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Description of the subject. In this work the agronomic viability of substrates based on spent Agaricus bisporus Imbach
(Lange) substrates (SAS) and spent Pleurotus ostreatus (Jacq.) P. Kumm. substrates (SPS) is studied.

Objectives. The aim of this work is the qualitative agronomic evaluation of SPS and SAS and the mixture of thereof in
different proportions, such as lignocellulosic sources in new growing cycles of P. ostreatus.

Method. In addition to the commercial substrate used as a control reference, six different treatments are considered. In this
experiment, SPS and SAS were mixed in different amounts. SAS was subjected to a heat treatment in a growing room (“‘cook
out”) and then to a maturation treatment which consisted of a controlled recomposting process in cameras. SPS was subjected
to a pasteurizing heat treatment (60 °C — 65 °C, 8 h) and a progressive temperature decrease for at least 15 h to a “seeding”
temperature (25 °C).

Results. SPS (3,600 g) + SAS (2,400 g) and SPS (3,000 g) + SAS (3,000 g) were prepared substrates that achieved acceptable
crude protein content in their fruiting bodies. Additionally, we obtained higher ash content, lightness, yellow-blue (y-b) and
red-green (r-g) chromaticity, breaking strength (Bs), and compression energy (CE) in these mushrooms. These values were
higher than the mean values, and even higher than the commercial substrate.

Conclusions. Increased SAS participation in the mixture of the processed substrate (and the consequent reduction of SPS
participation) resulted in mushrooms that require higher Bs, and Ce. These formulation-based composts degraded by the
growth of P. ostreatus, could be a low-cost substrate with selective and balanced nutrients for growth and development of
oyster mushrooms.

Keywords. Pleurotus ostreatus, agricultural wastes, edible fungi, growing media.

Evaluation agronomique de substrats de culture épuisés pour la culture de champignons

Description de I’objet. Dans ce travail, est étudiée la viabilité agronomique de substrats a base de substrats épuisés de
Agaricus bisporus Imbach (Lange) (SAS) et de substrats épuisés de Pleurotus ostreatus (Jacq.) P. Kumm. (SPS).

Objectifs. Le but de ce travail est ’évaluation agronomique qualitative de SPS et SAS et le mélange de ceux-ci dans des
proportions différentes, telles que les sources lignocellulosiques, dans de nouveaux cycles de croissance de P. ostreatus.
Méthode. En plus du substrat commercial utilisé comme référence, six traitements différents sont considérés. Dans cette
expérience, SPS et SAS sont mélangés en quantités différentes. SAS a ét€ soumis a un traitement thermique dans une chambre
de croissance et ensuite a un traitement de maturation qui consiste en un processus de compostage contrdlé en chambre. SPS a
été soumis a un traitement thermique de pasteurisation (60 °C — 65 °C, 8 h) et a une diminution progressive de la température
pendant au moins 15 h jusqu’a une température « d’ensemencement » (25 °C).

Résultats. SPS (3,600 g) + SAS (2,400 g) and SPS (3,000 g) + SAS (3,000 g) sont les substrats qui permettent d’obtenir une
valeur acceptable de protéine dans leurs organes de fructification. De plus, nous avons obtenu des valeurs plus élevées des
différents parametres pour ces champignons, méme plus élevées que pour les substrats commerciaux.

Conclusions. Une quantité plus importante de SAS dans le mélange (et la diminution conséquente de SPS) donne des
champignons qui présentent une résistance a la rupture et une énergie de compression plus élevées. Ces types de composts
dégradés par la croissance de P. ostreatus donnent des substrats de faible cout avec des nutriments sélectifs et équilibrés pour
la croissance et le développement des pleurotes.

Mots-clés. Pleurotus ostreatus, déchet agricole, champignon comestible, substrat de culture.
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1. INTRODUCTION

The potential production of edible fungi is promising
in the world market, as the current production is not
sufficient to meet the demand. Most producing countries
are importers too, since the average consumption
in these countries is very high. Nutritionally, these
species (Agaricus bisporus [Lange] Imbach, Pleurotus
ostreatus [Jacq.] P. Kumm. and Lentinula edodes
[Berkeley], among others) have moderate amounts
of high quality proteins, contain all essential amino
acids, and are rich in lysine, leucine, C and B vitamins,
minerals, and other trace elements. Furthermore, their
lipid levels and ratio of saturated to unsaturated fatty
acids are low, they contain relatively high amounts of
carbohydrates, and most species have high amounts of
nutritionally valuable fibers (Chang et al., 1997).

Complementary to its nutritional properties,
there are various health benefits known in the fields
of medicine and therapeutics such as, antitumor,
antibiotic, antifungal, and anti-inflammatory effects.
Additionally, they are hypocholesterolemic, promote
a healthy immune system, and have been widely
used to treat cancer and HIV (Brizuela et al., 1998).
Approximately, there are 300 species of cultivated
mushrooms, but only 30 have been domesticated and
just 10 are commercially grown. The most important
cultivated mushroom worldwide is A. bisporus,
followed by P. ostreatus and other species of the genus
Pleurotus; L. edodes is third and other edible fungi are
making headways in the market.

The reason for this commercial growth is because of
the characteristics of the species of the genus Pleurotus
(Sanchez, 2010). They have excellent organoleptic
qualities, are easy to grow on a wide variety of
substrates within a wide temperature range, and have a
great potential in bioremediation processes. Moreover,
little initial capital is required to establish warehouses
for cultivation.

Unlike white mushrooms (A. bisporus), these do
not require a chemically selective substrate because
they can grow in nutrient media with a C/N ratio
between 30 and 300 (Rodriguez Barreal, 1987; Garcia
Rolldn, 2007). However, they need to grow in a specific
biological environment with accompanying flora
to protect and promote growth (Muez et al., 2002).
Approximately, 13,500 t of this fungus are produced in
Castilla - La Mancha (67% of the national total) (Pardo
et al., 2009).

The mushroom growing sector in Spain generates
about 5-10°t of spent compost, while the EU, as a
whole, produces more than 3.5-10°t (Pardo et al.,
2009; Picornell et al., 2010). This lignocellulosic
material, called mushroom spent substrate, can be used
in various fields of agriculture: animal feed (Zadrazil,
1980b), amendments (Tajbakhsh et al., 2008),
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substrates of nurseries, nurseries (Medina et al., 2009),
bioremediation (Faraco et al., 2009), aquaculture,
vermiculture and biofuel (Pathak et al., 2009).

However these uses do not take advantage of the
high volume generated annually, which accumulates
in collection centers located in production areas of
Spain. Furthermore these spent substrates are potential
contaminants, as well as, a waste of energy. Pleurotus
ostreatus has specific enzymes capable of degrading
cellulose, lignin, phenols and polyphenols to 60% of
the original content of the spent substrates (Picornell
et al.,2010).

Currently, cereal straw (wheat in particular), with
increasing constraints in availability and price, is
virtually the only material used at an industrial scale for
the production of P. ostreatus in Spain. The feasibility
of using highly available alternative materials of a
low cost is a line of research with great technological
interest for improving productivity and reducing
processing costs (Muez et al., 2002; Pardo et al., 2007;
Pardo et al., 2009; Picornell et al., 2010).

