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Annotatsiya. Aniglanishicha, Aconite septentrionale (ADO’S) va Thermopsis alterniflora
(TDO’S) dorivor o'simliklar chigindilarida polisaxaridlarning umumiy migdori a.g.m.ning 65 va
67,7% ni tashkil giladi. mos ravishda xom ashyo. ADO’S chigindilaridagi lignin migdori - 18,4%,
TDO’S ga nisbatan ancha yuqori - 13,4%. Chigindilar farmatsevtika va parfyumeriya sanoati
uchun turli xil aromatik va fenolik birikmalar ishlab chigarish uchun xom ashyo sifatida
ishlatilishi mumkin. ADO’S va TDO’S chigindilaridagi pentozanlarning migdori yuqori bolib
(28,7 - 27,3%), ulardan gemitsellyuloza, ksiloza, ksilitol, shuningdek furfural va MB kabi
gimmatbaho mahsulotlarni ishlab chigarish uchun xom ashyo sifatida foydalanish imkonini
beradi. MB AB eng yuqori fosfataza faolligini ko'rsatdi - 650,5 mg p-nitrofenol kg MB soat™.
Fosfat erituvchi mikroorganizmlar tomonidan fosfataza fermentini ishlab chigarishga shro’tning
kimyoviy tarkibi hamda, mikroorganizm shtammining turi ham ta'sir gilishi aniglangan.

Annomauu}l. yCI’I’lClHOGJZeHO, umo CymmaprHoe codepofcaﬁue nmzucaxapudoe 6 omxooax
nekapcmeennvlx mpae Aconitum septentrionale (IIJITA) u Thermopsis alterniflora (IIL1ITT)
cocmasnsiem 65 u 67,7% om a.c.6. coipvs coomeemcmaenno. Cooepaicanust TUSHUHA 8 OMX00AX
LIJITA -18,4 %, namnozo eviwe no cpasnenuio LLJITT -13,4%. Omxo0vl mocym 6vims cvipbem
Ol NONYHEeHUs. PA3TUYHBIX APOMAMUYECKUX U (DEHONbHbIX COeOUHeHUll 01 NUuesoll,
Gapmayesmuyeckoli u nap@romeprol npomviuLieHHocmu. Bbicokoe codepaicanie nenmo3anos 6
omxooax LLIJITA u LLIJITT (28,7 — 27,3%) noszsonsiem npumensmos ux Kaxk colpbé 0Jisk NOJLYHEeHUs.
MAKUX YEeHHBIX MOBAPO8 KAK 2eMUYeII0NI03bl, KCU03bL, Kcuauma, a makice pypgyponra u MBY.
Haubonvweti gocghamasnoti axmusnocmo npossun MEY AB - 650,5 me n-numpogenona xe
MBY  uact.  Vcmanoseneno, umo  ona  evipabomxu  epmenma  pocgamasvl
GochamconobunuzupyrowumMy  MUKpOOP2AHUSMAMU — IUslem  KAK — XUMUYeCKUull  cocmas
cybcmpama, max u U0 WmMamma MUKpoOpeaHu3Md.

Annotation. The total content of polysaccharides in the wastes of the herbs Aconitum
septentrionale (AHM) and Thermopsis alterniflora (THM) was found to be 65 and 67.7% of a. d.
m. of raw materials, respectively. The content of lignin in the AHM wastes is 18.4 %, much higher
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in comparison with THM -13.4 %. The wastes can be a raw material for obtaining various
aromatic and phenolic compounds for the food, pharmaceutical and perfumery industries. The
high content of pentosans in AHM and THM wastes (28.7 - 27.3%) allows their use as a raw
material for obtaining such valuable goods as hemicellulose, xylose, xylite, as well as furfural and
MB. MB AB showed the highest phosphatase activity - 650.5 mg p-nitrophenol kgt MB hour™. It
was found, that the production of phosphatase enzyme by phosphate-solubilizing microorganisms
is influenced by both the chemical composition of the substrate and the type of microorganism
strain.

Kalit so'zlar: Dorivor o'tlar chigindilari, polisaxaridlar, pentozanlar, gemitsellyuloza,
ksiloza, ksilitol, gidroliz, fosforni mobillashtiruvchi mikroorganizmlar, Bacillus subtilis BS-26.

