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Abstract

The wood-decay fungi are able to bioconvert a wide variety of lignocellulosic residues due to the
secretion of extracellular enzymes. The use of agricultural wastes as substrate for mushroom cul-
tivation or enzymes production can help to solve environmental problems caused by inadequate
discharge in the nature. The production of hydrolytic and oxidative enzymes by Pleurotus pulmo-
narius developed in solid state system using orange waste as substrate was evaluated in this work.
Among the hydrolytic enzymes, pectinase was the main enzyme produced by the fungus, present-
ing the highest enzymatic activity of 9.4 U/mL after 35 days of cultivation. Considering the oxida-
tive enzymes, laccase was the main enzyme produced with maximal activity of 12.2 U/mL obtained
after 20 days of cultivation. Low enzyme levels of manganese peroxidase, -glucosidase and B-xy-
losidase were detected with activity peaks at the end of the cultivation. The enzymatic levels of
amylase, carboxymethyl cellulase and xylanase were similar and less than 1.5 U/mL. No aryl-alcohol
oxidase activity was detected. NDF, ADF and cellulose values increased during 45 days of cultiva-
tion. There was no lignin degradation during the study period and the fungus culture in orange
solid waste caused protein enrichment in the substrate. Our results demonstrate that P. pulmona-
rius was an efficient producer of two important industrial enzymes, pectinase and laccase in a
cheap solid state system using orange waste as substrate.
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1. Introduction

The orange fruit is one of the widely produced and consumed fruits in the world. Its production exceeds 80 mil-
lion tons a year. Around 34% of orange production is usually made into juice, however in countries where
orange is widely produced (Brazil and the United States) this number rises to 96%, generating a huge amount of
citric residue (approximately 50% of the total fruit weight), which may be potentially applied to biotechnology
[1][2].

There is a variety of white-rot fungi, most of which are basidiomycetes. The lignocellulolytic basidiomycetes
are not only important decomposers, but also the main organisms responsible for recycling carbon in the eco-
systems. They degrade the wood components, such as cellulose, hemicellulose and lignin, into low molecular
weight components that can be assimilated for their growing and reproduction [3]. This capability is due to sys-
tem consisted of lignocellulolytic enzymes, such as S-glucosidase, cellulase, xylanase, lignin peroxidase (LiP),
manganese peroxidase (MnP) and laccase among others [4]-[6].

Many of the enzymes produced by the fungi are importantly applied to several industrial areas. Some of these
applications are in the production of detergent, starch, beverages, food, textile industry, animal feed, pulp and
paper, leather, chemical and biomedical products [3] [7]. There is a great number of non-pathogenic microor-
ganisms capable of producing useful enzymes, however the filamentous fungi are highlighted for being easily
cultivated and for the high production number of enzymes for industrial application [7] [8].

The genus Pleurotus includes species of white-rot fungi that have ability to degrade lignin, cellulose and he-
micellulose of wood [9] due to the production of various enzymes, such as f-amylase, cellulase, xylanase, MnP
and laccase [4] [10] [11]. The aim of this study was to obtain a profile of extracellular enzymes produced by
Pleurotus pulmonarius (Fr.) Quélet in solid state fermentation (SSF) using orange waste as substrate.

2. Materials and Methods
2.1. Organism and Culture Conditions

P. pulmonarius (Fr.) Quél.—CCB20 was obtained from the Culture Collection of the Botany Institute of Séo
Paulo. The stock culture of the fungus was maintained at 4°C through periodical transfer in Petri dish containing
wheat bran (20 g/L), agar (18 g/L) and mineral medium [12]. Orange (Citrus sinensis (L.) Osb.) residue was ob-
tained at the local businesses in Maringd, Parana, Brazil and consisted of orange pulp, including membrane tis-
sue as well as peel, after extracting the juice (solid waste). The material was dried at 40°C and milled (2 mm).

