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ABSTRACT

Dehydration and rehydration processes Rieurotus ostreatufuiting bodies were investigated in this work.
Mushroom samples were dehydrated at 40, 50 andC6@sSing drying air with relative humidity of 75 %he
rehydration was investigated at different tempemduof immersion water (25, 55 and 85°C) and wifie
immersion times (30, 75 and 120 minutes). The tastdration occurred for the samples dried at 40 The
rehydration could be done in water at room tempemat during 30 minutes. Water sorption isothermsarhples
were determined at 30, 40 and 50 °C. Both GAB &t Bodels satisfactorily represented the experiaiafdta of
moisture sorption of dried mushrooms.
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INTRODUCTION Pleurotusspp., commonly known as oyster fungi,
is a common primary degrader of wood and
Large amounts of wastes are generated by ttwegetable residug®adrazil and Kurtzman, 1981).
agricultural sector, forest exploitation and foodlt can be found in tropical and subtropical regions
industries, which are treated or sent to sanitargnd in rainforests, and can also be artificially
landfills. Searching the equilibrium between thecultivated (Maziero et al., 1992)Appreciated
social, economic and environmental aspects, theecause of its delicious taste, these fungi contain
reuse of agricultural wastes has taken on ahigh quantities of proteins and carbohydrates,
extremely important dual purpose: elimination ominerals (calcium, phosphorus, iron, etc), and
reduction of wastes from the environment anditamins (thiamin, riboflavin and niacin) as wedl a
giving them added value through the production ofow fat conten{Sturion and Oetterer, 1995; Justo
low cost foodVillas-Bbas et al., 2002). One of the et al., 1998; Manzi et al., 1999). According to
strategies developed for the disposal of larg&ilveira et al. (2006), the energy values fof
amounts of lignocellulosic wastes is theostreatus DSM 1833 is between 139.36 and
production of edible mushrooms (Chang and13.05 kcal/100g of mushrooms.
Miles, 1992). Recent studies have employedor many reasons, the fungi Bleurotusgenus
agricultural and forest wastes to optimize théhave been intensively studied in many different
biological, chemical and physical parameters foparts of the world: high gastronomic value, ability
mushroom cultivation (Leifa, 2002; Chaves, et al.lo colonize and degrade a large variety of
2004; Gern, 2005; Furlan et al., 2006). lignocellulosic residues, shorter growth time when
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compared to other edible mushrooms; littlefor fresh whole mushrooms, dehydrated
environmental control, few diseases and pestaushrooms and powdered dehydrated mushrooms.
attack fruiting bodies, simple and cheap cultiviatio

technique (Jwanny et al.,, 1995; Patrabansh and

Madan, 1997). MATERIALS AND METHODS

The mushrooms of thBleurotusgenus are more

delicate and sensitive than tAgaricusgenus and Microorganism and maintenance

they start deteriorating immediately within onep. ostreatusDSM 1833, was used in this work.
day after the harvest. Once deteriorated, theskhe culture was kept in Petri dishes containing
fruiting bodies can cause severe gastrointestingyDA medium (1 L of wheat extract, 20 g of
discomfort. Under ideal climatic conditions, shelfdextrose and 15 g of agar) at 4 °C. The wheat
life of these mushrooms is about 10 days, theigrains were washed and cooked in boiling
quality being affected predominantly by storagejeionised water for 10 min at a ratio of 1:2 (wheat
temperature. The shelf life can be reduced from grain mass: water volume), then the liquid drained

days at 2°C to 3 days at 18 °C (Lukasse ang@ere used as a wheat extract (Furlan et al., 1997)
Polderdijk, 2003). Therefore, cooling the fresh

mushrooms can be an alternative regarding thelfnoculum production (spawn)