According to various studies, the most commonly
profitable and readily available spent substrate which
generates high quality fruiting bodies for P. ostreatus
(although this fungus can be grown on virtually any
lignocellulosic substrate) is the trunk of Quercus
humboldtii Bonpland (oak) (Garcia Rolldn, 2007).
Commercially in most industrial exploits, 2-4 cm long
(Sanchez, 2010) pieces of winter cereal straw (wheat,
barley, and rye) (Savalgi et al., 1994) are used in the
substrate container for the production of Pleurotus
genus and others, such as Pleurotus eryngii (DC.: Fr.)
Quel., Pleurotus sajor-caju (Fr.) Singer, Pleurotus
pulmonarius substrate (Fr.) Quél., etc. Khanna et al.
(1982) refer to rice straw as the best substrate for the
cultivation of P. sajor-caju, while wheat straw (which
is similar to rice straw) is the best substrate for the
cultivation of Pleurotus spp. (Bonatti et al., 2004).

Biodegradation of these cellulosic residues by
Pleurotus spp. cultivation depends on the production
of hemicellulases, cellulases, and ligninases enzymes
(Kurt et al., 2010). These enzymes, and others,
turn and degrade long and insoluble components of
lignocellulosic materials into soluble components of
low molecular weight that are taken by intracellular
enzymes from fungi for their nutrition. Additionally,
enzymes play an important role in the growth and
development of fungi (Kuforiji et al., 2008).

However, lignocellulosic materials are generally
low in protein content with insufficient values of
nitrogen, phosphorus, and potassium (Vijay et al.,
2007) for mushroom cultivation. Organic supplements
are most commonly used in the preparation of growing
substrates, with wheat and rice bran being the most
popular (Wang et al., 2001; Peksen et al., 2009; Kurt
et al.,2010).
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The aim of this work is the agronomic assessment
of substrates based on spent A. bisporus (SAS) and
spent P. ostreatus (SPS). The use of the remaining
spent mushroom substrate after the cultivation of
P. ostreatus in new production cycles would be an
agronomically viable alternative to using wheat straw
(WS), which is currently used exclusively as a base
material. Economically, the use of the remaining spent
mushroom substrate is beneficial when considering
the high cost of WS, especially in drought years. This
cereal farmer’s by-product could be integrated through
new formulations and methodologies while lowering
production costs and reducing the environmental
impact of unusual waste.

2. MATERIALS AND METHODS

2.1. Analytical methodology used for the
characterization of materials

The characterization of raw materials and processed
substrates was measured according to the following
parameters: moisture (MAPA, 1994), pH (Ansorena,
1994), total nitrogen (Tecator, 1987; MAPA, 1994), ash
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(MAPA, 1994), organic matter (Ansorena, 1994), C:N
ratio, crude fiber (ANKOM, 2008), crude fat (ANKOM,
2009), nitrogen free extractives (NFE) (Gonzélez et al.,
1987), cellulose and neutral detergent-soluble (NDS)
(ANKOM, 2005; ANKOM, 2006a; ANKOM, 2006b).
Furthermore, the exploration of mites (Krantz, 1986)
and nematodes (Nombela et al., 1983) was conducted
in this experiment, showing negative results for tested
substrates.

2.2. Preparation of substrates and experimental
design

The only agronomic factor studied in this experiment
is the type of base substrate with four block replicates.
In accordance with the experimental design, seven
different treatments were generated in the process, as
well as a reference commercial substrate proper for
Pleurotus species cultivation. In all treatments, except
the control, 50 g-kg' CaSO, were added to the base
material. CaCO, (gypsum) was also added in varying
amounts (Figure 1; Table 1).

SAS was subjected to a heat treatment in a growing
room (“cook out”) and then to a maturation treatment
which consisted of a controlled recomposting process
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Figure 1. Schematic experiment approach — Approche expérimentale schématique.
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Table 1. Formulations tested (g per bag) in the

experiment — Formulations testées (g par sac) dans
I’expérience.

Treatment SPS SAS GYPSUM
T1 6,000 0 300

T2 5,400 600 300

T3 4,800 1,200 300

T4 4,200 1,800 300

T5 3,600 2,400 300

T6 3,000 3,000 300

T7 Commercially controlled based

substrates (6.5 kg per bag)

T: treatment — traitement; SPS: spent Pleurotus ostreatus
(Jacq.) P. Kumm. substrate — substrat épuisé de Pleurotus
ostreatus (Jacq.) P. Kumm. ; SAS: spent Agaricus bisporus
(Lange) Imbach. substrate — substrat épuisé de Agaricus
bisporus (Lange) Imbach.

in cameras. SPS was from Champymar (Quintanar del
Rey, Cuenca) which was initially obtained from fresh
wheat straw (maximum one week in empty rooms).
Materials were mixed and the moisture content was
adjusted. Then a pasteurizing heat treatment (60 °C —
65 °C, 8 h) was performed. Afterwards, the temperature
was decreased to the “seeding” temperature (25 °C)
over 15h. Finally, supplementation and “seeding”
(dose 30 g-kg! mycelium Fungisem K-15) were
performed and the samples were bagged in the
Center for Research, Experimentation and Mushroom
Services’ (CIES) pilot plant.

All substrates were packed into transparent
polyethylene bags of 29 cm in diameter with heights
ranging from 25 to 35 cm, according to the type of
substrate, totaling approximately 6.5 kg of weight.
Four holes of 2.2cm in diameter were uniformly
drilled over the side of the bags.

2.3. Driving and monitoring of the crop cycle

The total research time was 70 days. The experiment
was carried out at the CIES, located in the town of
Quintanar del Rey (Cuenca, Spain) in an experimental
greenhouse controlled for temperature, substrate
temperature, relative humidity, and carbon dioxide
concentration, and followed the recommended ranges
for the variety of selected mycelium in each stage of
development (CIES, 2007).

A controlled recomposting process was carried out
consisting of a heat treatment in the growing room.
Since air heats faster than the substrate, the air reached
the maximum temperature (71 °C) in 19 h, whereas
the substrate reached this temperature in 22 h. The
duration of these high temperatures also differs from
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one medium to another. The maximum temperature
of the air and of the substrate stabilizes for 7 and 3 h,
respectively. After the heat treatment, the temperature
is decreased. The air temperature fell more rapidly
than the substrate temperature causing the second to be
above the first. Finally, these temperatures equilibrate
to 34 — 38 °C after 31 h.

During recomposting and maturation, the moisture
content of the mass was maintained at 500 g-kg' without
leaching. In this ripening process, the evolution of the
moisture content in non-intervened composting had
values that ranged from 527 g-kg™! (in the beginning)
and 504 g-kg! (at the end).

Substrate incubation lasted approximately 17 days
(without external ventilation or lighting). During the
incubation period, the relative humidity inside the
greenhouse ranged between 90% and 95%, while the
substrate temperature was between 16 °C and 23.78 °C.
The room temperature ranged between 18 °C and 22 °C
to help control the temperature of the formulations.
After this, fruiting was induced by ventilation (to keep
CO, levels regulated between 0.28% t0 0.10%), and the
reduction of room temperature (21.57 °C to 13.63 °C),
substrate temperature (23.78 °C to 14.73 °C), humidity
91% to 94.50%), and lighting. These values are
similar to the microclimatic conditions recommended
by other researchers (Pardo et al., 2005b; Garcia
Rollan, 2007; Pardo et al., 2007; Gregori et al., 2008;
Lépez-Rodriguez et al., 2008; Gea et al., 2009; Kurt
et al., 2010).

