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Abstract. Mushrooms are consumed because of their nutrients and therapeutic bioactive compounds, historically
used in medicine, and representatives of the genus Pleurotus are edible species rich in dietary fibre, vitamins,
micro- and macroelements, and carbohydrates. The aim is to theoretically substantiate the vacuum frying of
oyster mushroom pieces and to obtain a crispy product with optimal consumer characteristics. In the course of
the study, the methods of vacuum low-temperature frying, organoleptic study, orthogonal test, single-factor and
statistical analysis were used. The factors affecting the quality of vacuum roasting of oyster mushrooms: pre-drying
time, temperature and roasting time are analysed. The relationship between oil content and sensory evaluation
is described and analysed. The optimal technological parameters of vacuum frying were determined. Pleurotus
eryngii with a thickness of 2 mm were completely inactivated under boiling conditions for 90 s at 80°C, and for
10 s at 90 and 100°C. If prolonged cooking takes place, the oyster mushroom texture becomes soft and is not
amenable to further processing under vacuum at low temperature. Therefore, in order to save production energy
and reduce the loss of flavour and nutrients, cooking at 80°C for 90 s was chosen. It has been shown that the
treatment of Pleurotus eryngii with maltodextrin before vacuum frying reduces the oil content after frying, provides
a homogeneous structure, good taste and crispiness of the product. Optimal parameters were obtained: 2 mm
slices, mass fraction of maltodextrin 15%, sonication duration 15 min. The influence on the sensory evaluation
of the primary and secondary order is described: frying temperature > pre-drying time > frying time. The specific
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parameters for which the product will obtain the best sensory characteristics were indicated, namely: frying for
10 min, pre-drying for 20 min, frying temperature of 90°C. The factors influencing the oil content were analysed:
pre-drying time > frying time > frying temperature. It was found that the product can obtain the lowest oil content
when pre-drying for 30 minutes and frying at 80°C for 10 minutes. The practical value of the study lies in the
optimal conditions of the process under investigation: pre-drying time with hot air 20 min, frying temperature

80-90°C, frying time 10 min, frying vacuum 0.08-0.09 MPa

Keywords: oyster mushroom; quality; one-factor test; orthogonal test; sensory evaluation; blanching; oil

INTRODUCTION

Roasting fresh Pleurotus eryngii is a new way of eating
that further meets the needs of different consumers. At
the same time, roasting plays an important role in im-
proving the quality of the food. After frying, the shape
shrinks and becomes hard and brittle. A layer of gold-
en yellow gradually forms on the surface, releasing the
unique flavour of fried food, which is crispy and tasty.

A. Pérez-Montes et al. (2021) noted in their work
that the use of edible mushrooms in the food industry
is explained by their physicochemical composition and
economic availability. Pleurotus eryngii is rich in bacte-
ria, crispy and delicate in texture, white in colour, has
a unique almond aroma and abalone flavour, which is
why it is called the almond abalone mushroom. It is na-
tive to Southern Europe, North Africa and Central Asia.

The nutritional value of mushrooms depends on the
conditions of their cultivation. According to F. Ayimbila
& S. Keawsompong (2023), the protein content ranges
from 18 to 37%. In the studies of J. Raman et al. (2021),
the content of proteins, carbohydrates and dietary fibre
was 15.4-28.6,61.3-84.1, 33.3%, respectively. Scientists
H. El-Ramady et al. (2022) concluded that every 100 g
of dried Pleurotus eryngii contains 11.95-35.5% protein,
39.85-63.03% carbohydrates, 36.78 g of total sugar,
1.06-7.50% fat, 6.20-28.29% dietary fibre, 2.97-10.7%
ash, which is suitable for diabetics and the elderly.

Pleurotus eryngii is rich in nutrients. It contains a
lot of protein, carbohydrates, and many vitamins and
minerals. It has a crispy and delicate taste, and has
the effects of lowering blood sugar, lowering blood
fat, preventing cancer, enhancing immunity, antioxi-
dant, antibacterial and anti-aging effects, as well as
anti-fatigue and anti-aging. According to the analysis
of A. Gonzalez et al. (2020), Pleurotus eryngii protein
contains 18 types of amino acids, and the content of
8 types of essential amino acids of the human body is
42.0% of the total amino acids, which is in line with
the reference protein model proposed by the Food and
Agriculture Organization, World Health Organization. A
study on mice conducted by Y.Zhao et al.(2020) showed
a decrease in animal body weight when eating Pleuro-
tus eryngii. A review article by S.K. Dubey et al. (2019)

analysed the use of mushrooms in the treatment of
diabetes and obesity. This opinion was also confirmed
in research by J. Slusarczyk et al. (2021). They drew at-
tention to polysaccharides, which exhibit immunoreg-
ulatory and antitumour properties by activating the
body’s immune system. Currently, most mushrooms are
fresh foods, and a small portion is processed into dried
products (Fang et al., 2021). At the same time, scientists
J-W. Bai et al. (2023) pay considerable attention to the
study of drying methods and conditions: hot air drying,
infrared drying, microwave drying.