Kniowueevie cnoea. Omxoowvl JIeKapCcmeeHnvlx mpae, nOﬂucaxapudbl, NEHMO3AHbl
2eMUYENTION03A, KCULO3A, KCUTUM, 2UOPOIU3, pocopmobunuzyrowue muxpoopeanuzmul, Bacillus
subtilis BS-26.

Keywords: herbal waste, polysaccharides, pentosans hemicellulose, xylose, xylite,
hydrolysis, phosphorus-solubilizing microorganisms, Bacillus subtilis BS-26.

Kirish. Farmatsevtika sanoatining dorivor o‘tlari chigindilari, qishlog xo‘jaligi
o‘simliklarining go‘shimcha mahsulotlari, o‘rmon xo‘jaligining yog‘och chigindilari va boshga
lignoselilozik materiallar bioyoqilg‘i va boshga gimmatbaho xalq iste’moli mahsulotlarini ishlab
chiqgarish uchun ishlatilishi mumkin bo‘lgan potentsial arzon qayta tiklanadigan resurslardir [1-3].
Lignoselilozik biomassa asosan uchta polimerdan: tsellyuloza (30-50%), gemitsellyuloza (15-
35%) va lignin (10-20%) iborat. Shuningdek, pektin, ogsillar, minerallar va ekstraktiv moddalar
kabi 0z migdorda boshga komponentlar mavjud bolib, ular fizik-kimyoviy yoki biologik usullar
bilan monomer gandlar va turli aromatik birikmalar hosil gilish bilan gidrolizlanishi mumkin [2].

Uglevodlarning yugori migdori (xom ashyoning 60-70% qurug moddalari), don ekinlarida
uglevodlar migdoriga yaqin bo'lganligi sababli, dorivor o'tlar goldiglari depolimerizatsiya qilinib
gimmatli kimyoviy birikmalar olish uchun jozibali xom ashyo hisoblanadi. Xususan, shifobaxsh
o‘tlar chigindilarida gemitsellyulozaning ko‘pligi (15-35%) ularni gemitsellyuloza, ksiloza va
ksilitol — farmatsevtika sanoati, ozig-ovgat sanoati, va kimyo sanoatida qo‘llaniladigan
mahsulotlar ishlab chigarish uchun gimmatli xom ashyo manbai hisoblanadi [4-5].

Lignotsellyulozali o'simlik xom ashyosidan gemitsellyuloza, ksiloza, ksilitol va boshga
sanoat uchun muhim mahsulotlar ishlab chigarish bilan foydalanish katta amaliy qizigish
uyg'otadi. Lignoselulozik xom ashyoning ikkinchi asosiy komponenti bo'lgan gemitsellyuloza C-
5 gandlari (ksiloza va arabinoza) va C-6 gandlaridan (mannoz, galaktoza va glyukoza) iborat [5].
Tabiily gemitsellyulozalar va uning hosilalari tibbiyotda immunitet tizimini tartibga solishda,
patogen mikroflorani yo'qotishda qo'llaniladi. Gemitsellyulozaga asoslangan biologik
parchalanadigan polimerlar saratonga garshi dorilarni etkazib berish va nazorat ostida chigarish
uchun vositalardir [5-9]. Gemitsellyulozaning pentoza gandlarining dominant guruhi (80% gacha)
ksilozadir [10]. Ksilozaning shirinligi saxarozanikining taxminan 50% ni tashkil giladi. U inson
tanasi tomonidan deyarli so'rilmaydi. Bu xususiyat uni diabetga chalinganlar uchun shirinlik
sifatida ishlatishga imkon beradi. Sagichlar va tish pastalarini ishlab chigarishda ksilitoldan
(ksiloza hosilasi) foydalanish tish kariesining shakllanishiga to'sqinlik giladi [11]

Gemitsellyuloza o't pufagi, ichak, jigar va oshqozonning surunkali distrofik yallig'lanishini
davolashda go'llaniladi. Preparat ovgat hazm qilish tizimining rezektsiyasi yoki nurlanishi bilan
bog'lig bo'lgan sharoitlarni kompleks davolashda go'llaniladi. Shuningdek, preparat oshqozon osti
bezining ekzokrin funktsiyasi etarli emasligi holarlarida qo'llash tavsiya etiladi. [12-14].

