-
polygalacturonase fromflucor flavus(45°C) (Gadreet al.,2003).

Termostability. Stability of the enzymatic activity after therntedatment at 60°C,
from 10 to 60 minutes, is shown in Figure 3. Inmihutes at 60°C the enzymatic activity
decreased below 50%.
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Fig. 3.Evolution of enzyme activity after thermal treatrhan60°C, different time (from 10
to 60 minutes)

The obtained results are different from that regubtty Martinset al, (2002), when

the polygalacturonase from. aurantiacus had a 30% residual activity after 4 hours of
incubation at 60°C.
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CONCLUSIONS

The present study indicates that agro-industrisidigees were feasible for pectinase
production in submerged and solid state fermentatidheat bran is an appropriate carbon
source for preparation of pectinolytic enzymes g$tenicillium oxalicum Referring to the
fermentation, it can be observed that the solidestarmentation had a higher efficiency
compared to that of submerged fermentation, andnitation time to obtain was shorter.
The maximal activity was obtained using wheat bragolid state fermentation followed by
rapeseed cake and beet pulp. Pectinase obtainadPfroxalicumin solid state fermentation,
using wheat bran as substrate, had a high optireampérature (60°C) and optimum pH was
5. This crude pectinase can be an alternativehiirtdustrial area, where hydrolytic enzymes
are used.
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