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Abstract

Pleurotus eryngii was incubated on both peach and cherry agroindustrial wastes by solid state fermentation for 30 days
without/with pretreatment conditions. The lignocellulosic substrates were pretreated with dilute acid and alkaline solu-
tions, hot water before incubation. The maximum carboxymethyl cellulase and xylanase activities peaked on 3 and 5™
days under control conditions of both wastes, respectively. The highest laccase and manganese peroxidase activities
reached to their maximum on 17" day as 2193.06 + 50.4 UL™" and 732.73 + 19.8 UL"', respectively. The highest aryl al-
cohol oxidase activity was obtained as 239.25 + 7.3 UL in control condition of peach cultures. The used pretreatment
methods had generally negative effects on lignocellulolytic enzyme production. The highest lignocellulolytic activities
were detected using peach wastes. To results, these wastes could be used as alternative, new and economic energy sour-

ces to produce high amounts of lignocellulolytic enzymes.

Keywords: Agroindustrial wastes, lignocellulolytic enzymes, Pleurotus eryngii, pretreatment, solid state fermentation.

1. Introduction

Lignocellulosic substrate from forestry, agricultural
and agroindustrial wastes is abundant, renewable and
inexpensive energy sources for the production of various
value added products, such as ethanol, food additives, or-
ganic acids, enzymes, and others due to their chemical
composition based on sugars and other compounds of in-
terest.! Also, the accumulation of lignocellulosic wastes in
large quantities causes environmental problems when they
could not be used for the production of these products.'~

Bioconversion of lignocellulosic substrate to value ad-
ded products is so difficult to its tertiary architecture consi-
sting of primarily cellulose, hemicelluloses and lignin that
are strongly intermeshed and chemically bonded by non-co-
valent forces and by covalent crosslinkages. Selective orga-
nisms, especially white rot fungi (WRF), can efficiently de-
grade lignocelluloses.? This degradative ability of WRF is
due to their extracellular hydrolytic and ligninolytic enzyme
systems. For lignocellulose bioconversion, the hydrolytic

enzyme systems are divided into two groups: cellulolytic
and hemicellulolytic, which contain carboxymethyl cellula-
se (endo-1,4-B-glucanase; CMCase), exo-1,4-B-glucanase,
1,4-B-glucanase and xylanases. Another enzyme system is
ligninolytic group, which includes laccase (Lac), mangane-
se peroxidase (MnP), lignin peroxidase (LiP) and aryl alco-
hol oxidase (AAO). The highly specific hydrolytic enzyme
systems convert cellulose and hemicellulose carbohydrates
into fermentable sugars; hexoses and pentoses. The non-spe-
sific oxidative ligninolytic enzymes catalyze phenolic and
non-phenolic compounds in lignin structure.’

The lignocellulose-based biotechnological applica-
tions such as biopulping, biobleaching, decolorization, de-
gradation of environmental contaminants, etc. require low
cost and large scale enzymes due to increasing demand for
markets.* Solid state fermentation (SSF) stands out in the
production of lignocellulolytic and other industrially im-
portant enzymes. Examples of enzymes produced by diffe-
rent organisms such as Bacillus sp., Pleurotus sp., Aspergil-
lus sp., Trametes spp., etc. under SSF using different sub-
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srates, wheat bran, wheat straw, apple pomace, rice straw,
sugarcane bagasse, include laccase, cellulose, lipase, pecti-
nase, protease, xylanase, amylase, etc.’ SSF, an alternative
culture method, has several advantages over the conventio-
nal submerged ones, like higher yields of enzymes. Gene-
rally, this process was carried out by using lignocellulosic
wastes used as substrates and support material for microbial
growth and production of several value added products.*®
The effective utilization of lignocellulosic components
would play a significant role in economic enzyme produc-
tion. For this reason, lignocellulosic substrate sometimes
requires pretreatment to improve enzymatic hydrolysis by
fungi. The purpose of the pretreatment is to remove lignin
and hemicelluloses, reduce cellulose crystallinity, and in-
crease the porosity of the materials.” Pretreatment should
ideally involve requirement of low energy with no recycling
or environmental costs.® A wide range of thermal, mechani-
cal and chemical pretreatment methods and their combina-
tions could be used for efficiently conversion of lignocellu-
loses. The pretreatment methods may vary depending on
the raw material selected, but they could be eco-friendly
and not increase the total economy of the bioconversion of
the lignocellulosic substrate.®®

