
Citation: Semenova, E.; Kurakov,

A.V.; Nazarov, V.; Presnyakova, V.;

Markelova, N.; Karaseva, E.;

Kurdyukov, E.E.; Tsokalo, I.; Minkina,

T.; Rajput, V.D. Biotransformation of

Wastes of Essential Oil Industry by

Strains Agaricus bisporus (J.E. Lange)

Imbach, Lentinula edodes (Berk.)

Pegler, and Pleurotus ostreatus (Jacq.)

P. Kumm. Horticulturae 2023, 9, 450.

https://doi.org/10.3390/

horticulturae9040450

Academic Editor: Chenyang Huang

Received: 24 February 2023

Revised: 28 March 2023

Accepted: 29 March 2023

Published: 31 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

horticulturae

Article

Biotransformation of Wastes of Essential Oil Industry
by Strains Agaricus bisporus (J.E. Lange) Imbach,
Lentinula edodes (Berk.) Pegler, and Pleurotus ostreatus
(Jacq.) P. Kumm
Elena Semenova 1,* , Alexander V. Kurakov 2, Vladimir Nazarov 1, Victoria Presnyakova 3, Natalia Markelova 4 ,
Elena Karaseva 5, Evgeny E. Kurdyukov 5, Inna Tsokalo 1, Tatiana Minkina 6 and Vishnu D. Rajput 6,*

1 Department of Pharmacy, Vernadsky Crimean Federal University, 295007 Simferopol, Russia
2 Faculty of Biology, Lomonosov Moscow State University, 119234 Moscow, Russia
3 Institute for Regenerative Medicine, Sechenov University, 119991 Moscow, Russia
4 Gauze Institute of New Antibiotics, 119021 Moscow, Russia
5 Medical Institute, Penza State University, 440026 Penza, Russia
6 Academy of Biology and Biotechnology, Southern Federal University, 344090 Rostov-on-Don, Russia
* Correspondence: sef1957@mail.ru (E.S.); rajput.vishnu@gmail.com (V.D.R.)

Abstract: The aim of the present work was to explore insights into the possibility of cultivating
the mycelium of the edible basidiomycetes, i.e., Agaricus bisporus (J.E. Lange) Imbach, Lentinula
edodes (Berk.) Pegler, and Pleurotus ostreatus (Jacq.) P. Kumm. on wastes produced from lavender,
sage, mint, and rose. To achieve this goal, we assessed the growth and development of strains on
various substrates, a component analysis of the biomass of strains, initial essential oil raw materials
after processing, and raw materials after exposure to the mycelium of basidial fungi strains. The
wastes of essential oil production can be transformed with the help of edible basidiomycetes (A.
bisporus, L. edodes, P. ostreatus) into a valuable fodder product enriched with proteins and vitamins
and with good organoleptic properties. The best of the tested substrates was the green mass of
mint after successive distillation and extraction. The conversion of solid waste from lavender, rose,
sage, and mint processing depends on the types of strains. The high accumulation of octen-3-ol
(up to 1.38 g/kg of the substrate) by P. ostreatus was confirmed by its organoleptic evaluation. The
results suggested the cultivation of edible mushroom mycelium on the solid waste of mint, lavender,
and sage processing could produce high-grade (enriched in proteins and vitamins) biomass for the
purpose of fodder. These by-products could serve as a basis for the creation of cultivation technology
for champignon, shiitake, and oyster mushrooms as food products using secondary resources of
essential oil production.

Keywords: bioconversion; secondary resources; plant waste; essential oil raw material; basidial mushrooms

1. Introduction

Recently, due to the shortage and increasing cost of protein (especially of animal
origin), a great deal of attention has been paid to the processing of lignocellulosic materials
into high-protein feed and food additives with the help of various microorganisms [1–3].
This is explained by the high growth and protein production rates of microorganisms that
are several times higher than that of animal- and plant-based protein.

