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Abstract. Various branches of the food and medical industries widely
use mushrooms, that is why their aromatic characteristics are quite important.
This paper presents a comparative analysis of the aromatic and fatty acid
composition of the mycelium of the edible oyster mushroom (Pleurotus
ostreatus (Jacq.) P. Kumm., strain K-17) cultured on a glucose-peptone-yeast
growth medium with wheat bran added. The quantitative and qualitative
composition of the aromas has shown that wheat bran components affect the
aroma-forming reactions during the growth of the mycelium of P. ostreatus.
It has been established that the introduction of wheat bran increases the
content of 1-octen-3-ol, the main fungal aromatic component. In the culture
liquid, 1-octen-3-ol increases by 1.4 times, as compared with classic samples
cultured on a growth medium without wheat bran. Also, in the mycelium
cultured on a wheat bran-containing growth medium, the total quantity of
identified aromatic components increases by 1.7 times. In this mycelium, the
two main components of the mushroom‘s aroma are formed: 1-octen-3-ol and
hexanal. In other samples, these important components are absent. The results
of this study confirm that the formation of the two main fungal aromatic
components, 1-octen-3-ol and hexanal, involves polyunsaturated fatty acids,
namely linoleic acid. Its content decreased in parallel with the accumulation
of aromatic components throughout culturing in the wheat bran-containing
medium. The data obtained allow establishing how initiation of enzymatic
oxidative reactions changes the aroma of P. ostreatus during surface culturing
on a liquid medium. The research results reveal the regular patterns in the
formation of aromatic components of macromycetes from lipid precursors.
Addition of wheat bran to a growth medium unbalances the total content of
aromatic components towards their accumulation in the mycelium. Since
fruiting bodies and vegetative mycelium are similar in their biochemical
composition, the results of studying the mycelium cultured on a liquid
medium allow predicting how aromatic components will be formed in the
fruiting bodies of oyster mushrooms.
Key words: mycelium, culture liquid, aromatic components, wheat bran,
peroxidase, enzymatic reactions.
WB – wheat bran, CL – culture liquid, GPY – glucose-peptone-yeast
medium, PUFA – polyunsaturated fatty acids

it [1,2]. Studies of the aroma of mushrooms focused,
generally, on their fruiting bodies [3-5]. Usually,
researchers compared the chemical compositions of
fruiting bodies and mycelium. However, the content of
aromatic components in them has been the object of
comparison far less frequently [6].
Aromatic components are secondary metabolites
of plants and mushrooms [7]. Secondary metabolites

Introduction. Formulation of the problem
Synthesis and formation of aroma volatiles in
mushrooms is a brunch of experimental science still
involving a large body of research. Throughout decades,
researchers have considered various additives to
mushrooms under culturing, both to study the specific
conditions of the aroma-forming process and to control
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can accumulate not only in the mycelium, but also in
the medium where they are cultured. Thus, studies of
aroma formation under stationary conditions are more
informative when mushrooms are cultured on liquid
media, as compared with other methods. After the
mycelium is separated, the culture liquid contains
bioactive substances, in particular, aromatic
components. So, recent research has made it possible
to start using culture liquids as aromatising agents in
beer and bread as well as nutritive supplements [8,9],
and mycelium has found its application in sausage
manufacture [10]. Thus, a topical, though understudied
problem is establishing how aromatic components are
finally distributed in the culture liquid and mycelium
after the culturing process is completed. Formation of
aromatic components should be studied in connection
with the role of aroma precursors, the changes in them,
and their reactions [11].

alkylresorcinol homologues in oils and oil-in-water
emulsions was considered in the research [22].
Besides, it was established that specifically smelling
acetic acid was a secondary metabolite of
alkylresorcinol [23]. So, the contribution of wheat bran
to aroma-forming processes is quite forecastable but
needs further verification. K. Vlasenko considered
wheat bran as an aroma-forming additive in solid-state
cultivation [1]. The possible effect of this additive on
aroma formation was studied in fruiting bodies. It
should be noted that with solid-state cultivation, no
significant effect of wheat bran on the aroma of
P. ostreatus fruiting bodies was reported. Liquid-state
culturing of the mycelia of basidiomycetes involves no
expense on extraction of aromatic substances produced
in liquid media, they can be concentrated or transferred
onto a dry carrying agent, which is an advantage. That
is why this research focuses on the formation of
aromatic components and their distribution while
culturing the mycelium of P. ostreatus. This will allow
using the culture liquid as a mushroom aroma agent.
The purpose of the research was studying how
the aroma of P. ostreatus cultured on growth media of
various compositions changed in the resulting products
of culturing (culture liquid and mycelium) after
initiating lipid peroxidation reactions.
The research objectives were:
1. Studying the concentrations of aromatic
components in the culture liquid and mycelium after
culturing on liquid media of different compositions.
2. Comparing and analysing the fatty acid
composition of mycelium grown on media with and
without wheat bran added.
3. Describing the distribution of the aromatic
components in the culture liquid and mycelium of
Pleurotus ostreatus on completion of the culturing
process.

