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Abstract. The study is devoted to the assessment of the effect of heat
treatment regimes of shiitake mushrooms (Lentinula edodes) on the antioxidant
activity of functional pastes with improved organoleptic characteristics.. Low-
temperature sous-vide technology (t=50-90 °C, t=10-60 min) and high-
temperature autoclaving technology (t=125 °C, =45 min) were used for heat
treatment. Antioxidant activity was determined by redoxometry and pH-metry
methods with the calculation of reducing capacity hydroalcoholic infusions
(REinf) and plant materials (REplant). The results demonstrated that an increase
in temperature during the heat treatment of shiitake mushrooms promotes the
activation of individual redox components, confirming an increase in the redox
potential of Ehact (from 7.0 mV in control to 15.50 mV in autoclaving),
however, an increase in temperature leads to the degradation of thermolabile
bioactive compounds, reducing the overall redox efficiency. The highest
antioxidant activity (REinf=186.98 mV, REplant=141.34 mV) was recorded
during sous-vide processing at 50 °C for 60 minutes, which ensured stable pH
(7.31) and preservation of taste properties. Autoclaving lowered the pH to 7.18,
causing intense Maillard reactions and degradation of antioxidants. Sensory
assessment on a 5-point scale (appearance, color, texture, taste, aftertaste, smell)
confirmed the superiority of low-temperature modes: sous-vide samples had a
light beige color, plastic consistency, pronounced mushroom flavor, and umami
and nutty descriptors (4-5 points), while autoclaved samples were characterized
by darkening, liver flavor, and less plasticity (3—4 points). It has been established
that low-temperature heat treatment of shiitake mushroom pastes contributes to
the preservation of an authentic sensory profile and an increase in antioxidant
activity, which justifies the use of shiitake mushrooms to create innovative
functional products in the restaurant industry and specialized diets.

Keywords: shiitake mushrooms, Lentinula edodes, functional products,
paste, sous-vide, autoclaving, quality, sensory properties, antioxidant activity,
redox indicators, innovative restaurant technologies.

Introduction. Formulation of the problem

Today, the restaurant industry needs constant
dynamic development both in terms of expanding the
range and in the aspect of increasing the nutritional and
functional value of finished products [1]. Nutrition is
one of the basic physiological needs of a person, so food
products must meet the individual needs of the body in
nutrients. Among the promising areas of innovative
development of food technologies, special attention is
paid today to the use of biologically active components
of natural origin, which can not only enrich the diet with
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valuable nutrients, but also have a positive effect on the
functional state of the body [2].

An important aspect of the introduction of plant
and mushroom raw materials into the recipes of new
dishes is also the rational use of substandard batches that
are not suitable for sale in fresh form, but retain all
valuable properties. Such raw materials can be
effectively used to create pastes, sauces, dressings,
fermented drinks, etc. — products with high taste and
functional characteristics that meet modern consumer
needs [3, 4].
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Shiitake mushrooms (Lentinula edodes) occupy a
special place among the most promising ingredients in
this area. They are among the most common and
valuable cultivated mushrooms in the world due to their
high content of vitamins, minerals, polysaccharides,
antioxidants and bioactive substances. The combination
of nutritional value, therapeutic, prophylactic and
sensory properties makes them a universal raw material
for the development of functional products of a new
generation.

Thus, the relevance of the study lies in the
scientific substantiation of the feasibility of using
shiitake mushrooms in the composition of food products
with increased biological activity, as well as in the study
of the influence of technological parameters of their
processing on quality, organoleptic characteristics,
antioxidant activity and stability during storage.

Analysis of recent research and publications

Tree-destroying shiitake mushrooms (Lentinula
edodes) is one of the most cultivated and consumed
types of mushrooms in the world. Due to their unique
chemical composition, shiitake mushrooms can be a
valuable source of proteins, minerals (potassium,
magnesium, manganese, iron, phosphorus), vitamins (in
particular group B and provitamin D), polysaccharides,
phenolic compounds, dietary fiber, antioxidants [1] and
ergosterol. Due to this composition, shiitake mushrooms
are characterized by therapeutic and prophylactic
potential manifested in antimicrobial, antiviral,
antitumor, hepatoprotective and antidiabetic action [5].

Shiitake mushrooms are traditionally used in
oriental medicine to prevent and treat a number of
chronic diseases, improve the functioning of the
immune system, adapt to stress and recover from
physical exertion. As previous studies have shown [2,
6], the use of hydroalcoholic infusion from shiitake
helps to increase the antioxidant activity and biological
value of foods.

Industrially grown shiitake mushrooms are a
promising raw material not only for the general diet, but
also for specialized nutrition, in particular as part of
vegetarian or vegan menus, as well as rations for military
personnel [7]. As a source of protein, they can supplement
or partially replace traditional protein products, while
significantly outnumbering them in terms of the content
of bioactive compounds. On the basis of mushrooms with
therapeutic and prophylactic properties, functional food
products can be created [3, 4, 8-10].