2.4. Evaluation of parameters

For the evaluation of quality parameters, fresh
mushrooms of uniform size and maturity were used and
selected on the most optimal day of the harvest period.
The surface color of fruiting bodies was measured by
reflection using a Minolta brand colorimeter, model
CR-300, previously calibrated with a calibration plate
CR-A43 (L = 96.12, r-g = -0.11, y-b = +2.66) and
illuminant D65. To evaluate the mechanical properties
of mushrooms, in terms of firmness, an analyzer (TA-
XT Plus of Stable Micro Systems) was used. To take
this measurement the fruiting bodies were cut into small
pieces (~ 4 cm?) and were introduced into the 5-bladed
Kramer Shear Cell (KS5), arranged in two adjacent
uniform layers and tested at a constant speed of 2 mm-s™;
thus breaking strength (Bs) was obtained, defined as
the maximum force required to tear the fruiting bodies
(expressed in N). Protein content in the carpophores
was calculated by multiplying the total nitrogen
content by a conversion factor of 4.38 (Delmas, 1989).
Total nitrogen content was determined by the Kjeldahl
method (TECATOR, 1987; MAPA, 1994). Ash content
was determined by a direct calcination of the samples
at 540 °C (MAPA, 1994).
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69.90 to 33.10, crude fiber from 28.91% to 23.10%,
NFE from 39.38% to 20.40%, cellulose from 29.34%
to 15.33% and NDS decreases from 21.31% to 11.18%.

3.2. Production qualitative parameters.
Descriptive statistics and ANOVA

In table 3, descriptive statistics of crude protein and
ash contents, as well as brightness values (L), red-
green (r-g) and yellow-blue (y-b) chromaticity, Bs,
and CE in the harvested mushrooms are shown.

Of the six treatments with different spent substrate
mixtures, T1 consisting of 6,000 g of SPS, showed
difficulties in germination, mycelial development,
and growth arrest, saw a high degree of contamination
by Gliocladium spp. (which can be associated to the
low pH of the substrate, Table 2), and did not produce
P. ostreatus cultivation.

Overall, proteins are the most critical components
that contribute to the nutritional value of a food, and
fungi are a good source of them (Crisan et al., 1978).

Most of the interest in the nutritional value of
mushrooms is related to the nutritional quantity and
quality of proteins (Manning, 1985). The mushroom’s
protein content values achieved in this experiment
ranged between 15.48% (T2) and 20.70% (commercial
substrate, T7) (Table 3) are lower than those obtained
by Rodriguez Barreal (1987) (31%) and Benavides
et al. (2009) (34.09%).

Many supplements such as cottonseed powder and
rice bran (rich in nitrogen) are ideal for increasing
yields and quality of the mushrooms (Jandaik,
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1989). Organic supplements such as soybean meal,
alfalfa, and cotton seed powder and meal, not only
increase yields, but also the mushrooms protein
content (Zadrazil, 1980a; Zadrazil, 1980b). Forero
et al. (2008) argue that there is a positive correlation
between the nitrogen and protein contents of the fungi
substrate, due to the importance of the macroelement
as a nutrient for the growth and development of the
fungus.

The protein content values obtained in this
experiment were lower than those obtained with
P. ostreatus and P. sajor-caju by Basak et al. (1996),
Wang et al. (2001) and Mandeel et al. (2005) (between
17.80% and 23.30%). As well as those obtained using
pepper residues as substrates (between 15.60% and
28.60%) (Forero et al., 2008).

Higher values in P. ostreatus were obtained by
Pardo et al. (2005a) in terms of protein content
depending on the substrate type, treatment, and
mycelium used (from 14.04% to 17.75%). Pardo et al.
(2007), also using P. ostreatus, got similar values of
those in this experiment in terms of protein content
depending on the different types of substrate and
treatment used (from 19.07% to 23.98%). Pardo
et al. (2008), working with P. ostreatus, got different
mushroom protein content values, depending on the
type of substrate, substrate treatment, and the weight
of the bag used (from 14% to 26.30%).

Likewise, higher values than this experiment
(between T2 = 1548% and T6= 18.79%) were
obtained by Bermudez et al. (2007) on Pleurotus
spp. in blends of coffee pulp + cedar chips with the

Table 3. Physicochemical characterization of Pleurotus fruiting bodies grown on the different formulations — Caractérisation
physico-chimique des fructifications de Pleurotus cultivées sur les différents substrats.

Substrate Crude protein Ash content Color Bs (N) CE (mJ)
(g:100 g") (g100 g™) L r-g y-b
T2 15.48° 5.84¢ 72.89 1.46° 11.72° 314.54° 1.308.87°
T3 16.14° 6.37° 74.20 2.12%° 9.66" 310.50*° 1.350.50°
T4 15.73° 6.89° 7241 2.53b 11.99%° 303.14° 1.351.97°
TS5 17.22#° 7.24¢ 73.38 2.96* 14.21* 319.71+° 1.429.01*°
T6 18.79° 746 74.22 2.67%° 14.70* 350.96* 1.649.30*
T7 20.70* 6.67+° 70.90 2.09° 11.94° 279 .43° 1.294.96°
Average 17.34 6.74 73.00 231 12.37 313.05 1.397.43
Fisher F 641 7.15 0.99 2.85 4.30 5.57 5.40
S 0.001%*%* 0.001%*%* 0.45ns 0.05* 0.01%*%* 0.003** 0.003%**

IL

T: treatment — traitement: see table 1 — voir tableau 1; L: brightness — [uminosité; r-g: red-green color components — composants
de couleur rouge-vert; y-b: yellow-blue color components — composants de couleur jaune-bleu; Bs: breaking strength — résistance a

la rupture; Ce: compression energy — énergie de compression; S,

F: significance level, Fisher — niveau de signification Fisher; ns: no

significant difference — aucune différence significative, p-value > 0.05; *: p-value < 0.05; **: p-value < 0.01; ***: p-value < 0.001; for
each column, values followed by different letters are significantly different from each other — dans chaque colonne, les valeurs suivies
de lettres différentes sont significativement différentes les unes des autres (p = 0.05, Tukey-HSD).
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strains CCEBI 3021 and CCEBI 3027: 27% and 34%,
respectively; substrates on coffee pulp: 30% and 38%,
respectively; and substrates based on cedar chips:
21% and 22%, respectively. Fonseca et al. (2009)
also achieved higher values in protein content using
as substrates, a mixture of rice bran (40%), rice straw
(35%) and Juncus effusus L. (25%) in the growing of
P. ostreatus (30.52%).

Similar values for protein content to those obtained
in this experiment were achieved by Oyetayo et al.
(2004) working with P.sajor-caju, comparing the
protein content of mushrooms grown in substrates of
grated cobs (17.49%) and without supplementation
(14.94%) and, similar values in P.eryngii, Manzi
et al. (2004) (22.20%), and Hassan et al. (2010):
sawdust (22.17%), soybean straw (24.08%), sugar
cane bagasse (21.33%) and rice straw (22.75%).

The ash content of the mushrooms obtained in this
experiment ranged between 5.84% (T2) and 7.46%
(T6) (Table 3). These values are similar to those given
on average by Rodriguez Barreal (1987) (7.50%) and
Benavides et al. (2009) (5.55%). Other researchers,
such Basak et al. (1996), Manzi et al. (1999), Wang
et al. (2001) and Shashirekha et al. (2002) expanded
the range of these contents between 6.70% and
15.40%. Baena (2005), working with green manguey
bagasse in mushrooms of P. ostreatus, got ash content
values ranging between 3.77% and 8.73%. Siwulski
et al. (2009), also working with P. ostreatus, but with
alder sawdust substrates supplemented with leaves of
two different species of Ginkgo biloba L., concluded
that the addition of G. biloba leaves does not affect
the ash content of fruiting bodies.