The present study evaluated peach and cherry wa-
stes as substrates for production of lignocellulolytic enzy-
mes by Pleurotus eryngii in SSF, and is the first study in
this regard. Different agroindustrial wastes were screened
for lignocelluloytic enzyme production under SSF,' howe-
ver peach and cherry wastes have not been reported in
production of various industrially important enzymes inc-
Iuding lignocelluloytic enzymes by fungi as per the pub-
lished literature so far. Namely, these wastes were firstly
investigated for the production of lignocellulolytic enzy-
mes by P.eryngii, and also the use of them for SSF as sub-
strates with or without any pretreatment conditions. These
agro-industrial wastes (with and without pretreatment)
were used as major nutritional sources for production of
cellulases (carboxymethylcellulase (CMCase), exo-1,4-B-
glucanase, 1,4-B-glucosidase), xylanase and ligninolytic
(laccase (Lac), manganese peroxidase (MnP), lignin pero-
xidase (LiP), aryl alcohol oxidase (AAQO)) enzymes by the
fungus. Three chemical pretreatment processes including
neutral, dilute acid and alkaline, utilized for improving the
production of lignocellulolytic enzymes. The study has
showed that peach and cherry agroindustrial wastes can
serve as important alternative cheap substrates for econo-
mic production of lignocellulolytic enzymes by P.eryngii.

2. Experimental

2. 1. Lignocellulosic Substrates and Their
Chemical Compositions

Peach and cherry agroindustrial wastes from Dimes
fruit juice factory, Izmir, Turkey, were collected and used

as the solid substrate for the SSF. According to knowledge
from Dimes fruit juice factory, the peach and cherry fruits
cultivated in the Aegean region of Turkey were harvested
at optimum technological maturity. Their wastes came for
two or three pressing to make fruit juice. The chemical
compositions of both wastes were analyzed before and af-
ter all pretreatment methods. The total carbohydrate, pro-
tein and lignin contents of them were colorimetrically de-
termined by the phenol-sulfuric acid method,'® Bradford
dye-binding assay,'! and thioglycolic acid method,'? res-
pectively. In addition, cellulose levels after acid hydroly-
sis in these wastes were determined gravimetrically.'?

2. 2. Media Preparation

The white rot fungus P. eryngii (DC.) Gillet
(MCC58) was used in this study and obtained from Agro-
ma Mushroom Cultivation (Denizli, Turkey). This strain
was selected as a suitable organism for bioprocessing of
SSF for its potential for higher lignocelluloytic enzyme
production.'* P. eryngii cultures were maintained on malt-
peptone-agar medium at 4 + 1 °C and transferred every
month to fresh medium, and then incubated at 25 + 1 °C
during 12 day. For enzyme production, untreated peach
and cherry agroindustrial wastes and pretreated wastes
were used as substrates for growth media. They were sto-
red at =20 £+ 1 °C prior to use. SSF was carried out in 100
mL Erlenmeyer flasks containing 5.0 g of these wastes as
major nutritional sources and 10 mL of basal culture me-
dium of the following composition per liter: NH,NO,, 2.0
g; KH,PO,, 0.8 g; K,HPO, x 7H,0, 0.75 g; MgSO, x
7TH,0, 0.5 g; yeast extract, 2.0 g; ZnSO, x 7H,0, 0.002 g;
FeSO, x 7TH,0, 0.005 g; CaCl, x 2H,0, 0.06 g, CuSO, x
7H,0, 0.02 g; MnSO, x H,0, 0.05 2.1 The ratio between
amount of solid waste and volume of basal medium was
adjusted at 1:2."® The moisture levels of peach and cherry
wastes after adding the basal culture medium in this study
were 18.41 + 1.6 and 39.73 + 3.5%, respectively. Also, the
final pH of the medium was adjusted to 6.0 after steriliza-
tion. Three agar plugs (1 cm? disks) cut from actively gro-
wing culture (12 day old), were used as inoculums. The
fermentation was carried out in a controlled environment
with temperature at 28 + 0.5 °C for 30 days under statio-
nary condition in complete darkness. Under control con-
ditions, the agroindustrial wastes were directly used wit-
hout any pretreatment methods. Samples from flasks were
harvested after 3, 5, 7, 10, 12, 15, 17, 20, 26 and 30 days
of cultivation. Experiments were done triplicate and sam-
ples were analyzed in triplicate.