In the context of the development of sous-vide
technologies, which involve different combinations of
temperature (55-65 °C) [11], (60-80 °C) [12] and time
(6—24 h) [12], there is a need to optimize the parameters
of heat treatment specifically for mushroom pastes.
Existing studies mainly focus on vegetable, meat dishes
and hydrobionts [11-14], leaving out the specifics of
mushroom products.

Heat treatment is a key step in mushroom paste
technology, as it simultaneously affects the safety,
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microbiological stability and organoleptic properties of
the finished product. High temperatures (>100 °C)
enhance the intensity of aroma and color due to Maillard
reactions, but at the same time destroy some bioactive
compounds, including antioxidants, and lead to dryness
and the appearance of bitter or «livery» tones. Low
temperatures (<60 °C) better preserve the natural taste
of mushrooms and biologically active substances, but do
not always provide sufficient expression of the flavor
profile and can affect the texture.

Thus, it is the optimization of temperature regimes
that is critically important to achieve a double goal: the
preservation of bioactive components and antioxidant
capacity, on the one hand, and the formation of
attractive organoleptic characteristics, on the other.
Despite the availability of separate works covering the
effect of heat treatment on vegetable and meat products,
there are no systematic studies in the modern scientific
literature on shiitake-based mushroom pastes. This
creates a scientific and practical gap, since the lack of
optimized technological solutions makes it difficult to
produce competitive products with pronounced
functional properties. Therefore, the study of the
influence of heat treatment regimes on the sensory and
antioxidant characteristics of mushroom pastes is
becoming relevant both for the development of
innovative technologies in the restaurant industry and
for expanding the range of healthy food products.

The purpose of the study is to evaluate the effect
of heat treatment regimens of shiitake mushrooms
(Lentinula edodes) on the antioxidant activity of
functional pastes with improved organoleptic
characteristics.

Research objectives:

1. To determine the antioxidant activity of pastes
based on shiitake mushrooms after applying various
heat treatment regimens;

2. To analyze the influence of temperature,
duration and method of heat treatment on organoleptic
indicators,  functional  properties and quality
characteristics of mushroom pastes;

3. To conduct a sensory analysis of pastes using a
point scale and to assess the intensity of descriptors that
form the flavor profile.

Research materials and methods

For the formation of mushroom paste, the
following were used as raw materials: shiitake
mushrooms (Lentinula edodes), artificially enriched
with trace elements (Cr, Se); carrots; onions; vegetable
oil; water; starch; sugar; salt; nuts. A parameter-
technological block diagram of the preparation of
mushroom paste using sous-vide technology and
autoclaving is presented in Fig. 1.

The antioxidant ability of hydroalcoholic infusions
of shiitake mushrooms (Lentinus edodes) was
determined by the methods of redoxometry and pH-
metry with a volume fraction of ethyl alcohol of 40%.
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Fig. 1. Parameter-technological block diagram for the preparation of mushroom paste: a — sous-vide
technology at t=50-90 °C, =10-60 minutes; b — autoclaving technology at t=125 °C, =45 min.

The theoretical redox potential

calculated according to equation [15]:
Ehmin=502—42-pH, mV.

The actual redox potential (Ehae) was measured on
a platinum electrode.

The infusion recovery energy (REin) was
calculated as the difference between the theoretical
(Ehmin) and actual (Ehae) potential [15, 16]:

REinf:Ehmin—Ehact, mV.

The recovery energy of plant raw materials
(REpiant) was determined taking into account the control
hydroalcoholic solvent (REsq) [15]:

REplant=REi+REso, mV.

Organoleptic  indicators  (appearance, color,
consistency, taste, aftertaste, smell) were evaluated by
the sensory method on a 5-point scale.

(Ehmin) was

Results of the research and their discussion

Antioxidant capacity. The value of the
antioxidant capacity of the hydroalcoholic infusion of
shiitake (Lentinus edodes) was: active acidity (pH) —
7.38 pH; redox potential (Eha) — 7.0 mV; infusion
recovery energy (REix) — 185.04 mV; minimum
theoretical value of redox potential (Ehmin) — 192.04
mV; reduction energy of plant raw materials (REpiant) —
139.40 mV [2] (Fig. 2). RE valuesq (solvent reduction
energy) is 45.64 mV. Hydroalcoholic infusion of
shiitake is characterized by the following organoleptic
indicators: color and transparency — beige, transparent;
aroma - mushroom, rich, sweet, honey, alcoholic; taste

XapuoBa Hayka i Texrosiorist / Food science and technology

- earthy, mushroom, moss, medicinal, alcoholic. The
prospects for using shiitake infusion in the development
of new recipes for sauces and drinks in restaurant
technology. This approach can be widely used in the
industry and contribute to the development of
innovative products, in accordance with modern trends
and requests of the food industry.