The cultivation was carried out in Erlenmeyers flasks (125 mL) containing 4 g of orange waste and sufficient
amounts of mineral media to obtain initial humidity of 85%. Two mycelial plugs of agar plates containing 7 day-
mycelium, (15 mm in diameter) were used as inoculum after the instruments sterilization. The flasks were incu-
bated at 28°C in the dark. Cultivation was interrupted at determined periods with the addition of 20 mL of dis-
tilled water, followed by agitation for 20 min at 8°C, vacuum filtration and centrifugation (10 min; 10,000 g;
4°C). The supernatant was used as crude enzymatic solution. The material retained on the filter paper (Whatman
N° 1) was dried at 40°C and milled to obtain 1 mm particles and stored to determine the fibers, crude protein,
lignin and cellulose.

2.2. Enzymatic Activity

2.2.1. Hydrolytic Enzymes
The xylanase (EC 3.2.1.8), a-amylase (EC 3.2.1.1), pectinase (EC 3.2.1.5) and carboxymethyl cellulase (CMCase)
(EC 3.2.1.4) activities were determined from the hydrolysis of their substrates at 1% (w/v): birchwood xylan,
starch, pectin and carboxymethyl cellulose ([ 1] Alexandrino et al. 2007). The reducing sugar released were es-
timated by the 3,5-dinitrosalicylic acid method (DNS) [13].

The p-xylosidase (EC 3.2.1.37) and f-glucosidase (EC 3.2.1.21) activities were determined by the synthetic
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substrates p-nitrophenyl-$-D-xylopyranoside and p-nitrophenyl-f-D-glucopyranoside. The reaction was inter-
rupted by the addition of a Na,B,07 10H, saturated solution [14]. All the reactions were performed at 40°C for
60 min and the enzymatic activities were expressed in international unities per milliliter (U/mL).

2.2.2. Oxidative Enzymes
The laccase (EC 1.10.3.2) activity was determined spectrophotometrically with 2,2’-Azino-bis[3-ethylbenz-
thiazoline-6-sulfonic] (ABTS) at 10 mM as a substrate using acetate buffer 50 mM (pH 5.0), at 40°C for 5 min.
Oxidation of ABTS was monitored by the absorbance increase (440 = 36,000 M ":cm™) [15]. The MnP (EC
1.11.1.13) was determined by the oxidation of MnSO,4 10 mM, with H,O, 0.5 mM at 37°C for 5 min at 270 nm
(4270 = 11.59 mM "cm™) [16]. The aryl-alcohol oxidase (AAO) (EC 1.1.3.7) was estimated as oxidation of ve-
ratryl alcohol at 5 mM to veratraldehyde (4310 = 9300 M "-cm ") in phosphate buffer 100 mM (pH 6.0) [17].

The enzymatic activities were expressed in international unities per milliliter (U/mL). One unit of enzyme ac-
tivity was defined as the amount of enzyme required to oxidize 1 umol of substrate per minute. The reagents
used were from Sigma-Aldrich brand, USA.

2.3. Total Phenolics and Antioxidant Activity Assay

Total soluble phenolics in the cell free culture broth were colorimetrically estimated by the Folin-Ciocalteu me-
thod [18] and expressed as equivalent to the gallic acid. The antioxidant activity was measured in the presence
of ABTS radicals [19].

2.4. Substrate Characterization

Neutral detergent fiber (NDF: cellulose, hemicellulose and lignin), acid detergent fiber (ADF: lignocellulose),
lignin and cellulose were determined by the Van Soest method from the fermentation residual material [20]. The
nitrogen content was estimated by the micro-Kjeldahl method [21]. Crude protein was measured by the nitrogen
content (N), using the conversion factor N x 4.38 [22].

2.5. Statistical Analysis

All the analysis was carried out in duplicate. The data was expressed as the means + standard deviations. Dif-
ferences of 5% (p < 0.05) among the means were considered significant according to Dunnett test. The results
were analyzed using the Graph-Pad Prism 3.0 (San Diego, EUA) software.

3. Results
3.1. Production of Enzymes by P. pulmonarius on Orange Waste Solid State Cultures

The isolate of P. pulmonarius CCB20 was selected for the present study due to its capability to grow in orange
residue. In previous experiments, the fungus was able to completely colonize orange waste at 85% initial mois-
ture content after 8 days of cultivation at 28°C. The time course of enzymes production by P. pulmonarius was
followed for up to 45 days (Figure 1).