Saprophytes are important because they decompose organic matter in the environ-
ment [4]. Most mushrooms are produced in wood due to many fungi that are tree symbionts
or decayers of tree tissues. Therefore, the development of farming techniques to utilize hard-
wood trunks and sacks depends on the types and the quality of mushrooms as ecosystem
decomposers [5]. At present, sawdust and hardwood logs from industrial and agricultural
by-products are used in the production of various types of mushrooms [6].
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Over the past 30 years, from 1990 to 2020, the output of mushrooms on a worldwide
scale has expanded by 13.8 times, reaching 42.8 million tons [7]. The productivity rates of
mushrooms such as Lentinula edodes, Pleurotus spp., Auricularia spp. and Agaricus bisporus
are high [8]. The fresh mushrooms contain many of the essential amino acids, antioxidants,
and elements and are ecologically safe. The cultivation of mushrooms for commercial
production is seeing rapid growth (approx. 85,000 metric tons per year) in the Russian
Federation; however, up to 93% of the world’s mushrooms are cultivated in China [7].
Moreover, the production of mushrooms is rapidly increasing in various countries. The
production is not dependent on the seasons or climatic conditions, as the mushrooms can
grow in dedicated cultivating facilities throughout the year [9]. These cultivating facilities
are effective. Another important advantage is that some species of microorganisms can
be cultivated on plant substrates, resources that are large and stable because they are
replenished annually [10–13]. Among used substrates, wheat straw, olive pruning residues,
tea leaves, and wetland vegetative species are promising [14,15].

Over the last few decades, the studies on flavor-forming basidial mushrooms for
obtaining products enriched with nutrition and biologically active substances have sig-
nificantly intensified and resulted in a high demand [16–18]. Modern approaches can be
applied to the development of waste-free technology for specifically essential oil crop raw
materials, which are usually thrown away after the oil extraction [19]. The most common
large-tonnage raw materials for the production of natural aromatic products are plants
such as lavender, sage, mint, and rose. Therefore, the waste generated after essential oil
production is significant and could be recognized as a promising material for obtaining
protein products. In Russia, the annual volume of such wastes is 160–220 thousand tons [20].
Thus, the use of these wastes is of particular relevance in Russia and the world [21].

Fungi of the genera Pleurotus, Agaricus, and Lentinula are active decomposers of the
lignocellulose complex of substrates [12,22,23]. In the process of biodegradation, these
fungi secrete a complex of enzymes, the most important of which are hydrolytic and redox
enzymes capable of hydrolyzing polysaccharides and degrading lignin [24]. In many ways,
the degree of degradation of the components of plant raw materials is affected by the type
of substrate, the type and strain of fungi, as well as the duration of cultivation [25].

This study aimed to find the possibility of cultivating mycelium of Agaricus bisporus
(J.E. Lange) Imbach, Lentinula edodes (Berk.) Pegler, and Pleurotus ostreatus (Jacq.) P. Kumm.
on lavender, sage, mint, and rose processing wastes of essential oil production. The growth
and development of these strains on various substrates, a component analysis of the
biomass of strains, the initial essential oil raw materials after processing, and the raw
materials after exposure to the mycelium were assessed.

2. Materials and Methods

Mushroom cultivation. Strains of basidiomycetes were obtained from the collections
of N.G. Kholodny Institute of Botany (Ukraine), D.K. Zabolotny Institute of Microbiology
and Virology (Ukraine), and G.K. Skryabin Institute of Biochemistry and Physiology of
Microorganisms (Russia): Agaricus bisporus (J.E. Lange) Imbach IBK 459, Lentinula edodes
(Berk.) Pegler IBK 55, Pleurotus ostreatus (Jacq.) P. Kumm. IMV F1300, VKM F2008 (IBK 109).

The cultivation of these basidiomycete strains (maintenance of the working collection,
cultivation of inoculum) was carried out on known media [21]. The strains were maintained
on beveled potato dextrose agar. The cultures were inoculated for 72 h at 28 ◦C on the
surface of soy sugar agar (g/L): sucrose, 15.0; soybean meal, 20.0; corn extract, 10.0;
potassium pyrophosphate, 1.0; agar, 20.0; and pH 6.7–6.8. Furthermore, the cultures were
transferred into flasks on a rocker (100 rpm) following the deep method for 5 days in liquid
6 B0 wort when the inoculum biomass reached 10.0 g/L.

