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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 . 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.
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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 e¢lements 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 propertics. 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/1): cellobiose - 30;
KH2PO, - 1; K2HPO;, - 1; MgSO0.4 -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 acration 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 Nawwix6.25. 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 A.
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 . 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 0,7340,01
Pentadecyl (Ci5.0) Pentadecane 1,5840,04
Palmitic (Cis:0) Hexadecane 19,2340,50
Margarine (C17.0) Hexadecane 0,4540,01
Stearic(Cis: 0) Octadecane 2,3040,05
Unsaturated fatty acids
Palmitoleic (Ci6: 1) Cis-9-hexadecene 0,8540,01
Heptadecene(C17:1) Cis-9-heptadecene 0,4540,01
Oleic(Cis: 1) Cis-9-octadecene 3,7940,03
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) 1,4640,01
Sum of saturated fatty acids 24.294),61
Sum of unsaturated fatty acids 75,4142 .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.
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LENTINUS EDODES CAHBIPAYKY.JIAFbl BHOMACCACBIH/IATBI IPOTEUH/IEP,
JMIIAATEP MEH MA# KBIITKELITAPLIHBIH KYPAMEIH AHBEIKTAY

Annoramus. XKoraper 6a3uanamsasI CAHBIPAYKYIAKTAP Ka3ipri OHOTCXHOIOTHAHBIH 00IAIIAFE 0ap 00BCKTLICPL
60 TaObUTANBL. OUTKEHI KYPaMBIHAA KOMipCyiap, ITUIUATI JKOHE (PEHONIIbI TAOUFATTHIH OHOJIOTHSIBIK OCICCH I
3aTTApBIHBIH Oiperci KemeHi, BUTAMHHICD, MHKPO3JICMEHTTCP >KOHE OackKaga ajgaM ar3achl VINIH MAaHBI3IBI
KOChLIBICTAp Oap. by caHpIpayKyJIakTap MMMYHHTET KAJbINTACTBHIPYINBI, T€HATONMPOTEKTOPIBIK, THAOETKE KapChl,
BHPYCKAa KapChl KOHC AHTUMHKPOOTHIK Kacmerrepre me. Lentinus edodes kcumoTpo()Thl CaHBIpAyKYJIAKTAPIbIH
IOmHACTI MSPCICKTHBTI TYPIICPiHiH Oipi Oomemm Tadbamer. by seprrey TepeHaeTinreH l.edodes caHBIpay Ky IaFbIHBIH
32 mTamMbIHBIH MULCTHHIHACT] ITHK] MPOTEHH, IUITHATEP MEH Mail KbIIIKbUIAAPBIHBIH KYPAMbIH 3€PTTCYTEC aPHAFAH.
Oprama ecenmen 20 mraMMaarsl TPOTEHHHIH Momrepi 8-aeH 19 Y%-ra neifin, an 11 mraMMaa npoTeHHHIH MeIIEpi
20-23 %-ra xeTTi. 4 mTAMIA MPOTCHHHIH CH kKem Memmepi 23 %-asl KypaWTeHBI Oaiikangsl. JKacymmamapabrd
TipmIimiri OapeIchIHAAFRl OIpKarap yAepicrepAc akybl3mapAaH Oacka JIMIHATEP A MAaHbp3abel (akmapar Oepy,