distribution and sale, thus increasing their shelfvheat grains were used as substrate and growth
life (Villaescusa and Gil, 2003). For long periodssupport. The cooked grains, obtained as described
of conservation, the traditionally used method fombove were supplemented with 0.35% of calcium
Pleurotus genus mushrooms is the convectivecarbonate and 1.3% of calcium sulphate (dry mass
drying at 45-65°C (Pal and Chakraverty, 1997basis) and then packed (250 g) in polypropylene
Arora et al., 2003). Dehydration is a classicalPP) bags (18x30 cm). The bags were sterilized at
method of food conservation, based on th@21 °C for 1 h, cooled to room temperature and
principle that the reduction of the water activay inoculated with three 15 mm diameter agar disks
the product must be conducted until defined levelsontaining thePleurotusmycelium taken from the
that guarantee the microbiological —andPetri dishes. The bags were incubated at 30 °C, in
physicochemical stability (Cao et al., 2003;the absence of light, for 15 days or until complete
Krokida et al., 2003; Lewicki and Jakubczyk,colonization of the grain surfaces by the
2004). mycelium. The bags containing the solid inoculum
The dehydrated mushrooms can be rehydrated Ryere kept for three months &t@for further use.
water immersion before the consumption. The

rehydration characteristics of dried products areylture medium and environmental conditions
used as a quality parameter and indicate if physicgor fruiting body formation

and chemical changes occurred during the dryinganana straw, consisting of banana plant leaves,
process due to process conditions, pre-treatmenigas used as cultivation substrate. The banana
and sample composition (Funebo and Ohlssortraw were ground into 2 to 5 cm particles, dried a
1998; Lewicki, 1998). Funebo and Ohlsson (199850 °C for 1 h and packed iaffia bags. The bags
studied the rehydration capacity okgaricus containing the straw were kept under immersion in
bisporusfruiting bodies after hot-air dehydration, water for 12 h according to Madan et al. (1987).
followed or not by microwave at the end of theafterwards, 150 g (dry weight) of the substrate
dehydration process. The power of the appliegyere transferred to transparent PP bagsy (50
microwaves ~was measured through  thenick). The substrate was supplemented with 5 %
temperature of the food center. Rehydrationf rice bran (dry weight), closed, sterilized in an
capacity was better using hot-air dehydratioyytoclave at 121°C for 1h, cooled to
without the use of microwaves. _ environmental temperature under UV radiation for
Based on the above discussion, this work dealip minutes, inoculated with 10 % (dry weight)
with the evaluation of a conservation process f°§pawn and homogenized. The bags were incubated
Pleurotus ostreatusiruiting bodies. Mushroom at 30 °C until total colonization. The bags were
dehydration was performed in an oven with forceqransferred to the cultivation room (24)mfor

air circulation and their rehydration capacity Wasruiting body production (27 °C, light deviation

investigated. Due to their importance in foodpetween 500 and 1000 lux, 12 h a day, and air
storage, water sorption isotherms were determined
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humidity equal to 88% were automatically X CK

controlled and the air exchange was ensured by d == 2 (1)
- - +

conditioning). Primordia were induced by making Ikm (-a,)(1-Ka,+CKa,)

small perforations in the bags. Fruiting bodies

were harvested with a scalpel as described bﬁ: Ca, @)
Sturion (1994). X, (@-a,)@-a,+Ca,)
Drying here, @ is the water activity, X is the value of

After harvest, 50 g of mushrooms were dehydrateﬁl
in an oven with forced air circulation at 40, 5@lan the sorption heat related to the adsorbed

60°C and relative a_ir humidi_ty of 75 %. Themonolayer, K is the sorption heat related to the
samples were placed in Petri dishes and hanged ﬁﬂlltilayers and X represents the equilibrium
a weighing apparatus, to determine the drying, i<t re in dry basis.

curves. The sample mass was registered each 15
minutes. The determination of the SampleStatisticaI analysis

humidity was carried out by weighing the samplesyg grying tests were carried out in triplicate and

before and after drying at 90°C for 48 Mo \ean values and standard errors were
(gravimetric method). calculated using the software Ori§ino. In order
to investigate the parameters that influenced the

: _rehydration process, the software StatiSt&:@
The rehydration parameters were evaluated using_ < " Lsed to the Pareto analvsis with 5%
an experimental design®3 in which the drying significance level y

temperature (40, 50 and 60°C), the water
immersion temperature (25, 55 and 85 °C) and the
water immersion time (30, 75 and 120 minutesli)]:2

were the investigated variables. This resulted i ESULTS AND DISCUSSIONS
nine experiments, which were carried out in_ .
duplicate. In each experiment 2.0g drieoErylng

mushroom were immersed in 100 mL of water igure 1 (@) presents the drying curves for
hE' ostreatusfruiting bodies. The curves’ slopes