Pardo et al. (2005a), on research carried out in
Castilla La Mancha with P. ostreatus obtained similar
ash content values in mushrooms to this experiment,
depending on the type of substrate, treatment, and
mycelium used (from 6.83% to 7.70%). In the same
range of P.ostreatus ash content values, Pardo, in a
later work (Pardo et al., 2007), achieved different ash
values in the carpophores (from 6% to 7.14%).

In another study, also with P. ostreatus, the same
researchers (Pardo et al., 2008) obtained different
values for ash content depending on the type of
substrate, treatment, and weight of the bag used
(from 5.80% to 7.50%). These authors found no
significant differences between the dry matter content
and ash of fruiting bodies obtained from the various
combinations, although they noticed a lower protein
content in the most productive mixtures.

Similarly, slightly higher values of ash content
than those obtained in this experiment were achieved
by Forero et al. (2008). Growing P.ostreatus on
waste chili, they reached values between 8.81% and
9.84%, justifying these figures by the high ash content
of supplied based substrates. Similar values were
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obtained by Fonseca et al. (2009), using a mixture of
rice straw (35%), Juncus effusus L. (25%) and rice
bran (40%), achieving an ash content value of 6.38%
by growing P. ostreatus.

Inother Pleurotus species,such as P. eryngii,Manzi
et al. (1999) using substrates based on wheat straw +
beet (15%),reached ash content values between 6.90%
and 10.50%. Manzi et al. (2004) achieved in the same
species, an ash content of 1.20% (based on the fresh
product with 86.60% moisture). Also, in P. eryngil,
Hassan et al. (2010) obtained different ash content
values with various substrates: sawdust (6.94%),
soybean straw (7.66%), sugar cane bagasse (6.54%)
and rice straw (8.02%). In P. sajor-caju, Oyetayo
et al. (2004) reached ash content values of 10.51% in
mushrooms when cultivated with substrates of grated
ears, which decays to 7.41% without supplementation.

In other types of fungi, for instance, Ganoderma
lucidum (Curt.: Fr.) P. Karst, the moisture, protein,
and ash contents are very different from the values
of the same parameters in Pleurotus spp. Peksen et
al. (2009), working with this fungus and different
combinations of sawdust substrates (wheat bran and
tea waste) obtained lower values in these three quality
parameters than those obtained in this experiment and
collected by the literature for P. ostreatus.

In general, according to color and texture,
mushrooms produced in the substrates of this
experiment show similar features achieved by Urbano
et al. (2002), Rodriguez Valencia et al. (2005) and
Forero et al. (2008). For the consumer, the color and
texture of the mushrooms are paramount (Matser
et al., 2000). Unacceptable changes in these factors
can produce a loss of consumer acceptability.

In regards to color, the commercial substrate (T7)
had the smallest values in lightness (L) (70.90). The
brightest substrates were achieved with T3 (74.20) and
T6 (74.22) with T4 (72.41) and T2 (72.89) following
close behind (Table 3). The substrates with the
highest value in the red-green component (r-g) were
those that reduced the amount of SPS and increased
the SAS until balanced. The highest values of red-
green component (r-g) were achieved with T4 (2.53)
and T5 (2.96) while T7 (2.09) and T2 (1.46) were the
lowest. Similarly, these considerations are valid for
yellow-blue component (y-b). The highest values of
yellow-blue component (y-b) were achieved with T4
(11.99) and T6 (14.70) while T2 (11.72) and T3 (9.66)
were the lowest (Table 3).

Texture (hardness, cohesiveness, springiness, and
chewiness) was controlled in Pleurotus spp. cultivated
on rice straw (Kotwaliwale et al., 2007). According to
these authors, the increase in hardness and chewiness,
and the decrease in cohesion and elasticity in these
mushrooms can be attributed to the loss of moisture in
the mushroom bodies.
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3.3. Correlation matrix and ‘“step by step”
regression models

T1 (6,000 g SPS) showed difficulties in germination
and a high degree of contamination by Gliocladium
spp. Due to these reasons, T1 was not considered in the
statistical analysis of this experiment.

Table 4 presents the correlation matrix between
production parameters and physicochemical properties
of the substrates prepared in this experiment. Cellulose
content of processed substrates correlates significantly
with protein and ash contents and CEg. Also, the
ash content and the red-green component (r-g) are
positively correlated with the pH of the mixtures.

Table 5 presents the correlation matrix between
production and qualitative parameters, GI, the earliness,
and quantitative production parameters. Higher GI
values corresponded with a decrease in all harvested
mushrooms qualitative parameters. Additionally,
statistically significant negative correlations were
observed with dry matter, protein content, Bs and
CE. In contrast, the days from inoculation until the
appearance of the first primordia are positively
correlated with all quality parameters, although only
significantly with the unit weight, ash content and the
yellow-blue component (y-b) of mushrooms. Finally,
BE is negatively correlated with all quality parameters,
although, only significantly with the ash content and
the yellow-blue component (y-b) of mushrooms.

Correlating with other quality parameters, a higher
dry matter content in mushrooms corresponds with
higher protein, Bs, and CE values (Table 6).

Table 7 presents the “step by step” regression models
for qualitative production parameters depending on the
physicochemical properties of the substrates made, GI,
earliness, and production characteristics of quantitative
parameters. The model that best explains the variability
of the mushroom’s protein content is one that includes
the GI (R? =93.30%), although, with increasing GI, this
content is reduced. Also, cellulose and hemicellulose
contents, and the yellow-blue component (y-b) of
the mushrooms provide good models to explain the
variability of this qualitative parameter.

The best model explaining the variability of ash
content include the pH of processed substrates (positive
coefficient) and crude fat (negative coefficient) as
independent variables (R? = 99.00%).

Mathematical models for the CE variability include
the GI (negative coefficient; R? =97.60%), the cellulose
content of made substrates (negative coefficient; R* =
84.20%) and dry matter (positive coefficient, R? =
95.50%).

Ash and cellulose contents of the preparated
substrates are two independent variables that explain,
suitably, the variability of the red-green component
(r-g) (positive coefficients), while the quantity of

0.565 (0.321)
0.628 (0.257)
-0.660 (0.225)
0427 (0.473)
-0.834 (0.079)
-0.627 (0.258)
-0.815 (0.093)
-0.560 (0.326)

y-b

0.921%* (0.026)
0.264 (0.668)
-0.478 (0.416)
-0.899* (0.038)
-0.401 (0.504)
0411 (0.491)
-0.737 (0.155)
-0.884% (0.046)

0.205 (0.741)
0.277 (0.652)
-0.115 (0.853)
-0.422 (0.479)
-0.472 (0.423)
0.051 (0.935)
-0.294 (0.632)

L
-0.939% (0.018) -0.334 (0.583)

0.678 (0.208)
0.860 (0.061)
-0.816 (0.092)
20.670 (0.216)
-0.752 (0.142)
20.712(0.177)
-0.744 (0.149)

CE (mlJ])

0.400 (0.504)
0.831 (0.082)
-0.686 (0.201)
-0.404 (0.500)
-0.845 (0.072)
-0.580 (0.305)
-0.794 (0.109)
-0.483 (0.410)

Bs (N)

0.951%* (0.013)
0.559 (0.327)
-0.714 (0.176)
-0.907* (0.034)
-0.544 (0.343)
-0.640 (0.245)
-0.916* (0.029)
-0.946%* (0.015)

Crude protein (g-100 g') Ash content (g-100 g')

0.670 (0.216)
-0.693 (0.195)
-0.692 (0.195)
-0.827 (0.084)
-0.570 (0.316)
-0.900% (0.037)
0.727 (0.164)

0.735 (0.157)
parentheses indiquent la signification statistique; no* — pas de *: p > 0.05: no significant — non significatif, *: 0.01 <p < 0.05: significant at 95% — significatif a 95 %; **: 0.001 <p <

d’azote libre; NDS: neutral detergent-soluble — détergent neutre soluble; DM: dry matter — matiere séche; results in parentheses indicate statistical significance — les résultats entre
0.01: significant at 99% — significatif a 99 %.