The solid-phase cultivation was carried out on various plant substrates—waste prod-
ucts of floral and herbaceous raw material processing with a layer of 10–15 cm to prevent
evaporation of volatile fragrant substances. In the experiments, the main substrates for
growing mycelium were the plant materials of Rosa spp., lavender (Lavandula vera D.C.),
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clary sage (Salvia sclarea L.), and peppermint (Mentha piperita L.) after the extraction of
target products using distillation and/or extraction in plant and laboratory conditions. The
substrate was brought to 60% humidity by adding water. These materials were sterilized
with sharp steam for 30 min at 0.1 MPa. After cooling, the inoculum was inoculated to
10% of the medium (substrate) volume. Plant substrates for inoculation with cultures were
placed in glass containers with a volume of 500 mL in 10 repetitions. At the same time, the
ratio of carbon and nitrogen in the production waste of essential oil raw materials after
their primary processing was not considered.

The growth of the strains was evaluated by the rate of overgrowth of the substrate and
the nature of the formation of aerial and substrate mycelium. The degree of growth index
was estimated visually on a 6-score scale: 0 points—no visible growth; 1 point—up to 10%
(very small); 2 points—11–30% (small); 3 points—31–50% (medium); 4 points—51–70%
(large); 5 points—71–90% (very large); and 6 points—91–100% of substrate surface and
volume penetrated by basidiomycete hyphae. White hyphae are clearly visible on dark
culture material. Upon completion of incubation, the studied strains on essential oil plant
waste were dried on framed screen racks protected from direct sunlight using a convective
method at a temperature of the heat-carrier air of 40 ◦C to a residual moisture content
of 10%.

Component Analysis. The indicators shown in Tables 1–3 were determined from
cultures grown in potato dextrose broth. During cultivation on liquid nutrient media,
the biomass (mycelium) of the fungus was separated by filtration. Extraction of aroma-
forming compounds was carried out using extraction and distillation methods [26]. For
quantitative determination of essential oil, the European Pharmacopoeia method was
used [27]. The determination of the component composition of the extracted oil was carried
out using Chrom-5, Crystal 2000 M, and Perkin Elmer Clarus 680 chromatographs with a
flame ionization detector on a polar column [28]. Five samples of each strain were taken
for analysis.

The determination of chemical composition and sample preparation [29,30] were
carried out using the following methods: skimmed residue in Soxhlet apparatus—fat
content [31]; titration in the Kjeldahl apparatus—protein content [32]; phosphorus content—
by ashing according to spectrophotometry at 670 nm [33]; calcium and potassium content—
using atomic absorption spectrometry [34]; and fiber content—according to Genneberg
and Shtoman in CINAO modification [1]. Ash, ascorbic acid, and tocopherol contents
were determined according to the State Pharmacopoeia of the Russian Federation [35]. All
measurements were performed in five-fold analytical replications.

The amino acid was extracted using capillary electrophoresis [36,37]. At least two
electropherograms were recorded for each solution. The spectrophotometric method was
used to quantify chlorophyll and carotenoids in the raw material. For this purpose, 5.0 g
of raw material (precise weight, degree of crushing—0.5 mm) was placed in a 100 mL
flask and extracted with 25 mL of extractant: hexane, crude hexane, and ethyl alcohol 95%
under stirring for 1.5 h. The suspension was filtered through a paper filter. A total of 1 mL
of the extract was placed in a 25 mL volumetric flask and topped up with the solution
to the mark. The optical density of the sample was determined on a spectrophotometer
SF-104 (spectral range of wavelengths, nm 190–1100; visible range—tungsten halogen
lamp, UV range—deuterium lamp) at a wavelength of 450 nm (for carotene) and 664 nm
(for chlorophyll) in a cuvette with a layer thickness of 10 mm relative to the extractant:
hexane for carotene and ethyl alcohol for chlorophyll. Purified water was used as a control
solution [38–40]. Mathematical data processing was carried out using the STATISTICA 10.0
software package. The results are presented in the format “mean ± standard deviation”.
Multiple comparisons of the studied parameters were carried out in the framework of
a one-way analysis of variance (ANOVA) using the Scheffe post-hoc test as well as the
Duncan test. The critical level of significance (p = 0.05) was adjusted, if necessary, with the
Bonferroni correction for multiplicity.
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3. Results

Basidiomycete cultures are promising for the production of natural food flavorings
because they are capable of accumulating industrially important and biologically active
metabolites (Table 1). These types of mushrooms were of special interest due to volatile
fragrant substances (aroma), which are caused by aliphatic 8-carbon compounds (1-octene-
1-ol, 1-octene-3-one, 1-octene-3-ol, 3-octanol, etc.), some pyrazines, and pyrroles.