In the course of the study, the effect of temperature
and time regimes of heat treatment (from 50 °C to 125
°C, duration 10-60 minutes) on changes in redox
potential (Eh), redox efficiency (reduction energy) (RE)
and pH level of hydroalcoholic infusions of shiitake
mushrooms was analyzed.

pH level. The control sample that was not subjected
to heat treatment had the highest pH (7.38), which
corresponds to a slightly alkaline environment. With an
increase in temperature and processing time, a natural
decrease in pH to a minimum value of 7.18 is observed
at t=125 °C, =45 min. This decrease may be due to the
formation of organic acids or Maillard reaction
products, which cause the «acidification» of the
medium. The dynamics of pH indicates that intensive
heat treatment leads to changes in the chemical
composition of the infusion, which is important in the
formation of its biological activity and taste properties.

Indicators of redox potential (Ehmin, Ehact). The

minimum value of Eh (Ehmin) was recorded in the
control sample (192.04 mV), and the maximum value
was recorded after treatment at t=125 °C, =45 min.
(200.44 mV).
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Fig. 2. Assessment of the antioxidant activity of the hydroalcoholic infusion of shiitake mushrooms
according to redox efficacy indicators: a — active acidity (pH); b — the minimum theoretical value of the redox
potential (Ehmin); ¢ — the redox potential (Ehact); d — infusion recovery energy (REinf); e — the energy of plant
regeneration (REpiant); under the following conditions: 1 — hydroalcoholic infusion of shiitake (control); 2 —
hydroalcoholic infusion of shiitake (=50 °C; t=10 min.); 3 - hydroalcoholic infusion of shiitake (t=50 °C;
1=60 min.); 4 - hydroalcoholic infusion of shiitake (t=90 °C; T=10 min.); 5 — hydroalcoholic infusion of shiitake
(t=90 °C; =60 min.); 6 — hydroalcoholic infusion of shiitake (t=125 °C; 1=45 min.)

This indicates a decrease in the reduction potential
of samples after heat treatment, i.e. the medium
becomes less capable of reduction (less antioxidant)
under standard conditions.

At the same time, the actual redox potential
(Ehact), which is an integral indicator of the total redox
activity of the infusion, increases almost 2.2 times —
from 7.00 mV (control) to 15.50 mV (=125 °C, =45
min.). This increase indicates an increase in the activity
of antioxidant compounds that are activated or formed
by thermal reactions.

Redox efficiency (REinf, REplant). The REisindex,
demonstrating the internal efficiency of the redox
system in hydroalcoholic infusions, varied from 184.94
to 186.98 mV. The highest value was recorded at t=50
°C; =60 min., which allows us to conclude that the
antioxidant potential is preserved and even potentially
enhanced under mild processing conditions. This
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indicates the feasibility of using low-temperature
technologies to preserve the natural bioactivity of fungi.

The REpint, Which can be interpreted as the total
biological value of fungi in relation to solvent
(REs0i=45.64 mV) (in terms of electrochemical activity),
remained relatively stable in all samples (139.30—
141.34 mV). The lowest value was recorded at t=125
°C; =45 min., indicating potential losses of some
thermolabile components, despite the high activity of
Ehact.

The results obtained indicate a complex effect of
heat treatment on the antioxidant activity of shiitake
mushroom infusions. An increase in temperature
activates certain redox components, which is
demonstrated by an increase in Eh,, but can reduce the
overall redox efficacy and lead to the degradation of
some bioactive substances. The optimal mode, which
ensures balanced antioxidant activity and preservation
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of bioactive compounds, is heat treatment at t=50 °C;
=60 min. provided maximum redox efficiency
(REins=186.98 mV) at a relatively stable pH and
moderate redox potential.

2. Organoleptic indicators.  Organoleptic
parameters of mushroom pate were studied by the

sensory method with specified modes - processing
temperature (t, °C), processing time (t, min.): t=50 °C;
=10 min. (Table 1); t=50°C; 1=60 vf. (Table 2);
t=90 °C; =10 min. (Table 3); t=90 °C; =60 min. (Table
4); t=125°C; 1=45 min. (Table 5) by indicators:
appearance, color, consistency, taste, aftertaste, smell.