Vacuum low-temperature frying technology, ac-
cording to D. Yang et al. (2020), mainly refers to using
the principle of lowering the boiling point of water in a
negative pressure vacuum and using vegetable oil with
strong antioxidant ability as the medium to achieve the
process of frying and dehydration under low tempera-
ture conditions. Compared with conventional pressure
frying, it can better retain the original colour, taste and
nutrients of the material, and at the same time can re-
duce the degree of degradation of oil oxidation and
carcinogen formation. In addition, it is easy to form a
loose and porous structure and crispy taste.

Fresh Pleurotus eryngii has an extremely high wa-
ter content and soft and delicate tissues. After the pro-
cesses of colour protection, blanching and dipping, the
moisture content of the tissues will increase further
due to the destruction of some tissue cells. If vacuum
frying is carried out directly, the high water content will
result in a high oil content in the product; if vacuum
frying is carried out after freezing treatment, although
it is beneficial for the flatness of the product, it will
result in an increase in oil content. A. Ren et al. (2018)
believe that the ice crystals that form during freezing
will make the structure of the vacuum fried product
fluffier. During the vacuum frying process, the ice crys-
tals are directly evaporated, so the product will have a
certain expansion effect, but the space formed by the
expansion will be replaced by the oil phase, causing the
product to have a high oil content. A study by J.R. Bar-
bosa et al. (2020) found that vacuum frying is carried
out directly after freezing. At this time, the temperature
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difference between the material and the fat is large,and
the structure of the material after freezing is more loose,
which is conducive to the penetration of the oil phase,
which also leads to high oil content in the product.

It is generally believed that there are two ways of
fat adsorption in the vacuum frying process: one is the
contact and adsorption of fat with the material surface;
the other is the replacement of the water phase with
the oil phase during the mass transfer process during
vacuum frying. The greater the surface tension, the
harder it is for the oil to be adsorbed by the product,
as confirmed by J. Zhang & L. Fan (2021). For the first
method of adsorption, the surface tension of the materi-
al can be changed to reduce oil adsorption, for example
by adding a surfactant. For the second method, the goal
of reducing oil adsorption can be achieved by reducing
the aqueous phase space. Typically, the method used to
reduce the oil content is to increase the soluble solids
content and reduce the moisture content before frying.

The aim of the work was to create a theoretical ba-
sis for quality control of vacuum frying of crispy oyster
mushroom slices in a vacuum.

MATERIALS AND METHODS

The study used vacuum low-temperature frying tech-
nology to process the Pleurotus eryngii slices, and hot
air impregnation and pre-drying to increase the dry
matter content and decrease the moisture content to
reduce the oil content of the product. A one-factor test
was used to investigate the moisture and oil content
of Pleurotus eryngii slices during vacuum frying and to
determine the appropriate test range for the orthogo-
nal test. The moisture content, oil content and sensory
evaluation were used as indicators to determine the
optimal frying parameters and degreasing parameters
during the vacuum low-temperature frying process of
Pleurotus eryngii slices.

The following instruments and equipment were
used: TP-200D electronic scales (manufacturer: Xiangyi
Balance Instrument Equipment Co., Ltd.); VF-40C vac-
uum fryer (manufacturer: Zhong Shan VK Vacuum Ma-
chinery Co, Ltd.); HH-S constant temperature oil bath
(manufacturer: Jiangsu Jintan Huanyu Scientific Instru-
ment Factory); SZT-06A fat meter (manufacturer: Su-
zhou Tianwei Instrument Co., Ltd.); drying cabinet type
101-2 (manufacturer: Shanghai Experimental Instru-
ment Factory); KQ-50B ultrasonic cleaner (manufactur-
er: Kunshan Ultrasonic Instrument Co, Ltd.).

The sequence of the study was as follows: (1) Fresh
Pleurotus eryngii without rot and mechanical damage
washed in running water is selected. (2) After washing,
Pleurotus eryngii is cut into pieces and sliced longitu-
dinally, with a thickness of about 2 mm. (3) The sliced
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Pleurotus eryngii pieces are placed in hot water for
blanching, and the time of placement is recorded. They
are taken out immediately after blanching and quick-
ly cooled with running water. (4) The cooled Pleurotus
eryngii pieces are placed in a maltodextrin solution of
a certain concentration for immersion by ultrasonica-
tion. After soaking, the Pleurotus eryngii pieces are taken
out and the surface moisture is dried. (5) The processed
Pleurotus eryngii pieces are placed in a drying oven for
pre-drying at a certain temperature. (6) The pre-dried
Pleurotus eryngii slices are placed in an airtight contain-
er and placed in a sealed place. (7) The vacuum frying
device is switched on and the frying temperature, frying
time and oil removal time are set. The palm oil is heat-
ed to the set temperature, the slices of Pleurotus eryn-
gii are placed on the frying grid, the frying container is
closed, which is placed in the frying chamber, the frying
chamber door is closed, and then the vacuum pump is
switched on for vacuuming. When the vacuum degree
reaches approximately 0.08-0.09 MPa, the vacuum fry-
ing container is lowered. (8) After the frying process is
complete, the oil level in the frying container rises. The
frying container is degreased under vacuum. After de-
greasing, the motor and vacuum pump are turned off,
the vacuum valve is opened to blow out the air,and the
experimental product is taken out. (9) Crispy whole slic-
es of Pleurotus eryngii with uniform texture are selected
for packaging in a nitrogen environment.