Table 1. Flavor evaluation results of the basidiomycete species studied.

Taxonomic
Position Strain Synthesized Volatile

Fragrance Substances Smell Aromatic Product
Accumulation, mg/L

Agaricus bisporus
(Agaricaceae) IBK 459

3-methylbutanol, 3-octanone,
1-octene-3-one, 3-octanol,

1-octene-3-ol, furfural,
benzaldehyde,

phenylacetaldehyde, benzyl
alcohol

severe mushroom 70.3–230.0

Lentinula edodes
(Ompalotaceae) IBK 55 lentionine, 1-octene-3-ol,

1-octene-3-one mushroom 46.7–101.9

Pleurotus ostreatus
(Pleurotaceae)

IMV F1300 1-octene-3-ol,
1-octene-3-one

mushroom
95.3–101.5

VKM F2008 163.0–210.4

Note. Accumulation of aroma-forming compounds was determined in the culture liquid of the producer.

The ANOVA made it possible to establish that the species affiliation of the strain
influenced the levels of protein (F = 5.026; p = 0.03; the power of influence according to
Snedekor—18.69%) and fiber (F = 4.829; p = 0.03; the power of influence according to
Snedekor—17.75%) in the biomass; however, there were no significant differences in the
content of protein, fat, fiber, ash, potassium, calcium, and phosphorus between the biomass
samples of different basidiomycete species (Table 2).

Table 2. Chemical composition of the biomass of the studied basidiomycete species, %.

Strain Protein Fat Fiber Ash Potassium Calcium Phosphorus

IBK 459 35.6 ± 4.7 6.7 ± 3.3 4.5 ± 1.8 6.5 ± 2.1 4.2 ± 1.1 0.3 ± 0.4 1.0 ± 0.1
IBK 55 20.9 ± 7.1 3.9 ± 1.7 7.4 ± 1.3 5.6 ± 2.1 4.2 ± 1.2 0.6 ± 0.6 0.8 ± 0.2

IMV F1300 27.7 ± 1.8 2.9 ± 1.9 7.3 ± 1.2 6.2 ± 0.7 3.4 ± 0.2 0.1 ± 0.1 0.8 ± 0.2
VKM F2008 29.4 ± 3.4 5.5 ± 1.6 9.5 ± 2.0 8.7 ± 1.5 3.6 ± 0.2 0.2 ± 0.1 0.1 ± 0.4

An analysis of the amino acid composition of the biomass showed that the content of
alanine and methionine did not depend on the strains of basidiomycete, and the concentra-
tion of other essential and non-essential amino acids was determined to some extent by the
species of fungi (Table 3). Thus, the proportion of glycine was higher in strain IBK 55 than
in IBK 459 (p = 0.006), and no differences were found between the other strains. The level of
proline in samples of strain IBK 459 was lower than in samples of strain IBK 55 (p = 0.002)
and IMV F1300 (p = 0.002). The contents of serine, tyrosine, lysine, phenylalanine, threonine,
leucine-isoleucine, histidine were higher in strains IMV F1300 and VKM F2008 than in
IBK 459 and IBK 55; no differences were found between pairs of strains IBK 459 and IBK
55, and IMV F1300 and VKM F2008. The proportion of valine in the biomass of strains
IBK 459, IMV F1300, and VKM F2008 was higher than that of IBK 55 (p = 0.005, p = 0.001,
and p = 0.0004, respectively). The arginine content consistently increased in the series
IBK 459→ IBK 55→ IMV F1300→ VKM F2008.
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Table 3. Amino acid content in the biomass of the studied basidiomycete species, %.