Table 1 — Results of tasting evaluation of mushroom pastes at heat treating t=50 °C,
processing time =10 min

Indicator name

Characteristic

Appearance

Homogeneous paste mass with the inclusion of recipe ingredients

Color

Light beige, heterogeneous, with inclusions of prescription ingredients

Consistency
mushrooms and nuts

Homogeneous, moderately dense, ointment-like, heterogeneous, plastic, with inclusions of pieces of

Taste Pleasant, sweetish, nutty, delicate, harmonious, balanced, umami taste is felt
Aftertaste Mushroom
Smell Pleasant, not pronounced, with a subtle nutty tint

Table 2

— Results of tasting evaluation of mushroom pastes at heat treating t=50 °C,
processing time =60 min

Indicator name

Characteristic

Appearance

Homogeneous paste mass with the inclusion of recipe ingredients

Color

Beige, heterogeneous, with inclusions of recipe ingredients

Consistency

Homogeneous, moderately dense, ointment-like, heterogeneous, plastic, with inclusions of pieces of
mushrooms and nuts

Taste Pleasant, sweetish, nutty, fresh, harmonious, balanced, the taste of mushrooms is felt
Aftertaste Pronounced mushroom
Smell Pleasant, pronounced, with a subtle nutty shade

Table 3

— Results of tasting evaluation of mushroom pastes at heat treating t=90 °C,
processing time =10 min

Indicator name

Characteristic

Appearance

Homogeneous pate mass with the inclusion of recipe ingredients

Color

Rich beige, heterogeneous, with inclusions of recipe ingredients

Consistency

Homogeneous, moderately dense, ointment-like, heterogeneous, plastic, with inclusions of pieces of
mushrooms and nuts

Taste Pleasant, sweetish, harmonious, balanced, pronounced mushroom and umami flavor
Aftertaste Pronounced mushroom
Smell Pleasant, pronounced, nutty

Table 4

— Results of tasting assessment of mushroom pastes at heat treating t=90 °C,

processing time =60 min

Indicator name

Characteristic

Appearance

Homogeneous pate mass with the inclusion of recipe ingredients

Color

Intense beige, heterogeneous, with inclusions of recipe ingredients

Consistency

Homogeneous, dense, ointment-like, heterogeneous, plastic, with inclusions of pieces of mushrooms
and nuts

Taste Pleasant, balanced, rich, pronounced mushroom, nutty, oily content is felt
Aftertaste Sun-dried tomatoes
Smell Pleasant, pronounced, nutty, notes of sun-dried tomatoes

Table 5 — Results of tasting evaluation of mushroom pastes at heat treating t=125 °C,

processing time =45 min

Indicator name

Characteristic

Appearance

Homogeneous pate mass with the inclusion of prescription ingredients (characteristic of liver pate)

Color

Rich brown, not typical for this type of raw material (characteristic of liver pate), heterogeneous, with
inclusions of prescription ingredients

Consistency

Homogeneous, dense, ointment-like, heterogeneous, less plastic, similar in liver pate

Taste Pleasant, rich, meat (liver, beef), fat content is felt
Aftertaste Pronounced sun-dried tomatoes and liver pate
Smell Pleasant, pronounced, nutty, sun-dried tomatoes
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Appearance and color. Low heat treatment
temperature (t=50 °C) does not cause significant
darkening of the mushroom paste (Fig. 3, a, b). In this
mode, the finished product has a light beige color, close
to the color of raw mushroom mass, which changes
towards a more saturated beige depending on the
duration of heating. The appearance remains uniform,
while maintaining the typical texture of mushroom raw
materials, which indicates minimal changes in
polyphenolic compounds and protein structures under
the influence of moderate heating.

An increase in temperature to t=90 °C leads to the
activation of Maillard reactions. As a result, the paste
mass acquires from a rich beige to an intense beige
shade (Fig. 3, c, d). With an increase in the heat
treatment time (from =10 min to T=60 min), there is a
further darkening of the color, which is a consequence
of the increasing formation of melanoidins — the end
products of Maillard reactions [17], responsible for the
color change and the formation of the characteristic
aroma of the product.

At t=125 °C, shiitake mushroom paste acquires a
rich brown color (Fig. 3, e). Such an intense tone is not
typical for mushroom raw materials, but is more
consistent with the color of liver pates, which may
indicate deep thermal changes in the protein-
carbohydrate matrix. This effect is explained by the
intensive course of melanoid formation - the reaction of
the interaction of amino acids with reducing sugars
under the influence of high temperature, accompanied
by the synthesis of melanoidins and volatile aromatic
compounds. As a result, there is a significant change in
the color of the product: from a light and natural shade
for mushroom raw materials to a darker and denser one,
which can affect both consumer perception and
nutritional value of the product.

Therefore, the temperature and duration of heat
treatment significantly affect the color change, and low-

temperature cooking allows you to preserve as much as
possible the typical appearance of mushroom raw
materials, which is consistent with the results [18, 19]:
with an increase in processing temperature, a significant
darkening of mushroom raw materials occurs, while at
lower temperatures, a lighter color characteristic of
fresh mushrooms is preserved. A temperature of 60 °C
allows you to maintain a higher concentration of umami
flavors and aromatic compounds compared to higher
temperatures [18]. This indicates that low-temperature
cooking allows you to preserve the typical appearance
of mushroom raw materials as much as possible.

