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I'pubu wuimake € npupoOHUM OdHCepeloM He MIIbKU eHepeemuUYHO YIHHUX PeyO8UH, a |
Makpo- ma Mikpoenemenmie. Ix 6ionociuna yinHicme 3anevucumv 6i0 YMOE GUPOUYEAHHS, 6
neputy uepey, 8i0 8UKOpUCMAH020 cyocmpamy ma 600u. s 0ocnioxcenHs 0yau SUKOpUCMaHi
epubu wiimaxe, ski oyau eupoweni THB «Ecmawy. byno oOocnioxceno mikpo- ma
MakpoenemMeHmuull  cknad epubie wuimake, OepesuHHO20 cyOcmpamy ma 800U, WO
BUKOPUCMOBYBANUCS ONI5L YUKTY eupowyysanus epudis. Cyocmpam ma epubu nepeo npoeeoeHHIM
00Cni0NCeH s OYIU 030]1eHl ) KUCTIOMY Cepedo8Uuuli 3a 00NOMO20H0 MIKPOXBUIbOBO2O NPUNLAO).
Busnauenns mixkpoenemenmnoco ckaady npoeoounocs amoMHO-a0COPOYIIHUM MemoooM HA
npunaoi PerkinElmer AAnalyst 400. Busnauenns ¢hocghopy npoeoounu eazosum memooom,
asomy — mMumpomMempudHum memooom. Kaniu, nampiii ma xanvyitl 6usHA4aAIUCA MemMOoOOM
nonymenesoi cnekmpomempii na npunaoi Elico CL378, 6op — 3a cneyianvrno pospobiernoro
MemoOUKO 3 BUKOPUCIMAHHAM A30MEMUHY CNeKmpoghomomempuyHum Memooom Ha npunadi
Ulab S261UV. Byro o0ocriosceno 36’5130k Mide MIKpO- mMd MAKPOCLEMEHMHUM CKIAOOM
0epesunHo20 cyocmpamy, 600u ma 2pubie wuimaxe. Buznaueno, wo npu 3ace0r08aHHI
Kobanbmy, MacHito, Kaivyiro, Hampiio, YUHKY, Kaiito, Midi i3 cyocmpamy, ix emicm y epubax
KoHyenmpyemocs. Koumyemmpayii mapeanyro, ceunyio ma 3aniza 00Haxosi 0ns 2pudie ma
cyocmpamy. Buicm enemenmis y 600i 3HauHO MeHwull Hidxe y cyocmpami. Excnepumenmanvi
OaHi OyIU NOPIGHAHI 13 liMepamypHUMU, NPOCIiOKOBYEMbCA iX NOBHA HegionosioHicmyv, Taxkum
YUHOM, MOXNCHA NPUNYCIMUMU, WO XIMIYHUL CKIAO WUIMAKe NepesaddiCHO 3alexHCums 6io
cybcmpamy, wo 8uKopucmosyemscs 0l YUKy supousyeants. Bmicm 3aniza y epubax susasuecs
MEHWuUM 3a OYIKY8aHuu, w0 O0aio RNiOcmasy NPUnyCmumu uto2o Hecmayy y cybocmpami.
Bcmanosenena neobXionicmvs  GUKOPUCMAHHA —HACUYEHO20 —eleMeHmamu cyocmpamy, aboo
3ACMOCy8anHs MIKpoOobpus 0 eupowsysanns 2pubis. Ilpu yvomy 600a Onsi 8UPOWYBAHHS He
Mae cymmegozo 6naugy Ha 6MIicm ejleMeHmis y epuoax.
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Shiitake mushrooms are a natural source of not only energetically valuable substitutes, but
also of macro- and micronutrients. Their biological value depends on the conditions of
cultivation, first of all, on the used substrate and water. Shiitake mushrooms that grown by DLC
“ESMASH” were used for research. The micro- and macroelement composition of shiitake
mushrooms, wooden substrate and water used for the growing cycle of fungi were researched.
Substrate and mushrooms before the analysis were converted into ashes in acidic fluid using a
microwave device. Determination of the micronutrient composition was carried out by the
atomic adsorption method on the PerkinElmer AAnalyst 400. Determination of phosphorus was
carried out by weight method, nitrogen — by titrimetric method. Potassium, sodium and calcium
were determined by the method of flame spectrometry on the Elico CL378, boron — according to
a specially developed method using azomethine by spectrophotometric method on the Ulab
S261UV. The relationship between the micro- and macroelement composition of the wooden
substrate, water, and shiitake mushrooms was researched. It has been found that during
assimilation of cobalt, magnesium, calcium, sodium, zinc, potassium, copper from the substrate,
their content in the fungi is concentrated. Concentrations of manganese, lead and iron are the
same for mushrooms and substrates. The content of the elements in water is much smaller than
in the substrate. Experimental data were compared to literary one. Their complete discrepancy
is followed. Thus, it can be assumed that the chemical composition of the shiitake depends
entirely on the substrate used for the growing cycle. The content of iron in mushrooms was less
than had been expected, this letting assume its lack in the substrate. The necessity of using
substrate saturated with elements, or using microfertilizers for the cultivation of fungi has been
established. At the same time, water for cultivation does not have a significant effect on the
content of elements in mushrooms.