Table 4. Correlation matrix between the characteristics of Pleurotus fruiting bodies and physicochemical characteristics of the substrates — Matrice de corrélation entre

les caractéristiques des fructifications de Pleurotus et les caractéristiques physico-chimiques des substrats.
B,: breaking strength — résistance a la rupture; C: compression energy — énergie de compression; L: brightness — [uminosité; r-g: red-green color components — composants

de couleur rouge-vert; y-b: yellow-blue color components — composants de couleur jaune-bleu; Nitrogen,: total nitrogen — azote total; NFE: nitrogen free extracts — extraits

Nitrogen, (g’kg"! DM)
Crude fiber (g-kg' DM)
Crude fat (g-kg!' DM)
NFE (gkg' DM)

C/N ratio
Cellulose (g-kg! DM)

NDS (gkg' DM)

pH




371

Agronomic assessment of spent substrates

S8 E=lron] TNV OVOTE L A E9PT T L4 L, 2 20 S 0O 8T T ,,TT LI 00 o N RN k=
=5% 1550255080 R ETSCRE S5 55 L2858 $538 :3°8 33
o = 2 8 Eap ~ w 0.2 D 852 =8 o = ) 3 = S S
o 8. B2 5835455, 8EE85528 2852529, 225 S8%z $55z =72
5 5 cCoSmMS 222 FSSEAEE5Es EoZo3EEETE $.3S YERT 5T
£ 2885 £28358,0 3" CO8GsHE.E T SES54d LS., ®g
a9 = " SSQ8 c8gw g 0> e T2 o E =t 2 O g 3 2 N < 2z
BEE Z.Sc 2525525252285 35855572243 $Es” S.8Y B
253 7 rmM,(sPWm M.m%mtdooWW.m m.mm.meMrMmm S »SH Mwle =g
B S 2B 28940 x8E_ 528058 . EogfES7 E S.8% _EE. 24
= 0 O Q S cwn<<ET LG == ) ISR B == .W.Jssanfc g M < < s LS T

ST [ o= wn = dnay p.hme — < O tﬁor.w 172] .nCO 6SCN fa)
S 72} 8 < Smor(\.wmdt 5.2 Mhe St NEEC=—3380—% - oS T oS R .8 °
© ) Sewm .WCbe =32 rmm.mpth O RAU L5 =S5.208 YOWoTGYO€ e R=IR5
£ 8. B 28t 7 .umBE0S525 802y SE FEETTR.5 £ SissfTCsEI8E
322 O £ o9 cEESSTESPsSoreE 28°2<wES _SSE 8 MdOMmMmommMF
5.Zo Z T OPSE LS50 S8 .8 Qm, 48 <88 &ELTHE . 5 N2 a2 82822
EE >3 S 5588582829 5 _EELfBEl8SwESEL"we38s & OFFEL8YOSEETOR
SR O S @mpeftlo))mhnsnsnhs .ICGW_me.mwumd.Hﬁ = KMMo/o%KbMM%Ke
S2og . S50 08 _ ST PRO®OS8SEEE8 $8EspEsogzd 2z z = z =

EESC 4 <LCCEREZILEZELZERZIEITSE SRS BEEEERETE & < < <
‘p MDIIqDY 1104 — § I[QRY IS [y ‘4 ‘Q-K ‘T-1¢TA) ‘sg
0001  (€ST°0) T€9'0 (126'0) 2900 (E¥1°0) TSL'0 (LLro)eiLo (I€1°0) S9L°0 (0£1°0) 89L°0 q-&
q-£ 0001 (L9L'0)¥81°0 (F1€0) TLS 0 (009°0) 0T€0 (S10°0) %x9¥6'0 (VT 0) 1¥9°0 8-a
8-1 0001 (96T°0) 6850 (TST0) €€9°0 (9¥9'0) T8T'0 (0£T°0) SS90 T
T 0001 (910°0) «¥6'0 (601°0) ¥6L°0 (#00°0) #%LL6"0 (fw) 1)
(rw) @y 0001 (80€°0) LLS0 (¥20'0) 9260 (N) sq
(N) sd 000'T (160°0) 818°0 (-3 001-5) Judyu0d Ysy
(;-3 001-3 JuNU0d YsY 000'T (-3 001-5) uraoad apna)

(,-3 001-3) uPyoxd dpni)
‘sfuvinonb saoup.and $3] 2.43U2 UOD]I.1100 2P 221D — sIdoweted uononpold usamlaq X1jBW UONEB[II0)) *9 J[qRL,
“(22s .5qns ap .8y 00 [-8y) anb130101q 2110021ffo — (AenSqns AIp Jo .3 00]-8Y) AoUATOYJD [BIIFO[0Iq (Y if NVAIGV] 4104 — § [QRY IS iy ‘4 5OU (q-K T-I°Ta) ‘sg
(910°0) «#¥6'0-  (LET'0) 8SL'O-  (€48°0) €C1°0- (TLO0) ¥¥8°0- (ILT'0) 61L°0-  (9€0°0) €060~ (€80°0) 8780~ dd
(900°0) %xCL6'0-  (¥S1°0) 8EL'0- (P¥6'0) ¥70°0 (IL1°0) 61L°0- (6LT°0) 9090~ (TLO0) S¥8°0- (TL1°0) 8IL°0- swooxysnuw jo Aiuenb [elof,
(6T1°0) 69L°0  (S08°0) ¥ST°0 (6LS°0) LEEO (180°0) T€8°0 (120°0) x1€6'0 (85¥°0) 0¥ 0 (FT1'0) SLLO «SUIPAIG,, [EI0],
9100) «¥¥6'0  (1T1°0) 8LL'O (S¥6'0) ¥70°0 (I11°0) 16L°0 (€€T0)TS90  (LEOD'0) %1060 (TT1'0) 8LL'O «SUIPAIG,, YSN[] o]
(LOT'0) L6L°0-  (69€°0) 0TS0~ (61€0) L9S0-  (100°0) 51660~ (900°0) %160 (E¥1°0) 1SL0- (S00°0) x¥L6°0- Xopu] uoneuruIan
(-3 001-9) (-3 001-3)
q-£ 3-1 T (tw) 1) (N) sqd JUIUOD YSY uRjoid apni)

‘sfuviuonb sa.nuwapd $2] 32 2112092.4d D] ‘UOYDUIULIIS 2P XND] 2] J2 SMOINJ[J P SUOIDIY1IoNL[ SIP SaNb1IS142]10DADD SI] 4]UD
UOD]24100 2P 2214 — s1d)weIed daneIUEnb pue ‘SSOUILIEd ‘Xopul UONBUIWLIIG PUe SAIPOq SUNINIJ $110.12]J JO SONSLIAJOBIBYD ) UddM)q XLIJBW UONR[A1I0)) °S (BT,



Picornell-Buendia R., Pardo-Giménez A. et al..