Ksilozaning sanoatda ishlatilishi uning bir gator gimmatli hosilalarni berish gobiliyatiga
asoslanadi. Ksilozani vodorod bilan gaytarganda pentaatomik spirt ksilitol olinadi. U glitserin
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bilan bir gatorda ayrim gog'oz turlarini, sellofan, linolyum, mato, tamaki mahsulotlarining ishlab
chigarishda mahsulotning plastiklashtirish va namligini tartibga solish uchun, hamda, ksilitan,
efirlar, alkid smolalari (ksiftallar), sirt faol moddalar, plastifikatorlar va boshqgalar sintezida
ishlatiladi [15-16]. Ksiloza nitrat kislota bilan oksidlanganda ikki asosli ksilotrioksiglutar kislota
hosil bo'ladi, u ozig-ovgat sanoatida limon kislotasi bilan bir gatorda, shuningdek, nodir metallar
olishda kompleks hosil giluvchi vosita sifatida ishlatiladi [12-13].

Shunday qilib, dorivor o'simliklarning lignoselilozli chigindilarini sanoat qimmatli
mahsulotlar ishlab chigarish bilan konvertatsiya gilish imkoniyatini baholash dolzarb vazifadir.

Ishning magsadi gemitsellyuloza va ksiloza, shuningdek mikrobiologik bioo'g'it (MB)
ishlab chigarish uchun ikkilamchi xomashyo sifatida Aconite septentrionale (ADO’S) va
Thermopsis alterniflora (TDO’S) dorivor o'simliklar chigindilari shro’tining kimyoviy tarkibini
o'rganishdir.

Tadqgigot obyekti 80% etanol eritmasi bilan farmatsevtik moddalarni ekstraksiya gilishdan
keyin qolgan ADQO’S va TDO’S chiqindilari shro’ti, shuningdek, shro’tlar gidrolizatining organik
chigindilarini fosfat erituvchi mikroorganizmlar Bacillus subtilis BS-26 va Trichoderma
harzianum F-888 bilan fermentatsiyalash natijasida olingan MB. Bunda, mikroorganizmlarning
shtammi va shro’t turlari bo'yicha farq giluvchi 4 turdagi MB olindi:

MB AB - ADO’S va Bacillus subtilis BS-26 shtammi asosida,;

MB AT - ADO’S va Trichoderma harzianum F-888 shtammi asosida;

MB TB - TDO’S va Bacillus subtilis BS-26 shtammi asosida;

MB TT - TDO’S va Trichoderma harzianum F-888 shtammi asosida;

Dastlabki chigindilardagi asosiy komponentlarning tarkibi standart usullar bilan
aniglangan [17]. Olingan natijalar moddaning mutlago qurug og'irligi (m.m.g.0) bo'yicha gayta
hisoblab chigilgan.

Shro’t - dorivor o'tlarning biomassa chigindilari uzunligi 2-5 mm, galinligi 1-3 mm bo'lgan
kichik chiplardir. Muvozanat namlik darajasiga keltirish uchun shro’t 3 soat davomida (103 + 2)
°C da oldindan quritilgan.