Key words: shiitake, substrate, biological value, microelements, macroelements.
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IMocranoBka mnpobaemu. OJHUM 13 BaXJIMBUX AaCMHEKTIB HAYKOBUX JIOCHIIKEHb €
BJIOCKOHAJICHHSI TPAJAUIIIMHKX Ta po3poOKa HOBHX BUAIB XapuoBOi nmpoaykuii. Benuka yBara npu
[IbOMY HAJAa€ThCSI KOHLENIII] 3I0POBOTO XapuyBaHHSI.

VY 3B'3Ky 13 MM BHUHUKJIA HEOOXIJHICTH BBEIEHHS B KYJIbTYpPY HOBHUX OpIaHi3MiB —
IpKepen OUIKy, cepell IKUX OJHUM 3 HAWLIHHIIINX € ICTIBHI TprOu.

Bimomo, mo rpubu MarTh BHCOKY Xap4oBYy 1 Oi0JIOTIYHY I[IHHICTH, IO OOYMOBIIOE iX
KOPHCHI CIIO’KHBYI BIIACTUBOCTI. AJie BIIHOCHO BEJIHMKA BaPTICTh JaHOI CHPOBHUHU Ta JOCTATHBO
BY3bKHH aCOPTHMMEHT NPOJYKIIl 3HAYHO 3HUXKYIOTh CHOXXHBAHHA TPUOHOT MPOAYKIi yciMma
BEPCTBAMU HACEJICHHSI.

3po3yMiNo, MO HAWBHIY XapyoOBY IIHHICTh MAIOTh TPHUOW MPHUPOTHOTO TOXOPKEHHS, aie
iX BUKOpPUCTaHHS B DKy HOCHUTh CE30HHMM 1 HEIUIaHOMIpHMM xapakrtep. Jlo Toro x, B yMOBax
MOTIPIIEHHSI €KOJIOTTYHOI CUTYallil i 3pOoCTarouoro 3a0pyJIHEHHS HAaBKOJHUIIHBOTO CEpeloBUILA
30upatu IuKopocii rpudu Hebe3NmeuHo, OCKUIBKU Ipudu € ocMoTpodaMu, a TOMY MOTJIMHAIOThH
IIKIJJIMB1 PEYOBUHH 13 IPYHTY Ta MOBITPSI.

