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ABSTRACT

Oyster mushrooms (Pleurotus ostreatus) were processed in order to increase the vari-
ety of products available to the Argentine consumer. We studied several parameters 
of blanching, including the presence of enzymes (polyphenol oxidases, peroxidases) 
and physical variables (density, weight loss, volumetric shrinkage). Oyster mushrooms 
studied were characterized on a fresh weight basis (moisture: 88.89%; total carbohy-
drates: 7.74%; protein (total nitrogen x 6.25): 2.27%; total lipids: 0.10%; total ash: 
1.00%). A blanching time of 15 s, involving a mushroom mass (kg) / water (L) ratio 
of 1/3, was sufficient to inactivate enzymatic effects in all temperatures studied (70 C, 
80 C, 90 C, 100 C). The volumetric shrinkage of the cap was greater than that of the 
stipe in all temperatures, reaching 25% and 20%, respectively, between 90 s and 120 s. 
Weight loss was high at the beginning of the blanching process, about 40% (cap) and 
22% (stipe) after 15 s, decreased again 20% after 120 s, and remained nearly constant 
thereafter. A blanching time of 150 s is recommended for freezing oyster mushrooms, 
as volumetric shrinkage and weight loss were at minimum levels and no enzymatic ac-
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INTRODUCTION 

Oyster mushrooms (Pleurotus spp.) are 
now cultivated and consumed worldwide7. 
In the region of Río Negro and Neuquén, 
Argentina, Pleurotus ostreatus is mainly 

grown on poplar (Populus) logs. Its pro-
duction is markedly seasonal, mainly in 
March, April and May. Oyster mushrooms 
are perishable, because they have a high 
respiration and transpiration rates lead-
ing to rapid post-harvest deterioration6. 

tivity was detected. A longer blanching time is recommended for canning oyster mush-
rooms because volumetric shrinkage increases up to 900 s of processing.

Key words: Argentina, blanching, enzymes, mushroom density, mushroom shrinkage, 
oyster mushrooms.

proceso de escaldado de gírgolas (pleurotus ostreAtus) y su efecto 
soBre parámetros de interés tecnológico en argentina

RESUMEN

A fin de ampliar la variedad de productos elaborados para el consumidor argentino a 
base de gírgolas u hongos ostra (Pleurotus ostreatus), se estudiaron los parámetros que 
rigen el proceso de escaldado, incluyendo la presencia de enzimas (polifenol oxidasas, 
peroxidasas) y variables físicas (densidad, pérdida de peso, contracción volumétri-
ca). Las gírgolas estudiadas se caracterizaron con base en el peso húmedo (humedad: 
88.89%; carbohidratos totales: 7.74%; proteína (nitrógeno total x 6.25): 2.27%; lípidos 
totales: 0.10%; ceniza total: 1.00%). Un tiempo de escaldado de 15 s, incluyendo una 
relación masa de hongos (kg) / agua (L) de 1/3, fue suficiente para inactivar los efectos 
enzimáticos en todas las temperaturas estudiadas (70 C, 80 C, 90 C, 100 C). La contrac-
ción volumétrica del sombrero fue mayor que aquella del estípite en todas las tempera-
turas, alcanzando 25% y 20%, respectivamente, entre 90 s y 120 s. La pérdida de peso 
fue alta al inicio del proceso de escaldado, alrededor de 40% (sombrero) y 22% (estípi-
te) después de 15 s, decreciendo de nuevo 20% después de 120 s, y permaneciendo cons-
tante posteriormente. Se recomienda un tiempo de escaldado de 150 s para el congelado 
de gírgolas, ya que la contracción volumétrica y la pérdida de peso fueron mínimas, y 
no se detectó actividad enzimática. Asimismo, se recomienda un mayor tiempo de es-
caldado para el enlatado de gírgolas, ya que la contracción volumétrica se incrementa 
hasta los 900 s de procesamiento.  

Palabras clave: Argentina, contracción volumétrica de hongos, densidad de hongos, 
escaldado, gírgolas, inactivación enzimática.
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Browning reactions and dehydration affect 
the shelf-life of fresh oyster mushrooms 
within a few days, even if refrigerated. An 
important enzyme involved in browning is 
polyphenol oxidase (PPO). Oyster mush-
rooms can be processed to be preserved for 
long periods. Blanching is a common step 
in most processes, as it reduces microbial 
load, prevents enzymatic browning, in-
duces contraction in size and air leaking, 
and generates a better product for further 
industrial operations. However, several 
drawbacks of blanching are weight loss 
(water, dry matter, nutrients), as well as 
color and texture changes10.
 In this work, we studied the blanching 
of oyster mushrooms [Pleurotus ostreatus 
(Jacq.) P. Kumm.] produced in Argentina. 
We assessed enzyme inactivation and the 
effect on important physical parameters, 
such as density, weight loss, and volumetric 
shrinkage.

