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DETERMINATION OF THE PROTEINS, LIPIDS
AND FATTY ACIDS IN LENTINUS EDODES MYCELIA BIOMASS

Abstract. Higher Basidiomycete mushrooms are currently of interest because they are a rich source of various
bioactive natural products. Lentinus edodes is one of the most promising species of xylotrophic fungi. In this paper
crude proteins, lipids and fatty acids in the deep mycelium of L. edodes 2541 have been determined. It was shown
that the total protein content in the fungal biomass was 23.0%, and lipids - 7%. Analysis of the fatty acid
composition of the deep mycelium of L. edodes 2541 showed that it is dominated by polyunsaturated diene linoleic
(C18: 2) acid - 69% of the total fatty acids. Polyunsaturated fatty acids are indispensable components of nutrition,
because, like essential amino acids, they cannot be synthesized in the human body. It was demonstrated that in the
composition of the lipids of the strain L. edodes 2541 the amount of unsaturated fatty acids (75%) significantly
exceeds the amount of saturated fatty acids (24%). In this regard, the degree of lipids unsaturation was 1.46.

Key words: Lentinus edodes, proteins, lipids, fatty acids.

Introduction

Currently, there is increased attention to the creation of food additives and therapeutic and
prophylactic drugs that can be used to regulate physiological functions in the human body. Promising
objects in this direction are higher basidial mushrooms, as they contain a unique complex of biologically
active substances of carbohydrate, lipid and phenolic nature, vitamins, trace elements and other vital
compounds for the human body [1, 2]. These fungi have pronounced immunomodulatory,
hepatoprotective, antidiabetic, antiviral and antimicrobial properties [3, 4]. In particular, they are a source
of new polysaccharides with antitumor and immunomodulatory properties. One of the most widely
cultivated species of edible xylotrophic fungi is Lentinus edodes (shiitake), which has been widely used in
Chinese medicine for more than two millennia.

The fruit bodies of this fungus are grown on an industrial scale in many countries of the world [5]. In
addition to excellent taste, shiitake mushrooms are widely used in Chinese medicine for more than two
millennia. Fruit bodies of L. edodes contain proteins (26% of dry weight), lipids, including fatty acids
(mainly linolenic acid); carbohydrates; minerals; vitamins B, B, and C; ergosterols [6, 7]. It is known that
the most scarce component in the diet of people is a complete protein. Proteins of L. edodes fruit bodies
contain 18 amino acids included in the formula of a balanced diet, of which the essential ones are of
particular value: lysine, threonine, valine, tryptophan, tyrosine, etc. The content of essential amino acids in
the fruit bodies of various species of edible mushrooms cultivated on plantations can be quite high,
reaching and even exceeding 40% of the total amount of amino acids.

— § —
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In addition to protein, it is now well known that some microorganisms, including basidiomycetes, are
able to synthesize lipids and highly active lipid components in sufficiently large quantities. Fungal lipids
are represented by mono-di- and triglycerides, sterols and phospholipids [8, 9]. Due to high nutritional
values, the majority of research programs had been focused on extract from the fruiting body and there
have been fewer studies on extract from the cultivated fungi. In spite of many researchers’ efforts for the
production of bioactive metabolites by mushrooms, the physiological and engineering aspects of
submerged cultures (production kinetics, structural features, biological activity and biosynthesis control
methods of some bioactive compounds) are still far from being thoroughly studied [10, 11].

The aim of this study was determination of the content of crude protein, lipids and fatty acids in the
mycelia biomass of Lentinus edodes.

Materials and methods

The object of research was L. edodes 2541. For determination of the protein and lipids optimized
nutrient medium has been used. The composition of the medium was as a follow (g/l): cellobiose - 30;
KH2PO;4 - 1; K2ZHPO, - 1; MgS04 -0.25; peptone - 3.5; yeast extract - 20ml; pH-6. The experiments were
carried out on laboratory shaker (180 rpm) in 250 ml Erlenmeyer flasks with 50 ml of medium for 7 days.
The aeration intensity was 0.55g O/l/h. Sterile nutrient media were inoculated with homogenized biomass
of L. edodes 2541 strain (10% by volume). Cultivation temperature - 25°C. After cultivation, the fungal
mycelium of was separated from the culture fluid through a nylon cloth, repeatedly washed with water,
dried at 60°C to a constant weight, crushed and used for chemical analyses.