Bupimennsm naHoi mnpoOnemMu € KyJbTUBYBaHHA TIpuOIB B IITYYHHX YMOBax Ha
€KOJIOTTYHO 4ucTuX cyoOcrparax. KynbTuBOBaHI IpuOM HE MICTATH IIKUIMBUX PEUYOBHUH,
OapBHUKIB, KOHCEPBAHTIB, HITYYHHUX J100aBOK, HE MPOXOJAATh XIMIYHY O0OpoOKy, iX MOXHa
BXKMBATHU B DKy 0€3 pu3uKy i 310poB's [1,2].

Bnpoioxk 0Brux pokiB rpulOu B XapuoBiii MPOMMCIOBOCTI PO3IJISJANNCA B OCHOBHOMY
SK JDKEpeso aJlbTepHATUBHOTO MPOTEHY 1 sIK cMakoBa J00aBKa JJisi pI3HOMAHITHUX TEXHOJIOTIH.
Ane ocTaHHIM 4YacoM TpuOM NPHUBEPTAIOTH YBAary SIK IIHHE JDKEpeso O10JIOTTYHO aKTHUBHUX
PEUYOBHMH PI3HOMAHITHOT XIMIYHOI MPUPOAM OCKUIBKM MICTATh B CBOEMY CKJIaJl OKpIM
MOBHOIIIHHOTO OUIKY, JKHPHHUX KHCJIOT, TPOCTUX 1 CKJIQJHUX BYTJEBOJIB BEJIHMKY KIUIBKICTh
BITaMiHIB 1 MiHepalbHUX pevyoBUH. CydacHi HAyKOB1 JOCIIDKEHHS JOJAIH HOB1 (DaKTH IOJ0
BHCOKOT 3/TAaTHOCTI XITUHY — OCHOBHOI CITOJYKH TPHUOHOT KIITHHHOT CTIHKH 1 OJU3BKOT 0 HHOTO
XIMIYHOT CTPYKTYpPH CIIOJYKH XiTO3aHy — 10 OIOJIOTIYHOTO OYHIIEHHS OpTraHi3My Bif
PAmIOHYKIIIIIB 1 PI3HOMAHITHUX TOKCUYHUX XIMIYHUX pedoBHWH. OcoOiMBa yBara HaJla€ThCA
JIKYBAJIbHO-TTPO(UTAKTUYHUM BJIACTUBOCTSAM MaKpOMIIETa, TaKMX SK 3araJlbHO3MIIHIOIOYA,
HNpOTUTYOEPKYIIbO3HA, OHKOCTaTHYHA [3].

Y 0opoTe0i 3a pPHHOK, TparHeHHS [0 3JCIICBJICHHS MPOIYKIi CIOHYKAJIO [0
BJIOCKOHAJICHHSI CTPYKTYPHU BUPOOHUIITBA i TEXHOJIOI'1 BUPOLIYBaHHs KyJbTHBOBAHUX I'PUOIB HA
OCHOBI MIMOOKOT0 BUBYEHHS 0i0J10Til KynbTypu [4].

BupouryBatu icTiBHI rprOu MOXKHA ITUIMHA PiK HE3aJISKHO BiJ KIIMATHYHUX 1 TPYHTOBUX
YMOB, Ha XUBWIBHUX CyOCTpaTax, MaJONpPOAYKTUBHUX AJIS IHIIMX LUICH, HAIPUKIIA] HA PI3HUX
HEXap4oBHX BIIX0Jax; MpU LbOMY CyOCTpaT 3a3BUYail BUKOPUCTOBYETHCS JIBIUl, OCKUIBKHU MiCIs
300py BpOJKaro IpUOIB BiH CTA€ IIHHKM [DKEPEIOM MEPETHO0 sl caiBHUIITBA [5].

3a3HayeHe J03BOJISIE PO3LIMPUTH chepy 3acToCyBaHHS TIpuOiB, CHIpUSE OTPUMAHHIO
MPOIYKIIl 3 JIKYBaTbHO-TIPO(MUIAKTUYHUMHU BJIACTUBOCTSAMH, MNEpepoOIll 3HAYHOI KUIBKOCTI
CHPOBHHH y HamiB(haObpHUKaTH i TOTOBY MpoayKirito [6].