Amino Acid IBK 459 IBK 55 IMV F1300 VKM F2008

Non-Essential amino
acids

Glycine 0.92 ± 0.14 1.45 ± 0.13 1.10 ± 0.10 1.19 ± 0.11
Proline 0.76 ± 0.12 1.00 ± 0.10 1.84 ± 0.17 1.93 ± 0.18
Alanine 1.99 ± 0.18 1.67 ± 0.15 2.01 ± 0.12 2.10 ± 0.21
Serine 0.94 ± 0.08 1.45 ± 0.12 2.24 ± 0.21 2.43 ± 0.23

Tyrosine 0.44 ± 0.05 0.78 ± 0.07 1.75 ± 0.13 1.67 ± 0.16

Essential amino acids

Lysine 1.07 ± 0.10 1.34 ± 0.11 3.76 ± 0.34 3.87 ± 0.35
Valine 2.32 ± 0.20 1.45 ± 0.12 2.60 ± 0.20 2.90 ± 0.25

Phenylalanine 0.85 ± 0.10 1.11 ± 0.10 2.03 ± 0.18 2.10 ± 0.20
Methionine 0.31 ± 0.02 0.33 ± 0.03 0.32 ± 0.02 0.35 ± 0.03
Threonine 1.07 ± 0.09 1.34 ± 0.11 2.93 ± 0.44 3.03 ± 0.60

Leucine & Isoleucine 1.96 ± 0.17 3.00 ± 0.31 4.85 ± 0.45 5.48 ± 0.51
Histidine 0.57 ± 0.04 0.56 ± 0.05 2.91 ± 0.21 2.97 ± 0.25
Arginine 0.78 ± 0.06 1.56 ± 0.14 5.60 ± 0.06 6.07 ± 0.05

Sum 8.93 ± 0.82 10.70 ± 1.00 25.00 ± 1.89 29.77 ± 2.11

The bioconversion of the solid processing waste of rose, lavender, clary sage, and pep-
permint into valuable products by cultivating mycelium of edible basidiomycetes was car-
ried out at two humidity modes in the cultivator. The results are shown in Figures 1 and 2.

Studies have shown that the utilization of solid wastes from the processing of lavender,
sage, and mint is possible through biotransformation by basidiomycetes fungi depending
on their species identity, and there is a tendency of strain specificity. The best nutrient
substrate for mycelial development under conditions of 100% relative humidity was the
mint plant material after steam distillation and subsequent extraction. After 2 weeks of
incubation, the substrate was completely permeated with white threads—hyphae—and
had a distinct mushroom aroma. However, the studied strains showed a high growth
rate (2-fold higher) when utilizing clary sage waste after extraction: rapid germination of
mycelium to the full depth of the substrate, abundant formation of aerial mycelium, and
intensification of biosynthetic activity within one week.

During the solid-phase cultivation of strains on sage processing waste, it was noted
that the yield of ether extract and octen-3-ol significantly increased in the series
IBK 55→ IBK 459→ IMV F1300→ VKM F2008 (Table 4). The high level of accumulation
of octen-3-ol (the main component responsible for the smell of edible mushrooms) during
the cultivation of the P. ostreatus strains was confirmed by the organoleptic evaluation
of cultures.

Table 4. The biosynthetic activity of basidiomycete strains in solid-phase cultivation.

Substrate Strain EE Yield, mg/kg of Substrate Octene-3-ol Yield, mg/kg of
Substrate

Content of
Octene-3-ol in EE, %

Pleurotus ostreatus

SWE IMV F1300 580.0 ± 30.0 570.0 ± 30.0 98.2 ± 3.1

SWE VKM F2008 1450.0 ± 50.0 1380.0 ± 50.0 95.1 ± 3.4

Agaricus bisporus

SWE IBK 459 490.0 ± 20.0 420.0 ± 20.0 85.7 ± 4.1

Lentinula edodes

SWE IBK 55 310.0 ± 10.0 240.0 ± 10.0 73.4 ± 3.2

Note. EE—ether extract, SWE—sage waste after extraction.