2. 3. Pretreatment of Agroindustrial Wastes

The both peach and cherry wastes, lignocellulosic
substrates, were pretreated with dilute acid (sulfuric acid
1.0%, w/v) and alkaline (sodium hydroxide 1.0%, w/v)
solutions, hot water. The hot water treatment was named
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as neutral pretreatment, while alkaline treatments could
be named as base pretreatments. At all pretreatment met-
hods, the substrate at a solid loading of 10% (w/w) was
mixed with pretreatment agents and pretreated at 100 °C
with 60 minutes. And also, the substrate was washed until
the pH adjusted to initial pH value at dilute acid and alka-
line pretreatments for getting the same pH levels. After
pretreatment, the substrate was separated by filtration at
room temperature, and then it was ready for the utilization
in SSF bioprocess.

2. 4. Enzyme Extraction

The samples in SSF were mixed with 25 mL of 50
mM sodium-acetate buffer (pH 5.0) two times and stirred
at 180 rpm for 1 hour on ice bath to extract the samples.
Solids were separated by centrifugation (4 = 1 °C, 15000
rpm, 10 minutes).'® The lignocellulosic substrate was
completely removed after centrifugation and the clear su-
pernatant was obtained. The all supernatants were used
for measurements of the extracellular lignocellulolytic
enzyme activities and analysis’s of protein, reducing sugar
and nitrogen amounts.

2. 5. Assay of Enzyme Activities

CMCase and xylanase activities were estimated by
the dinitrosalicylic acid method (DNS) using 2% carboxy-
methyl cellulose and xylan from beechwood in the so-
dium citrate buffer (50 mM, pH 4.8) as the substrates with
glucose and xylose as the standards, respectively.'”!® Exo-
glucanase and B-glucosidase activities were monitored us-
ing 2.0 mM p-nitrophenyl-B-cellobioside and p-nitrop-
henyl-B-glucopyranoside in the sodium acetate buffer (50
mM, pH 5.0) as the subtrates, respectively.!” Lac activity
was assayed by measuring the oxidation of 2, 2-amino-bis
(3-ethyl benzothiazoline-6-(sulfonate) according to Jo-
hannes & Majcherczyk with minor modifications using
5.0 mM 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulpho-
nic acid) as a substrate and sodium acetate buffer (100
mM, pH 4.5)." MnP activity was measured by 2, 6-dimet-
hoxyphenol oxidation, 20 mM, with minor modifications

in the presence of hydrogen peroxide (4 mM) and manga-
nese sulfate (30 mM).° LiP activity was determined by
the oxidation of veratryl alcohol to veratraldehyde in the
presence of hydrogen peroxide using sodium tartarate
buffer (125 mM, pH 2.5).?! AAO activity was assayed
spectrophotometrically using veratryl alcohol as a sub-
strate with no adding hydrogen peroxide.?” The all enzy-
matic activity of 1 U was defined as the amount of enzy-
me that transforms 1 pmol substrate/minute in terms of
volumetric activity.

2. 6. Estimation of Protein, Reducing Sugar
and Nitrogen Contents

Protein concentrations were measured using the
Bradford dye-binding assay with bovine serum albumin
as standard.!' Reducing sugars levels were measured by
the DNS method using D-glucose as standard, according
to Miller.”> Ammonium nitrogen content was assayed by
the phenol-hypochlorite method using (NH,),SO, as stan-
dard.*

2. 7. Statistical Analysis

All statistical analyses were performed with the pro-
gram SPSS 15.0 for Windows. The all values were the
mean of three separate experiments.