MATERIALS AND METHODS

Fresh oyster mushrooms grown on poplar 
logs were used from the area of Colonia 
Valentina, Neuquén, Argentina, harvested 
during 2008 and 2009. Common cultivated 
varieties are white and brown oyster mush-
rooms [strains A01 and A02, respectively, 
both deposited at the Centre of Research 
and Services for Edible and Medicinal 
Mushroom Production (CISPHoCoMe), 
San Patricio del Chañar, Neuquén, Ar-
gentina]. Both varieties are harvested and 
mixed by regional growers to be marketed. 
A random sample of a representative com-
mercial mixture was selected for this study.
 Fruit bodies having an average diam-
eter of 7.5 cm (cap) were selected from the 
sample, kept at 2 C and 95% of relative 
humidity until use. Mushrooms were cut 

into longitudinal slices of 1 cm wide for 
blanching experiments. Volume changes 
were determined in strips of 1 cm wide by 
1 cm long for the stipe, while 1 cm wide by 
3 cm long for the cap.
 Characterization of raw material. De-
terminations of moisture, carbohydrates, 
proteins (total nitrogen x 6.25), lipids, and 
ash were performed by proximate analysis 
according to standard methods1.
 Enzyme inactivation. Inactivation was 
tested in the presence of guaiacol peroxi-
dase and hydrogen peroxide4. If the test 
results are negative, then the product is 
properly blanched. The processing time in-
cluded: 15, 30, 60, 90, 120, 150, 180, 900 
and 1,800 seconds. Blanching experiments 
included the following temperatures: 70 C, 
80 C, 90 C, and 100 C. Once each time was 
completed, treated mushrooms were rapid-
ly cooled down by soaking in cold water. 
The following ratios of mushroom mass 
(kg) / volume (L) of water were studied: 
1/80, 1/20, 1/10 and 1/3. The initial mass 
of individual samples was 50 g. Polyphe-
nol oxidase (PPO) activity was determined 
by a qualitative method of Espin et al. 5, 
using an UV-VIS spectrophotometer (Met-
rolab 1700), in the presence of pyrocat-
echol and reading absorbance at 420 nm, 
on transmittance mode, at an interval of 10 
min. In this case, if differential transmit-
tance (ΔT) is greater than 5, then there is 
enzyme activity.
 Density, volumetric shrinkage and weight 
loss. Caps and stipes were studied separately. 
These structures were cut into slices of 1 cm 
at the middle of the stipe, and slices of 3 cm 
at the central area of the cap considering the 
direction of the axis of the stipe. Density and 
volume shrinkage experiments were carried 
out by fluid displacement (picnometer) using 
toluene9. The density of the mushrooms (δ) 
in kg/m3 was calculated as follows: 
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where:
P1= Weight of picnometer with sample (kg).
Ppv= Weight of empty picnometer (kg). 
Vtd= Volume of displaced toluene (m3).

 Each sample, which had met the experi-
mental time, was plunged into a cold water 
bath for 60 s, dried by airing and then by 
using absorbent paper until there was no 
water left on the surface. The initial den-
sity of the raw material was established in 
this way, making up to 10 repetitions for 
stipe and cap. In the case of blanching, six 
repetitions were made for each set of ex-
perimental conditions. A digital analytical 
balance (OHAUS, 0.0001 g precision) was 
used for assessing weight loss and density.
 Statistical analysis. All data were pro-
cessed by analysis of variance (ANOVA) 
and multiple comparisons test.

RESULTS AND DISCUSSION

The characterization of mushrooms stud-
ied is shown in Table 1. Proximal analysis 
indicated moisture of 88.8%, total carbo-
hydrates of 7.74%, protein of 2.27%, total 
lipids of 0.10%, and total ash of 1.0%. All 
values are well within ranges previously 
reported for oyster mushrooms7. The mor-
phology of oyster mushrooms was typical 
from cultivation on wood logs, i.e. thick 
fleshy caps and short stipes.
 Enzyme inactivation. It was found that 
the test was negative at all temperatures 
studied, independently of the mushroom 
mass / volume of water ratio used and the 
residence time tested. These conditions 
were sufficient to inactivate the effect of 
the guaiacol peroxidase enzyme. In fact, 

this is one of the enzymes more resistant 
to heating (up to 71 C), so its inactivation 
ensures the destruction of other more heat-
labile enzymes10. The type of mushroom 
slices studied helped water to penetrate 
quickly, reaching the thermal center in sec-
onds. This kind of slices and their volume 
are typically used in processing for prac-
tical work. Experimental results suggest 
a preferred blanching time of 15 s, and a 
mushroom mass / volume of water ratio of 
1/3 for guaiacol peroxidase inactivation. 
These scalding conditions also show a low 
leaching of nutritional components3.
 Blanching time should be kept to the 
minimum level in order to avoid general 
biochemical effects, such as impairment 
of sensory properties (flavor, color and 
texture)8. Polyphenol oxidase (PPO) 
activity has been associated to mushroom 
deterioration, so it was determined that 
PPO was inactivated at the minimum 
blanching time of 15 s, and at the lowest 
temperature of 70 C.
 Table 2 shows the density of fresh and 
blanched oyster mushrooms. Maximum 
density for the stipe (1172 kg/m3) and the 
cap (1203 kg/m3) was reached between 

Table 1. Proximate analysis of oyster 
mushrooms (Pleurotus ostreatus) used as raw 
material for this study.