Total nitrogen content (N) in the mycelium was determined by Kjeldahl, the content of crude protein
(total protein) was calculated as Nawwx6.25. Amino acid composition of proteins was studied on the
analyzer of amino acids "AAA-881" ("Miasrotechna", Czech Republic).

Lipids were extracted by the Folch method [12], the fatty acid composition of lipids was analyzed as
methyl esters of fatty acids on a gas-liquid chromatograph "Chrom-5" (Czech Republic) with a flame
ionization detector, using a stainless steel column 3.7 m long, filled with n-AW chromaton with 15%
polyethylene glycol succinate in the isothermal mode at an evaporator temperature of 210°C and a column
temperature of 160°C. Identification of fatty acids was carried out by relative retention volumes, as well as
in comparison with the indicators of control methyl esters of fatty acids [13, 14].All the analyses were
performed in triplicate, and the results were expressed as mean SD values of the three sets of observations.
The mean values and standard deviation was calculated using STATISTICA 6 [15].

Results and discussion

In order to more accurately characterize the objects of research at the first stage, we conducted
experiments to study the level of accumulation of crude protein and lipids in the conditions of deep
cultivation. The efficiency of synthesis in this case was estimated by the amount of these substances per
unit of synthesized biomass. The test strains were grown on an optimized liquid medium, as indicated in
the above. The results are presented in Table 1.

The protein content of 20 strains ranges from 8 to 19%. At the same time, the protein content of 11
strains reached 20-23%. The maximum protein content of 23% was observed in strains 2541, 65, 2022 and
2267.

Comparative characteristics of lipid accumulation revealed variability from 3% to 7% to absolute dry
weight. The main part of the strains contained 6-7% lipids. Comparative analysis of the studied properties
of these strains, including previously obtained data on biomass synthesis, allowed to select strain L.
edodes 2541 as the most promising producer. It was found that in the fruit bodies of L. edodes, as in a
number of other basidial fungi, lipids do not exceed 5-6% by weight, and, as a rule, their content is higher
in the cap than in the leg. This is because the basidiospores in the cap are very rich in lipids. Comparison
of lipid composition of fruit bodies of L. edodes with fruit bodies of widely cultivated edible fungi 4.
bisporus (champignon) and P. ostreatus (oyster mushroom) showed that the main features peculiar to
lipids of fungi of the Basidiomycetes class (prevalence of C18:2, high values of the degree of unsaturation
(CH) of lipids (1,4-1,5) were found in shiitake. However, this fungus has a number of differences, for
example, a high level of palmitic (C16:0), the presence of palmitoleic (C16:1) acid.
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Table 1 - Crude protein and lipids content in different strains of L. edodes, %

The number of the strain Crude protein Lipids
1 2 3
55 17 5
2541 23 7
57 20 6
65 23 7
503 13 4
504 20 6
1712 19 6
2082 19 6
711 21 6
712 21 7
713 19 6
1500 17 5
1501 18 5
1628 16 5
1658 20 6
1659 20 6
1973 18 6
1992 18 6
2022 23 7
2023 21 6
2056 18 6
1709 15 5
1711 8 2
2059 7 2
1710 11 3
1 2 3
2180 16 5
2267 23 7
2084 12 4
2085 12 4
2914 10 3
507 17 5
The results of determination of fatty acid composition of fungal biomass L. edodes 2541 are presented
in Table 2.
Table 2 - Fatty acid composition of deep mycelium of L. edodes 2541
— - Indicators - - % of the amount of fatty acids
Trivial name of the fatty acid | Systematic name (IUPAC) of fatty acid
Saturated fatty acids
Lauric (Ci2.0) Dodecanese -
Myristic (C14: 0) Tetradecane 0,73+0,01
Pentadecyl (Cis:.0) Pentadecane 1,58+0,04
Palmitic (Cis:0) Hexadecane 19,2340,50
Margarine (Ci7.0) Hexadecane 0,45+0,01
Stearic(Cis: 0) Octadecane 2,30+0,05
Unsaturated fatty acids
Palmitoleic (Cie: 1) Cis-9-hexadecene 0,8540,01
Heptadecene(Ci7:1) Cis-9-heptadecene 0,45+0,01
Oleic(Cis: 1) Cis-9-octadecene 3,79+0,03
Polyunsaturated fatty acid
Oleic (Cis:2) Cis, Cis-9,12-octadecadiene 69,42 +£1,20
a-Linolenic(Cis: 3) Cis,Cis,Cis-9,12,15-octadecatrienoic 0,90£0,30
CH (degree of lipid unsaturation) 1,46+0,01
Sum of saturated fatty acids 24,29+0,61
Sum of unsaturated fatty acids 75,414£2,00
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The data presented in Table 2 demonstrate that polyunsaturated linoleic acid (C18:2) prevails in the
composition of lipids of the studied L. edodes strain — 69% of the total fatty acids. It should be noted that
the main fatty acid of many vegetable oils (sunflower, soybean, corn, cotton) is also linoleic acid, the
content of which is 50-70%.