3 ycix BUAIB TpuOiB, M0 KYJIbTHUBYIOThCS, HAHOUIBII PO3MOBCIOKEHUM € Tieuepulll. Bece
OUIbII BITOMHMM KyJIBTUBOBAaHMM TIpuOOM cTaja TriuBa 3BuYaiiHa. HapemTi, cyyacHuUM
KyJIbTUBOBaHUM TpHOOM, 1110 CTa€ MOMYJISIPHUM B YKpaiHi, € Tpu0 muirake.

3a manumu [7] BoHm MmicTath 4,29 r Byrneonis, 0,49 r xupis, 2,24 r 6iikiB Ha 100 r
CHUPOTO MPOIYKTY. MiKpo- Ta MakpoeJlIeMEeHTHUI CKJIaJ TpruOiB TaKoX J0BOJI Oaratui, ane pizHi
JDKepela HaBOJATh JaHi, 10 TMOTaHO KOPENIITh MK co0oro (Tabm.l): miBuii croBmumk [7],
MpaBUil CTOBIYUK [§].

I'pubu mmmirake BUPOIIYIOTH Ha CIELIaJbHO MIATOTOBICHOMY JIEPEBUHHOMY CyOCTpaTi,
IPUPOJA SIKOTO HE BIIPI3HAETHCS CTAOUIBHICTIO. MDK THM, 3aCBOIOBaHHS IUIOI0BUM TLIOM I'pubda
MOKMBHUX €JIEMEHTIB BiIOyBaeThCsl came 3 cyOCcTpaTy, 1 iX HecTaya MOXe HE TUIbKH 3HU3UTH
XapuoBY IIHHICTh NPOAYKTY, a i B3araji MPUTHITUTH PO3BUTOK I'pUOIB.
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Minepanbuuii ckjaaja rpudiB mmirake 3a nanumu [7] ta [8]

Tabnuysa 1

Ne 3\im Makpoenementu, mr/100r Ne 3\t MikpoenemenTs, mr/100r
1 K 304 27,3-33,9 1 B | Hemae mannx | Hemae manux
2 Ca 2 0,2-0,6 2 V | Hemae nanux | Hemae manux
3 Si | Hemae ganux | Hemae nanux 3 Fe 0,41 46,5-88,3
4 Mg 20 1,9-3,8 4 | Hemae mannx | Hemae manux
5 Na 9 0,2-0,5 5 Co | Hemae manux | Hemae manux
6 S | Hemace manux | Hemae manmx 6 Mn 0,23 Hemae manux
7 P 112 10,7-13,9 7 Cu 0,14 9,1-154
8 Cl | Hemae nauux | Hemae manux 8 Mo | Hemae gannx | Hemae manux
9 Ni | Hemae nanux | Hemae manux
10 Se 57 10° Hemae manux
11 F | Hemae nannx | Hemae mannx
12 Cr | Hemae manux | Hemae manmx
13 Zn 1,03 83,0

Metoro nanoi podoru Oyao IOCIIDKEHHS 3B’SI3KYy MDK MIKPOEIEMEHTHUM CKIIaJIOM
JIEPEBUHHOTO CyOCTpaTy, BOAM Ta TpUOIB IIUITAKE.