3. Results and Discussion

Selection of appropriate lignocellulolytic organisms
for SSF is one of the important factors via useful agricul-
tural solid substrates. In this study, P.eryngii was used for
enzyme producer due to its lignocelluloytic ability.'®?
The chemical compositions of untreated and pretreated
peach and cherry wastes are demonstrated in Table 1. Ac-
cording to the obtained results, the lignin and protein con-
centrations for untreated peach waste were higher than
that of untreated waste cherry. The lignin concentrations
in both wastes were higher when compared to other ligno-
cellulosic wastes; while the cellulose concentrations in

Table 1. The changes of main components of peach and cherry wastes after all pretreatments.

Protein Cellulose Lignin Total Carbohydrate

Concentration (%) Concentration (%) Concentration (%) Concentration (%)
Untreated 0.08 = 0.005 4.63+0.3 40.56 £ 3.1 18.59 + 1.1
§ Neutral-pretreated 0.08 £ 0.006 472+04 38.45+3.3 2346+ 1.8
K Acid-pretreated 0.072 + 0.006 444+0.3 34.07£2.6 2846+ 1.9
Alkaline-pretreated 0.074 £ 0.005 4.12+0.3 31.23+22 36.06 = 2.8
Untreated 0.05 £ 0.002 14.04 £ 1.0 38.8+2.6 19+1.1
g Neutral-pretreated 0.05 = 0.004 1446 £ 1.1 3724 +34 2412+ 1.7
5 Acid-pretreated 0.044 + 0.003 13.34+£0.9 33.59£2.7 29.74+ 1.8
Alkaline-pretreated 0.047 = 0.002 12.56 £ 0.9 30.65+2.4 36.86 £2.7
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peach and cherry wastes were lower.! Also, the total car-
bohydrate concentrations with all pretreatments in both
wastes increased, while lignin concentrations in those we-
re reduced by them. This may be due to the different struc-
tural properties of peach and cherry waste. In other words,
peach wastes have softer fiber when compared to intact fi-
ber of cherry wastes.

The reducing sugar and nitrogen levels in all growth
media decreased rapidly up to 3™ day of cultivation, but
not depleted fully by P.eryngii, so that the cultivation was
reached to carbon and nitrogen-limited conditions. In ad-
dition, good colonization on these wastes with control and
pretreated conditions was achieved with P.eryngii, fungal
growth being observed from the second day of the fer-
mentation, and complete colonization of fungus was ob-
served within 30 days of cultivation. Also, the protein pro-
duction in P.eryngii enzyme supernatant were changed up
to 187.78 + 8.6 ppm for cherry wastes with and without
pretreatment conditions, and this value was 1.26-fold hig-
her than that of control (p < 0.05). The highest protein
production was obtained in acid pretreated condition fol-
lowed by alkaline, neutral pretreatment and control condi-
tions, respectively. On the other hand, the highest protein
production in control conditions of peach cultures was de-
termined as 303.49 + 10.2 ppm on 20™ day following al-
kaline, neutral and acid conditions, respectively. Accor-
ding to obtained results, the observation of the consump-
tion of glucose and nitrogen by P.eryngii, fungal growth
and protein production could be proofs that these peach
and cherry wastes generated by food processing industries
were good substrates for producing lignocelluloytic enzy-
mes. Also, the use of peach and cherry wastes for econo-
mically production of these enzymes in this research has
an importance and novel with regards to literature, most
agro-industrial wastes used to produce lignocellulolytic
enzymes by WRF have not been published since to date.