In order to prevent the darkening reaction of Pleu-
rotus eryngii slices, bleaching and enzymatic treatment
were performed during the preliminary hot air drying
and vacuum roasting process. The presence of peroxi-
dase activity is used as an indicator of whether the en-
zyme is completely destroyed. In order to determine the
relationship between temperature and blanching time
and peroxidase activity, Pleurotus eryngii was cut into
slices of about 2 mm thickness and blanched in water
at 60,70, 80, 90, 100°C. The mushroom slices were tak-
en out after 2, 5,10 and 15 s and tested with 2-meth-
oxyphenol test solution. If the colour of the Pleurotus
eryngii slices did not change, it meant that they were
completely inactivated.

The dipping treatment of Pleurotus eryngii pieces
was carried out before vacuum low-temperature frying.
Ultrasonically assisted impregnation was used to pro-
mote the impregnation. Using ultrasonic impregnation
with a slice thickness of 2 mm as a fixed parameter,
the effect of maltodextrin concentration and materi-
al-liquid ratio on the solid content of Pleurotus eryngii
slices was studied. In each group, pieces of Pleurotus
eryngii were selected after blanching, and two factors,
maltodextrin concentration and material-to-liquid ra-
tio, were used to study the change in solid content of



2 mm pieces of Pleurotus eryngii after blanching. The
impregnation concentration was 10, 15, 20, 25%; the
material-to-liquid ratio was 5, 10, 15, 20 ml/g for a
one-factor experiment. The difference in quality was
used to determine the solid content of Pleurotus eryngii
pieces after immersion and to determine the optimal
parameters of the immersion process.

Before vacuum low-temperature frying, Pleurotus
eryngii slices undergo a certain pre-drying process,
which can appropriately reduce the moisture content
of mushroom slices and reduce the replacement of
water phase with oil phase during the vacuum frying
process, which can effectively reduce the oil content of
products after rapid vacuum frying. In order to study
the effect of the pre-drying process on the quality of
Pleurotus eryngii pieces, Pleurotus eryngii pieces with a
thickness of about 2 mm after blanching and dipping
were subjected to hot air drying at 60, 70 and 80°C,
respectively. After evaluation, the moisture content,
colour and deformation of the Pleurotus eryngii piec-
es were evaluated as indicators and measured every
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10 minutes to determine the optimal parameters of the
pre-drying process. In order to study the effect of frying
temperature on product oil content and sensory quality,
the pre-drying conditions were set to dry at 60°C for
20 minutes, vacuum frying time was 10 minutes, vacu-
um degree was 0.08-0.09 MPa, frying temperature was
70°C, frying was performed at 80, 90, 100 and 110°C,
degreasing speed was 350 rpm, and degreasing time
was 10 minutes. Each time 100 g of Pleurotus eryngii
pieces were sampled for the one-factor test, the oil and
water content of the final product was determined and
the product was sensory evaluated.

Vacuum frying conditions have a great impact on
the colour, crispness, fat content, flavour, appearance
and other qualities of Pleurotus eryngii (Table 1). Taking
the hot air pre-drying time, vacuum frying temperature
and vacuum frying time as factors, the corresponding
level of each factor determined according to the sin-
gle-factor test is taken as the level of the orthogonal
test, and the L9 orthogonal test is designed to deter-
mine the final vacuum oil frying process.

Table 1. Sensory assessment criteria and methods

Assessment Colour Fat content

Crispness

General

Taste characteristics perception

0-2 Yellowish brown, Harder High oil content,
strong browning or softer oily taste
Yellow with . .
. High oil content
3-4 strong browning General - ’
at the edges oily surface
_ Yellow, with a n Slightly higher oil
- slight browning gy St content
7.8 Light yellow Relatively Moderate oil
crispy content
9-10 Light yellow, Very crunchy Low oil content,

uniform colour no greasy feeling

Source: authors’ own development

In order to study the effect of degreasing time after
vacuum frying on the oil content of Pleurotus eryngii
slices, a test was conducted to degrease Pleurotus eryn-
gii slices fried under optimal vacuum frying conditions
using the centrifugal rotation method. The speed of
degreasing by centrifugal rotation of the vacuum fry-
ing equipment was set at 350 rpm. After vacuum frying,
centrifugal rotational degreasing was carried out for
2,4,6,8,10 and 12 min, and the effect of degreasing
time on the oil content of Pleurotus eryngii was deter-
mined and analysed. Excel 2010 was used to organise
and analyse the test data, and a line graph was drawn
using Origin 9.0.