Analysis of recent research and publications
The paper [12] pays much attention to the
lipoxygenase pathway of aroma formation resulting in
genuine
fungal
aromatic
components.
The
lipoxygenase pathway is based on the process of
oxidation and depends on the activity of certain
enzymes. These can be oxidative enzymes, usually
lipoxygenases. However, oxidation processes involve
peroxidases, too, though their role in the lipoxygenase
pathway is still not wholly certain. Peroxidase is an
inducible enzyme, which can be induced by physical,
chemical, and biological factors [13, 14]. A. Kapich
shows in his study that the manganese peroxidase
(MnP) of mushrooms has not only an antioxidant
effect, but pro-oxidant, too. This enzyme initiates
peroxidation
of
polyunsaturated
fatty
acids
(PUFA) [15]. The specific feature of oxidation of
PUFA with an active MnP is more rapid oxidation of
linoleic acid, as compared with less saturated fatty
acids (linolenic, arachidonic) [16].
By now, quite a limited set of classes of substrates
for peroxidases has been established [17]. It has been
confirmed, though, that phenols can be a substrate for
peroxidases [18]. Phenolic antioxidants (ArOH) are
known to interact effectively with hydroperoxyl
radicals of fatty acids and of unsaturated lipids in the
reaction [19]:
ArOH + RO2 • → ArO • + ROOH
Interreaction of peroxidase with a phenolic
substrate can cause indirect (chemical) oxidation of
another substrate. While forming particles А•, phenolic
substrates also produce В• and Н2 O2, which can take
part in the subsequent oxidation reactions. That is why
the role of peroxidases in aroma formation through
oxidising PUFA has not been duly considered [19].
Wheat bran is high in phenolic compounds,
especially in
cinnamic
acid
derivatives
and
alkylresorcinol [20,21].
Alkylresorcinols are a natural homologous series
of phenolic lipids. The antioxidant activity of certain
Харчова наука і технологія / Food science and technology

Research materials and methods
The raw material was a pure culture of the edible
mushroom Pleurotus ostreatus, strain K-17. It was
cultured under stationary conditions on a liquid
glucose-peptone-yeast (GPY) growth medium, g/l:
glucose – 25.0; peptone – 3.0; yeast extract – 2.0;
KH2PO4 – 1.0; K2HPO4 – 1.0; MgSO4·7H2O – 0.25,
pH 6.5. The basic composition of the GPY medium
was supplemented with 20 g/l of wheat bran
(GPY+WB), then boiled, filtered, and bottled in culture
flasks. All the media were prepared and sterilised by
the conventional method.
The material under study was placed in one-litre
culture flasks containing 150 ml of a growth medium. The
inoculum was prepared using 7-day fungal cultures that
had been grown on GPY media at 26±0.1 °C. Into each
flask with the liquid medium GPY, five mycelial discs
(d=6 mm) were placed. The cultures were incubated
under stationary conditions at the incubation temperature
26±0.1 °C. The mycelium was cultured for 14 days. On
completion of the culturing, the mycelium biomass was
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filtered, and the final pH of the culture liquid was
measured using indicator test kits.
The wheat bran was provided by the company
Farmakom (Kharkiv, Ukraine).
Preparation of the samples:
– aqueous extract of wheat bran was prepared by
the technology equivalent to that of wheat brancontaining GPY: 1 litre of distilled water was added to
20 g of wheat bran, followed by boiling and filtering;
– culture liquid and mycelium grown on a GPY
medium: after culturing on a GPY medium, the
mycelium biomass was separated from the culture
liquid by filtering;
– culture liquid and mycelium grown on a GPY
medium, with wheat bran added (GPY+WB): after
culturing on a wheat bran-containing GPY medium,
the mycelium biomass was separated from the culture
liquid by filtering.
To change the pH of the samples, hydrochloric
acid 2 N (up to 2.5–3.5) and sodium bicarbonate 2 N
(up to 7.3–7.8) were used.
The transmission spectra and absorbance of
alcohol solutions of the samples were studied by means
of, respectively, a spectrophotometer UV1280
(Shimadzy, Japan) at the wavelength 200–900 nm and
the photometer KFK-3 at the wavelength 620 nm.
To determine the concentration and identify the
aromatic components of the mycelium and culture
liquid, we employed headspace gas chromatography
using a chromatographer Kristallyuks-4000M (from the
research and production company Meta-chrom). The
chromatography column used was ZB-WAX (l=30 m,
d=0.32 mm, film thickness 0.5 μm) with the sorbent
100% polyethylene glycol (Phenomenex, USA). The
starting temperature of the column was 40°C for 5 min.
Then it was increased to 140°C by 4°C/min. The
temperature of the flame ionisation detector (FID) was
250°C, and that of the vaporiser was 200°C. The
pressure on the capillary column was optimised within
0.5–0.8 atm, and the expenditure of the carrier gas
(nitrogen), respectively, from 1.5 to 2.9 ml/min, for
better separation of a sample‘s components. The
chromatograms were recorded and processed using the
software NetChrom v2.1. The volatile compounds
were identified according to the retention time and
indices, comparing the parameters of each peak of a
sample with those of the peaks of analytical standards
(98.0–99.8%, for chromatography): hexanal, heptane,
1-octen-3-ol, dimethyl trisulphide, 2-pentylfuran,
acetic acid, etc.
Fatty acid composition. The fatty acid
composition of the mycelium and culture liquid was
analysed in compliance with State Standard of Ukraine
(DSTU) ISO 5508-2001 ―Fats and oils of animal and
plant origin. Analysis of fatty acid methyl esters by the
method of gas chromatography.‖ Methyl esters of fatty
acids were studied using a gas chromatographer
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7890 B (Agilent Technologies, USA). The samples
were prepared according to DSTU ISO 661:2004 ―Fats
of animal and plant origin and oils. Preparation of a
test sample‖ and DSTU ISO 5509-2002 ―Fats of
animal and plant origin and oils. Preparation of fatty
acid methyl esters.‖
Statistical treatment. In this study, the
measurements were made in triplicate. All the data on
the samples of the mycelium and culture liquid were
presented as a mean value (n=3) and processed using
analysis of variance. For the statistical analysis, the
statistical software TableCurve 3D was used. The
double graph was analysed to reveal and classify the
relationship between the samples of mycelium or
culture liquid (with or without wheat bran) on the basis
of the profiles of their aromatic components.
Results and their discussion
Basidiomycetes are known to have a strong
exoenzymatic system [24]. According to some studies,
mycelium extract and culture liquid of submergedcultivated P. ostreatus contain a complex of quite
active enzymes that can coagulate milk and form
cheese curd like rennins do [25]. Macromycetes are
viewed as a new source of peroxidase to be used
industrially, besides horseradish roots. When mycelium
grows, the activity and quantity of enzymes increase.
Besides peroxidases, the complex of oxidases
found in P. ostreatus includes laccases (EC 1.10.3.2,
p-diphenol oxidase), which oxidise phenols [26]. In
higher basidiomycetes (in particular, P. ostreatus), the
activity of peroxidases and its changes caused by the
action of coherent and incoherent light were
investigated in N. Poyedinok‘s research work [27].
An increase in the activity of any enzyme is known
to cause a decrease in the quantities of the respective
components of the substrate in the test samples.
Considering WB as a source of phenols and
alkylresorcinols for the action of peroxidases of
P. ostreatus, we should expect that after enzymolysis,
phenolic substances will be present in lower
concentrations or totally absent in the medium under
study. The presence of phenolic substances is vividly
demonstrated by a qualitative reaction to a change in the
pH medium. In an acidic medium, a solution containing
phenolic compounds becomes lighter in colour, and in
alkaline, it darkens. This corresponds to different values
of the light transmission coefficient or those of
absorbance (optical density) during the changes in the pH
medium. On the other hand, if the samples have the same
light absorption coefficients before and after the pH
changes, this can indicate the absence of phenolic
components. The changing concentrations of phenolic
substances in a liquid medium give a vivid picture of the
process of enzymolysis with peroxidases while culturing
P. ostreatus (Table 1).
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Table 1 – Qualitative reactions to the content of phenolic components in the culture liquid
No.
1
2