Marepianu Ta meroau. 3pa3Kku Uil JOCTI/DKEHHS OTPUMYBAIU 3 IPUPOJIHOT CUPOBUHH,
sKa 3acTOCOBYyeThcs y BupoOHmuomy mukiai TJB «ECMAIl». CybGctpar Ta T1pubu
MIJCYIIYBAJIUCSA IO CTaJloi MacH, TOJAPIOHIOBAIMCA Ta O30JIIOBATUCS MIJISXOM OKHCHEHHS Y
KHCIIOMY  CEpeJOBHINI 3a  JOMNOMOTOI  MIKPOXBHJIBOBOTO  HpUCTpOl0.  BusHaueHHA
MIKpOEJIEMEHTHOTO CKJIaay IPOBOJMIIOCS Ha BiIKaTiOpOBaHOMY 3a CTaHIapTaMHd aTOMHO-
agcopomiiinomy crekrpomerpi PerkinElmer AAnalyst 400 3 mepBuHHHX a00 PO3BEICHHX 0
HEOOX1THOT KOHIIEHTpallii po3unHiB. BusnauenHs ¢ocdopy MpoBOAMIM BaroBUM METOJIOM,
a30Ty, MICJISI TEPMOTIAPOIII3Y, TATPOMETPUIHUM MeTo0M. Kauiid, HaTpii Ta KaJbIliii BU3HAYAIH
METOJIOM ToJlyMeHeBoi criektpomerpii Ha mnpwiani Elico CL378; Gop, 3a chnemiaibHO
PO3p0O0JIEHOI0 METOJUKOIO 3 BUKOPHUCTAHHSAM a30MeTHHY, Ha crekTtpodoromerpi Ulab S261UV
IUIIXOM TOPIBHSHHS ONTHYHOT TYCTMHM 3 KaniOpyBaJdbHUMH po3uMHamMu. Pazom 3
JOCIIJDKEHHSIM TpUOIB 1 cyOcTpaTy AOCHIIDKYBAIM BOJY, sIKa BHUKOPHUCTOBYETHCA Yy ITUKIII
BHUPOIIYBaHHS TPUOIB.

Pe3yabTaTH poBeCHOTO AOCHTIKEHHS HaBeIeH1 y Tabiauisax 2 ta 3.

Tabnuys 2
MiHepanbHHMi CKJIAX AOCTIAKEHOr0 cydcTpaTy Ta rpudiB mMi Take
, Enement/cnionyka, mr/100r
Ne 3\t OO0’ ekt N PO K Ca Mg Na
1 Cybctpar 100 273,8 | 375,0 | 43,1 5,4
2 Tpu6 o 1380 | 2268,8 | 1500,0 | 120,0 | 27,7
, Enement, mr/100r
Nest | OF'exr =Ty T~ 7, | cu | Fe | Co | Pb
1 Cy6erpar | 0,232 | 11,70 | 1,24 0,065 3,75 | 0,032 | 0,21
2 I'pu6 13,13 | 8,63 1,35 3,75 | 0,053 | 0,20

* - gucywenuti 3a 45°C
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Tabnuya 3
MinepajbHuii CKJIAJA BOAM VIS IIUKJTY BUPOIYBAaHHS TPUOIB Ui Take

, EnemeHnt/criosryka, Mr/a
New/m | O6”exr K | Ca| Mg | Na| Mn | Zn | Cu Fe
1 Boma | 3,3 [450] 6,75 | 7,1 | 0,11 | 6,0 | 0,02 | 0,15

OOroBopenHsi pe3yabTaTiB. B pesynbraTi aHamizy oOJepKaHUX pPE3yabTaTiB MOXHA
3poOUTH BHCHOBOK, IO €JIEMEHTHHWH CKiIax TpuOiB mmitake oOyMOBIEHHH iX BMICTOM Yy
cyOcTpari. BMicT eleMeHTIB y BOAI 3HAYHO HIMKYMH HDK Y CyOCTpaTi i MPaKTHYHO HE BILUIMBAE
Ha iX HaKONWYEeHHs y rpubax. Bucokuil BMICT IIMHKY y BOJ1, CKOPIII 3a BCE, MOB'A3aHUN 3 OTO
mudys3iero 3 Matepiany TpyO 1 HE HOCUTh CUCTEMaTHYHOIO XapakTepy. Bmict maprasnio, 3amiza
Ta CBUHIJIO BIAMOBIJAE iX BMICTY y cyOCTpari, a KOHIIEHTpallisd PEeIITH €JIEMEHTIB 30UIbIIYETHCS
y JIeKUIbKa pa3iB y MOPIBHSIHHI 3 cyOcTpaToM: kobanbTy — y 1,7 pasa, marHito — y 2,8 pa3sa,
Kanplliio — y 4 pasu, HaTpito — y 5,1 pasa, uunky — y 7 pasis, kainito — y 8,3 pasa, miai — y 20,7
pasa.