In the biomass lipids of the studied strain, 3 types of unsaturated fatty acids are present in small
quantities. It was found that among the saturated fatty acids in the lipids of the strain L. edodes 2541,
monoenic palmitic (C16:0) acid content was 19%. It was found that the number of unsaturated fatty acids
(75%) in the lipids of the strain L. edodes 2541 significantly exceeds the number of saturated fatty acids
(24%). In this regard, the degree of lipid unsaturation was 1.46.

In the fruit bodies of shiitake mushroom, fatty acids make up 3-3. 4% of the lipid content. Their
composition includes following acids: linoleic (C18:2) — 72.8%, palmitic (C16:0) — 14.7%, oleic (C18:1) —
3.0%, tetradecene (C14:1) — 1.6%, stearic (C18:0) — 0.9% and myristic (C14:0) - 0.1%.

Thus, the obtained data indicate a high nutritional value of the deep mycelium of L. edodes 2541.

K.I'. Mycrapun', H.A. Bucko?, A.K. Kaauesa®, U.E. Tanen6aena*
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LENTINUS EDODES CAHBIPAYKYJIAFBl BUOMACCACBIHJIAYBI IPOTEUH/IEP,
JUIMUATEP MEH MAH KbIIIKBIUIIAPBIHBIH KYPAMBIH AHBIKTAY