Samples

pH 2.5–3.5

Aqueous extract of wheat bran before culturing
(pH 6.5)
Culture liquid with wheat bran after culturing
(pH 6.5)

As can be seen from Table 1, the qualitative
reaction to the phenolic content in the wheat bran
extract before culturing showed that the absorbance
had changed, on average, by 2.2 times in the samples
with the acidic and alkaline media. This means that
there had been qualitative reactions to the presence of
phenolic substances in the aqueous extract of wheat
bran before culturing. When this extract was analysed
after culturing in the culture liquid composition, it was
found that in the alkaline medium, the absorbance had
remained unchanged, and in the acidic one, it had
decreased by 1.7 times. This means that on completion
of the culturing, the qualitative reaction revealed no
phenolic substances of wheat bran in the growth
medium in the alkaline range. In addition, the light
transmission coefficient of the alcoholic solution of the
culture liquid (Fig. 1) was determined after culturing
on the growth medium containing wheat bran
(GPY+WB) and without it (GPY).

Absorbance (λ = 620 nm)
pH before the changes

pH 7.5–8.0

0.17

0.50

0.74

0.15

0.26

0.26

samples contained no phenolic compounds after
14 days‘ culturing. It should be noted that after
culturing with wheat bran added, the culture liquid is
darker-coloured. In the interval 380–700 nm (visible
spectrum), the difference in the response is 60–70 nm
for the samples GPY and GPY+WB, which is
characteristic of the presence of colouring pigments.
Their accumulation can result from products that
appear due to the Maillard reaction or the breakdown
of carbon and nitrogen sources after autoclaving.
Thus, after culturing, phenolic compounds are
identified neither by the qualitative reaction nor by the
response of the UV spectra. The difference in the
reactions of phenolic compounds in the culture liquid
before and after culturing indicates that there are
reactions where they take part. The reactions like the
ones mentioned above are enzymatic reactions with the
enzymes of P. ostreatus (peroxidases, laccases,
lipoxygenases).
In the course of enzymatic aroma formation, the
complex of oxidative enzymes takes part in the
formation of carbonyl compounds from the PUFA of
the medium under study, and this process follows a
certain pattern (Fig. 2). Depending on what carbon
atom of PUFA was involved in the oxidation reaction,
formation of hydroperoxides takes place first, and then
aromatic components of different chemical nature are
formed from them. Aromatic components are final
products of these oxidation reactions.
Wheat bran extract contains a mixture of various
classes of phenolic compounds.
Lipid oxidation products are involved in the
formation of the volatile composition of the aromas of
roast fowl, potatoes, dry breakfast cereals, a great
many cheeses. For example, of the 193 components
that form the roast chicken aroma, 41 are aldehydes
obtained by lipid oxidation, the predominant ones
being hexanal and 2,4-decadienal [28]. The type of
lipid decomposition products depends on the medium‘s
fatty acid composition, and lipid oxidation has
different effects on the sensory qualities [29].