Consistency. At a low temperature of heat
treatment (t=50 °C), even with an extension of the
heating time from t=10 min. to 1=60 min., the
consistency of mushroom pate remains stable. The
structure of the product is quite homogeneous,
moderately dense, flesh-like in sensations, plastic, with
characteristic heterogeneity due to the presence of
pieces of shiitake mushrooms and nuts in the mass. This
texture contributes to a pleasant perception of the
product and preserves the authenticity of raw materials.

Increasing the heat treatment temperature to t=90
°C moderately thickens the texture of the pate. At the
same time, a balance is maintained between tenderness
and density of the structure, which has a positive effect
on the sensory perception of the product.

The maximum processing temperature (t=125 °C)
leads to significant changes in the consistency of the
pate. The product becomes less plastic, resembling a
traditional liver pate in structure. These changes are due
to more intense moisture loss during high-temperature
autoclaving (sterilization at t=125 °C for =45 min.).
Significant dehydration causes dryness and a decrease
in the juiciness of the product, which can negatively
affect its consumer characteristics.

Fig. 3. Appearance of samples of mushroom pastes under the following conditions: a — t=50 °C; 7=10
min.; b — t=50 °C; =60 min.; ¢ — t=90 °C; 7=10 min.; d — t=90 °C; 7=60 min.; e — t=125 °C; 1=45 vff
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Therefore, the use of "gentle" heat treatment
modes, such as sous-vide technology at t=50-90 °C,
allows you to retain more moisture in the product,
providing high juiciness, tenderness and plasticity of the
pate mass. The use of such modes helps to increase the
organoleptic parameters of the final product and
preserve the natural properties of the raw materials.
These data are consistent with studies [20]: that cooking
mushrooms using sous-vide technology at temperatures
of 70-90 °C allows more moisture and bioactive
compounds such as B-glucans [1, 10] and polyphenols
to be retained compared to traditional processing
methods. This confirms that low-temperature treatment
[21] helps to retain moisture and improve the textural
properties of the mushroom mass [22].

Taste and aftertaste. At a processing temperature
of t=50 °C and a short heating time (=10 minutes), the
taste of the pate is characterized as pleasant, sweetish,
nutty, delicate, harmonious and balanced, with a
noticeable umami effect [22]. At the same time, the
aftertaste remains mushroom, delicate and unobtrusive.

Extension of processing time to =60 min. at the
same temperature (t=50 °C) leads to an increase in
freshness and mushroom shade of taste: the nutty and
sweetish taste is preserved, but a clearer sense of
mushroom note appears. The aftertaste becomes
pronounced mushroom, which indicates a deepening of
the aroma due to longer exposure to temperature.

When the temperature rises to t=90 °C and a short
processing time (1=10 minutes), the taste of the paste
becomes more pronounced mushroom, sweet and
balanced, with a clearer expression of umami. The
aftertaste remains pronounced mushroom, but acquires
greater depth compared to products processed at 50 °C.

Increasing the duration of heat treatment to =60
minutes. at t=90 °C, it significantly changes the flavor
palette. The paste has a rich, pronounced mushroom and
nutty taste, with a slight feeling of oiliness, which gives
the impression of greater juiciness and fullness. The
aftertaste turns into a note of sun-dried tomatoes, which
indicates the development of secondary aromatic
components due to prolonged heating.

Finally, at a temperature of t=125 °C (t=45
minutes), the most significant changes in taste and
aftertaste occur. The taste of the paste becomes rich,
meaty, with liver and beef nuances, which is no longer
typical for mushroom raw materials. High fat content is
felt. This is consistent with the results [23]: an increase
in the processing temperature of the mushroom
hydrolyzate to 125 °C leads to significant changes in the
flavor profile of the product. In particular, the formation
of a meaty taste and aftertaste is observed, which is due
to the intensive development of Maillard reactions and
the formation of melanoidins [17, 23]. These reactions
promote the emergence of new aromatic compounds
such as 2-thiophenecarbaldehyde, 2,5-
thiophendicarbaldehyde, and 3-methylbutanal, which
are associated with meat flavor [23]. In addition, the
increased temperature contributes to the formation of
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compounds with caramel and liver hues, which changes
the typical mushroom flavor profile of the product [23].
These changes may be undesirable if the goal is to
preserve the authentic flavor of the mushroom raw
material.

The first conclusions can be drawn: low
temperature (=50 °C) retains a delicate, fresh
mushroom taste; moderate temperature (t=90 °C) helps
to reveal a rich mushroom and nutty taste while
maintaining juiciness; high temperature (t=125 °C)
changes the flavor profile of the product towards meat
and liver notes, which is atypical for mushroom pate.