Annoranus. JXXorapsl 6a3uauanbabl cCaHBIpayKYJIaKTap Kazipri OMOTEXHONOTUSHBIH Ooamiarsl 0ap 00BeKTiIepi
0oxpIn TaObUTAAEI. OUTKEHI KypaMbIHIA KeMipcyiap, JTUIMHATI KoHe (GEHONIBI TaOUFATTHIH OMOIOTHSIIBIK OeJICeH Il
3aTTapbIHBIH Oipereil KemieHi, BUTAMHUHACP, MHUKPODJIEMEHTTEp JOHEe Oackaja agaM ar3achl VIIH MaHBI3IbI
KOCBUTBICTap 0ap. byl caHpIpayKyJlakTap MMMYHHUTET KaIbIITACTHIPYIIbI, T€NATONPOTEKTOPIBIK, THA0ETKE KapChl,
BUPYCKa Kapchl JXOHE aHTUMHKPOOTBIK Kacuertepre ue. Lentinus edodes kcunoTpodThl CaHbIPAyKYJIAKTapblH
IITHET] TEPCIeKTHBTI TYPIIEpiHiH Oipi Oomsi Tabbanel. by 3eprrey Tepernerinre l.edodes caHpIpayKyJIaFbIHBIH
32 mTaMBIHBIH MHLETARIHACT] MUK TPOTEHH, JTUIMUATESP MEH Mail KBIIIKBUIIAPBIHEIH KYPaMBIH 3epTTEyTe apHaIFaH.
Oprama ecenmiern 20 mTaMMAAFbI TPOTEHHHIH Meuepi 8-n1eH 19 Y%-ra neifin, an 11 mraMMaa npoTeMHHIH Memepi
20-23 %-ra xerTi. 4 mTamMaa MPOTEWHHIH eH Kem Memmepi 23 %-Iel KYpaWThIHBI Oalkanmel. JKacymamapasiy
TipmTiri GapeICBIHOAFBl OipKaTap yaAepicTepae akybl3JapHaH Oacka JHUOHATEp J€ MaHB3ABI (akmapar Oepy,
MeTabONMUTTEP CEKpEIsCH koHe T.0.) epekmie pen atkapaasl. OckFaH OaiIaHBICTBHI 3epPTTEICTIH MITaMIApABIH
TEPEHJICTIINeH MULICTUHIH/IET] TUIUTePIIH MOIIIIEPIH aHbIKTAY YKOHE OJap/IbIH KYPAMBIHAAFbI Mail KbIIIKbUIIAPBIH
3epTTey epeKIIe KbBI3BIFYIIBUIBIK TYABIPAbL JIMMUATEPAIH IKHMHAKTATYBIHBIH CAJBICTHIPMAJIBl  KOPCETKIII,
IITaMIapAbIH HeTi3ri OemiriHiH KypambiHma 6-7 % mumuarep Oap eKeHIITiH KOpCeTTi. 3epTTeNreH MTaMIOapIblH
KAaCHETTEpiH CaJbICTRIpMaibl Tannay /. edodes 2541 mTaMblH €H MEPCIEKTHUBTI MPOAYICHT PETiHIEC TaHIAIl alyFa
MyMKianik Oepni. ConbiMeH, caHbIpaykyrtak l.edodes 2541 mTaMbIHBIH OMOMAacCacHIHAAFBI JKANIBl aKybBI3IBIH
meormepi 23,0 %, mummarep — 7 % exermiri Oenrini Oonapl. CaHBIpayKyJIaK MACIHHIHIH TaFaMIBIK KYHIBUTBIFBIHA
HEFYPIIBIM JIOJIpeK KO3 JKETKi3y VINIH Mai KbIIKbUIIAPbIHBIH, dcipece, TaraMHbBIH aJMAaCThIPbUIMANTHIH
KOMIIOHEHTTEPi OONBIN TaOBUIATHIH TIOJIMKAHBIKIIAFAaH Mai KBIIKBUIIAPBIHBIH KypaMblHA Taunay >Kypri3iimi.
OiiTKeHi, oNap aaIMacThIPBUIMANTHIH AMUHKBIIIKBUIIAPGI CHSKTBI a/1aM aF3achlHAa cuHTe3nene aaMaiinel. [llunrake
CaHbBIpayKYJIaFbIHBIH JKEMICTI ICHENepiHae Mai KbIIIKbUIIAph! JUMUATEP KypaMbIHbIH 3-3,4 % KypaWThIHBI Oenrii.
Omapaeie Kypambraa: TUHON (Cis:2) — 72,8 %, manmeMutaH (Cie0) — 14,7 %, onenn (Cis:.1) — 3,0%, terpanenes (Cia:1)
—1,6%, creapun (Cis.0) — 0,9% xone mupuctuH (Cis0) — 0,1 % xpimkpuimaps! kipeni. Tepernerinren L. edodes 2541
MUIETUH TUNHATePiHIH MaKBIIKBUIIB KYPaMBIH Tall[iay OHJA IMOJWKAHBIKIIarad queH i JUHOM (Cs.2) KBIIIKBUTB —
Ma¥Tbl KBIIKBUTIAPIBIH MeiepiHneH 69% O6achiM ekeHiH kopceTTi. [loauKaHbIKnarad Mail KBIIIKBUIIApBl TAaFAMHBIH
aJIMaCTBIPBUIMAUTHIH KOMIIOHEHTTEpI OOJBIN TaObUIa(bl. OUTKEHI, OJap AJIMACTBIPHUIMANTHIH AMHHKBIIIKBUIAPHI
CHSIKTBI ajJlaM ar3achblHJa CHHTE3/Iee alMaipl. 3epTTENeTiH INTAMHBIH OHOMACCACHIHBIH JIMIHATEPIHAC a3
MeJIepie KaHbIKIaFaH Mai KBIIKBUIIApBIHBEIH 3 Typi Oap. 3eprrenren ledodes 2541 mTaMbIHBIH JUIMHAATEPI
KypaMBIHJa TIONWKAHBIKIIaFrad queH i THHOI (Cis:2) KBIIIKBUTEI — MaiIbl KBIIIKBUIAAPIBIH MeIIepineH 69 % 6aceim
eKeHiH aHbIKTaabl. l.edodes 2541 mITaMbIHBIH TUMUATEPIHACT]I KAHBIKKAH Mall KBIIIKBUIIAPEIHBIH apachlHaa KYPaMbl
Mall KBIIKBUIIApABIH MemmepineH 19%-ap1 KypalTBIH MOHOSH HalbMUTHH KbBIIKBUIBI (Ciso) 0ackiM OOIIBI.
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L. edodes 2541 mraMMBIHBIH JNHIUATEPI KypaMblHAA KAaHBIKIAFaH Mal KbIIIKbUIAAPBHIHBIH Memmepi (75 %)
KAaHBIKKAH Mai KBIIIKBUIIAPBIHBIH MemmepineH (24 %) emoyip acamel. OcbiFaH OalIaHBICTBI JUIUATEPIIH
KaHBIKIAYIIBUTBIK Jopekeci 1,46-HbI Kypaiapl.