Fig. 1. UV transmission spectra (Т, %) of the alcoholic
solution of the culture liquid: GPY (1); GPY+WB (2)

Analysis of the UV spectra has shown identical
responses for alcoholic solutions of the culture liquid,
both with and without wheat bran, at the wavelengths
200–900 nm. Wheat bran extract before culturing
contains a mixture of various representatives of the
classes of phenolic compounds. The sample of the
culture liquid with wheat bran extract did not have
distinctive shifts in the light transmission coefficient
(T, %). This is another proof that the culture liquid

Peroxidases, laccases, lipoxygenases
PUFA C18 – C22

Hydroperoxidases

Carbonyl compounds C6 – C9

Fig. 2. Pattern of enzymatic transformation of PUFA by oxidative enzymes
of P. ostreatus mushrooms
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For example, oxidation of vegetable oils containing
mainly ω-6 polyunsaturated fatty acids with a double
bond between the sixth and seventh carbon atom (from
the methyl end of the fatty acid chain), adds an offodour of grass or beans to the product. And oxidation
of high-molecular-weight ω-3 polyunsaturated fatty
acids with a double bond at the third carbon atom
makes the product smell of fish [19]. Interaction of
lipids and oxidants is of a free-radical character, has
three stages, and is described quite fully for many
products containing lipids (vegetable oils and fish
products) [29]. However, applying these data to
mushroom mycelium is limited by the fact that lipids
are dispersed as discontinuous phases throughout the
heterogeneous matrix structure. That is why the nature
of the formation of aromatic components in the fungal
fruiting bodies or mycelia is studied in relation to the
activity of enzymes that can oxidise PUFA.

Phenolic substances extracted from WB can
activate the peroxidases of P. ostreatus and thus
initiate lipid oxidation processes. Peroxidases are
characterised by specific activity that can substantially
increase as the concentration of substrates increases.
The comparison of the aromatic profiles of P. ostreatus
mycelium cultured on a liquid medium with (1) and
without (2) wheat bran has shown that in the former
case, there was an increase in the quantity of aromatic
components (Fig. 3).
The changes in the profile of aromatic components
of the GPY+WB-cultured mycelium (as compared with
the GPY-grown one) result from different formation of
the final products of PUFA oxidation reactions. This
can be seen from the findings presented in Table 2.
Enzymes break hydroperoxides with 12 and more
carbons down to volatile compounds with 6–7 carbons
according to the pattern shown in Fig. 2.

Fig. 3. Fragment of the chromatogram of aromatic components of P. ostreatus mycelium:
GPY (1); GPY+WB (2)

The culture liquid (CL) becomes of practical
importance as the place where secondary metabolites
accumulate. The CL is a transparent fluid with an
intense aroma, the smell of mushrooms being its
predominant component. The aroma of the grown
mycelium is less intense than that of the culture liquid.
The number of aromas identified in the CL and
mycelium is different in the samples with and without
wheat bran added (Table 2).
Analysis of the aromatic components identified has
shown that there are two times as much of them in the
GPY+WB mycelium as in the CL. However, as for
1-octen-3-ol (the main component responsible for the
mushroom odour), its quantity in the CL is larger by
1.78 times than in the mycelium and by 1.4 times than in
the CL without WB. In the mycelium grown on the WBcontaining medium, the total quantity of the identified
aromatic components is larger by 1.7 times. The
concentration of aromatic components in the CL without
WB is twice as high as in the CL with it. This means that
Харчова наука і технологія / Food science and technology

with no enzymatic reactions initiated, the culture liquid
accumulates a lot of aromatic components.
The identified secondary metabolites of the PUFA
of P. ostreatus include C7–C9 aldehydes. The double
bond of α and β-unsaturated aldehydes is always in a
stable trans configuration, and for unbound aldehydes,
cis configuration is natural. During oxidation, this cisdouble bond easily isomerises to a trans-double bond
in combination with a carbonyl group. These positional
and geometric isomerisations of double bonds have a
pronounced effect on both quantitative and qualitative
aromatic reactions. That is why, despite the different
quantitative and qualitative compositions of aromatic
components, the sensory perception of the aroma
intensity level was the same in both samples,
GPY+WB (1) and GPY (2). The comparative analysis
of the peaks of the aromatic components of the CL
with wheat bran and without it has shown that the main
peaks are identical (Fig. 4).
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Table 2 – Concentrations of aromatic components in the mycelium and culture liquid, μg/ml
SAMPLES
Culture liquid

Mycelium

No.