The pectinase activity maintained stable until the 20th cultivation day, with a mean of 6.2 = 0.60 U/mL. After
declining, the production increased on the 35th day, with a maximum value of 9.4 £+ 0.40 U/mL (Figure 1(b)). In
the present study, S-glucosidase was detected at two peaks, with the maximum activity of 0.7 = 0.01 U/mL, at
the end of cultivation (Figure 1(c)).

There are two categories of enzymes which degrade hemicellulose: the endo-f-xylanases (EC 3.2.1.8.), which
attack the xylan main chain, and the S-xylosidase (EC 3.2.1.3.7.), which hydrolyze xylooligosaccharides into
D-xylose. The maximum xylanase and S-xylosidase acitivities were 0.7 + 0.02 U/mL and 0.3 + 0.03 U/mL, re-
spectively (Figure 1(d)).

The maximum CMCase and amylase activities were 0.6 = 0.05 U/mL and 1.1 £ 0.06 U/mL, respectively, on
the fifth cultivation day (Figure 1(a)).

Laccase activity was high between the 12th to the 20th day, presenting the highest value of 12.2 + 0.15 U/mL
on the 20th cultivation day (Figure 1(b)). The enzyme was produced despite the presence of reducing sugars;
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Figure 1. Time course of extracellular enzymes production by Pleurotus pulmonarius grown
in orange waste in solid state fermentation. In (a) carboxymethyl cellulase (A) and amylase
(A); in (b) pectinase (@), laccase (O) (left axis) and reducing sugars (k) (right axis); in (c)
manganese peroxidase () and B-glucosidase (M); in (d) S-xylosidase (<) and xylanase (#).
Data are the mean + standard deviation of duplicate experiments.

however it reached its peak when the reducing carbohydrates decreased (Figure 1(b)).
Low MnP activities were found along the cultivation, with a maximum value of 0.07 £ 0.00 U/mL on the last
day (Figure 1(c)). No AAO activity was detected in this study.

3.2. Substrate Biotransformation by P. pulmonarius

Usually, dry orange waste contains up to 12% of crude fiber (including pectin and cellulose), 6% of protein, 7%
of ash, 63% of nitrogen, 19% of total sugar and 9% of reducing sugar [23].

In this study, NDF, ADF and cellulose values increased (data not show), until the last cultivation day, sug-
gesting the absence of consumption of these polymers by the fungus. There was no lignin degradation during the
study period.

The fungi culture in orange solid waste caused protein enrichment in the lignocellulosic substrate. A signifi-
cant increase (p < 0.01) in the substrate protein content was observed from the 7th cultivation day, resulting in
an addition of 4% until the last point of the growth curve.

In the present study there was a detected decrease in antioxidant activity of the crude extract, from 100% to
39%, on the last cultivation day (Figure 2), evaluated by the ABTS radical assay.

4. Discussion

Byproducts obtained from citrus juice production are rich in soluble and insoluble carbohydrates, making them
an attractive raw material with great potential for biologic conversion to value-added products [24]-[26]. Pectin
is one the most abundant carbohydrates from orange waste. Although pectinolytic activity in wood-decomposing
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Figure 2. Total antioxidant activity and phenolic content of aqueous
extracts of the cultivation of Pleurotus pulmonarius in orange waste.

fungi has been scarcely reported, recent studies demonstrate that pectinase may be produced by these fungi in
lignocellulosic substrates, including citrus pulp [27] [28].

The enzymatic secretion responsible for carbohydrates cleavage, for example, pectinase and S-glucosidade,
have been associated with lignin degradation [29], because oxidase and peroxidase actions in the cell wall, the
polysaccharide intertwined with lignin polymer got more susceptible to degradation by hydrolases. This fact
may explain the increase in the pectinase and fS-glucosidase activities at the end of fermentation, concurrently
with the MnP increase (Figure 1(b) and Figure 1(c)).