The whole is twisted,
severely broken, and the

No Pleurotus eryngii
scent or Pleurotus eryngii

scent is very strong, burning phenomenon is Vel el
difficult to to perceive serious
Sections of Pleurotus
The smell of Pleurotus eryngii are more
eryngii is not obvious  degenerated and slightly Not enough
burnt
Slices of Pleurotus eryngii
General rolled up all around ol
Pleurotus eryngii has Pleurotus eryngii slices Good
an obvious aroma are slightly twisted
Pleurotus eryngii has a .
S Slices of Pleurotus
dlladlnis el (e s eryngii are whole, Excellent

flavour and is easy to

digest without curling

RESULTS AND DISCUSSION
Table 2 shows the effect of different blanching tem-
peratures and times on peroxidase activity in Pleuro-
tus eryngii slices. It can be seen that the peroxidase is
inactivated by scalding at 60°C for 60 s and 70°C for
30 s after 30 s in the middle of the mushroom slices,
but there is still activity on the marginal epidermis. This
may be due to the fact that the peroxidase in the mush-
room epidermis is active, which in turn may be due to
the distribution of polyphenolic substrates in different
parts of Pleurotus eryngii and different polyphenol oxi-
dase activities. The peroxidase of Pleurotus eryngii was
completely inactivated by scalding at 80°C for 90 s, 90
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and 100°C for 10 s. However, if the blanching time is
too long, the texture of Pleurotus eryngii becomes soft.
Considering the need to save energy in production and
reduce the loss of flavour nutrients, the blanching pro-
cess parameter was set at 80°C and blanching for 90 s.
The results of this experiment are consistent with those

of A.Ren et al. (2022). The authors proposed blanching
in boiling water at 100°C for 3 min. In P. Piyalungka et
al. (2019), it was practically established that with an
increase in temperature (90-110°C) and roasting time
(10-30 min), the oil content, hardness, and darkening of
the samples increased.

Table 2. Effect of different blanching temperature and time on peroxidase activity Pleurotus eryngii

Te'[‘:’::rgst)u/re 10 20 30 40 50 60 70 8 9 100 110 120
60 ++ ++ ++ ++ ++ + + + + + + +
70 ++ ++ + + + + + + + + + +
80 + + + + i + i + - - - =
90 - - - - - - - - - -
100 - - - - - - - - - - - -
Notes: “++” - general colour change; “+” - edge colour change; ““ - colour change

Source: authors’ own development

Impregnating Pleurotus eryngii flakes before vac-
uum frying can not only increase the dry matter con-
tent of Pleurotus eryngii, but also reduce the mois-
ture content before vacuum frying to reduce the oil
content of the final product by reducing the water
phase. At the same time, it is also conducive to main-
taining the flatness of the product, and can increase
the crispiness of Pleurotus eryngii slices and obtain
better sensory quality. In addition, by improving the
taste, it also improves the quality of Pleurotus eryngii
slices, effectively reducing costs, which is consistent
with the opinions of M. Kidon & J. Grabowska (2021)
andJ.Zhu et al. (2022).

[N [EN [EN [
N EN o o)
LA S L . E—

increase of solid content (%)

[N
o
T T

To determine the effect of maltodextrin concen-
tration on the dry matter content of Pleurotus eryngii,
slices (2 mm thick, blanched at 80°C for 90 s), weigh-
ing 30 g, were selected and immersed for 15 min at
a material to liquid ratio of 1:5. The dry matter con-
tent of Pleurotus eryngii slices varies with malt. The
same phenomena were observed by T-V-L. Nguyen et
al. (2023), studying the effect of different maltodex-
trin contents (0, 6,7, 5,9 and 10,5 g/100 g of pulp) on
the drying rate of avocado pulp, and J.W. Siccama et
al. (2021), demonstrating the drying technology of as-
paragus concentrate. The dependence of the change
in the mass fraction of dextrin is shown in Figure 1.

8 10 12 14 16

18 20 22 24 26

mass concentration of maltodextrin (%)

Figure 1
Source: authors’ own development

The figure above shows that within a certain range,
the concentration of maltodextrin can increase the
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the dry matter content increases, but when the mass
fraction of the impregnating solution exceeds 15%. At
that time, the sweetness of maltodextrin is relative-
ly high, which masks the original flavour of Pleurotus
eryngii, so it is ideal to choose maltodextrin with a
mass fraction of 15% as an impregnating solution.
S.Lachowicz et al. (2020) confirmed the positive effect
of adding maltodextrin at 15% in preparation for vac-
uum drying of Saskatoon fruit, juice and berry pomace.

151

= = =
N [ON] N
T T T

increase of solid content (%)

[N
[N
T

To determine the effect of the material-liquid
ratio on the solid phase content of Pleurotus eryn-
gii, sliced and blanched slices (2 mm thick, blanched
at 80°C for 90 s) weighing 30 g were selected, im-
mersed in maltodextrin with a concentration of 15%
for 15 minutes, after which the dry matter content
of the Pleurotus eryngii slices would change. The de-
pendence of the change in the liquid ratio is shown
in Figure 2.

4 6 8 10

14 16 18 20 22

ratio of sample to solution(ml/g)

Figure 2. Effect of sample to solution ratio on solid phase content

Source: authors’ own development

Figure 2 shows that the greater the mass ratio of
Pleurotus eryngii flakes to the impregnating liquid, the
higher the impregnation efficiency, and when the ratio
of impregnating liquid exceeds 15 ml/g, the dry mat-
ter content increases slowly. Therefore, the mass ratio
of Pleurotus eryngii pieces to malt dextrin impregnat-
ing solution was determined to be 15 ml/g. A. Ren et
al. (2018) reported that shiikate mushroom chips cut
into 6 mm thickness and soaked in a 50% maltodextrin
solution resulted in a vacuum-fried product with the
highest dehydration efficiency index, lowest oil content,
and higher sensory performance.