Component

GPY+WB

GPY

GPY+WB

GPY

1

volatile compounds C6

1.890

1.652

22.47

20.4

2

volatile compounds C7

1.435

0.6262

2.750

0.419

3

acetic acid

7.614

17.87

10.33

0.266

4

hexanal

0.00177

0.0101

0.00138

0

5

2-pentylfuran

0.00385

0.0491

0.001

0.0643

6

1-octen-3-ol

0.0141

0.0100

0.007967

0

7

octanol

0.01274

0.0245

–

–

8

styrene

0.009779

0

0

0.005526

Total

10.97

20.25

35.56

21.15

The change of the aroma in the CL and mycelium
of P. ostreatus indicates that the components of WB
affect the distribution and accumulation of aromatic
components in the GPY medium during stationary
culturing on liquid growth media. When enzymatic
processes are initiated by adding WB, the quantity of
aromatic components accumulated in the mycelium is
by 3.5 times larger (Table 2).
Fragments of chromatograms (Fig. 3, Fig. 4) show
the degree of difference between the samples of
mycelium and culture liquid with and without the
addition of wheat bran. It can be stated that the degree
of difference in the mycelium is much greater than in
the culture liquid.
In the GPY growth medium (where initiation of
enzymatic oxidation processes is impossible), the total
contents of aromatic components in the mycelium and
CL are, respectively, 21.15 μg/ml and 20.25 μg/ml, and
they are distributed between these two locations in the
ratio 50:50 (Table 2). Adding WB unbalances the total
content of aromatic components towards their
accumulation in the mycelium. Since fruiting bodies
and vegetative mycelium are similar in their
biochemical composition, the results of studying the

mycelium cultured on a liquid medium allow
predicting the aroma of the fruiting bodies of
mushrooms. In general, mycelium and the CL contain
a complex of identical aromatic substances and have
similar chromatographic profiles, but the content of
mushroom aroma components increases in the
WB-containing samples.
The distribution of acetic acid (a possible
secondary metabolite of transformations of wheat bran
alkylresorcinols) in the samples with different growth
media is not even either. In the WB-containing
medium, 40% of acetic acid is accumulated in the
mycelium and 60% in the CL. In the media without
WB, almost all acetic acid is accumulated in the CL
and is practically absent in the mycelium. This proves
that WB can unbalance the total distribution of
aromatic components towards their accumulation in
mycelium.
E. Frankel‘s monograph presents data on the
versatile character of the smell and taste of compounds
obtained from lipids. The author believes that studies
of the sources of volatile lipid oxidation products still
remain contradictory and are often hard to
interpret [30].

Fig. 4. Fragment of the chromatogram of aromatic components of the culture liquid: GPY+WB (1); GPY (2)
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Decomposition of hydroperoxides involves a very
complicated set of reaction pathways for the formation
of a lot of volatile and non-volatile products. Lipid
metabolism is connected with a wide variety of aspects
of the life activity of plants and fungi: photosynthesis,
development, cell permeability, mineral metabolism,
transition of a plant‘s organs to dormancy, resistance to
adverse environments [24]. So, analysis of the fatty
acid compositions of the culture liquid and mycelium
is an important element of research.
The fatty acid composition of the CL after
14 days‘ culturing on GPY and GPY+WB reveals but a
slight difference in the amount of fatty acids (1.7%)
and in the ratio between the saturated and unsaturated
ones (Table 3).
The fatty acid composition of the mycelium has
shown that the sample GPY+WB is by 5.4% lower in
PUFA than the GPY sample is (Table 4).
Analysis of the qualitative fatty acid composition
of the mycelium proves that the decrease in the total
PUFA content in the mycelia grown on GPY and
GPY+WB is largely due to linoleic acid (Fig. 5,
Fig. 6). As mentioned above, this is the acid that is

more rapidly oxidised by peroxidase. Thus, the study
of the mycelium cultured with WB added confirms the
initiation of processes involving enzymes of the oyster
mushroom.
Comparison of chromatograms in Fig. 5 and Fig.
6 shows that in the wheat bran-containing samples of
mycelium, components C6, C8 are formed. Their
formation results from enzymatic cleavage of longchain polyunsaturated fatty acids (Fig. 2). In the
mycelium, the content of linoleic acid is 73.18 μg/ml
(no WB) and 64.79 μg/ml (with WB added). In the
culture liquid, the content of linolenic acid is 23.06
μg/ml (no WB) and 18.04 μg/ml (with WB added).
Addition of WB affects the distribution of linolenic
acid between the mycelium and culture liquid. In the
WB-containing samples, α- and γ-linolenic acids
accumulate in the mycelium, and in those without
WB, they accumulate in the culture liquid. The
different character of PUFA distribution is
responsible for the increase in the quantity of
aromatic components in the mycelium, where they
accumulate more intensively with WB added and are
aroma precursors in subsequent enzymatic reactions.