Biotechnol. Agron. Soc. Environ. 2016 20(3), 363-374

372

,

. r_, t.l o S S e 2 2o r, S = o C o o cg w s .,S S @ o= o= st
= 38z S£552 T8 [TEEEE% Ev S08E <30 <Eff sE g¢ £535us® f3y
5 Sz TES =5 DS gE285 o o2 2ES v 22 3 . 3% S ,Rc0¢ ; A
8: SE5E g2 FeSS552 gY 1555 283 2. fF 3254°9% fitgfz sy
. = o = .P»G.US 4 = oy O 5 Q == 32 ma./SC 0 9 e = = =
=23 wE_ < I ~«emY2g ER 370 228 . —5%ou E8738S< E£=Z8Ss02 EI9
o SEESE% S <R O = S = .. = =Je] 2 S 8z O = =< g0 > Q>
z. qu N s NEk] < S = s 3 @ S 0 < g S 2 N5 9 o @ S g0 Y ©CU z NS
N S CA = m ) ~ (5] — o X == O s O L & < O L Q (SIS = <
Ny < S S = 2 9 S 5 o o T = = SRS D= 8 - O = 2
. fwM MIOS W. = S o= o =EEN S 3 g =004 S = = O g S RE &0 IS 2
o = 8 SExD e .. E <5 & s A3 SLEF KETAISIOZE RB9LST B8 e EE =R 2
s} N SR - AL s I =3I 3 @2 0 Ko ©—= < .. 5} SRR T c T TS =
o~ S = < %] o0 = . o —_ S % =] Q. BN
o] L /A = o> =} < DA Qo O ~ . OC —_— ~ v s Q e~ m.lagen = .
5 S £S3dA 5 s o = . ET o9 Z ioa=SEE8 4d5T3SSTESLLEZ . = . ou .
Q BN s = Z - . > O =3 S 50 ST o = 5 E SN S o 8 ol Z L =
S < S <= ~ - % @ = o S = Q o S = e 3 9.9 B NSRRI LE =02 0 3 3B
p= S == 5 S < = NI D e AN £ 8 T aAw s 58 o LTS 9 F 5 o 48 . 0 R
S 9 o Vv = ) 7 =) S = B 2 3 .2— =< 15} < 0w .9
mWMoyoawmw S haglaHlmwA, 3 .S f S0 8 U mad,umkenm.%w../.wwvmuﬁmm = TS5
W 5878588 8§ SSEgEEE ~% 238y BESQETESQ mm%AﬂemwMWm wwmm
.S < &80 N s SIS = g hE 5 3 g 2 2 g=wn O < i SZA 2T v TO S
T EENIS ET R S v & S o =S © e o3 S o 3¢ 2 S . B & Ly S 2 =2 = = = AR @
OgeCZOhD.Pg. b= 2 <o 22 Q= 885 2 S =0 A TE VN s o8 o9 = S 3 -~ 0 < 5 3
S o S3 TE Iv N S =)  a £ = 0o = SOAE =228 38 25 > a -
= Q O v~ . A@l.lOt — = . = = . ) ncn4cel > S = 3 MevA 2] bP
O © = SER T < . ¥ 8T =% 8 g o 5 o 809K & v.E LS 0O & g0 8 8 o S =
£ 2T O N S Q9S8 3 : T2 8T £ 8850 S 2L 8SESSERKH ST o
Z£C (85 . $2 &3 ; =28 =8 588 OE?S9ES3BROES=RES 223 < N
o <oy N TS g = - < 5 QS 7 E .2 g8 S0® s UT ¢ - - & « E
o] S GRS . Lo 8 = = RS T oag =582 8 8 - o= 2~ ¥’ L g . SIS
yTOOqM =R < S S VOT..V,. P = ) 17 <c = 2 TS % ) = A T O Q
BnES S=S 2O ER R S O3 u»v I8 O E S s ZE428ygsY® AR, _ BER=T
°c>3g 52z 22 Ty Ve _RArg 2 .23 2588w 5 on 9 = Ve = Sl = 5 238 = S
: = » < - 3 .0 F ~ o - et 2 . Y0 CE= 3 g . S o
moMMKAMwwwaumm,WMMmmmmem%cwmszmkMEmWwMBMTmemmnm@mvwwA
= M WM .. = VS = w 2 < = % S = MMkld w S . a..a@v-/ S s 4 S S nn\u.d op N em am > mE 2D
0OZ 0 w i loXKRS5090 2 €& S8 EE=2s5w T8 h == EeE85 I Ic3c& S S g » 308 0 3 s &<
o 2RV 5 v =3 S als gz Z <] S SER=ER= Spe= QWIS L - > S =23 w
C e RSB E IR S E I PR E02 B NI EERNTERASCR2 2524 eas3E55035
= | =
< < < [} M M [aa] [aa] [aa] O O O

*241DILIUSIS J10S 2]pout Np UONDILYIUSIS D] INb UONIPUOI D ‘S2A1DILIUSIS JUOS S2IUPPUIdIPUL SIGDLIDA 2] JUDUSDAUI0IOD

SJU1DL[200 $3] JUOP $2]]22 JUGWIINIS JUIUUILAUIOD SUOISSILSP.L $7] — JUBROYIUSIS SI [OPOW AY) JO 90UBIYIUTIS o} Jey) papraoid ‘Jueoyrugis are so[qeriea juapuadopur oyy Surkuedwosoe
SJUAIOLJI0D ISOYM SO} A[UO IPN[IUT SUOISSAISAI 9, 666 L Juporfiudis — 9,6'66 18 WeIYIUSIS (1000 S d txsx ¢ % 66 D Jupd1fiudls — 9,66 18 JURIYIUSIS 1100 Swx d > 10070 txx

{p Mpapqpy 1104 — § A[qRY 39S :Q-A ‘3-1°3)) ‘sqg (.8 001'S) $24puad ua unouz; — SJUAUOD Yse (.3 001'8) 21m.4q au1p1o4d — urdy01d opnid ;.3 OQT-3) 2Yy29s a.uvw — I)RW KIp

NG (s2dnod uou suoudidumyd ap uakow sprod ap 231un — SWOOIYSOW JNOUN JO JYSIOM J1un d3eIdAe 3 (saayvippnb uononpoud ap sanguvind — sijowered uononpoid saneenb :JdD
{(0as .psqns ap .3y 00[-8Y) 2nb130]01q 2119v91ff> — (drensqns AIp Jo 8 00[-SY) AdudroyJas [eo130[01q :HY suousidwunyd ap p1yupnb — swooIysnw Jo Ayrpuenb :swoorysnw Ju $277099.4
p] ap uonyrivddp,] v uoPNIOUL,] 2P SANOf — JSIATRY JO JASUO I} O} UOTJR[NOOUT WOIJ SAeD 1] ‘pviplouirid a4nuaid v] ap uoypuLiof v] v uoyvNIoul,] ap sanol — eipiownid }siy oy} Jo
UOTJBULIOJ d} 0} UONB[NIOUT WOIJ SABD 17 ‘UONDUIULIIS 2P 201pul — XIPUI UOTIRUTWLIAS D) sfupipuvnb uoyonpoid ap sajguinind 12 211202.4d ‘uoypuiuids ap xapur — sioyowered
uononpoid aaneInuEnb pue SSUILIRD ‘UOTIRUTWIAS XIPUT :dd0) (2228 24911l 4N — J)Jeul AIp uO :wpo (Wpo .33 {SAN) 2]9N]0S 241m2u Ju25.1219p — QN[0S JUIFIAJOP-[eNNuU