Studies have demonstrated that when Pleurotus spp. are cultivated under SSF in lignocellulosic substrates
they are capable of producing cellulases, xylanases [30] phenoloxidases [15] and peroxidases [17]. However, it
has been observed that this genus does not produce high xylanase and S-xylosidase activities [31] [32]. In large
scale, xylanases are mainly produced by Aspergillus and Trichoderma ssp. [31].

Makkar et al. [33] reported that the f-glucosidase enzyme is part of an enzymatic complex in Lentinus edodes,
which also comprises MnP and laccase, where the hydrolase actively participates in the carbohydrates mobiliza-
tion. Lower activities of this enzyme were produced by P. ostreatus and P. sajor-caju cultivated in banana waste:
0.090 U/mL and 0.087 U/mL, respectively [34]. P. pulmonarius produced CMCase and amylase at very low ti-
ters. Similar results were found by Sherief et al. [35] when cultivated P. ostreatus in rice straw.

The efficient lignin degradation carried out by the white-rot fungi mainly occurs through laccase, LiP and
MnP secretion. Oyster mushrooms are well-known laccase and MnP producers, but no typical LiP [36].

The cellulose in the cultivation of P. sajor-caju increased whereas a linear decrease was observed for NDF but
not for ADF content [37]. Considering that soluble carbohydrates were consumed during cultivation of P. pul-
monarius probably cellulose, NDF and ADF had relative increase during culture period. Although the enzymes
production was influenced by the substrate, the study conditions did not favored lignin, cellulose and hemicel-
lulose degradation by P. pulmonarius. A similar result was observed by Levin ef al. They were not found in cor-
relation between high lignocellulolytic enzyme activities and lignin degradation [38]. Thus, the white-rot fungi
capability of degrading wood seems to be related to the oxidative activities levels only after long periods of bio-
degradation [39].

The ligninolytic system of Pleurotus spp. has not been fully defined yet, however, there is evidence that it is
different from the other white-rot fungi [40]. MnP seems to play a crucial role in the primary attack on lignin, as
it produces Mn®", a strong oxidant which attacks certain parts of the polymer [41]. Lignin degradation not only
involves mediators, but also the enzymes synergistic action [42]. The metabolic role proposed for the AAO en-
zyme has been the offer of hydrogen peroxide (H,0,) to be used by the peroxidases. The H,O, may also be in-
volved in ligocellusose degradation as the precursor of the hydroxyl radical (OH-) a powerful oxidant agent [43].
Thus, the absence of AAO and low MnP activity found in the present study may have contributed to the non-
degradation of the polymers in the cell wall, specially lignin, in the conditions in which they were studied.

Many researchers have demonstrated that the antioxidant activity of plants and mushrooms extracts is asso-
ciated with the phenolic compounds extracted from these materials [24] [25]. The results obtained in this present
study suggests that laccase promoted phenolic oxidation, being in accordance with the low levels of total phe-
nolic compounds detected by the Folin method after many cultivation days (Figure 2). McCue ef al. [29] de-
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tected a decrease of 85% in the antioxidant capability of the aqueous extract during the Lentinus edodes cultiva-
tion on the first 10 days, followed by a gradual increase until the 40th day. Furthermore, an increase of the phe-
nolic compounds was detected over time, which was considered as a mobilization from the laccase enzymes and
S-glucosidase.

Thus, the orange waste, besides demonstrating to be capable of inducing the production of pectinase and lac-
case by P. pulmonarius, also shows that its solid fermentation residual substrate has high potential to be used in
the development of animal feed, enriched in its protein content lowering production costs as well as valorizing
the residue from the citric industry.

5. Conclusion

Our results support the use of orange waste as substrate for production of important industrial enzymes. P. pul-
monarius CCB20 was able to produce hydrolytic enzymes and laccase was the main oxidative enzyme produced.
The isolated used in this work is a mushroom with positive characteristics such as easy cultivation and excellent
adaptation. Orange waste is a cheap alternative for cultivation of mushrooms and the fungal growth caused pro-
tein enrichment of substrate. In conclusion, the cultivation of this fungus offers a way to bioconversion of lig-
nocellulosic substrates.
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