Table 3 – Fatty acid composition of the culture liquid of GPY and GPY+WB
№

Group

Concentration, % Area, mV*min
GPY medium with wheat bran

Concentration, %
Area, mV*min
GPY

1

Saturated FA

1.523

27.3721

1.836

25.0805

2

Unsaturated (MUFA, PUFA)

3.124

56.1312

4.475

61.1320

Total

4.648

83.5033

6.312

86.2125

Table 4 – Fatty acid composition of the mycelium of GPY and GPY+WB
№

Group

Concentration, %

Area, mV *min

Concentration, %

GPY medium with wheat bran

Area, mV *min

GPY

1

Saturated fatty acids

55.4

396.6

47.7

184.7

2

Monounsaturated FA

32.1

239.0

34.17

136.8

3

Polyunsaturated FA

12.5

93.77

17.97

72.4

Total

100

100

Fig. 5. Chromatograms of the fatty acid composition of the mycelium of GPY
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Fig. 6. Chromatograms of the fatty acid composition of the mycelium of GPY+WB

It is a well-known fact that reactive oxygen
species can be an intermediate component of
peroxidase oxidation. Their presence makes oxidation
of PUFA 1,400 times more rapid and besides, causes
changes in the composition of aromatic components
[19]. When singlet oxygen attacks linoleic acid,
hydroperoxides are formed at all carbons with double
bonds. This process is different from β-cleavage,
when an alkoxy radical is only formed at the tenth
carbon atom. This means that when there are reactive
oxygen species, hydroperoxides are also formed at the
ninth and thirteenth carbon atoms, like they do in case
of oxidation initiated by free radicals. Besides,
hydroperoxides are formed at the tenth and twelfth
carbons [19]. This significantly affects the qualitative
composition of lipid peroxidation products and,
consequently, the subsequent formation of aromatic
components from hydroperoxides.
Formation of reactive oxygen species is a
specific response to certain stressors. A shift in the
tissular balance of antioxidants and pro-oxidants
towards the latter is termed oxidative stress. The
research conducted allows the conclusion that WB in
the concentration 20 g/l, when used in a standard
growth medium during P. ostreatus culturing,
initiates oxidative stress and enzymatic reactions
accompanied by aroma formation. The quantitative
and qualitative study of the aromas of the mycelium
and CL of the edible mushroom P. ostreatus has
shown that wheat bran introduced as an additive
affects the formation and distribution of aromatic
components.

secondary metabolites, are present in the mycelium and
CL. The quantitative and qualitative study of the
aromas of the mycelium and CL of the edible
mushroom P. ostreatus has shown that wheat bran
introduced as an additive affects their aromatic
components by initiating enzymatic oxidation reactions
of lipids. With wheat bran added, the total amount of
aromatic components is concentrated in the mycelium,
and in a standard growth medium, it is evenly
distributed between the mycelium and the
culture liquid.
2. Wheat bran components initiate aromaforming reactions in P. ostreatus. This is confirmed by
the quantitative and qualitative composition of
aromatic components in the mycelium and culture
liquid. The culture liquid with wheat bran is more than
1.4 times higher in 1-octen-3-ol (which is the main
component responsible for the mushroom aroma). The
sample of mycelium with WB contains the two main
mushroom aroma components, 1-octen-3-ol and
hexanal, and in the sample without WB, these
important aromatic components are absent. In the
GPY+WB-cultured mycelium, the total quantity of
identified aromatic components is larger by more than
1.7 times, as compared with the sample grown on GPY
without wheat bran.
3. Analysis of the fatty acid composition of the
culture liquid and mycelium after 14 days‘ culturing
has shown that in the samples with WB, there is a
decrease in linoleic acid, which is the first component
to be oxidised when peroxidases initiate the process.
The different character of distribution of PUFA (the
aroma precursors) is responsible for the increase in the
quantity of aromatic components in the mycelium,
where they accumulate more intensively.

Conclusions
1. During culturing on a liquid growth medium
under stationary conditions, aromatic components, as
1.
2.

References
Vlasenko KM. Biotekhnolohichni zasady pidvyshchennia intensyvnosti aromatu hrybiv rodu Rleurotus u protsesi yikh tverdofaznoho
kultyvuvannia. Dissertation. Kyiv, UA; KPI; 2020.
Nyegue M et al. Volatile components of fresh Pleurotus ostreatus and Termitomyces shimperi from Cameroon. Journal of essential oil
bearing plants. 2003; 6(3):153–160. https://doi.org/10.1080/0972-060X.2003.10643344

Харчова наука і технологія / Food science and technology

19

Volume 15 Issue 4/ 2021

Біопроцеси, х продуктів, БАР / Biological processes, biotechnology of food products, BAS
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