Tekshirilayotgan xomashyoning kul tarkibi mufel pechida 575+25°C da 3-4 soat davomida
kalsinlash orqali aniglandi. Tsellyuloza azot-spirtli usul bilan aniglandi. Chigindilarning
biomassasidagi lignin migdori migdoriy izolyatsiya, ekstraktiv moddalarni oldindan olib tashlash
va konsentrlangan mineral kislotalar bilan polisaxaridlarni gidrolizlash orgali aniglandi.
Gemitsellyulozani ajratib olish va migdorini aniglash uchun 10 g ADO’S va TDO’S o‘simlik
goldig‘i 100 ml hajmli tekis tubli konussimon kolbaga solinadi va 30 ml 0,5% li ammoniy sitrat
suvli eritmasidan qo‘shiladi, aralashtiriladi va suv hammomida 70 °C haroratda 2 soat davomida
ekstraksiya qilindi, shundan so'ng ekstrakt ikki gatlamli doka orgali filtrlanadi. Ekstrakt
ajratilgandan so'ng, qolgan shro’t 20 ml suv bilan uch marta yuviladi.. Keyinchalik, shro’t
ekstraksiya kamerasiga joylashtirildi, 200 ml har xil konsentratsiyali (3; 4; 5; 6; 7; 8%) NaOH ning
suvli eritmasi qo'shildi va xona haroratida (25 °C) 24 soat davomida ekstraktsiya gilindi. Uch
marta ekstraksiya gilingandan so'ng, ishqorli ekstraktlar gog'oz filtri bilan filtrlandi, ekstraktlar
birlashtirildi, vakuum ostida dastlabki hajmning taxminan 1/10 gismiga konsentratsiya qilindi,
konsentrlangan sirka kislotasi bilan pH 5 gacha kislotalandi. Shu bilan birga, gemitsellyuloza
cho'kdi. Supernatant sifonlangan, cho‘kma 3000 rpm tezlikda sentrifuga gilingan, ikki marta 50
ml dietil efir bilan yuvilgan va efir to‘liq chigarilgunga gadar havo ogimida quritilgan. [18].

Gemitsellyulozaning monosaxarid tarkibini aniglash uchun kislota gidrolizi H>SO4 bilan 1
mol/L konsentratsiyada amalga oshirildi. [19]. Gidrolizatlardagi monosaxaridlar xromatografik
usul bilan aniglandi. Shakarlarni ajratish qog'oz ustida erituvchining uzluksiz ogishi bilan pasayish
usulida amalga oshirildi. Erituvchi sifatida 5:1:5 nisbatda etil asetat - piridin - suv aralashmasi
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ishlatilgan. Yog'-mum fraktsiyasi Obolenskiy [17] bo'yicha o'simlik materialini spirt-toluol
aralashmasi (1: 1) bilan ekstraktsiya qgilish orgali aniglandi.

MB ning fosfataza faolligini o'rganish. Fosfataza faolligini o‘rganish uchun 1 g qurug MB
50 ml sig“imli tiginlari bo*lgan Erlenmeyer kolbasiga, 4 ml universal bufer (pH 6,5), 0,25 ml toluol
va 1 ml 0,115 M natriy eritmasidan solingan. p-nitrofenil fosfat (paranitrofenil fosfat-PNFF) va 5
dagiga davomida aralashtiriladi. Kolba yopiladi va 37°C haroratda 1 soat davomida termostatga
joylashtiriladi. Inkubatsiyadan keyin 1 ml 0,5 M natriy gidroksid go'shiladi, 5 dagiga davomida
aralashtiriladi va suspenziya kulsiz filtr orgali 50 sm® hajmli o'Ichov kolbasiga filtrlanadi. Hosil
bo'lgan p-nitrofenoldan filtrat sariq rangga ega.

Filtrning sariq rangining zichligi ko'k yorug'lik filtri (400-420 nm) bo'lgan
fotokolorimetrda o'lchanadi. Chigarilgan p-nitrofenol miqgdori p-nitrofenol standart eritmalaridan
chizilgan kalibrlash egri chizig'idan hisoblanadi. Fosfataza faolligi mg p-nitrofenol kg-1 tuproq h-
! da ifodalanadi[20].

Natijalar muhokamasi

Tadgiqotning birinchi bosgichida ADO’S va TDO’S chigindilarining kimyoviy tarkibi
aniglandi. Dorivor o'tlar chigindilarining kimyoviy tarkibini o'rganish natijalari shuni ko'rsatdiki,
ADO’S va TDO’S ning o'simlik xom ashyosining asosiy komponenti uglevod komponentlari -
tsellyuloza (mos ravishda 36,3-40,4%) va pentoza shakarlari bo'lib, ularning migdori ADO’S
chigindilari 28,7% ni tashkil etgan bo'lsa, TDO’S da bu ko'rsatkich 27,3% ni tashkil etdi.
Tsellyuloza asosan fizik-kimyoviy yoki biologik usullar bilan gidrolizlanishi mumkin bo'lgan
glyukoza monomerlaridan iborat bo'lib, mikrobiologik kelib chigadigan gimmatbaho
mahsulotlarni olish uchun mikrobiologik konversiyalash uchun fermentlangan shakar hosil bo'lishi
mumkin [2]. Lignoselilozik xom ashyoning ikkinchi asosiy komponenti bo'lgan pentozanlar
asosan C-5 gandlaridan (ksiloza v arabino'za) tashkil topgan.