CrnpaBenmuBO MPUITYCTHTH, IO €JIEMEHTHHH CKjIaJ TpUOIB IMmHiTake 3ajlekuTh Bi
HACHUYEHOCTI €JIEMEHTaMH KOHKPETHOTO CyOCTpaTy, IO BHKOPHCTOBYETBCS UL  iX
KYJIbTUBYBaHHSA. [l1M MOSICHIOETHCS BIICYTHICTh KOPENSALIT OTPUMAHKUX B MPOLIECT JOCIIHKEHHS
JaHUX 13 JiTeparypHuMU [7,8]. 3Ha4HO MEHIIHI BMICT BCTAHOBJIEHOTO a30Ty OOYMOBJICHHI MOTO
3HAXO/DKEHHSIM Yy pI3HUX ¢GopMax. 3 oJepKaHMX pe3yJabTaTiB BHUIHO, L0 TPUOU € LIHHUM
JDKEpeNIoM MIKPOEJIEMEHTIB, HacamIiiepes] KoOanbTy, ITMHKY, Mii, MapraHilo Ta 3aii3a, sKi
3HaXOJATHCS B 3aCBOIOBaHIN opraHizsMoMm ¢opmi. EkciepuMeHTaIbHO BU3HAYEHUH BMICT 3ailiza
MEHIIIUKA 3a O4iKyBaH1 AaHi. Mo)kKHa MPUITYCTHTH, 0 HOTO HEcTada y cyOCTpaTi HE J03BOJISIE
rpudy 3acBOiTH HOTO TMTOBHOIO MIPOTO.

Orxe, y BUpPOOHMITBI TpuOIB IIMiTaKe HACHUYCHICTh JCPEBUHHOTO CyOCTpaTy
MIKpOEJIEeMEHTaMH, KOHIICHTPYBaHHS SIKUX BiIOYBA€ThCS Y TJI0I0BOMY TUTi Iprba, Mae HeaOusIKe
3Ha4eHHs. JJIg OTpuMaHHS SIKICHOT MPOYKIIii CJ11JT BAKOPUCTOBYBATH 30aradeHi Ha 11l €JIeMEHTH
MPUPOJIHI Marepiann, ab0 BHOCHUTH iX y cyOcTpaT B Mporleci WOro miArOTOBKH Y ¢opmi
MIKpOJI0OpUB.

BucnoBku. IlpoBeneHne MOCTKEHHS CBIIYMTH MPO Te, IO I'PUOM MIUiTaKe € IIHHUMU
JDKEpEJIOM HE TUIbKM OI0JIOTIYHO aKTHMBHUX PEUYOBHUH, TAKUX SK: OUIKW, JKUPH, BYTJIEBOJH, a
TaKOXX MIKpO- Ta MAaKPOEJIEMCHTIB.

[x 3acBolOBaHHA Ta KOHILEHTPYBAaHHsS BifOyBaeTbcs 3 JEPEBHHHOro cybcTpary. SIKicTh
MpOIyKIii 00yMOBJIEHa BMICTOM elleMeHTIB y cyocrtpari. Ilpu iX Hectraui st ojaep)KaHHS
BHCOKHX BPOKaiB MOBHOIIHHOT MPOIYKIIii CIif] 32CTOCOBYBAaTH MIKpOJA00OpUBa.
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