Smell (aroma). At a low processing temperature
(t=50 °C), the smell of patés remains pleasant, delicate,
slightly pronounced, with a subtle nutty tint, which
indicates minimal aromatic changes in the raw
materials. Extending the processing time (up to =60
minutes) enhances the aroma: it becomes brighter,
mushroom, but at the same time retains a nutty tone.
When the temperature rises to t=90 °C, the smell of the
paste becomes rich, pronounced with nutty notes and the
appearance of a characteristic mushroom aroma, which
is enhanced by longer processing. Under conditions of
high temperature (t=125 °C), the smell changes: it
becomes deep, saturated, with bright notes of sun-dried
tomatoes and liver pate, which indicates intense
reactions of the aromatic profile inherent in products of
deep heat treatment.

Thus, the higher the temperature and the longer the
processing, the more pronounced, complex and intense
the aroma of mushroom pastes becomes: from delicate,
nutty-mushroom at t=50 °C to deep, liver-tomato profile
at t=125 °C, this is confirmed by the deep
transformation of aromatic compounds and the effect of
Maillard reactions and caramelization on odor
formation. These reactions promote the emergence of
new  aromatic ~ compounds  such as  2-
thiophenecarbaldehyde,  2,5-thiophendicarbaldehyde,
and 3-methylbutanal, which are associated with meat
flavor [23].

3. Sensory profile. The sensory profile of
mushroom paste was examined using the sensory
method according to 13 descriptors (pleasant; sweetish;
harmonious; balanced; delicate; characteristic of
ingredients; nutty; umami; mushroom; liver; beef; sun-
dried tomatoes; fatty) with specified modes - processing
temperature (t, °C), processing duration (1, vp.): t=50
°C; =10 min. (Fig. 4, a); t=50 °C; =60 min. (Fig. 4, b);
t=90 °C; =10 min. (Fig. 4, c¢); t=90 °C; 1=60 min. (Fig.
4, d); t=125 °C; t=45 min. (Fig. 4, e), according to a 5-
point rating scale, by intensity: 1 — not felt; 2 - barely
felt; 3 — moderately felt; 4 - felt; 5 - intensely felt.

The assessment of shiitake mushroom pastes
showed that the descriptor of taste «pleasantness»
remains consistently high (score of 5 points) in all heat
treatment modes — both at low temperatures (t=50°;
=10-60 minutes) and at intensive modes (t=90-125°C).
This indicates a good basic taste appeal of the product,
regardless of the method of preparation.
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Fig. 4. Sensory profile of mushroom pastes under the following conditions: a — t=50 °C; =10 min.; b —
t=50 °C; =60 min.; ¢ — t=90 °C; t=10 min.; d — t=90 °C; =60 min.; e — t=125 °C; t=45 min.; 1 — pleasant; 2
— sweetish; 3 — harmonious; 4 — balanced; 5 — tender; 6 — characteristic of ingredients; 7 — nutty; 8 — umami;
9 — mushroom; 10 — liver; 11 — beef; 12 — sun-dried tomatoes; 13 — fatty

At the same time, the «sweetish» descriptor
undergoes significant changes: if at a temperature of
t=50°C it remains at the level of 4 points, then when the
temperature rises to t=90°C or more, its intensity
sharply decreases to the minimum values (1 point). This
is due to the thermal degradation of natural sugars of
mushroom raw materials.

The descriptors «harmonious» and «balanced»
remain consistently high regardless of the heat treatment
mode (all scores are 5 points), which indicates the
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stability of the overall composition of the product's taste
even with an increase in temperature.

The descriptor «tenderness» of taste is much better
revealed during delicate processing (t=50°C) - a score
of 5 points. When the temperature rises to t=90°C or
more, tenderness decreases (up to 3 points), which
indicates structural changes in the protein part of the
mushrooms and general coagulation of the texture.

The descriptor «inherent in the ingredients» aroma
is most pronounced at t=50°C (especially at t=60 min.
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processing) - a score of 5 points. At high temperatures,
the intensity of this descriptor decreases to 2 points,
which is due to the thermal destruction of volatile
aromatic compounds.

The «nutty» flavor descriptor remains at a high level
in all processing modes, but peaks at t=50°C in 1=60
minutes. and at t=90°C for t=10 min. (scores 5 points).
A slightly weaker «nutty» tone appears at t=125°C.

The «umami» descriptor remains intense at all
stages of processing (4-5 points). A slight decrease in
score is observed after prolonged heating at t=90°C and
above, indicating a partial loss of some flavor enhancers
naturally present in mushrooms.

The «mushroom» descriptor, on the contrary, is
strengthened after processing at t=90°C: from 3 points
at t=50°C to 5 points at t=90°C for t=10-60 minutes.
This may be due to the formation of new aromatic
compounds during the thermal decomposition of
proteins.