=ADO’S ®TDO’S

Migdori m.m.q.o (%)

ADOQO’S va TDO’S kimyoviy migdori

1-rasm. Lignoselyulozali xom ashyoning kimyoviy uglevodlari - ADO’S va TDO’S
dorivor o'simliklar chigindilari (mutlaq qurug moddalarning foizi)

Sabzavot xom ashyosining ikkinchi eng katta komponenti uglevod bo'lmagan komponent
bo'lgan lignin bo'lib, uning chigindilaridagi migdori mos ravishda 18,4 va 13,4% ni tashkil etdi.
Ligninlar o'simlik hujayralari devorlarida mavjud bo'lgan tabiiy fenolik makromolekulalar bo'lib,
ular aromatik spirtlarning hosilalari bo'lgan uchta asosiy fenilpropan birliklaridan iborat: n-
kumaril, koniferil va sinapil. Lignin juda murakkab amorf tuzilishga ega bo'lib, C-C va C-O
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bog'lari bilan tasodifiy o'zaro bog'langan fenilpropan bo'laklaridan iborat. O'simlik hujayralarida
lignin biologik to'siq va gemitsellyuloza va tsellyulozani bir-biriga bog'lash uchun "elim"
vazifasini bajaradi [21]. Ligninning oksidlovchi yoki gaytaruvchi degradatsiyasi jarayonida turli
xil aromatik va fenolik birikmalar hosil bo'ladi.

O'zining noyob tuzilishi tufayli lignin kimyoviy ishlov berish orgali gimmatbaho
mahsulotlarga, jumladan, fenolik va aromatik kimyoviy moddalarni, shuningdek, suyuq
yoqilg'ilarni ishlab chigarish uchun muhim imkoniyatlarga ega. Aromatik aldegidlar ozig-ovqat,
farmatsevtika va parfyumeriya sanoati uchun gimmatli xom ashyo hisoblanadi. Masalan, nilufar
aldegid (3,5-dimetoksibenzaldegid) trimetoksibenzaldegid ishlab chigarish uchun kerak, udan esa
trimethoprim: - baktrim, biseptol va boshqga farmatsevtik preparatlari komponenti olinadi [23].
Gidrolitik lignindan foydalanishning keng ko'lamli sohasi sorbentlar ishlab chigarishdir.

Chigindilarning uglevod bo'lmagan moddalari - ADO’S va TDO’S chigindilaridagi
ogsillarning migdori mos ravishda 2,2-2,1%, ADO’S ning yog'-mum ulushi 3,9%, ADO’S da esa
2,7% ni tashkil giladi. Kul elementlarining tarkibi mos ravishda 8,3-5,3% ni tashkil etdi.

ADO?’S chiqindilarida pentozanlar miqdori 28,7%, TDO’S chigindilarida esa 27,3% ni
tashkil giladi, bu texnik ekinlar pentozanlar miqgdori (32,6-34,3%) bilan mos keladi [21]. ADO’S
va TDO’S chigindilaridagi pentozanlarning yuqori miqdori ularni gemitsellyuloza, ksiloza,
ksilitol, yoki gidroliz ishlab chiqgarish korchonasida furfural ishlab chigarish uchun arzon xom
ashyo sifatida ishlatishga imkon beradi. Gemitsellyuloza, ksiloza, yugorida aytib o'tilganidek,
tibbiyot, kimyo va biotexnologiya sanoatida go'llaniladi. Furfural neftni gayta ishlashda neft
fraktsiyalarini olefinlar va aromatik birikmalarning aralashmalaridan tozalash, o'simlik
yog'larining fraktsiyalarini - triglitseridlarni ajratish uchun ishlatiladi. Furfuralni gayta ishlashning
asosiy an'anaviy yo'nalishi uni furfuril spirtiga gidrogenlash va undan issiglikka chidamli turli xil
smolalar sintezidir [1].