MCTA0OTUTTEP CCKPEINACH JKOHC T.0.) epekme pen atkapaasl. OCBFaH OANIAHBICTHI 3CPTTCIACTIH INTAMIAPABIH
TEPEHIACTIATCH MUIICTHHIHCTI THIHATCPAIH MOJIIICPIH aHBIKTAY YKOHE OJAPIBIH KYPAMBIHIAFbI MAl KIIIKBLIIAPHIH
3ePTTEY CpEKIIEe KbI3BFYIIBUIBIK TYABIPABL JIMMUATEpAIH >KHHAKTAIYBIHBIH CANBICTBIPMANbl  KOPCETKIMI,
IITaMIAPABIH HETi3ri OemiriHiH KypaMbiHaa 6-7 % mumuarep 0ap CKCHIOITIH KOPCETTi. 3CPTTCITCH INTAMIAPABIH
KACHETTEPiH CANBICTHIpMAIBI Tannay /. edodes 2541 mramMblH €H NEPCHECKTUBTI MPOAYLICHT PETIHAC TAHAAI ANyFa
myM™mkiHgik Oepai. CoHsiMeH, caHbIpaykyitak l.edodes 2541 mraMbIHBIH OMOMACCACBIHAAFBI JKANIMBL AKYBI3BIH
memmepi 23,0 %, munmarep — 7 % exenairi 6enrim 0onasr. CaHBIpayKYIAK MULCTHIHIHIH TAFAM/IBIK KYHIBUIBIFBIHA
HCFYPABIM JOMPSK KO3 JKCTKI3Y YIIH MaH KBIIKBUTIAPBIHBIH, OCIPeCe, TAFaMHBIH aIMACTBHIPHUIMANTHIH
KOMITOHEHTTEpl OONbIN TAaOBUIATHIH IONMKAHBIKIIAFAH MAaH KbIIKbUIIAPBHIHBIH KYpPaMbIHA Tauaay »Kypri3iimi.
ONTKCHI, 0JIAP ATMACTHIPBUIMANTHIH AMUHKBIINKBLIITAPE! CHAKTHI adaM aF3achliHaa cuHTe3aAcne amvaiasl. [nurake
CaHbIPAY KYJIAFBIHBIH JKEMICTI JCHEEPIHAC Mal KbIIIKBLIIAPHI JHIUATEP KypaMmbIHbIH 3-3,4 % KypaHTbIHBI OCnrimi.
OnapapH KypambiHa: TaHOI (Cig2) — 72,8 %, mamemutu (Ciso) — 14,7 %, omenn (Cis.1) — 3,0%, TerpageucH (Cia)
—1,6%, creapus (Cis.0) — 0,9% sxoHe MupucTuH (Cis.0) — 0,1 % Kemuksrimaps! kipeai. TepenaerinreH L. edodes 2541
MULETHH JUMAATEPIHIH MAHKBIIKBLUIIEl KYPAMBIH TAIAAY OHJA IOJMKAHBIKIAFaH JucHAl THHOI (Cig.2) KbIMIKBIIEI —
MaIbl KbIIIKBUITAPABIH MeImEpiHeH 69% 0ackM eKeHIH KopceTTi. [1oMMKaHbIKITaFaH Mai KbIIIKbIITAPHI TAFAMHBIH
AIMaCTHIPHUIMAWTHIH KOMITOHEHTTEPI OOJBIN TAaOBUIAIBI. OUTKCHI, 0JNap AJIMACTBIPHUIMAHTHIH AMHHKBIIIKBLTIAPHI
CHSIKTBI aJaM ar3achlHOA CHHTE3ACIC aIMaWAbl. 3EpPTTENCTIH INTAMHBIH OHOMACCACHIHBIH JHIHATEPIHAC a3
MeJIIepac KAHBIKMAFaH Mal KbIIKBUIIAPBIHBIH 3 Typi Oap. 3eprrenreH /.edodes 2541 IITAMBIHBIH JIMIAATEPI
KypaMbIHJA TIOJMKAHBIKIAFaH aueH Al JMHOJ (Cig.2) KBIIKBLUIBI — MBI KBIIIKBLTAAPIBIH MeImepineH 69 % 6ackm
eKkeHiH aHbIKTangsl. l.edodes 2541 mraMbIHBIH TUIHATEPIHACTI KAHBIKKAH MaH KbIIIKbLUTIAPBIHBIH APACHIHIA KYPaMbl
Mall KeIIKbUIIAPABGIH MemmiepineH 19%-mpl KypaHThIH MOHOCH NAXbMHUTHH KbIMKBLTEI (Ciso) OackiM OOIIBI
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L. edodes 254] mMTaMMBIHBIH JHUIUATEPI KYpaMblHAA KAHBIKIMAFaH MaH KbIIKbUIIAPBIHBIH Memepi (75 %)
KAaHBIKKAH MAal KbIIKbUTIAPBIHBIH MexmepineH (24 %) emoyip acampl. OcbkiFaH OalIaHBICTHI JTHITHATEPAIH
KaHBIKIAY IIBIIBIK Jopeskeci 1,46-HbI Kypanibl.