Lignocellulosic materials are recalcitrant to fungal
hydrolysis due to their composite structure.® Effective pre-
treatments should improve the lignocellulolytic enzyme
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production, but selection of these methods is great impor-
tance for economic SSF process. According to the litera-
ture, there is no study about lignocelluloytic enzyme pro-
duction by P.eryngii using peach and cherry wastes with
and/or without any pretreatment conditions. The activities
of CMCase and xylanase showed similar trends under
control and neutral-treatment condition of peach cultures.
The both cellulolytic enzyme activities under control con-
ditions of peach cultures were increased up to 5™ day of
incubation, and then decreased. The highest levels of the-
se enzymes were determined as 3.64 + 0.02 U mL™ and
3.08 £ 0.02 U mL™', respectively. Similarly, the maximum
values of CMCase and xylanase enzymes were detected
as 1.30 £0.01 and 1.16 + 0.01 U mL" on the 3™ day of in-
cubation under control condition of cherry cultures. The
decrements in both enzymes were observed after all treat-
ments in peach and cherry cultures as can be seen in
Figures. 1 and 2. That is, the CMCases in both cultures
were produced simultaneously with xylanases by the
P.eryngii during the cultivation period. Dias et al. have no-
ted that during the SSF period the very low CMCase acti-
vities were detected in both Irpex lacteus and Euc-1
strains compared to our maximum CMCase activities of
peach and cherry cultures by P.eryngii.® In that study, I.
lacteus and Euc-1 showed a peak of xylanase activity
(0.08 U mL™) after 10 days of incubation. On the other
hand, Sharma and Arora researched which supplements
were enhanced the lignocellulolytic enzyme activities of
Phlebia floridensis by using paddy straw of SSF.?” Accor-
ding to their results, the maximum CMCase and xylanase
activities were respectively recorded as 3.27 and 1.83 U
mL™" on supplemented conditions, namely control values
were below them. Naraian et al. subtracted lignocellu-
lolytic enzyme profiles of Pleurotus spp.; Pleurotus flori-
da, Pleurotus sajor-caju and P.eryngii.” The CMCase and
xylanase activities separately ranged from 198 to 317 U
L' and from 178 to 269 U L™ as well as they attained
very low Lac and MnP activities by these strains. Moreo-
ver, Saritha et al. illustrated that Trametes hirsuta used

—4—control
== hot water

dilute acid

——dilute base

incubation time (d)

Figure 1. Variations of CMCase activities depending on peach (left side) and cherry (right side) cultures. The values are the mean + SD for experi-

ments of three separate experiments.
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Figure 2. Variations of xylanase activities depending on peach (left side) and cherry (right side) cultures. The values are the mean + SD for experi-

ments of three separate experiments.

paddy straw as a carbon source and produced the highest
CMCase activity 0.71 U mL™" on the 15" day of incuba-
tion and this value was 5.13-fold lower than that of our re-
sult in obtained peach culture.”

The B-glucosidase activities were increased up to
20" day of incubation, then decreased on both peach and
cherry cultures. In peach cultures, the maximum [B-gluco-
sidase activity was attained in alkaline-treated cultures
followed neutral, control and acid conditions. The maxi-
mum activity was found as 29.96 + 0.9 U L™!, which was
2.35-fold higher than that of control (p < 0.05). Similar to
peach culture, the highest B-glucosidase activity was ob-
tained as 35.67 = 1.1 U L' in alkaline-treated of cherry
cultures, which was 1.52-fold higher than that of control
(p < 0.05). In addition, when the cherry wastes were
pretreated with dilute acid solution and hot water, this
enzyme activity decreased approximately 50% (p < 0.05).
The very low exoglucanase activities were detected in all
conditions of peach and cherry cultures. The exoglucana-
se activities in Peryngii enzyme supernatant were chan-
ged up to 42.57 + 1.2 U L™ for substrates peach and cher-
ry wastes with and without pretreatment conditions during
30 days of cultivation. The highest exoglucanase activity
was detected as 42.57 + 1.2 U L™! (3™ day) in control con-
dition of peach cultures, while 13.15 + 0.2 U L™ (20"

2.250
2.000
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=i hot water
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day) in alkaline pretreatment of cherry cultures. There we-
re a few studies about exoglucanase and B-glucosidase
production by Pleurotus spp.*® Similar to our activity va-
lues, B-glucosidase activities of Pleurotus spp. were extre-
mely low.?® According to literature, fungi generally have
not produced all of cellulolytic enzymes. Thus, the con-
sortium cultures have stood out in fungal cellulolytic sys-
tem and Pleurotus spp. secrete dominantly CMCase of
them in peach and cherry cultures of SSF.*!