O'simlik biomassasi yondirilganda uning noorganik gismi - kul goladi, bu ADO’S dagi
qurug moddalarning 8,3% va TDO’S uchun 5,3% ni tashkil giladi. Kul tarkibi bo'yicha ikkala
namuna ham adsorbentlar (faollashtirilgan uglerod) ishlab chigarish uchun xom ashyo talablariga
javob beradi [22].

Ishning keyingi bosgichida biz ADO’S va TDO’S chigindilaridagi gemitsellyulozaning
miqdoriy tarkibini va uning monosaxarid tarkibini o'rgandik. Tajriba natijalari shuni ko'rsatdiki,
chigindilar tarkibida 26-27% gemitsellyuloza bor. Shu bilan birga, 25 °C haroratda 24 soat
davomida 6% NaOH eritmasi bilan chigindilarni uch marta ekstraksiya gilish natijasida
gemitsellyulozaning eng yugori hosili olingan. Shu bilan birga, ADO’S va TDO’S chigindilaridan
gemitsellyuloza unumi mos ravishda 26,3-26,8% ni tashkil etdi (2-rasm).

= ADO’S ®TDO’S

S5 X

5T

23 40
=
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NaOH koncentraciyasi
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1-rasm. ADO’S va TDO’S dorivor o'simliklar chigindilaridan gemitsellyuloza hosili
(mutlag qurug moddaning %b).

ADO’S va TDO’S lignoseltlozli chigindilarining gemitsellyulozasining monosaxarid
tarkibini o'rganish natijalari shuni ko'rsatdiki, chigindilarning monosaxarid tarkibi beshta uglerodli
(ksiloza va arabinoza) va oltita uglerodli shakarlar (mannoz, galaktoza va glyukoza) bilan
ifodalanadi [5]. ADO’S va TDO’S chigindilarining har ikkala turidagi monosaxaridlarning eng
katta ulushi pentoza shakar ksilozasidir (3-rasm).

Shu bilan birga, ADO’S ning kislota gidrolizatidagi ksiloza migdori 18,9% ni tashkil etgan
bo'lsa, TDO’S chigindilarida ksiloza migdori 1,9% ga yugori bolib, 20,8% ni tashkil etdi.

=ADO’S = TDO’S

40
o

20 = R
= SR <
< — =
S 0
©
©

galaktoza glyugoza mannoza arabinoza  gsiloza ramnoza

Monosaxarid miqdori chigindim.m.q.o

ADO’S va TDO’S gemitsellyulozasining monosaxarid tarkibi

3-rasm. ADO’S va TDO’S gemitsellyulozasining monosaxarid tarkibi (mutlaq
gurug moddaning %o).

ADO’S va TDO’S gemitsellyulozalari kislotali gidrolizatini tegishli ravishda neytrallash
va tozalashdan so'ng kristalli ksilozlarni olish mumkin. Shu bilan birga, ADO’S va TDO’S dan
gemitsellyuloza unumi chigindilarning og'irligi bo'yicha 26,3-26,8%, ksiloza esa 18,9-20,8% ni
tashkil etdi.

ADO’S va TDO’S gidrolizatini tozalash jarayonida asosiy magsadli mahsulotlardan
(tsellyuloza, gemitsellyuloza, lignin) tashgari, ishlab chigarishning go'shimcha mahsuloti shaklida
o'simlik materiallarining katta migdordagi organik biomassasi hosil bo'ladi va bu biomassani
tozalashdan so'ng MB olish uchun fosfat erituvchi mikroorganizmlarni etishtirish uchun yaxshi
ozugaga aylangadi.