Tyiiin ce3nep: Lentinus edodes, mpoTeHHACD, THIHATEP, MAH KbIIIKbLITAPEL
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ONPEAEJEHME COAEP)XAHUA NPOTEUHOB, JTUIIUAOB U "KUPHBIX KUCJIOT
B BUOMACCE I'PUBA LENTINUS EDODES

AnHoTtanust. Bpicmime 0asmamanbHBIE TPUOBI  ABILTFOTCS TNEPCHCKTUBHBIMH OOBEKTAMH COBPEMCEHHOM
OMOTEXHONIOTHH, MOCKOIBKY COJCP)KAT YHUKAIBHBIA KOMIUICKC OMOJOTHUYESCKHM AKTHBHBIX BCHICCTB YTJICBOIHOM,
TMIUIHON U ()eHOJBHOHM NMPHUPOIbI, BUTAMHHBI, MHKPOJICMEHTHI U JPYTHE >KH3HCHHO BAXKHBIC A1 UCIOBEUECCKOTO
OpraHu3Ma COCAMHEHMS. JTH TPHOBI 0071a1at0T BBHIPAKCHHBIMH UMMYHOMO/IY TUPY FOIIMMH, T€TIATOTPOTEKTOPHBIMH,
AHTHIHAOCTHUCCKAME, AHTHBHPYCHBIMH H AHTHMHKDPOOHBIMH CBOWCTBAMH. Lentinus edodes SBIACTCA OTHUM W3
HamOoJIee NEPCICKTHBHBIX BHIOB KCHIOTPOQHBIX TpmOOB. HacTosimee mCCIETOBAaHUE IOCBANICHO H3YUCHHUIO
COZCPKAaHMS CBIPOTO MPOTEHHA, JIMIAAOB W XKUPHBIX KUCIOT B TIyOMHHOM MHUICTIHMH 32 mITaMMoB rpuda L. edodes.
B cpemreM coaeprkaHne mporewHa v 20 mTaMMoB Ko1e0amock oT 8 10 19%, v 11 mraMMoB KOTHYSCTBO MPOTCHHA
mocrurano 20-23%. MakcuMaabHOE JKe COACPKAHHC MPOTCHHA, COCTaByaromee 23% Ha0MOoJamoch y 4 mraMMoB.
[ToMmumO OeMKOB JTMIUABI HTPAIOT OCOOYIO POJIb B PSIAC KH3HECHHO BAXKHBIX ITPOIIECCOB B KIETKax (Iepenatc
wH(pOPMALHH, CCKPCHHHA MCTAOONHTOB W T.A.). B CBA3H C 3THM, OCOOBINH HHTCPSC MPCACTABILLIO OMPCACICHHC
KOJIMYECTBA JHMIUIOB TyOWHHOTO MHICIHS HCCIIEAYyEMBIX IITAMMOB M H3YUEHHE WX >KHPHOKHCJIOTHOTO COCTaBa.