The maximum Lac activities in P.eryngii enzyme
supernatant ranged from 337.29 + 11.2 to 2193.06 = 50.4
U L for peach and cherry wastes with and without pre-
treatment conditions during 30 days of cultivation as
shown in Figure 3. The maximum Lac activities in control
conditions of both cultures were attained, and also they
were decreased slightly under all pretreatment conditions.
Also, the highest Lac activities in peach and cherry cultu-
res were respectively determined as 2193.06 + 50.4 U L™
(17" day) and 1297.22 + 34.6 U L' (10" day). There we-
re insignificant differences among Lac activities in control
conditions of cherry cultures on 7, 10 and 12" day of incu-
bation (p > 0.05). Stajic et al. showed that the maximum
Lac activity by Pleurotus ostreatus was attained as 746.1
U L' on the 10 day of incubation using grapevine saw-
dust as a substrate.*> When compared to other research of

1 400
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1.200
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800
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600

400

200
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Figure 3. Variations of Lac activities depending on peach (left side) and cherry (right side) cultures. The values are the mean + SD for experiments

of three separate experiments.
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Dias et al.,?® four white rot fungi screened for Lac produc-
tion during 46 days and only Euc-1 produced this enzyme
(the highest activity of 100 U L™; at the end of the incuba-
tion period) using wheat straw. There were insignificantly
differences between the highest Lac activity obtained
from grape culture with the same strain'® and peach cultu-
re in this study.

As depicted in Figure 4, the highest MnP activity
was obtained under control condition followed by alkali-
ne, neutral and acid pretreatments of peach cultures. Con-
currently, the highest activity in this culture was detected
on 17" day as similar to activity of Lac. On the other
hand, the maximum MnP activity was obtained under
control condition of cherry cultures followed alkaline pre-
treatment. Also, they were approximately same in acid
and neutral pretreatments of cherry cultures, while their
levels were lower in activity of alkaline pretreatment. The
highest MnP activity in peach cultures was found as
732.73 £ 19.8 U L™ on the 17" day of incubation. Stajic et
al. showed that the maximum MnP activity by P. ostreatus
was attained as 10.3 U L™! (10™ day) using grapevine saw-
dust as a substrate and the highest activity obtained was
71.14-fold higher than that of their results,* while Isik-
huembhen et al. researched the lignocellulolytic enzymes
activities from corn stalks under SSF by white rot fungus,
Lentinus squarrosulus Mnt. during 30 days of incubation,
and they determined the highest MnP activity as 13 U L"!
on the 6" day.*® Also, the highest MnP activity in this
study was 2.68-fold higher than the activity determined
with Euc-1 strain.”® Additionally, the effects of lignocellu-
losic apricot and pomegranate wastes on ligninolytic
enzymes by P.eryngii under SSF conditions were investi-
gated. The highest Lac and MnP activities in this study
were 1.36- and 1.26-fold higher than obtained in that
study.*

Generally, there were little LiP activities in Pleuro-
tus sp. according to literature.'®% Insignificant levels of
LiP activities were detected in all untreated and pretreated
of both cultures with similar trends in this study. The hig-
hest value was detected as 94.09 += 4.1 U L! in peach cul-

——col I.11l.‘1

= hot water
~dilute acid

——dlilute base

MnP (U/L)

0 3 6 9 12 15 15 21 24 27 30

incubation time (d)

MnF(U/L)