Comprehensively taking into account the above test
results,the optimal parameters of the process of dipping
Pleurotus eryngii slices before vacuum low-temperature
roasting were determined, which are as follows: thick-
ness of Pleurotus eryngii slices — 2 mm, mass fraction
of maltodextrin - 15%, ultrasonic impregnation for 15
minutes, at which the material-liquid ratio is 15 ml/g.
The developed algorithm is consistent with the result
reported by J. Zhang et al. (2021). The Pleurotus eryngii
pieces after blanching and immersion are removed and
dried to dry the surface moisture, and then subjected to
the hot air pre-drying test (Table 3).

Table 3. Effect of different drying temperatures and times on moisture content and appearance Pleurotus eryngii

Drying temperature 60°C

Drying

Moisture
content, %

Moisture
content, %

time, min .
> Exterior

No discolouration,

10 809 no shrinkage 79.2

20 779 No discolpuration, 772
no shrinkage

30 727 Colour hardly changes, 6.0

slightly shrinks

Drying temperature 70°C

Drying temperature 80°C

Moisture

content, % Exterior

Exterior

No discolouration, No discolouration,

no shrinkage 7eky no shrinkage
Colour does not change, 754 Does not change colour,
slightly shrinks : does not shrink
Slight discolouration 645 Some colours change,

and shrinkage shrinkage is more severe
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Drying Drying temperature 60°C
fime i Moisture

content, %

Moisture .
content, % Exterior
Colour hardly changes, )

40 / shrinks

Drying temperature 70°C

Table 3, Continued

Drying temperature 80°C

Moisture
content, %

Exterior Exterior
Colour changes strongly
and serious shrinkage
occurs

Some colours change /
and shrink

Notes: since the colour and shape of the Pleurotus eryngii slices have undergone obvious changes after drying for 40
minutes, it is not suitable for frying and the moisture content was not measured

Source: authors’ own development

Table 3 shows that as the drying time increases,
the moisture content of Pleurotus eryngii slices gradu-
ally decreases. The Pleurotus eryngii slices pre-dried by
hot air at 60°C can effectively delay the deformation
and discolouration of Pleurotus eryngii slices during
the pre-drying process, while ensuring the dehydra-
tion rate, which can minimise the vacuum roasting
process. The Pleurotus eryngii slices are highly deform-
able, shrinkable and hardenable. The Pleurotus eryngii
slices dried at 60°C cannot shrink, and there is no ob-
vious discolouration. The effect of hot air pre-drying
is the best.

To investigate the effect of frying temperature on
the oil and water content and sensory quality of the
product, 100 g of 2 mm thick slices of Pleurotus eryngii
were blanched and dipped, and the pre-drying condi-
tions were set to 60°C for 20 min and vacuumed. After
vacuum frying, centrifugal degreasing was performed
at 350 rpm, the oil and water content of the product
was measured, and a sensory evaluation of the product
was performed based on an overall score of 60 points.
The standard sensory score, as well as the results of the
moisture and oil content of the product, are given in
Table 4 and shown in Figure 3.

Table 4. Results of sensory evaluation of Pleurotus eryngii pieces with different roasting temperatures

Temperature Colour Texture Greasy feeling EN ] Shape Acceptance Assessment
70 8 4 7 5 8 5 37
80 9 8 8 7 8 8 48
90 7 8 7 7 7 8 44
100 7 8 7 7 7 8 44
110 6 8 6 6 7 7 40

Source: authors’ own development
- . o 714
—A— moisture content (%)
— H o,
12 oil content (%) 113
10 112
X
~ i 111 <
g | 8
5 ° 110§
s | 5
(9] -
2 6f 19 =2
a o
g \ 8
4 \ 17
| \A _- 6
| L | L | | L |

70 80 90

100 110

drying temperature (°C)

Figure 3. Effect of frying temperature on moisture and oil content in Pleurotus eryngii

Source: authors’ own development
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It can be seen that under the same conditions of
hot air pre-drying time, degree of vacuum and vacu-
um roasting time, the roasting temperature affects the
water and oil content of Pleurotus eryngii. The higher
the roasting temperature, the lower the final moisture
content of the product, and the higher the oil content,
these two values are inversely proportional. At a frying
temperature below 90°C, the moisture content of the
product exceeds 7%; at a frying temperature of 100°C,
the oil content of the product is 43.23%, and at a tem-
perature of 110°C, the oil content is 44.86%. No signif-
icant changes in oil content are observed. In addition,
Table 4 shows that at frying temperatures between 80
and 100°C, the sensory scores of the products exceed
44 points, and better sensory quality can be obtained
at oil temperatures between 80 and 100°C. The impor-
tance of organoleptic characteristics was noted in their
work by M.R. Hilapad et al. (2020) noted that fried oyster
mushroom pieces for 20-35 minutes are characterised

by higher scores (6.85-7.79). Similar findings were ob-
tained by A. Shah et al. (2020), analysing the effect of
vacuum frying on onion slices. The authors established
the dependence of temperature and duration of vacu-
um frying: 30, 25 and 20 minutes at 80, 90 and 100°C,
respectively. This study showed that the colour and tex-
ture of the chips were optimal at 90°C. And as a result
of research by I. Izham et al. (2022) it is stated that the
optimal process variables for processing mushrooms
were 110 minutes of hot air drying at 75°C. The highest
desirability index of 0.648 was achieved.