éadicate the presence of a small drying period at
constant rate, at the beginning of the process. It
was better observed in the drying rate curves
(Fig. 1b). The duration of constant rate were about

Water sorption isotherms : o : o
Water sorption isotherm experiments were65 minutes at 40 °C, 35 minutes at 50 °C and 25

performed at 30, 40 and 50 °C for mushroomgﬂ'inmes at 60 °C. Martinez-Soto et al. (2001) had
! Iso observed a very small period of constant

fresh, dehydrated mushrooms and pOWdere;E!ying rate (5 minutes) durirg. ostreatudruiting

e monolayer moisture in dry basis (gw/g), C is

Rehydration

After rehydration, excess water was drained, t
samples dried with absorbent paper and weigh
again.

dehydrated mushrooms, using the saline solutio 4y drvi H th h ¢
static method (Rizvi, 1986). Two grams of sampl ody drying. However, some authors nhave no
observed the existence of a constant rate period

were placed in porcelain crucibles kept in " . )
: S : : uring dehydration ofP. florida (Arora et al.,
desiccator and periodically weighed until constangoos). As expected, an increase in the drying

gg&%?g;iuﬁte%ﬁ e5 giyg ’ (gﬁg gn;%ﬂgi?ﬁmzngﬁggﬁspeed with the increase of drying temperature was
' ; bserved. This implied in a reduction of 43.7 % in

and De Boer) and BET (Brunauer, Emmett an he process time when the drying temperature
Teller) models, given by equations 1 and 2, hanged from 40 to 60 °C and a reduction of

respectively, were used to represent th 5
experimental isotherms. The models’ paramete 8.6 % W.he.n the temperature changed from 50 to
0 °C. Similar results have been found in the

were determined by a non-linear regression, usinI erature (Arora et al., 2003: Krokida et al., 200

Eg?atsso(;{tv'\ll'irlisasaﬂ)w@a 6.0 for Window$ for A. bisporusandP. florida fruiting body drying.
' ’ ' Pal and Chakraverty (1997) found reduction of
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about 40 % in the process time, when the dryinthe rehydration capacity was related to the drying
temperature ofP. ostreatusfruiting bodies was temperature, which presented significant effects.
increased from 45 to 60 °C. The visual quality oThe immersion time in water and the water
the dehydrated mushrooms was not affected by tirehydration temperature did not present a
drying temperatures investigated in this work. significant influence on the fruiting body
rehydration capacity. However, the drying
Rehydration temperature increase had a negative influence on
For mushrooms, besides the investigation of ththe fruiting body rehydration capacity. The
drying times and rates, the product rehydratiorehydration capacity decreased with increasing
capacity and quality should also be evaluate(drying temperature, which could be associated to
Figure 2 presents the visual comparison betwet¢the stronger mushroom structure deformation at
fresh, dehydrated and rehydrated mushrooms. higher temperatures. According to Foust et al.
was observed that the rehydrated mushrooms h(1982), increasing drying temperature leads to the
good appearance, even so they did not recover tincrease of water liberation rate, then promoting
same appearance of fresh mushrooms, becatimportant structure deformations in the biological
they were not completely rehydrated and sufferematerial. Thus, considering the rehydration
some changes under the drying conditions. performance, the lower drying temperature (@)
According to Pareto charts presented in Figure 3, could be suggested f&leurotusdehydration.
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Figure 1 - (a) Drying curves of fruiting bodies dPleurotus ostreatudDSM 1833, at the
temperatures of 40, 50 and 60 °C and relative hitynéd 75 %, (b) Drying rate of
Pleurotus ostreatug-dX/dt) as a time function (t), [X = water conteim grams of
water / grams of dry matter (gw/gdm)].