Parameter Fresh mushrooms
 (%)

Moisture 88.89 ± 2.72
Total carbohydrates 7.74 ± 0.65
Protein (total nitrogen x 6.25) 2.27 ± 0.09
Total lipids 0.10 ± 0.01
Total ash 1.00 ± 0.05

δ = (P1 - Ppv) / Vtd
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60 s and 90 s, respectively. Thereafter, 
a decrease to 1005 kg/m3 and 1016 kg/
m3 was recorded for the stipe and the 
cap, respectively, after 150 s. This was 
associated with a decrease in volume (Fig. 
1), i.e. volumetric shrinkage increased the 
density of oyster mushrooms, becoming 
stabilized up to an average value of 1055 
kg/m3. The final density value was 15% 
higher than that of the fresh product, as a 
result of volumetric shrinkage.
 Volumetric shrinkage and weight loss. 
Once minimum conditions for enzyme inac-
tivation had been determined, experiments 
were focused on studying those conditions 
that minimize volumetric shrinkage and 
weight loss. It was found that for all tem-
peratures of blanching, the reduction in the 
volume of the cap was higher than that of 
the stipe, and increased with time of treat-
ment keeping the same type of kinetics. In 
both cases, maximum reductions of around 

25% (cap) and 20% (stipe) were reached 
between 90 s and 120 s, and subsequently 
decreased again to reach minimum reduc-
tions of 7% (cap) and 9 % (stipe) after 150 
s. Thereafter, a balance was reached record-
ing an average of 10.8% reduction, constant 
for the cap and the stipe without significant 
differences (P < 0.05). The relative vol-
ume (actual volume/initial volume) reduc-
tion rates (volume shrinkage) as a function 
of blanching time are shown in Figure 1. 
Data indicated that initially the structure is 
rapidly compressed folding lamellae and 
removing the air contained between them. 
Then tissue volume is recovered, probably 
because water replaced the air lost2. The 
stipe, which is more compact, showed less 
variation during early stages of blanching.
 In relation to the weight loss of mush-
rooms, the cap and stipe followed the same 
kinetics during early stages of blanching. 
The relative (actual weight/initial weight) 
weight loss of mushrooms during blanch-
ing is shown in Figure 2. Between 15 s and 
90 s, decrease values of around 40% (cap) 
and 22% (stipe) are reached, and then de-
creased again after 120 s up to values of 
20%. Weight is gained probably due to 
water absorption. The cap and the stipe 
reached an equilibrium with higher blanch-
ing times, although there was a slight 
weight gain in the stipe (i.e., the stipe was 
slightly heavier after blanching).
 It is concluded that, according to the 
measured parameters, a blanching time of 
150 s allowed minimum volumetric shrink-
age and weight loss, and no enzymatic ac-
tivity was detected. These parameters are 
recommended if oyster mushrooms are 
frozen. The result should be a product with 
minimal weight loss and enzymatic activ-
ity, as well as maintaining physical and 
organoleptic properties close to those of 
fresh mushrooms. If oyster mushrooms 

Table 2. Values of density for fresh and blanched 
oyster mushrooms (Pleurotus ostreatus, 70 C).

Blanching  Cap Stipe 
time density  density
(s) (kg/m3) (kg/m3)

0 910 ± 9.9 922 ± 14.7
15 1008 ± 11.8 1059 ± 3.5
30 1088 ± 4.5 1031 ± 7.1
60 1161 ± 4.6 1172 ± 12.7
90 1203 ± 5.4 1141 ± 7.7
120 1151 ± 6.6 1110 ± 12.4
150 1016 ± 11.6 1005 ± 13.5
180 1011 ± 5.7 1048 ± 17.0
900 1151 ± 12.1 1082 ± 14.1
1800 1065 ± 11.5 1045 ± 13.1
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Figs. 1-2. 1: Relative volume (V: Actual volume, Vo: Initial volume) shrinkage of the cap and stipe 
of the oyster mushroom (Pleurotus ostreatus) as a function of blanching time (70 C), considering a 
mushroom mass (kg) / volume of water (L) ratio of 1/3. 2: Relative weight loss (P: Actual weight; Po: 
Initial weight) for oyster mushrooms (P. ostreatus, cap and stipe) as a function of blanching time (70 C), 
considering a mushroom mass (kg) / volume of water (L) ratio of 1/3.

1

2
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are going to be canned, then blanching 
time should be greater because volumetric 
shrinkage increases up to 900 s of process-
ing. However, in this case, as weight loss 
also increases, it is recommended to use 
the blanching water as covering liquid in 
the cans or jars.
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