In order to investigate the effect of frying time on
the oil and water content and sensory quality of the
product, 100 g of 2 mm thick slices of Pleurotus eryngii
were blanched and dipped, and the hot air pre-drying
temperature was 60°C. The sensory evaluation is based
on a total score of 60 points. The sensory evaluation
criteria and the results of the moisture and oil content
of the product are shown in Table 5 and Figure 4.

Table 5. Results of sensory evaluation of Pleurotus eryngii pieces with different roasting times

Frying time Colour Texture Greasy feeling Taste Shape Acceptance Assessment
5 8 2 8 3 8 3 32
10 7 8 7 7 7 8 44
15 7 8 7 7 7 8 44
20 6 9 6 8 6 7 42
25 4 9 4 6 4 5 32

Source: authors’ own development
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Figure 4. Effect of frying time on moisture and oil content in Pleurotus eryngii

Source: authors’ own development

In order to maintain the crispness and shelf life of
the product after frying, it is usually necessary to keep
the moisture content below 8%. Figure 4 shows that the

oil content increases more rapidly before frying for 10
minutes (from 1.88 to 35.8%), and after 10 minutes the
oil content increases more slowly, and the oil content
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tends to stabilise after 20 minutes. At the same time,
the water content decreased sharply before 5 minutes
(from 77.9 to 13.6%), and the water content decreased
to 3.93% within 5 minutes. After 10 minutes, the de-
crease became stable. It can be seen that the moisture
content dropped below 7% when fried for 15 minutes.
Therefore, in order to achieve a safe moisture content,
the oil content is the lowest. Confirmation of this can be
found in A.Ren et al. (2018), where the researchers sta-
tistically confirmed that pretreatment significantly af-
fected the colour of shiitake mushroom chips (p <0.05).

Furthermore, as can be seen from Figure 4, the de-
hydration process of Pleurotus eryngii slices fried in a
vacuum at low temperature can be divided into three
stages. The first stage lasts from O to 5 min. During
this time, accelerated drying takes place. The water in-
side the Pleurotus eryngii pieces boils rapidly under the
influence of negative pressure and high temperature,
and flows out of the internal tissues of Pleurotus er-
yngii as steam. The moisture content in the pieces of
Pleurotus eryngii decreases significantly, and the water
that evaporates at this time is mainly free water in the
outer layer. The second stage is the stage of uniform
dehydration. This stage occurs in about 5-10 minutes.
At this time, the overflowing water is mainly free water
that diffuses from the inner layer to the outer layer.
The rate of dehydration is affected by the rate of wa-
ter diffusion, so the dehydration rate remains basically
stable. The third stage occurs after 15 minutes, and the
water content of the Pleurotus eryngii pieces remains
almost unchanged at this stage. At this stage, only a
small amount of bound water continues to evaporate,
so the change in water content is very small. In the
third stage, the moisture content changes very little.

Continuing to fry will only result in a deterioration of
the colour and taste of the product and wasted energy.

The change in oil content with frying time is basi-
cally divided into two stages. The first stage is the period
from O to 10 minutes. During this time, the oil content
increases from 1.88 to 35.8%. After 15 minutes, most
of the free water has evaporated, the dehydration rate
becomes slow, and all the oil phases replace the water
phase. The rate also becomes slower, so the oil content
basically stabilises and reaches equilibrium. The de-
crease in oil content was consistent with the studies of
A.Ren etal.(2022).The authors confirmed that the mech-
anism to reduce oil absorption by ultrasonic osmosis
was the pre-treatment with ultrasound before vacuum
frying. This created a high vapour pressure in the sam-
ple structure reducing the oil absorption during frying.

In the process of vacuum low-temperature frying,
the frying temperature, frying time and the degree of
vacuum have a great influence on the product quality. In
this test, the fixed vacuum degree is in the range of 0.08-
0.09 MPa, and the orthogonal test is designed accord-
ing to the three factors that affect the quality of vacu-
um-fried Pleurotus eryngii pieces,frying temperature and
frying time.Vacuum low-temperature roasting is orthog-
onal. The level selected for the test is shown in Table 6.

The oil content and sensory quality of Pleurotus
eryngii slices produced by vacuum low-temperature
frying are related to consumer perception.According to
the sensory evaluation criteria in Table 1, nine groups
of orthogonal tests were evaluated to determine the
oil content of each group, and the range of sensory
evaluation and oil content was analysed. The results of
the orthogonal test and the vacuum frying process are
shown in Table 7.