Tyiiin ce3nep: Lentinus edodes, nporenHaep, JUMUATED, Mail KbIITKbUIIAPHI.
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OIPEAEJEHUE COAEPXKXAHUSA ITPOTENHOB, JIMTIINAO0B U )KUPHBIX KNCJIOT
B BUOMACCE I'PUBA LENTINUS EDODES

AnHoTanusi. Bricmie 0asupnanibHple TpUOBI  SIBJISIIOTCS  HEPCIEKTHBHBIMH  OOBEKTaMH COBPEMEHHOU
6I/IOT6XHOHOFI/II/I, IMOCKOJIBKY COJCpKaT yHHKaJ’leblﬁ KOMILJIIEKC 6I/IOJ'IOFI/I‘leCKI/I AKTHUBHbLIX BCIICCTB yFHeBOZ[HOﬁ,
JUMUAHON ¥ (DEHONBHON NMPHUPOABI, BATAMUHBI, MUKPOAJIEMEHTHI M APYTUe KU3HEHHO Ba)KHBIE JUISl Y€JIOBEYECKOTO
OpraHu3Ma COeJMHEHHUs. ITH TPHOBI 00J1a1al0T BEIPAKEHHBIMH UMMYHOMOYJIMPYIOIMMH, T'€laTONPOTEKTOPHBIMH,
aHTUANA0ETHYECKUMH, aHTUBUPYCHBIMM M aHTUMHKPOOHBIMU CBOWCTBamMH. Lentinus edodes siBIsieTcss OJHUM U3
HauOosiee NEPCIEeKTUBHBIX BHIOB KCWIOTPO(HBIX TpuOOB. Hacrosiee wucciieoBaHUE IOCBANICHO H3YYEHHUIO
COJICpPKaHHUs ChIPOTO IPOTEHHA, JIUITUAOB U KHUPHBIX KUCIOT B NTyOMHHOM MuIeanu 32 mraMMoB rpubda L. edodes.
B cpennem coxpepxkanue nporeuna y 20 mraMmmoB Kosiebaiock ot 8 10 19%, y 11 mraMMOB KOJIMYECTBO IPOTEHHA
nocturano 20-23%. MakcuMalbHOE e CoJiepiKaHue MpoTenHa, cocTasistomniee 23% Habmo1an0ch y 4 mMTaMMOB.
[TomMumo OeNKOB JIMNMIBI MI'PAIOT OCOOYIO POJb B PsAZE JKU3HEHHO BaXKHBIX NPOLECCOB B KiETKax (mepenade
nH}popManny, CeKpeunr MeTaboJUTOB W T.I.). B CBsI3M ¢ 3TUM, OCOOBI MHTEpEC NPEACTABISUIO ONpelesieHHe
KOJIMYECTBA JIMIIMIO0B FJ'Iy6I/lHHOFO MULECIUA UCCICAYCMBIX INTAMMOB M HM3YYCHUEC HX KUPHOKHCIIOTHOI'O COCTaBa.
CpaBHUTENbHAS XapaKTEPUCTUKA HAKOIUICHHS JIMMKAOB [10Ka3ajia, YTO OCHOBHAs 4acTh IITAMMOB cojepxkaia 6-7%
nunuioB. CpaBHUTENBHBIM aHAIN3 W3YyYEHHBIX CBOMCTB MCCIEIyEMbIX IITaAMMOB MO3BOJIMII OTOOpaTh Kak Haubojee
MEePCIEeKTUBHBINA MPOIyLeHT mTamMM L. edodes 2541. Takum 00pa3om, ObUIO YCTAHOBIIEHO, YTO COAEPIKAHUE OOLIEro
Ocnka B rpuOHOil Omomacce mramma L. edodes 2541 cocranser 23,0%, munumoB — 7%. Jlas OGonee TOYHOM