tures was 2.50-fold higher than that of cherry culture un-
der control conditions (p < 0.05). The declines in LiP acti-
vities were observed after pretreatment of peach and cher-
ry cultures. Comparing peach and cherry cultures in all
conditions for AAO activities, the highest value was ac-
hieved as 239.25 + 7.3 U L™ in control condition of peach
cultures as shown in Figure 5. The activities in control
condition of peach cultures were continuously increased
up to 17" day of incubation, and then decreased. After
pretreatment of peach cultures, the very important decrea-
ses in AAO activities were observed, approximately 9.2-
fold (p < 0.05). Similar to peach cultures, the maximum
AAO activity was obtained as 91.4 + 3.8 U L™ in control
condition of cherry cultures. The AAO activities under
control condition of cherry cultures were increased up to
15" day, then decreased. After pretreatment of cherry cul-
tures, the activities were significantly decreased (nearly
4.33-fold, especially alkaline pretreatment) (p < 0.05).
The maximum activities in acid and neutral pretreated
cherry cultures were respectively determined on 30" and
17" day of incubation. In addition, I. lacteus and Euc-1
strains showed their maximum LiP activities as 60 and 80
U L' after 23 and 35 days of incubation during SSF,*
these results were lower than our highest LiP activity va-
lue. When these results were compared to the results of
Akpinar and Ozturk Urek, the highest LiP and AAO acti-
vities in this study were 1.82 and 1.52-fold higher than
that of these attained in optimal conditions, separately.'®
Moreover, Guillén et al. detected very low AAO activities
by Peryngii.*® According to literature, most WRF secrete
at least two ligninolytic enzymes, whereas P.eryngii se-
cretes three of them during SSF conditions in this study.
Rugayyah et al. studied that the ligninolytic enzyme acti-
vity of two Panus tigrinus strains on the substrates; rice
straw, rice husk and cassava peel.’” According to their re-
sults, rice husk stimulated maximum Lac (2556 U L™)
and LiP (24 U L) activities by the strains MIO9RQY and
M609RQY, respectively. Moreover, cassava peel stimula-
ted maximum MnP (141 U L") activity by the strain
MI109RQY.

—s—control —-hot water

—dilute acid ——dilutz base

incubation time (d)

Figure 4. Variations of MnP activities depending on peach (left side) and cherry (right side) cultures. The values are the mean + SD for experiments

of three separate experiments.
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Figure 5. Variations of AAO activities depending on peach (left side) and cherry (right side) cultures. The values are the mean + SD for experiments

of three separate experiments.

There were few studies about lignocellulolytic
enzymes especially hydrolytic enzymes produced by
Pleurotus species using lignocellulosic wastes according
to literature.*® Namely, this study presented that P. eryn-
gii could have the ability to degrade cellulose, hemicel-
lulose and lignin in peach and cherry agroindustrial wa-
stes due to its enzymatic complex. According to the re-
sults, there could be a relationship between secretion ti-
mes of hydrolytic and ligninolytic enzymes. Firstly, the
hydrolytic enzymes were produced by P.eryngii and then
the ligninolytic enzyme secretion was started when other
enzyme activities were lowered at the beginning time of
incubation. Thus, it could be originated from the ligno-
cellulosic structure of agroindustrial wastes.”® The lig-
nocelluloytic activities were generally decreased with
pretreatments methods in the presence of peach and
cherry wastes as substrates. B-glucosidase and exogluca-
nase activities in cherry cultures were increased at alka-
line pretreated conditions, while the B-glucosidase acti-
vity in peach cultures only was increased at the same
conditions. On the both cultures, the CMCase and xyla-
nase reached their highest activity at the initial days of
incubation, while the highest ligninolytic enzyme activi-
ties occurred after 7™ day of incubation due to their
synergetic interactions among each other. On the other
hand, the maximum B-glucosidase activities were attai-
ned after the CMCase and xylanase activities were de-
creased. Thus, it could be held model for the synergism
between CMCases, xylanases and B-glucosidases.*® In
addition, the findings of higher lignocellulolytic enzyme
activities under control condition of both cultures could
be associated with the industrial fruit juice process steps.

In this study, the main components of these wastes
were analyzed to investigation their changes during all
pretreatments and the effects of the changes on lignocellu-
lolytic enzymes production by P. eryngii. After all
pretreatments, the chemical compositions of the wastes
changed. Generally, the lignin contents decreased, while
the total carbohydrate contents increased. Also, the pro-
tein contents in all conditions were approximately same
with each other. The highest decreases in cellulose con-
tents of both wastes with alkaline-pretreated were obser-

ved followed by acid-pretreated. Likewise, the decreasing
in most lignocellulolytic activity could be brought by the
treatment of wastes and mainly depend on reducing cellu-
lose contents after treatments. Also, it could be explained
by the release of furfural and hydroxymethylfurfural deri-
vatives from hexoses and pentoses in the lignocellulosic
wastes following the pretreatment. The excess of these
substances could affect the microbial growth and the pro-
duction of enzymes.* On the other hand; the efficiency of
pretreatment methods depends on different factors such as
composition of lignocellulosic wastes, chemicals, proces-
sing time, etc.***! These parameters should be optimized
in subsequent experiments for higher lignocellulolytic
enzyme yields.