CpaBHHTCTBHAS XAPAKTCPHUCTHKA HAKOIICHHS JIMIHIOB MOKA3Aj1a, YTO OCHOBHAS YaCTh IITAMMOB coAcpkana 6-7%
muruaoB. CpaBHAUTEIBHBIN AHAM3 U3YUCHHBIX CBOMCTB HCCIEAYEMbIX MTAMMOB MO3BOJILUI 0TOOPATh KaKk HAOOIee
MIEPCIICKTUBHBIA MPOAYLEHT mTaMM L. edodes 2541. TakuM 00pa3oM, OBUIO YCTAHOBICHO, YTO COACPKaHUE OOMIECTO
Ocmka B TpmOHOM Omomacce mramma L. edodes 2541 cocrasmger 23,0%, mamumoB — 7%. Jdma Gonee TOUHOM
XAPAKTECPUCTHKH MHUINCBOM IEHHOCTH TPHOHOTO MHIEIHS ObLI IMPOBEACH AHATIHM3 CONCPKAHUS >KUPHBIX KHCIOT, H
0COOCHHO, MOJHHCHACHIICHHBIX KUPHBIX KHCIOT, KOTOPHIC SIBJLTIOTCS HE3AMCHHMBIMHM KOMITIOHCHTAMH ITHTAHHI,
TOCKOJIbKY, KAK M HE3AMECHUMBIC AMHHOKHUCIIOTHI, HE MOTYT OBITh CHHTE3HPOBAHBI B OPTaHU3ME UEIOBEKa. M3BECTHO,
YTO B IUTOJOBBIX TCJAX TPHOA IMHUTAKS YKHPHBIC KHCIOTHI COCTABIIFOT 3-3,4% OT coacpkaHus JHMAAOB. B mx
COCTaB BXOIAT KHCIOTHI. TuHOJCBAA (Cigo) — 72,8%, mampmutuHOBaA (Cis0) — 14,7%, onemnoBasa (Cigi) — 3.,0%,
terpageucHoBas (Ciq1) — 1,6%, creapuroBast (Ciso) — 0,9% mu wmmpuctwrOBasg (Ciao) — 0,1%. Anamm3
SKAPHOKHCIOTHOTO COCTaBa JHIUIOB TIyOWHHOTO Mmuemust L. edodes 2541 mokazam, 4ro B HEM IpeoOIagacT
MOJMHEHACBIIIICHHAS TueHOBAs THHOJICBAI (Cig.0) KHCI0Ta — 69% OT CyMMBI )KHPHBIX KHCJIOT. [ 10TMHCHACHIIICHHBIC
JKUPHBIC KHCIIOTHI SIBJLTFOTCS HE3AMEHUMBIMH KOMITOHCHTAMH TIHTAHHSI, IIOCKOJBKY, KaKk W HE3aMCHUMBIC
AMHHOKHCIIOTHL, OHH HE MOTYT OBbITh CHHTE3HPOBAHBI B OPraHM3ME 4eJIOBEKA. B mmmummax OmOMAcChl W3y4acMoOro
mTamMMa B HEOOIBIIMX KOJMYECTBAX IPHCYTCTBYIOT 3 BHIA HEHACHIICHHBIX KUPHBIX KHUCJIOT. YCTAHOBJICHO, UTO B
COCTaBC JTHITHIOB MCCICAOBAHHOTO ITaMMa L. edodes 2541 mpeodaagacT MOMMHCHACHIIICHHAS THCHOBAS JTHHOICBAS
(Ci32) xmucnora — 69% OT CyMMBI KHPHBIX KHUCIOT. Cpenu HACBHINCHHBIX >KUPHBIX KHCIOT B JHMIHIAX IITAMMA
L.edodes 2541 npeodnagact MOHOCHOBAA MATBMATHHOBAS (C)6.0) KHCTIOTA, COACPKAHAUC KOTOPOH cocTaBieT 19% ot
CYMMBI JKHPHBIX KACTOT. B coctase munumos mramma L. edodes 2541 KOMTHUCCTBO HCHACHIIICHHBIX KHPHBIX KHCJIOT
(75%) 3HAYHUTCIHFHO MPEBHINACT KOJTHYCCTBO HACBHIMICHHBIX JKUPHBIX KUCIOT (24%). B CBA3M ¢ 3THM CTCIICHB
HCHACHIIICHHOCTH JIMITHA0B COCTaBIACT 1,46.

KmoueBnie ciioBa;: Lentinus edodes, MPOTCHHBI, THITAIBI, )KUPHBIC KHCJIOTHL
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