XapaKTCPUCTHUKH HHHJ,eBOﬁ IHEHHOCTH I'pI/l6HOFO MUILICIINSA 6])1.]'[ MPpOBEACH aHAJIM3 COACPIKAHUA KUPHBIX KHUCIIOT, U
OCOGCHHO, IMOJIMHCHACBIIICHHBIX JXUPHBIX KHUCJIOT, KOTOPBIC ABJIAIOTCA HC3aMCHUMBIMU KOMIIOHCHTAMU MNHUTAHUA,
IMOCKOJIbKY, KaK 1 HE3aMC€HUMbIC aMUHOKHUCJIOTBI, HE MOT'YT 6]>ITI) CHUHTC3UPOBAHBI B OPIraHU3ME YCJIOBCKA. I/ISBCCTHO,
YTO B IUIOJOBBIX TeJlaX IpruOa MIMHUTAKE >KUPHBIC KHCIOTHI COCTABNISIOT 3-3,4% OT comepikaHus JUOHIOB. B mx
cocTaB BXOIAT KUCIOTHL: JuHOJIeBas (Cig) — 72,8%, manemuturoBas (Ciso) — 14,7%, oneunoBast (Cis.1) — 3,0%,
terpaneuenoBas (Cis1) — 1,6%, creapunoBast (Ciso) — 0,9% wu wmupuctunoBas (Ciso) — 0,1%. Anamus
KMPHOKHCJIOTHOTO COCTaBa JIMNHMIOB IyOMHHOro muuenus L. edodes 2541 mokaszan, 4ro B HeM Npeodiagaer
MOJIMHEHACHIIIeHHas AueHoBas auHoneBas (Cis.2) kuciaora — 69% OT cyMMBI KUPHBIX KUCIOT. IloanHeHachIeHHbIe
JKUPHBIC KHUCJIOTBI SABJIAIOTCA HE3aMCHHUMBIMHW KOMIIOHCHTAMH TIMATAHUA, IIOCKOJIbKY, KaK HW HE3aMCHHUMBIC
AMHWHOKHUCJIOTBI, OHU HE MOTYT 6I)ITb CHUHTC3UPOBAHbI B OPraHU3ME YCJIOBCKA. B Jianuyaax 6I/IOM3.CCIJI n3y4yaceMoro
mraMmMa B He6OJ'II)IJ_II/lX KOJIMYECTBAX MPUCYTCTBYIOT 3 BUa HCHACBIMICHHBIX KUPHBIX KHUCJIOT. yCTaHOBﬂeHO, 4YTO B
COCTaBe JIMIUJIOB UCCiIe0BaHHOrO TaMma L. edodes 2541 nipeoOnanaeT nojJMHEHACHIIIEHHAS IMEHOBAs JIMHOJIEBAs
(Cig:2) kucmora — 69% OT CyMMBI KUPHBIX KHUCIOT. Cpeu HACBIIIEHHBIX >KHPHBIX KHCIOT B JIMMIHIAX IITaMMa
L.edodes 2541 npeobnanaer MoHOeHOBas naibMUTHHOBAS (Ci6:0) KHCIOTA, COJCPKAHUE KOTOPOU cocTaBisieT 19% ot
CYMMBI JKUPHBIX KUCIIOT. B coctaBe nmnumos mramma L. edodes 2541 KOIMUYECTBO HEHACBIIICHHBIX JKUPHBIX KUCIOT
(75%) 3HaYMTENbHO MPEBHIIAET KOJIMYECTBO HACBHIIICHHBIX JKUPHBIX KHUCIOT (24%). B cBs3m ¢ 3TUM cTeneHb
HEHACHIIEHHOCTH JIMIINUJIOB cocTaBiseT 1,46.

KiarwueBnle ciioBa: Lentinus edodes, TpOTSHHBI, JINIUIbL, YKUPHBIC KHUCIOTHL.
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