The appearance of «liver», «beef» descriptors and
shades of «sun-dried tomatoesy is observed only at high
temperatures (t=90-125°C). Thus, the «liver» descriptor
rises from 1 point at t=50°C to 5 points at t=125°C.
«Beef» aroma similarly manifests itself only during
intensive heat treatment, which indicates the
development of Maillard reactions and caramelization
of amino acids and sugars.

The descriptor «fat content» also increases after
treatment at t=90-125°C (up to 3 points), which may be
due to the release of intracellular lipids of fungal tissue.

Thus, to preserve tenderness, sweetness and
inherent aroma, it is advisable to use delicate heat
treatment regimes (t=50°C). To obtain pastes with a rich
mushroom, liver, beef flavor and pronounced fat
content, it is advisable to use higher temperatures (t=90-
125°C). The sensory profile of taste and aroma can vary
depending on the technological process, which allows
you to flexibly shape the consumer properties of the
product.

Organoleptic  studies have shown that the
temperature, duration and method of heat treatment
significantly affect the consumer properties of
mushroom paste. The use of sous-vide technology at
low temperatures (50-90 °C) helps to preserve the
traditional appearance and flavor profile of the product
- natural light or rich beige color, uniform plastic
consistency interspersed with ingredients, pronounced
mushroom taste with umami notes and a pleasant nutty
aroma. An increase in temperature to 90 °C (for a
duration of 10-60 minutes) provides the most balanced
sensory profile, enhancing color, aroma and taste
expressiveness without loss of authenticity. On the other
hand, autoclaving at a temperature of 125 °C causes
darkening of the color to a brown tint unusual for
mushroom paste, thickening of the texture and the
appearance of a meat (liver) taste and aftertaste, which
reduces the identification of the product as mushroom.
Thus, gentle sous-vide heat treatment regimes are more
appropriate for the production of mushroom paste with
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high sensory performance and maintaining its culinary
appeal. This is consistent with the results of other
researchers [18-21, 23-27], which confirms the negative
effect of high-temperature treatment of mushrooms on
organoleptic properties (color, texture, and taste) [23,
25, 27] and affects the nutritional value and antioxidant
properties of mushrooms [24, 26].

4. Recommendations on the prospect of using
shiitake mushrooms in innovative restaurant
technologies. Taking into account the biochemical
composition of shiitake mushrooms, as well as the
ability to preserve antioxidant activity under mild
thermal conditions (50-90 °C), it is advisable to
recommend their use on the market [28] — in modern
restaurant technologies as an ingredient in functional
dishes. The following areas of development are
promising: mushroom, vegetable and mushroom [29],
meat pastes with the addition of mushrooms [30]; sauces
[2-4]; cream soups; cheesecakes [8]; snacks [31];
fermented drinks [9], etc., which can be combined with
fermented components [32, 33] to enhance biological
action [34, 35, 36]. Due to the rich flavor profile,
shiitake is able to replace meat components in recipes
[30] for vegetarian and vegan concepts [29]. In the
restaurant business, shiitake mushrooms can serve not
only as a source of unique umami taste, but also as a
platform for creating healthy dishes with targeted
properties [37] — antioxidant, immunostimulating and
adaptogenic effects.

The results obtained confirm the feasibility of using
shiitake mushrooms as an ingredient with high
functional potential in restaurant technology. The
proposed parameter-technological solutions can be used
to develop technological maps of new functional dishes
in the field of HoReCa.

Approbation of research results.

The results of the study were tested in the
production conditions of kESMASH-3» LLC (Ukraine),
specializing in the cultivation of vegetables and
mushrooms, within the framework of an agreement on
scientific and technical consulting with the National
University of Food Technologies (2021-2026). The
introduction of the technology of Asian mushroom
pastes was confirmed by the act of completion (2024),
which testified to the social and economic effect, in
particular, improving the quality of products and
optimizing technological processes.

Conclusion

1. Studies have shown that heat treatment of
shiitake mushrooms significantly affects the redox
parameters of water-alcohol infusions. The highest
antioxidant capacity was recorded at a temperature of 50
°C for 60 minutes, where the redox efficiency (REinf)
was 186.98 mV at Eh,t=8.0 mV and pH=7.31. Higher
temperatures activate individual redox components, but
cause degradation of sensitive bioactive substances.

2. The most favorable for preserving the natural
appearance, taste and aroma of mushroom paste turned
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out to be sous-vide modes at 50-90 °C (10-60 minutes).
They provided a traditional light beige color, a plastic
consistency and a rich mushroom aroma. In contrast,
autoclaving at 125 °C caused color darkening, structural
compaction, unwanted meat notes, and reduced product
authenticity.