“(wpo ¢, 3¥-8) 9s0[N[[90 ‘(WPO *, Y-8 ‘HAN) 24G1] 21020, P SHDAJXD — SIORIXS 91} USS0NIU “(WPO *, Y-8 D) s9p11.1q $55D.S S2.091DUW — YRy OPNId “(WPO *, 3Y-3 D) s9111.19 52491 N/D
Lioddp.a — 10qU 9pnId ‘oner N/ ‘(Wpo ¢, 3Y-3) sa.puad> — yse <(wpo ¢, 33-3) [p101 27020 — uadontu 110} ‘(m/m ‘G:1 “be) Hd gp.uisgns np sonbuunys-0o1s4yd sanbiisiip10v.402 — drensqns
JO SONSLIANORIRYD [BIIWAYD-091SAYd 1D ‘UOUDWIISI ] 2P PADPUDIS UN2L12 — RWNS ) JO JOLID PIRpUR)S HS () UOUDUIULIAIPP 2P JU21DLJ200 — JUDLJA0D UOHBUIULINAP 13

€L8SS°0 #%08°C6 SWOOIYSNUW (N - 458010 - #x#87S' 9T = q-K ddD +dd0 + D0d q-K

911000 ##x007001 4D - %0000 + 9SO[N[[ID - 45/ [0/ + AU YSY - 45509 [ + 54 THT O~ = 51 ddD +dd0 ‘ddO + DDd -1

CSLE6 0T #%x09°L6 ID - #4818 VIV — %xx5S0°60Y € = 8D ddD +dd0 + D0d E0)

€9¢€0°0 #%x00°001 TAN - #50€0°0 + WSO YSY - 44 €VT°6 - 1D - s IV6' TL - 54STL'8IL =54 (N -) ddD +ddO + ("D-) DDd

692100 #x:x00°001 Cd #xSET0+ SH -+ 551900 + INA - 55V 169€ + %4819 CCI- = SH ddD +ddO + D0d

98€10°0 #%x007001 SWOOIYSNUW (N « 55L01°0 + Hd - 5559L0°01 = ID « w5 LOL LY = 55x9L6' LIL = €4 ddO +DDd sd

S9100°0 #0000 SAN - #9100+ "D - 56670 - HA - 448E1°T + %%TTS 01 - = JUAU0O Ysy ddD +dd0 + D0d JUIUOD YSY
AS  PIAILI0D Y uonyenby djqerieA juopuadapuy JjqerieA paurejdxy

“« dags £q dajs » u018s2.432.1 0] Apd Snuaiqo sajepoy — . doys Aq days,, Surssar3ar £q paure}qo S[OPOIA L dIqelLL



Agronomic assessment of spent substrates

Curvetto N.R., Figlas D., Devalis R. & Delmastro S., 2002.
Growth and productivity of different Pleurotus ostreatus
strains on sunflower seed hulls supplemented with
N-NH,* and/or Mn(II). Bioresour. Technol., 84, 171-176.

Delmas J., 1989. Les champignons et leur culture. Paris :
Flammarion-La Maison Rustique.

Faraco V. et al., 2009. Bio-remediation of colored industrial
wastewaters by the white-rot fungi Phanerochaete
chrysosporium and Pleurotus ostreatus and their
enzymes. Biodegradation, 20,209-220.

Fonseca G.G. et al., 2009. Protein enrichment and
digestibility of soft rush (Juncus effusus) and rice
residues using edible mushrooms Pleurotus ostreatus and
Pleurotus sajor-caju. World J. Microbiol. Biotechnol.,
25,449-456.

Forero C.L., Hoyos O.L. & Bazante W.E., 2008. Evaluacién
de residuos de aji (Capsicum spp.) como sustrato en la
produccién de setas comestibles (Pleurotus ostreatus).
Fac. Cienc. Agropecu., 6,42-53.

Garcia Rollan M., 2007. Cultivo de setas y trufas. 5" ed.
Madrid: Mundi — Prensa, S.A.

Gea FJ., Martinez-Carrasco A. & Navarro M.J., 2009.
Efecto de la suplementacidn del sustrato sobre la cosecha
de setas. Hortic. Int., 67, 32-40.

Gonzalez J., Alvira P. & Gonzalez G., 1987. La cascarilla
de arroz en la alimentacién animal. II. Composicién
quimico-bromatolégica.  Rev.  Agroquim. Tecnol.
Aliment., 27, 139-149.

Gregori A. et al., 2008. The use of spent brewery grains for
Pleurotus ostreatus cultivation and enzyme production.
New Biotechnol., 25, 157-161.

Hassan F.R.H., Medany G.M. & Abou Hussein S.D., 2010.
Cultivation on the king oyster mushroom (Pleurotus
eryngii) in Egypt. Aust. J. Basic Appl. Sci., 4,99-105.

Jandaik C.L., 1989. Response of Pleurotus sajor-caju to
supplementation prior to and after pasteurisation of
straw. Indian Phytopathol., 42,284-285.

Khanna P. & Garcha H.S., 1982. Utilization of paddy straw
for cultivation of Pleurotus species. Mushroom Newsl.
Trop.,2,5-9.

Kotwaliwale N., Bakane P. & Verma A., 2007. Changes
in textural and optical properties of oyster mushroom
during hot air drying. J. Food Eng., 78, 1207-1211.

Krantz G.W., 1986. A manual of acarology.2" ed. Corvallis,
OR, USA: Oregon State University Book Stores, Inc.

Kuforiji 0.0. & Fasidi 1.O., 2008. Enzyme activities of
Pleurotus tuber-regium (Fries) Singer, cultivated on
selected agricultural wastes. Bioresour. Technol., 99,
4275-4278.

KurtS. & Buyukalaca S., 2010. Yield performances
and changes in enzyme activities of Pleurotus spp.
(P. ostreatus and P. sajor-caju) cultivated on different
agricultural wastes. Bioresour. Technol.,101,3164-3169.

Lohr VL., Wang SH. & WoltJ.D., 1984. Physical and
chemical characteristics of fresh and aged spent
mushroom compost. HortScience, 19, 681-683.

373

Lopez-Rodriguez C., Herndndez-Corredor R.,  Sudrez-
Franco C. & Borrero M., 2008. Evaluacion del
crecimiento y produccién de Pleurotus ostreatus sobre
diferentes residuos agroindustriales del Departamento de
Cundinamarca. Univ. Scientiarum, 13, 128-137.

Mandeel Q.A., Al-Laith A.A. & Mohamed S.A., 2005.
Cultivation of oyster mushrooms (Pleurotus spp.) on
various lignocellulosic wastes. World J. Microbiol.
Biotechnol., 21, 601-607.

Manning K., 1985. Food value and chemical composition.
In: Flegg PB., Spencer DM. & Wood D.A., eds. The
biology and technology of the cultivated mushrooms.
Chichester, UK: John Wiley & Sons Ltd., 211-230.

Manzi P. et al., 1999. Nutrients in edible mushrooms: an
interspecies comparative study. J. Food Chem., 65,477-
482.

Manzi P., Marconi S., Aguzzi A. & Pizzoferrato L., 2004.
Commercial mushrooms: nutritional quality and effect
of cooking. Food Chem., 84,201-206.

MAPA, 1994. Métodos Oficiales de Andlisis. Tomo III.
Madrid: Servicio de Publicaciones del Ministerio de
Agricultura, Pesca y Alimentacion.

Matser A.M., Knott E.R., Teunissen P.G.M. & Bartels P.V.,
2000. Effects of high isostatic pressure on mushrooms.
J.Food Eng.,45, 11-16.

Medina E. et al., 2009. Spent mushroom substrates as
component of growing media for germination and
growth of horticultural plants. Bioresour. Technol., 100,
4227-4232.

Muez M.A. & Pardo J., 2002. La preparacion del sustrato.
In: Sénchez J.E. & Royse D.,eds. La biologia y el cultivo
de Pleurotus spp. Limusa, México: Ecosur, 157-186.