Fosfat erituvchi mikroblar tomonidan ishlab chiqgariladigan fosfataza fermentlari
fosforning turli efirlari (fosfomonoesterlar) va fosfoangidrid birikmalarini gidroliz qilib, organik
moddalarda fiksatsiyalangan fosforni minerallashuvini amalga oshiradi [24, 25]. Tuproglarda
fosfatazalar o'simliklar tomonidan mineral fosforning o'zlashtirilishiga ham yordam beradi.
Fosfororganik birikmalar tuproq fosforining 20-80% gacha bo'lgan gismini tashkil giladi va
nuklein birikmalar, adenozin fosfor kislotasining hosilalari, fosfogumik komplekslar va kamroq
darajada harakatlanuvchi shakar fosfatlari, glitserofosfatlar bilan ifodalanadi. Ular fernentativ
gidroliz yo'l bilan fosfor kislotasi qoldiglarini uzilishi oqibatida o'simliklar uchun
ozlashtiriluvchan holga otadi. [26,27].
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4-rasm. Fosfataza fermenti faolligi mg p-nitrofenol kg tuproq soat™

MB larning fosfataza faolligini o'lchash natijalari shuni ko'rsatdiki, barcha MB lar yuqori
fosfataza faolligiga ega. Shu bilan birga, MB AB eng yugori fosfataza faolligini ko'rsatdi - 650,5
mg p-nitrofenol kg MB soat™. Fosfataza faolligining eng past darajasi MB TT bilan kuzatildi va
638,5 mg p-nitrofenol kg MB soat™? ni tashkil etdi. Shuni ta'kidlash kerakki, ADO’S gidrolizi
chigindilaridan olingan shro’t asosida olingan MB AB va MB AT ADO’S T gidroliz chigindilari
asosida olingan MB TV va MB TT ga nisbatan ko'proq fosfataza faolligini (650,5-640,1) ko'rsatdi
( 644,2- 638,5 mg p-nitrofenol kg MB soat® mos ravishda). Shu bilan birga, MB ning barcha
turlari orasida Bacillus subtilis BS-26 shtammi asosida (ADO’S va TDO’S) gidroliz chigindilarini
fermentatsiyalash natijasida olingan MB eng yuqori fosfataza faolligini namoyon etadi. Bu shuni
ko'rsatadiki, shro’tning kimyoviytarkibi ham, mikroorganizm shtammining turi ham fosfat
erituvchi mikroorganizmlar tomonidan fosfataza fermentini ishlab chigarishga ta'sir giladi. Bu esa
tadgigotchilarning natijalariga mos kelib [28,29,30], mineral va organik fosfatlarning erishi
mikroorganizmlarning tur tarkibi va hayotiyligiga, ularning fosfataza fermentlari va organik
kislotalarni ishlab chigarishiga [30], shuningdek, shro’tning fizik-kimyoviy xususiyatlariga,
hamda tuproglarning genetik xususiyatlariga va dehgonchilik madaniyati darajasi bog'liq bo'ladi.
[29,30].

Xulosa. Shunday qilib, dorivor o‘simliklar chigindilarining kimyoviy tarkibi tahlili shuni
ko‘rsatdiki, ADO’S va TDO’S tarkibidagi polisaxaridlarning umumiy miqgdori xom ashyoning
65-67,7% ni tashkil etadi, bu ularni depolimerizatsiya qgilish yoli bilan farmatsevtika, kimyo va
biotexnologiya sanoati uchun gimmatbaho kimyoviy birikmalar olish uchun jozibador
xomashyoga aylantiradi. Lignin tarkibiga ko'ra (18,4-13,4%), chigindilar o0zig-ovgat,
farmatsevtika va parfyumeriya sanoati uchun turli xil aromatik va fenolik birikmalar ishlab
chigarish uchun xom ashyo bo'lishi mumkin. Kul tarkibi bo'yicha ikkala ob'ekt ham og'ir metallar
va radionuklidlar uchun adsorbentlarni ishlab chigarish uchun xom ashyo talablariga javob beradi.
Chigindilardagi pentozanlarning yugori miqgdori (28,7 - 27,3%) ularni gemitsellyuloza, ksiloza,
ksilitol kabi gimmatbaho mahsulotlarni ishlab chigarish uchun xom ashyo sifatida yoki furfural
ishlab chigarish uchun gidroliz ishlab chigarishda foydalanish imkonini beradi. Bir tonna ADO’S
va TDO’S chigindilaridan pentoza gandlarini tegishli ravishda ajratib olish va tozalash bilan 189-
208 kg gemitsellyuloza va 263-268 kg ksiloza olish mumkin.