3. On a 5-point scale, samples processed sous-vide
at 90 °C received the highest overall rating,
characterized by a harmonious flavor profile with
pronounced umami descriptors and nutty notes.
Samples after autoclaving received lower ratings due to
changes in color, texture and flavor characteristics.
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AHotauisi. J{ociDkeHHS MPUCBSIYEHO OIHIN BIUIMBY PEXHMIB TepMiuHOTO 00poOneHHs rpubiB mmitake (Lentinula
edodes) Ha aHTHOKCH/IAaHTHY aKTUBHICTh (PYHKIIOHAJIBHHUX MAIITETIB i3 TOKPAIICHUMH OPTraHOJIENTHYHUMH XapaKTePUCTHKAMH.
Inst Tepmiynoi OOpOOKM 3aCTOCOBAHO HHU3BKOTEMIIEpATypHY TexHousorito sous-vide (t=50-90 °C, 1=10-60 xB.) Ta
BHCOKOTEMIIepaTypHyY TEXHOJIOTII0 aBTokIaByBaHHs (t=125 °C, =45 XB.). AHTHOKCHJIAHTHY aKTHBHICTh BU3HAYAIN METOIaMU
penokcometpii Ta pH-meTpii 3 po3paxyHKOM BiJHOBIIOBAJIBHOT 3JaTHOCTI BOAHO-CIIHUPTOBUX HAcTOiB (REinf) Ta pocauHHOT
cupoBuHU (REpiant). Pe3ynbraTu mpoeMoHCTpyBaiy, IO MMiABUIIEHHS TEMIIEpaTypH y MpoLeci TepMiYHOTo 00po6IieHHs rpubiB
[IAiTaKe CIpHsIE€ aKTUBAIii OKPEMUX PETOKC-KOMIIOHEHTIB, MiATBEPIKYIOUH 3pOCTaHHS OKUCHO-BITHOBHOTO moTeHmiany Ehact
(3 7,0 MB y xontponm no 15,50 mMB mpu aBTOKIaByBaHHI), OJHAK 30UIBIICHHA TEMIIEpaTypd MPUBOIUTH A0 AeTpajarii
TepMOoJIabiTbHUX Oi0aKTHBHUX CIIONYK, 3HIDKYIOUH 3arajibHy peloKc-eeKTHBHICTh. HaliBUIly aHTHOKCHAAHTHY aKTHBHICTB
(REin=186,98 MB, REpan=141,34 MB) 3adikcoBano npu o6pobui sous-vide 3a pexumom 50 °C mporsirom 60 XB., 10
3abe3neuyBano crabinpHi nmokasHuku pH (7,31) ta 36epexeHHs CMaKOBUX BIACTHBOCTEH. ABTOKJIaByBaHHs 3HIKYBajo pH 1o
7,18, cipuunHAIOYM IHTEHCUBHI peakuii Maiispa Ta aerpagaiiro antrHokcuaantiB. CeHCOpHa OIiHKA 3a 5-0aloBOIO HIKAIO0
(30BHILIHII BUIIISLA, KOJIP, KOHCHCTEHIIiS, CMaK, MIC/sICMaK, 3arax) miaTBepauia MepeBary HU3bKOTEMIIEPATypHUX PEKHMIB:
3pa3ku sous-vide Manu CBITJIO-0eKeBHIl KOJIIp, MIACTUYHY KOHCHUCTEHIIII0, BUPOKCHHUI TPUOHHIA CMaK 1 JECKPUNTOPH KyMaMi»
Ta «TOpiXOoBHil» (4—5 OanmiB), TOAI SK aBTOKIABOBaHI 3pa3KH XapaKTEPH3YBAIUCS MOTEMHIHHSAM, MEYIHKOBUM MPUCMAKOM i
MEHIIOK IuacTH4HicTIO (3—4 Oamu). BecTaHOBIEHO, MO HU3BKOTEMIIEpATYpHA TEPMOOOpPOOKA MAIITETiB 3 rpuOiB MIMiTaKe
crpusie 30epeKeHHI0O aBTEHTHYHOTO CEHCOPHOTO MpOo(diTio Ta MiABUIEHHIO aHTHOKCHIAHTHOI aKTHBHOCTI, IO OOTPYHTOBYE
BUKOPUCTAHHA TPHOIB MIMiTaKe JJIsI CTBOPEHHS iHHOBAaNiHHUX (DYHKIIOHAIBFHHUX MPOAYKTIB Y PECTOPAHHOMY TOCIIOapCTBi Ta
CreniaTi3oBaHuX palioHaX XapyyBaHHS.

KurouoBi cioBa: rpubu mmwmitake, Lentinula edodes, dyHKIioHanbHi MPOXYKTH, MalITET, sous-vide, aBTOK/IaByBaHHS,
SIKiCTh, CEHCOPHI BJIaCTHBOCTI, aHTHOKCHIAHTHA AKTHBHICTh, PEAOKC-TIOKA3HUKH, iIHHOBAIIIiiHI PEeCTOPaHHI TEXHOJIOTII.
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