Shimin et al. Characteristic volatiles from young and aged fruiting bodies of wild Polyporus sulfureus (Bull.: Fr.) Journal of Agricultural
and Food Chemistry. 2005;53(11): 4524–4528. https://doi.org/10.1021/jf0478511
Zawirska-Wojtasiak R et al. Studies on the aroma of different species and strains of Pleurotus measured by GC/MS, sensory analysis and
electronic nose. Acta Scientiarum Polonorum Technologia Alimentaria. 2009;8(1):47–61.
Jeng-Leun et al. Flavor compounds in king oyster mushrooms Pleurotus eryngii. Journal of Agricultural and Food Chemistry.
1998;46(11): 4587–4591. https://doi.org/10.1021/jf980508+
Splivallo R, Bossi S, Maffei M, Bonfante P. Discrimination of truffle fruiting body versus mycelia aromas by stir bar
sorptive extraction. Phytochemistry. 2007;68(20):2584–2598. https://doi.org/10.1016/j.phytochem.2007.03.030
Gandi SG, Mahajan V, Bedi YS. Changing trends in biotechnology of secondary metabolizm in medicinal and aromatic plants. Planta.
2015; 241(2):303–317. https://doi.org/10.1007/s00425-014-2232-x
Barkov AV, Vynokurov VA. Hrybnoe pyvo y sposob eho poluchenyia. Patent RU 0002608497C1. 2017.
Bylialova AS. Razrabotka tekhnolohyy y tovarovednaia otsenka byolohychesky aktyvnoi dobavky k pyshche na osnove vыssheho
bazydyalnoho hryba. Dissertation. Moskva; 2014.
Zhylynskaia NV. Protyvomykrobnыe svoistva bazydyomytsetov Fomitopsis officinalis (Vill.:Fr.) Bond. et Sing., Fomitopsis pinicola
(Sw.: Fr) P. Karst. y Trametes versicolor (L.:Fr.) Lloyd: otsenka perspektyv yspolzovanyia v tekhnolohyy pyshchevыkh produktov.
Dissertation. Moskva, 2015.
Reineccius G. Flavor chemistry and technology. CRC press. 2005. https://doi.org/10.1201/9780203485347
Combet E, Eastwood DC, Burton KS, Henderson, J. Eight-carbon volatiles in mushrooms and fungi: properties, analysis,
and biosynthesis. Mycoscience. 2006; 47(6):317–326. https://doi.org/10.1007/S10267-006-0318-4
Mykoliv SI, Krasinko VO. Vykorystannia peroksydaz dlia roslyn. Materialy VI Mizhnarodnoi naukovo-praktychna konferentsiia
molodykh vchenykh: Novitni tekhnolohii vyroshchuvannia silskohospodarskykh kultur; 2018, ber.29; Kyiv. 2018; 105–106.
Hammel KE, Cullen D. Role of fungal peroxidases in biological ligninolysis. Current opinion in plant biology. 2008;11(3): 349–355.
https://doi.org/10.1016/j.pbi.2008.02.003
Kapich A.N., Jensen K.A., Hammel K.E. Peroxyl radicals are potential agents of lignin biodegradation. FEBS Letters. 1999, Vol. 461;
1–2. P. 115–119. https://doi.org/10.1016/S0014-5793(99)01432-5
Kapich AN, Korneichikc TV, Hatakka Annele, Kenneth E Hammel. Oxidizability of unsaturated fatty acids and of a non-phenolic lignin
structure in the manganese peroxidasedependent lipid peroxidation system. Enzyme Microb. Technol. 2010; 46(2): 136–140.
https://doi.org/10.1016/j.enzmictec.2009.09.014
Ruiz-Duenas Francisco J; Martínez Angel T. Structural and functional features of peroxidases with a potential as industrial biocatalysts.
Biocatalysis based on heme peroxidases. Berlin: Heidelberg, 2010; 37–59. https://doi.org/10.1007/978-3-642-12627-7_3
Hofrichter Martin, Ullrich Rene, Pecyna J.Marek, Liers Christiane, Lundell Taina. New and classic families of secreted fungal heme
peroxidases. Applied microbiology and biotechnology. 2010; 87(3):871–897. https://doi.org/10.1007/s00253-010-2633-0
Damodaran S, Parkin KL, Owen R. Fennema. Fennema's food chemistry. Boca Raton, FL: CRC press, 2008. 1214 р.
Lukianchykova NL, Skriabyn VA, Tabaniukhov KA. Osobennosty sostava otrubei pshenytsы, rzhy y ykh rol v profylaktyke
khronycheskykh zabolevanyi cheloveka. Ynnovatsyy y prodovolstvennaia bezopasnost. 2021;4: 41–58.
Buzhylov MH, Kapreliants LV, Pozhytkova LH. Rozrobka biotekhnolohii funktsionalnoho zernovoho produktu BIOFIBER-PBL.
Scientific Works. 2019;83:78–86. https://doi.org/10.15673/swonaft.v2i83.1536
Andrew S Elder, John N Coupland, Ryan J Ellas. Effect of alkyl chain length on the antioxidant activity of alkylresorcinol homologues in
bulk oils and oil-in-water emulsions. Food Chemistry. 2021;346:128885. https://doi.org/10.1016/j.foodchem.2020.128885
Zhu Yingdong et al. Identification and pharmacokinetics of novel alkylresorcinol metabolites in human urine, new candidate biomarkers
for whole-grain wheat and rye intake. The Journal of nutrition. 2014; 144(2): 114–122. https://doi.org/10.3945/jn.113.184663
Oberwinkler F. Evolutionary trends in Basidiomycota. Stapf. 2012; 96: 45–104.
Sakovych VV, Hrusha AM, Revenko VV, Zhernosekov DD. Khromatohrafycheskaia ochystka fermentnoho preparata yz kulturalnoi
zhydkosty Rleurotus ostreatus. Vesty NANB: seryia byolohycheskykh nauk. 2019; 64(4):467–471. https://doi.org/10.29235/1029-89402019-64-4-467-471
Palmieri G, Bianco С, Cennamo G, Giardina P, Marino G, Monti M et al. Purification, characterization, and functional role of a novel extracellular
protease from Pleurotus ostreatus. Appl. Environ. Microbiol. 2001;67: 2754–2759. https://doi.org/10.1128/AEM.67.6.2754-2759.2001
Poedynok NL. Byotekhnolohycheskye osnovы yntensyfykatsyy kultyvyrovanyia sъedobnыkh y lekarstvennыkh makromytsetov s
pomoshchiu sveta nyzkoi yntensyvnosty. Dissertation. Kyiv, UA; NANU; 2015.
Ho CT, Chen Q. Lipids in Food Flavors. Washington, D.C.: American Chemical Society, 1994.
Frankel E.N. Volatile lipid oxidation products. Progress in lipid research. 1983; 22(1): 1–33. https://doi.org/10.1016/0163-7827(83)90002-4
Frankel EN. Lipid oxidation. Progress in lipid research. 1980; 19(1): 1–22. https://doi.org/10.1016/0163-7827(80)90006-5