The purpose of this study was to reveal the poten-
tials of peach and cherry wastes as nutrient and carbon-
energy sources in economic production of lignocellu-
lolytic enzymes which are practiced on the many biotech-
nological applications. The fact that these cheap and ea-
sily available wastes were firstly utilized in the lignocellu-
lolytic enzymes production having biotechnological im-
portance plays roles in both providing economic effi-
ciency of the process and bringing about the disposal of
them. On the other hand, the P. eryngii grew on these wa-
stes and produced high amount of lignocellulolytic enzy-
mes when compared to literature. Pleurotus sp. appear to
play a role in the production of ligninolytic enzyme rather
than hydrolytic enzymes. For this reason, it is observed
that peach and cherry wastes were highly potential when
the efficiency of the used wastes in enzyme production is
evaluated. In our another study, apricot and pomegranate
agro-industrial wastes contained high lignocellulosic con-
tents, but the enzyme productions were lower than those
in this study.* Especially, the carbon sources constituted
extremely large amounts of the process costs.*** and thus
the utilization of these wastes by P. eryngii notably redu-
ced the product costs of these enzymes. In addition, there
could be unimportant effects on lignocellulolytic enzymes
production using these pretreated wastes as some pretreat-
ments methods were performed in order to ensure the
availability of them by it. According to our results, the
first utilization of these peach and cherry wastes by
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Peryngii to produce lignocellulolytic enzymes with and
without pretreatment reflected the significance of this
study.

4. Conclusions

This report showed that P.eryngii can be success-
fully cultivated on peach and cherry lignocellulosic wa-
stes due to its ability to produce enzymes which are essen-
tial for lignocellulose degradation, firstly. A search for ne-
wer sources of agroindustrial wastes are of great impor-
tance for the economic lignocellulolytic enzyme produc-
tions by SSF. According to the obtained results, peach and
cherry wastes had high lignocellulosic contents in their
composition. The pretreatment methods generally could
improve the enzyme productions, however better results
were obtained with untreated peach and cherry wastes ex-
cept exoglucanase and B-glucosidases. Moreover, the
peach wastes were more appropriate than cherry wastes
for producing lignocellulolytic enzymes by P.eryngii un-
der SSF conditions. Thus, the lignocellulolytic enzyme
production cost of SSF bio-processing was reduced using
the untreated peach and cherry wastes. And also, the ener-
gy to be given to the system during the pretreatment pro-
cess would also be another parameter that increases the
production cost. The production cost was reduced in this
way, referring to the results obtained without the pretreat-
ment. In addition, this study proved that they can be good
choice as cheap agroindustrial wastes for the economic
and eco-friendly production of lignocellulolytic enzymes
by Peryngii.
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Gliva Pleurotus eryngii je bila inkubirana na agroindustrijskih trdnih odpadkih breskve in ¢esnje. Potekala je 30-dnev-
na fermentacija brez oziroma z predobdelavo substrata z razred¢eno kislino, lugom in vroco vodo pred inkubacijo. Mak-
simalni aktivnosti karboksimetil celulaz in ksilanaz sta se pojavili tretji in peti dan pri obeh substratih, maksimalni ak-
tivnosti lakaz in mangan peroksidaz pa sta bili doseZeni sedemnajsti dan. Predobdelava je v glavnem imela negativen
ucinek na sintezo ligninoliti¢nih encimov. Najvisje encimske aktivnosti so bile doseZene na odpadkih breskve. Rezulta-
ti kaZejo, da ti odpadki lahko sluzijo kot alternativen in ekonomicen vir energije za produkcijo velikih koli¢in ligninoli-

ti¢nih encimov.
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