Table 6. Factors in the vacuum frying process conditions

Drying time, min

3 30

Source: authors’ own development

Factor

Frying temperature, °C Frying time, min

100 20

Table 7. Orthogonal experimental design of vacuum frying process conditions

Factor o 0
verall senso . o
A B ' C D score ™Y Oil content, %
Zero column Drying time Frying temperature Time frying

1 1 1 1 1 43 45.2
2 1 2 2 2 47 43.8
3 1 3 3 3 37 40.1
4 2 1 2 3 42 466
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Table 7, Continued

Factor o
A B C D veraslcl ;t:nsory Oil content, %
Zero column Drying time Frying temperature Time frying

5 2 2 3 1 40 34.8

6 2 3 1 2 39 24.5

7 3 1 3 2 41 53.5

8 3 2 1 3 44 453

9 3 3 2 1 45 30.6
KSensor 1 423 420 420 427
K Sensor 2 40.3 437 447 423
K Sensor 3 433 403 39.3 41.0

R Sensor 3.0 3.3 5.3 17

KOoil 1 43.0 484 38.3 36.9
K Oil 2 35.3 413 40.3 40.6
K Oil 3 431 317 428 440
R Oil 7.833 16.700 4.467 7.133

Source: authors’ own development

The range analysis shows that the primary and sec-
ondary order factors affecting the sensory evaluation
are as follows: roasting temperature > pre-drying time
> roasting time, roasting for 10 min under the condi-
tions of pre-drying with hot air for 20 min and roasting
temperature of 90°C. The best sensory quality was ob-
tained. The analysis of the oil content range shows that
the order of factors affecting the oil content is: pre-dry-
ing time > frying time > frying temperature. When the
pre-drying time is 30 min and the frying temperature
is 80°C, the product can be obtained after frying for
10 min. The lowest oil content is obtained. However,
when the pre-drying time was 30 minutes, the Pleu-
rotus eryngii slices deformed more severely than the

Pleurotus eryngii slices dried for 20 minutes during the
dehydration process, and the sensory evaluation was
slightly worse. These findings were consistent with the
opinion reported by C. Wang et al. (2019).

Comprehensively considering the two factors of
reducing the oil content in the final product and im-
proving the sensory quality of the product, the optimal
process conditions were obtained: hot air pre-drying
time 20 min, roasting temperature 80-90°C, roasting
time 10 min, and vacuum degree 0.08-0.09 MPa. Figure
5 shows the appearance of Pleurotus eryngii slices after
vacuum roasting. It can be seen that the slices of Pleu-
rotus eryngii are light yellow, with small pores formed
on the surface as a result of air drying.

Figure 5. Appearance of Pleurotus eryngii pieces after vacuum roasting

Source: authors’ own development

Thus, using the combined vacuum frying pro-
cess, mushrooms with a crispy texture were obtained,
which can be considered an appropriate attribute for
the manufacture of a snack-type product. It should be

noted that oyster mushrooms have high nutritional and
health benefits, good antioxidant properties due to
biologically active compounds (phenol) and are a
source of vegetable protein.
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CONCLUSIONS
In order to inactivate the peroxidase of Pleurotus eryngii,
taking into account the need for energy saving in pro-
duction and reducing the loss of flavour nutrients, the
blanching process parameter was set at 80°C for 90 s.
In order to reduce moisture in the product and increase
dry matter, oyster mushroom impregnation with malto-
dextrin (15%) in a ratio of 1:5 for 15 min was used. Tak-
ing into account the test results, the ideal parameters
for forming Pleurotus eryngii slices by dipping before
vacuum frying at low temperature were determined,
which included: thickness of 2 mm, mass fraction of
maltodextrin of 15% and 15-minute ultrasonic impreg-
nation. Subsequent studies have shown that during the
pre-drying process, it is possible to delay the deforma-
tion and discolouration of Pleurotus eryngii by using hot
air (60°C) for pre-drying while maintaining the same
dehydration rate, which minimises the vacuum frying
process. When the frying temperature remains below
90°C, the moisture content of the product exceeds 7%.

80 and 100°C, the product’s sensory scores exceed 44
points. It can therefore be concluded that maintaining
the oil temperature between 80 and 100°C results in
excellent sensory performance. Temperature, frying time
and the degree of vacuum have a significant impact
on the quality of the product during the low-temper-
ature vacuum frying process. These are the three fac-
tors that determine the design of the orthogonal dough,
which has a fixed vacuum degree in the range of 0.08-
0.09 MPa. The ideal process conditions were achieved
by taking full account of two factors to reduce the oil
content of the final product and improve the sensory
qualities of the product: pre-drying time with hot air
20 minutes, frying temperature 80-90°C, frying time 10
minutes, and vacuum degree 0.08-0.09 MPa. The ap-
pearance of the Pleurotus eryngii pieces after vacuum
frying has light yellow surface sections with small pores.
Therefore, future research may be aimed at producing
safe snacks from different types of edible mushrooms.