Nombela G. & Bello A., 1983. Modificaciones al método de
extraccion de nematodos fitoparasitos por centrifugacion
en azucar. Bol. Serv. Plagas, 9, 183-189.

Oyetayo FL.. & Akindahunsi A.A., 2004. Nutrient
distribution in wild and cultivated edible mushroom,
Pleurotus sajo-caju. Food Agric. Environ., 2, 166-
168.

Ozcelik E. & Peksen A., 2007. Hazelnut husk as a substrate
for the cultivation of shiitake mushroom (Lentinula
edodes). Bioresour. Technol., 98,2652-2658.

Pardo A., Perona M.A. & PardoJ., 2005a. Evaluacién
de nuevos materiales en la elaboracién de sustratos
especificos para el cultivo de Pleurotus ostreatus (Jacq.
ex Fr.) Kummer. Cuad. Fitopatol., 85, 77-83.

Pardo A., Perona M.A. & Pardo J., 2005b. Utilizacién de
raspén de uva en la elaboracién de sustratos especificos
para el cultivo de Pleurotus ostreatus (Jacq. ex Fr.)
Kummer. ITEA, 101, 59-69.

Pardo A., Perona M.A. & Pardo J.,2007. Nuevos materiales
y tratamientos en la elaboracion de sustratos para cultivo
de Pleurotus ostreatus (Jacq. ex Fr.) Kummer. Cuad.
Fitopatol., 91, 7-13.

Pardo A., Perona M.A. & PardoJ., 2008. Evaluacién
de nuevos materiales en la elaboracién de sustratos



374 Biotechnol. Agron. Soc. Environ. 2016 20(3), 363-374

especificos para cultivo de Pleurotus ostreatus (Jacq. ex
Fr.) Kummer. Cuad. Fitopatol., 85, 77-84.

Pardo A., Pardo J.E., Picornell M.R. & de Juan J.A., 2009.
Suplementacién de sustratos degradados por el cultivo de
Pleurotus ostreatus (Jacq.) P. Kumm. In: Resumen de las
Actas del VI Congreso Ibérico de Ciencias Horticolas,
25-29 Mayo 2009, Palacio de Congresos y Auditorio, La
Rioja, Espaiia, 670-674.

Pathak H. et al., 2009. Global warming mitigation potential
of biogas plants in India. Environ. Monit. Assess., 157,
407-418.

Peksen A. & Yakupoglu G.,2009. Tea waste as a supplement
for the cultivation of Ganoderma lucidum. World J.
Microbiol. Biotechnol., 25, 611-618.

Philippoussis A., Diamantopoulou P. & Zervakis G., 2002.
Monitoring of mycelium growth and fructification of
Lentinula edodes on several lignocellulosic residues. In:
Sanchez J.E., Huerta G. & Montiel E., eds. Mushroom
biology and mushroom products. Cuernavaca, México:
UAEM, 279-287.

Picornell M.R.,de Juan J.A. & Pardo A.,2010. Reutilizacion
de sustratos postcultivo de hongos comestibles en
el cultivo de Pleurotus ostreatus (Jacqg.) P. Kumm.
PhD thesis: Escuela Técnica Superior de Ingenieros
Agrénomos de Albacete, Universidad de Castilla — La
Mancha (Espana).

Raymond D.A., Varoney RP. & ChongC., 1997.
Characteristics of composts derived from waxed
corrugated cardboard. Compost Sci. Util., S, 60-70.

Rodriguez Barreal J.A., 1987. El Pleurotus ostreatus, hongo
comestible: su cultivo sobre sustratos lignoceluldsicos.
Madrid: Ed. Fundacién Conde del Valle de Salazar,
Escuela Técnica Superior de Ingenieros de Montes.

Rodriguez Valencia N. & Jaramillo C., 2005. Cultivo de
hongos comestibles del género Pleurotus sobre residuos
agricolas de la zona cafetera. Chinchind, Caldas,
Colombia: Cenicafé.

Sanchez C., 2010. Cultivation of Pleurotus ostreatus and
other edible mushrooms. Appl. Microbiol. Biotechnol.,
85, 1321-1337.

Savalgi V. & Savalg V., 1994. Evaluation of substrates and
supplements for three Pleurotus spp. Indian J. Mycol.
Plant Pathol., 24, 190-191.

Shashirekha M.N., Rajarathnam S. & BanoZ., 2002.
Enhancement of bioconversion efficiency and chemistry
of the mushroom, Pleurotus sajor-caju (Berk and
Br.) Sacc. produced on spent rice straw substrate,
supplemented with oil seed cakes. J. Agric. Food Chem.,
76,27-31.

Siwulski M., Czerwinska-Nowak A. & Korszun S., 2009.
Effect of addition of maidenhair tree leaves to substrate

Picornell-Buendia R., Pardo-Giménez A. et al..

on yielding and chemical composition of Pleurotus
ostreatus (Fr.) Kumm. carpophores. Veg. Crops Res.
Bull., 71, 103-109.

SPSS, 2004. SPSS® 13.0 Brief Guide. Chicago, ILL, USA:
SPSS.

Statistical Graphics Corporation, 2001. Statgraphics Plus®
5.1 for Windows. Herndon, VA, USA: Statistical
Graphics Corporation.

Stewart B.A. & Meek B.D.,1977.Soluble salt considerations
with waste application. In: Soils for management of
organic wastes and water wastes. Madison, WI, USA:
Soil Science Society of America, 217-232.

Szmidt R.AK., 1994. Recycling of spent mushroom
substrates by aerobic composting to produce novel
horticultural substrates. Compost Sci. Util., 2, 63-72.

Tajbakhsh J. et al., 2008. Trend of physico-chemical
properties change in recycling spent mushroom compost
through vermicomposting by epigeic earthworms
Eisenia foetida and E. andrei. J. Agric. Technol., 4, 185-
198.

TECATOR, 1987. Determination of Kjeldahl nitrogen
content with the Kjeltec auto 1030 analyzer. Tecator
application Note 30/87. Honagés, Sweden: Tecator.

Urbano B.O.Z. & Astaiza P., 2002. Determinacion de una
metodologia para la utilizacion de residuos agricolas
(cascarilla de café, pasto de corte, espdrrago, cainas de
frijol y arveja) generados en el Municipio de Popaydn y
evaluacion del efecto de los sustratos en la produccion de
setas (Pleurotus ostreatus). Trabajo de Grado (Ingeniero
Agroindustrial): Facultad de Ciencias Agropecuarias,
Departamento de Agroindustria, Universidad Del
Cauca — Unicauca (Colombia).

Vijay M., ShyamP., AbrarS. & MirzaB., 2007.
Bioconversion of low quality lignocellulosic agricultural
waste into edible protein by Pleurotus sajor-caju (Fr.)
Singer. J. Zhejiang Univ. Sci., 8, 745-751.

Wang D., Sakoda A. & Suzuki M., 2001. Biological
efficiency and nutritional value of Pleurotus ostreatus
cultivated on spent beer grain. Bioresour. Technol., 78,
293-300.

Zadrazil F., 1980a. Influence of ammonium nitrate and
organic supplements on the yield of Pleurotus sajor-caju
(Fr.) Sing. Eur. J. Appl. Microbiol. Biotechnol.,9,31-35.

Zadrazil F., 1980b. Conversion of different plant wastes
into feed by basidiomycetes. Eur. J. Appl. Microbiol.
Biotechnol., 9, 243-248.

(71 ref.)