Horticulturae 2023, 9, 450 6 of 11

Horticulturae 2023, 9, x FOR PEER REVIEW  5  of  11 
 

 

Glycine  0.92 ± 0.14  1.45 ± 0.13  1.10 ± 0.10  1.19 ± 0.11 

Proline  0.76 ± 0.12  1.00 ± 0.10  1.84 ± 0.17  1.93 ± 0.18 

Alanine  1.99 ± 0.18  1.67 ± 0.15  2.01 ± 0.12  2.10 ± 0.21 

Serine  0.94 ± 0.08  1.45 ± 0.12  2.24 ± 0.21  2.43 ± 0.23 

Tyrosine  0.44 ± 0.05  0.78 ± 0.07  1.75 ± 0.13  1.67 ± 0.16 

Essential amino acids         

Lysine  1.07 ± 0.10  1.34 ± 0.11  3.76 ± 0.34  3.87 ± 0.35 

Valine  2.32 ± 0.20  1.45 ± 0.12  2.60 ± 0.20  2.90 ± 0.25 

Phenylalanine  0.85 ± 0.10  1.11 ± 0.10  2.03 ± 0.18  2.10 ± 0.20 

Methionine  0.31 ± 0.02  0.33 ± 0.03  0.32 ± 0.02  0.35 ± 0.03 

Threonine  1.07 ± 0.09  1.34 ± 0.11  2.93 ± 0.44  3.03 ± 0.60 

Leucine & Isoleucine  1.96 ± 0.17  3.00 ± 0.31  4.85 ± 0.45  5.48 ± 0.51 

Histidine  0.57 ± 0.04  0.56 ± 0.05  2.91 ± 0.21  2.97 ± 0.25 

Arginine  0.78 ± 0.06  1.56 ± 0.14  5.60 ± 0.06  6.07 ± 0.05 

Sum    8.93 ± 0.82  10.70 ± 1.00  25.00 ± 1.89  29.77 ± 2.11 

The bioconversion of the solid processing waste of rose, lavender, clary sage, and pep‐

permint into valuable products by cultivating mycelium of edible basidiomycetes was carried 

out at two humidity modes in the cultivator. The results are shown in Figures 1 and 2. 

   
(a)  (b) 

   
(c)  (d) 

Figure 1. Degree of mycelium development  (ordinate axis—6‐point evaluation) of A. bisporus, P. 

ostreatus, and L. edodes on wastes from processing of floral and herbaceous essential oil raw materials 

at an air humidity of 50%: rose (a); lavender (b); sage (c); and mint (d). 

Figure 1. Degree of mycelium development (ordinate axis—6-point evaluation) of A. bisporus, P.
ostreatus, and L. edodes on wastes from processing of floral and herbaceous essential oil raw materials
at an air humidity of 50%: rose (a); lavender (b); sage (c); and mint (d).

The studied strains of basidiomycetes in deep culture also accumulated large amounts
of biomass, for example, the biomass of P. ostreatus strain IMV F1300 reached 16 g per 1 kg
of the substrate within 6 days. The level of accumulation of aroma-forming compounds
directly depends on fungi biomass: the A. bisporus strain IBK 459 synthesized 30.0 mg/kg
of essential oil within 3 days at a biomass of 2.34 g/kg and after 6 days at a biomass of
11.86 g/kg produced 41.4 mg/kg of essential oil and 262.0 mg/kg of extract. The mycelial
mass of edible mushrooms preserved their flavor after drying during long-term storage
(up to 10 years), as well as during cooking, in particular, by boiling for 10–15 min. A
comparative analysis of the chemical composition of essential oil plant raw materials after
their primary processing showed that rose was superior in protein content to lavender
(p = 0.006) and sage (p = 0.003), and mint occupied an intermediate position (Table 5). The
lowest content of fat (1.6 ± 0.2%) was noted in sage samples compared to other producers.
The lowest content of fiber was found in mint samples. The total amount of inorganic
substances (ash residue) in the samples of the studied producers was approximately the
same (no differences were found between the samples); however, the content of individual
minerals in different producers varied. Thus, the level of potassium in the samples of
mint was higher than in the samples of rose (p = 0.0002), lavender (p = 9.71 × 10−5), and
sage (p = 0.001). Differences were also found between the samples of lavender and sage
(p = 0.005). In terms of calcium content, rose and mint samples were the leaders, signifi-
cantly surpassing lavender (p = 0.0004 and p = 0.001, respectively) and sage (p = 0.0006
and p = 0.002, respectively). The proportion of phosphorus in rose (p = 0.002) and mint
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(p = 0.006) samples was higher than in lavender samples. Differences in carotene content
were established for samples of rose and sage (p = 0.005).
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Figure 2. Degree of mycelium development (ordinate axis—6-point evaluation) of A. bisporus, P.
ostreatus, and L. edodes on wastes from processing of floral and herbaceous essential oil raw materials
at an air humidity of 100%: rose (a); lavender (b); sage (c); and mint (d).