ДОСЛІДЖЕННЯ АРОМАТИЧНИХ КОМПОНЕНТІВ ПРИ ІНІЦІЮВАННІ
ФЕРМЕНТАТИВНИХ РЕАКЦІЙ ЇСТІВНОГО ГРИБА PLEUROTUS OSTREATUS
Г.Є. Дубова1, кандидат технічних наук, доцент, докторант4, E-mail:hdubova16@gmail.com
Н.В. Доценко2, кандидат технічних наук, доцент, E-mail: n-dotsenko@ukr.net
О.Б. Михайлова3, кандидат біологічних наук, ст.наук. співроб, E-mail: mikhajlova.ok@gmail.com
Н.Л. Поединок4, доктор біологічних наук, доцент, E-mail: n.poyedinok@gmail.com
1
Кафедра харчових технологій
Полтавський державний аграрний університет, вул.Сковороди, 1/3, Полтава, 36003
2
Кафедра біоінженерії і води
Одеська національна академія харчових технологій, вул. Канатна, 112, м. Одеса, Україна, 65039
3
Відділ мікології
Інститут ботаніки ім. М.Г. Холодного, вул. Терещенківська, 2, Київ, 01601
4
Кафедра трансляційної медичної біоінженерії
Київський політехнічний інститут ім. Ігоря Сикорського, Солом‘янський район, пр-т Перемоги, 37 м. Київ, 03056
Анотація. У зв‘язку з широким використанням грибів у різних галузях харчової та медичної промисловості
питання їх аромату є досить актуальними. У даній статті представлений порівняльний аналіз ароматичного та
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жирнокислотного складу міцелію їстівного гриба Глива (Pleurotus ostreatus (Jacq.) P. Kumm., штам К 17),
культивованого на глюкозо-пептонно-дріжджовому поживному середовищі з додаванням пшеничних висівок.
Кількісний та якісний склад ароматів показав вплив компонентів пшеничних висівок у реакціях ароматоутворення під
час росту міцелію гриба P. ostreatus. Встановлено, що внесення пшеничних висівок призводить до збільшення вмісту
основного грибного ароматичного компонента 1-октен-3-олу. В культуральній рідині 1-октен-3-ол збільшується в
1,4 рази порівняно з класичними зразками, культивованих на поживному середовищі без пшеничних висівок. Також у
міцелії, культивованому на поживному середовищі з пшеничними висівками, загальна кількість ідентифікованих
ароматичних компонентів збільшується в 1,7 рази. У міцелії, культивованому на середовищі з пшеничними висівками,
формуються два основних компоненти грибного аромату: 1-октен-3-ол і гексаналь, а в інших зразках ці важливі
компоненти відсутні. Результати цього дослідження підтверджують, що в утворенні основних грибних ароматичних
компонентів 1-октен-3-олу, гексаналю брали участь поліненасичені жирні кислоти, а саме лінолева кислота. Її вміст
зменшувався протягом культивування в середовищі з пшеничними висівками одночасно з накопиченням ароматичних
компонентів. Отримані дані дозволяють встановити роль ініціювання ферментативних окислювальних реакцій в зміни
аромату P. ostreatus при поверхневому культивуванні на рідкому поживному середовищі. Результати дослідження
показують процеси формування ароматичних компонентів макроміцетів із попередників ліпідної природи. Додавання
пшеничних висівок до поживного середовища зсуває рівновагу між загальним вмістом ароматичних компонентів у бік
їх накопичення в міцелії. Оскільки плодові тіла і вегетативний міцелій схожі за своїм біохімічним складом за
результатами проведених досліджень міцелію культивованого на рідкому поживному середовищі можна прогнозувати
утворення ароматичних компонентів плодових тіл грибів гливи.
Ключові слова: міцелій, культуральна рідина, ароматичні компоненти, пшеничні висівки, пероксидаза,
ферментативні реакції.
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