However, when the temperature rises to 100°C, the oil ACKNOWLEDGEMENTS
content of the product reaches 43.23%, and at 110°Cit  None.
increases even further to 44.86%. It should be noted that
there are no significant fluctuations in the oil content. CONFLICT OF INTEREST
In addition, when the frying temperature falls between  None.
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AHoTauif. [prbu cnoxmBaloTbCa Yepes ix MoXKXMBHI pe4OBUHM TaTepaneBTUUHI 6i0N0riYHO aKTUBHI CMOMYKK, ICTOPUYHO
BMKOPUCTOBYBAINMCA B MeOMUMHI, @ npeactaBHUKM pony Pleurotus € iCTiBHUMM BMAAMM gKi Barati xap4yoBumu
BOJIOKHaMM, BiTaMiHaMK, MiKpO- Ta MakpoeneMeHTaMu, ByrnesogamMmun. Meta — TeOpeTMyHO 0BrpyHTYBATH BaKyyMHe
CMaXeHH$ LWMATOYKIB IMMBU, OTPUMATU XPYCTKMUIA NPOAYKT 3 ONTUMANbHUMU CMOXMBUMMK XapaKTepUCTUKaMu. B
npoueci fOCNioKEHHS BUKOPUCTAHO METOAM BAaKYYMHOIO HWM3bKOTEMMEPATYPHOr0 CMaXXeHHS, OpraHoONenTUYHOro
[OCNiI)KEHHS, OPTOrOHANbHOrO TeCTy, 0AHO(MAKTOPHOro Ta CTaTUCTUYHOIO aHanisy. MNpoaHanizaoBaHO YMHHUKM, L0
BMN/IMBAOTb HA SKICTb BaKYYMHOIO CMaXKEHHS TIMBU: YacC MOMepefHbOro CyLiHHSA, TEMNePaTypy Ta Yac CMaXEHHS.
OnucaHo Ta NpoaHanizoBaHO 3BM30K MOKA3HMKIB BMICTy ONii Ta CEHCOPHOI OLUiIHKWU. bynn BU3HAueHi onTUManbHi
TEXHONOTIYHI NapaMeTpu CMaXeHHs y BakyyMi. Pleurotus eryngii TOBLLMHOK 2 MM OynM MOBHICTH iHAaKTMBOBAHI
B ymoBax nposaptoBaHHa npotaroM 90 ¢ npu 80 °C, i npotarom 10 ¢ npu 90 °C i 100 °C. fkwo BigdyBaeTbHCA
TpuBane BapiHHA, TeKCTypa MMMBM CTAE M’AKOMO, MOraHoO NigAA€ETbCs nodanblwin obpobui nig BakyymoMm npu
HU3bKi Temnepatypi. ToMy, 3 METO €KOHOMIi BMPOOHMYOI eHeprii Ta 3MEHLIEHHS BTPATM CMaKy i MOXMBHMUX
pe4yoBuH, 6yno obpaHo npurotyBaHHa npu 80 °C npotarom 90 c. 3a3HauveHo, wo obpobka Pleurotus eryngii
ManbTOLEKCTPUHOM Nepes, CMAXKEHHAM Yy BaKYyMi, 3MEHLUYE BMICT OAii Micns CMaxeHHs, 3abe3nevye oAHOpPIAHY
CTPYKTYPY, FApHUI CMaK i XpYyCTKiCTb NPOAyKTY. byno oTpMmMaHo onTMManbHi napameTpu: 3pisu nNo 2 MM, MacoBa
YyacTka ManbToaekcTpuHy 15 %, TpuBanicTb ynbTpasBykoBoi 06pobku 15 xB. OnNncaHo BNAMB HA CEHCOPHY OLHKY
OCHOBHOrO i BTOPMHHOIO MOPAAKY: TeMNepaTypa CMaXKeHHS > Yac MonepeaHboro CyLiHHA > Yac CMaXKeHHs. byno
3a3Ha4yeHO KOHKPETHI napaMeTpw, 3a SKUX NPOAYKT OTPUMAE HAMKPALLi CEHCOPHi MOKAa3HUKKU, @ CaMe: CMaXKeHHS
10 xB, nonepenHe cywiHHg 20 xB, TemnepaTypa cMaxeHHs 90 °C. byno npoaHanizoBaHo (GakTopu BNAMBY Ha BMICT
0Aii: Yac NoNepefHbOro CYLWiHHA > Yac CMaXeHHs > TeMnepaTypa CMaXKeHHs. byno BCTaHOBNEHO, WO NMPOAYKT MOXe
OTPUMATM HaMMeHLUWIA BMICT 0Nii 32 yMOBM nonepeaHboro cylwiHHg 30 xB, TemnepaTypu cMaxeHHs 80 °C npoTarom
10 xB. [pakTUYHA LiHHICTb AOCNIAKEHHS MONATAE Y BUZHAYEHMX ONTUMANBbHUX YMOB AOCNIAXKYBAHOIO NpoLecy: vac
nonepeaHbOro CywiHHa rapsuum nogitTpam 20 xB, TeMnepaTypa cMaxeHHs 80-90 °C, yac cmaxeHHs 10 xB, cTyniHb
BakyyMy cmaxeHHs 0,08-0,09 MTla

Kniouosi cnoBa: rMuea, FIKiCTb; O,EI,HOCbaKTOle/IVI TeCT, OpTOFOHaJ’IbHVIVI TeCT, CEHCOPHa OLI,iHKa; 6J'IaHLI.IYBaHHFI; onisi
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