Table 5. Chemical composition of essential oil plant raw materials after primary processing, %.

Producer Protein Fat Fiber Ash Potassium Calcium Phosphorus Carotene

Essential oil rose 16.0 ± 2.0 5.0 ± 0.5 40.2 ± 1.0 10.0 ± 0.5 1.5 ± 0.2 1.21 ± 0.20 0.25 ± 0.05 0.95 ± 0.05
Peppermint 13.6 ± 0.4 4.7 ± 0.5 22.9 ± 2.0 11.1 ± 1.0 2.8 ± 0.2 1.08 ± 0.03 0.22 ± 0.02 0.82 ± 0.10

Lavender 11.4 ± 0.4 3.5 ± 0.5 37.4 ± 2.0 9.2 ± 0.2 1.2 ± 0.1 0.45 ± 0.05 0.10 ± 0.01 0.80 ± 0.10
Clary sage 11.0 ± 0.5 1.6 ± 0.2 30.5 ± 2.0 11.3 ± 0.3 1.9 ± 0.1 0.49 ± 0.05 0.15 ± 0.01 0.60 ± 0.05

The feeding value of secondary plant wastes of flower and herbaceous raw materials
after the cultivation of basidiomycetes also depends on the strain according to some studied
parameters. The level of vitamin C in VKM F2008 samples was an order of magnitude
higher than in IBK 459 (p = 0.003), IBK 55 (p = 0.004), and IMV F1300 (p = 0.003). The content
of tocopherol in samples of strains IMV F1300 and VKM F2008 significantly exceeded
that of strains IBK 459 and IBK 55 (Table 6). No other differences were found between
the strains.
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Table 6. Nutritional value of secondary plant wastes of floral and herbaceous raw materials after
cultivation of A. bisporus, L. edodes, and P. ostreatus, %.

Substrate Strain Protein Vitamin C Carotinoids Tocopherols Phosphorus Chlorophyll

LWD IBK 459 23.49 ± 9.21 0.010 ± 0.008 0.27 ± 0.24 0.077 ± 0.015 0.61 ± 0.11 1.80 ± 0.26
SWE IBK 55 16.97 ± 0.95 0.043 ± 0.018 0.38 ± 0.28 0.017 ± 0.006 0.80 ± 0.17 2.88 ± 1.68

MWDE IMV F1300 18.63 ± 6.45 0.011 ± 0.004 0.31 ± 0.24 0.817 ± 0.215 0.47 ± 0.05 4.29 ± 2.69
RWE VKM F2008 22.40 ± 6.57 0.410 ± 0.160 0.45 ± 0.34 0.907 ± 0.315 0.41 ± 0.07 0.06 ± 0.04

Note. MWDE—mint waste after distillation and subsequent extraction; RWE—rose waste after the extraction;
LWD—lavender waste after distillation; SWE—sage waste after extraction.

The results of the analysis of the nutritional value (composition, i.e., the content
of protein, vitamins, phosphorus, etc.) of secondary plant wastes after the cultivation
of mushroom mycelium on them indicate an increase in their quality in terms of some
indicators (Tables 5 and 6). Thus, the bioconversion of residues from the processing of rose
(p = 0.001352), mint (p = 0.0001705), lavender (p = 0.0001714), and sage (p = 0.0002144) led
to an increase in the level of phosphorus by 2–5 times. In samples of lavender (p = 0.008)
and sage (p = 0.0001459), after processing, the protein content increased by 1.5–2 times.
However, the level of carotenoids decreased after bioconversion by about 2.5–3 times in
rose (p = 0.003971), mint (p = 0.0009932), and lavender (p = 0.0008634) samples.