Figure 2 - Fruiting bodies oP. ostreatu®SM 1833: (a) fresh, (b) dehydrated and (c) rehydta
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Water sorption isotherms the BET model could represent the experimental
The parameters of GAB and BET models for 30data as well as GAB model.

40 and 50°C, as well as the correlatiorFigure 4 presents sorption isotherms obtained at
coefficients (R), are given in the Table 1. Both30, 40 and 50 °C. The equilibrium humidity
models represented satisfactorily the experimentalecreased with the increase of temperature. This
data of moisture sorption. It was observed that Kvas because the kinetic energy associated with the
values in the GAB model had always been verynolecules of water present in the food increased
near to 1, which could make this model equivalenvith increasing temperature (Shivhare et al.,
to BET model. There are no reports in the2004). At high water activities, this was no longer
literature, concerning the use of BET model fobe observed. Significant differences in the
mushroom sorption isotherms. However, Belarbequilibrium humidity of fresh, dehydrated and
et al. (2000), testing GAB and BET models forpowdered dehydrated mushrooms were not
several date species, observed that in some casebserved, independent of the temperature used.

p=0.05

Drying temperature (L -5.20123
Drying temperature (C -3.35879
Rehydration temperature (L) -1.43638
Rehydration time (Q -1.29235
Rehydration temperature (Q) -0.404947

Rehydration time (L -0.3591833

05 00 05 10 15 20 25 30 35 40 45 50 55 60
Effect Estimate (Absolute Value)

Figure 3 - Pareto charts to the rehydration capacity parametd’. ostreatuspecie mushrooms
(L = linear model; Q = quadratic model).

Table 1 - GAB and BET constants for the water sorption isotis modeling to mushrooms,[a water activity,
Xm= value of the monolayer (gw/gdm), C = sorption stant, K = correction factor and, X equilibrium humidity

(gw/gdm)].

GAB BET
T (°C) Xm X
(gw/gdm) c K R (gw/gdm) c R

“fresh” 30 0.1006 0.0305 1.0056 0.9877 0.1592 0.0456 0.9869
mushrooms 40 0.1526 0.0444 1.0166 0.9971 0.2353 0.0675 0.9063

50 0.1173 0.0244 0.9859 0.9264 0.1610 0.0312 0.9285
Dried 30 0.1307 0.0341 1.0047 0.9921 0.1876 0.0468 0.9916
mushrooms 40 0.3304 0.0796 0.9966 0.9937 0.2539 0.0641 0.9935

50 0.2208 0.0374 1.0139 0.9967 0.3437 0.0562 0.9689
Dried and 30 0.1507 0.0403 1.0033 0.9913 0.1955 0.0504 0.9910
powdered 40 0.3711 0.0907 0.9884 0.9899 0.0904 0.0368 0.9587
mushrooms 50 0.2189 0.0487 1.0077 0.9931 0.3172 648B.0 0.9796
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Figure 4 - Water sorption isotherms at 30 °C (a), 40 °C (w) 30 °C (c) for the fruiting bodies of
P. ostreatudDSM 1833 (g = water activity and gw/gdm = grams of water / gsamf
dry matter).

CONCLUSIONS RESUMO

The drying temperature is a very important procesBrocessos de desidratacdo e de rehidratacdo de
variable in  mushroom drying. The bestcogumelos da espéckRleurotus ostreatugoram
temperature foP. ostreatudruiting bodies drying avaliados neste trabalho. Os cogumelos foram
process was 40 °C, taking into consideration thdesidratados a 40, 50 e 60 °C, com umidade
best rehydration of the fruiting bodies dried as th relativa do ar de 75 %. O processo de rehidratagao
temperature. The rehydration could be done ifoi avaliado para diferentes temperaturas de agua
water at room temperature during 30 minutesde imersao (25, 55 e 85 °C) e diferentes tempos de
Both GAB and BET models representedimersdo (30, 75 e 120 minutos). A melhor
satisfactorily the experimental data of moisturdemperatura de secagem foi 40 °C, levando em

sorption. consideracdo a melhor rehidratacdo dos cogumelos
desidratados nesta temperatura. A rehidratacéo
pode ser feita em dgua a temperatura ambiente, por
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