4. Discussion

It is known that some basidiomycetes (mushrooms) under deep cultivation can be
used in the food industry to produce natural flavors with a mushroom smell [41]. The
mushroom feed additive contains aromatic substances that produce a pleasant smell and
thus improve organoleptic properties and consumption. Mushroom protein with an amino
acid composition that complies with FAO standards is easy to digest without pretreatment.
Other advantages of mushrooms should also be noted: a significant amount of mineral
salts of potassium, phosphorus, iron, and calcium; the presence of vitamins (in particular,
carotene up to 0.01%) that are not destroyed by physical and chemical exposure; and the
content of several biologically active substances that affect metabolic processes (reduce
blood cholesterol levels) and have therapeutic properties [42–45].

A higher content of octen-3-ol, as the main component responsible for the smell of edi-
ble mushrooms, was observed during the solid-phase cultivation of P. ostreatus strains (IMV
F1300, VKM F2008) compared to strains of A. bisporus and L. edodes (Table 4) [9]. According
to the present results, the content of the sulfur-containing amino acid methionine in the
biomass of the studied strains is 0.31–0.35% (in terms of protein in champignon—0.9%,
in shiitake—1.6%, in oyster mushroom—1.2–1.3%). Significant increases in the protein
content during the bioconversion of all the studied types of solid waste by at least 1.4 times
(Tables 5 and 6) were found in this study. The bioconversion of the protein–carbohydrate
complex of plant substrates, carried out by fungal mycelium, is a multi-stage process. In our
experiment, under the influence of the mycelium of the studied strains, mint raw materials
underwent the greatest destruction after successive distillation and extraction. During
biotransformation, not only cellulose (cellulose) but also other carbohydrates (mono-, di-,
oligosaccharides) can act as a source of carbon.

In some studies, it was found that P. ostreatus and P. cystidiosus grown in corncob,
sugarcane, substrates, and sawdust had an increased fruiting body weight; some important
minerals such as calcium, potassium, magnesium, and zinc are also reported at high content
in P. ostreatus and P. cystidiosus [46]. All of the tested mushrooms (A. bisporus, L. edodes)
had minimal Na content; however, P. ostreatus had the smallest amount. Because of the
excessive K and reduced Na concentrations, the mushrooms may supplement human
nutrition, ensuring that patients obtain sufficient amounts of K and Na. For example, the
selenium content of A. bisporus may increase consumers’ access to selenium. These results
show that there is no toxicological risk and that the Cd and As concentrations in these
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strains of mushrooms are comfortingly minimal, and a total of 98–99% of their components
are four elements (K, P, Ca, and Mg), whereas the other elements contribute only 2–3% [47].

The additional lignocellulosic residues such as wheat straw and rice husk, which were
supplemented with corn and sunflower oil, were employed to grow edible P. ostreatus and P.
eryngii. In this combination, high levels of mycelium growth were recorded. Both Pleurotus
species are capable of producing large amounts of lipase, and nitrogen and calcium sources
promote enzyme synthesis, especially laccase production [48]. In other studies, tea waste
and peat were used to increase Agaricus quality and its mineral composition, i.e., sodium,
potassium, zinc, copper, iron, and calcium [49]. In recent work, it was found that olive oil
waste substrate also improved the quality of various mushroom species, such as Agricus
and Pleurotus [50].

Of particular interest is the change in the content of various components of plant
substrates during cultivation. Thus, the bioconversion of rose, mint, lavender, and sage
processing wastes led to a significant increase in the level of phosphorus by 2–5 times and
a decrease in the amount of carotenoids by 2.5–3 times. The nutritional value of secondary
solid waste was increased by strain-specific indicators of the content of vitamins C and
E, which indicates the need to select destructor strains according to a combination of
biotechnologically important properties.

5. Conclusions

For the first time, the possibility of recycling waste from essential oil production to
obtain new natural products was studied. Basidial cultures were screened to select the
most biotechnologically promising producers. The possibility of using rose, lavender,
sage, and mint plant raw materials by mushrooms of the genera Pleurotus, Agaricus, and
Lentinula after the materials’ primary processing is shown. For the biotechnology of feed
products of fungal origin, four strains (IBK 459, IBK 55, IMV F1300, VKM F2008) have been
proposed, differing in the compositions of synthesized biologically active substances. The
best substrates for growing mycelium of the Pleurotus ostreatus IMV 1300 strain were the
waste materials produced in the distillation of clary sage and peppermint. However, in all
the studied strains, the intensity of bioconversion of raw mint after sequential distillation
and extraction was the most pronounced.
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