Fosfat erituvchi mikroorganizmlar Bacillus subtilis BS-26 va Trichoderma harzianum F-
888 tomonidan shro’t gidrolizatining organik chigindilarini fermentatsiyalash natijasida olingan
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barcha MB yuqori fosfataza faolligini ko'rsatdi (650,5-638,5 mg p-nitrofenol kg MB soat™). Shu
bilan birga, MB AB eng yugqori fosfataza faolligini ko'rsatdi - 650,5 mg p-nitrofenol kg MB soat”
!, Fosfat erituvchi mikroorganizmlar tomonidan fosfataza fermentini ishlab chigarishga shro’tning
kimyoviy tarkibi ham, mikroorganizmning shtammi turi ham ta'sir gilishi aniglandi.

BBenenne. OTX0/bl JEKapCTBEHHBIX TPaB (papMalieBTUYECKUX MPOHU3BOJCTB, MOOOYHBIC
MPOAYKTHI CETbCKOXO3SIICTBEHHBIX PACTEHUM, IPEBECHBIE OTXOJIbI JIECCHOTO XO3sIMCTBA U IpYTHE
JIMTHOLIEJUTIONO3HBIE MaTepHalbl SBISIIOTCA MOTEHIMAIbHBIMU JICIIEBBIMU BO300HOBIISIEMBIMH
pecypcamu, KOTOPBIX MOXHO HCIOJB30BAaTh JJIS MOJTY4YEeHUsT OHWOTOIUIMBA M JAPYIMX LEHHBIX
NPOJyKTOB, TOBAPOB HAPOAHOTO NoTpednenus [1-3]. JlurHonemnono3Has 6momacca B OCHOBHOM
COCTOUT U3 Tpex moymMepoB: 1esntroio3sl (30-50%), remurnerironosst (15-35%) u nurauna (10-
20%) BmecTe ¢ HEOOJBIIUMHU KOJUYECTBAMU JPYTUX KOMIIOHEHTOB, TAKMX KaK MEKTHH, OCIKH,
MUHEpalIbl U HKCTPAKTHBHBIC BEIIECTBA, KOTOPhIE MOTYT OBITh T'HAPOIM30BaHbI (HU3UKO-
XUMHUYECKHUM WM OHOJOTMYECKHMMM CIoco0aMu, ¢ OOpa30BaHMEM MOHOMEpPHBIX CaxapoB H
pa3IMYHBIX APOMATHUECKUX COCAMHEHUH [2].

brarogapst Beicokomy conepikanuio yrieBojoB (60-70% ot a.c.B. chIpbs), OJIM3KOMY K
COJZICP)KaHUIO YTJICBOJOB B 3€PHOBBIX KYJIbTYPaxX, OTXOJbI JIEKAPCTBEHHBIX TpaB SIBISCTCS
NPUBJICKATEILHBIM CBIPBEM JUISL JICTIONUMEPH3AllMd W TOMYYEHHS LIEHHBIX XUMHYECKUX
COCAMHEHUI A IIMPOKOTO HAPOJHOrO mHoTpelsieHus. B yacTHOCTH, BBICOKOE COJEpIKaHUS
remurie/unono3sl (15-35%) B oTxX0max JEKapcCTBEHHBIX TpaB JeNaeT MX LIEHHBIM HMCTOYHHKOM
CBHIPbSl U TIONYYEHHUS TEMHIICIUTIONO03bI, KCHUJIO3bI M KCHWJIMTa — MPOAYKTOB, HAIIEAIINX
npuMeHeHrne B (apMaleBTUYECKOM, MUAMIEBOM, XUMUYECKONH U OpOAMIBLHON MPOMBIIUICHHOCTH.
[4-5].

VYTunuzamus — JIMCHOLEIUTIONIO3HOTO  PacTUTENBHOTO  ChIPbS, € MOJyYCHHEM
TeMHULIEIUTIONO03b], KCHJIO3bl, KCHIINTa M APYTHe MPOMBIIUIEHHO Ba)KHBIE TOBAPHI, MPEACTABISIET
OonpLION  TpakTWYecKWid  uHTEepec. [ 'eMuneniiono3a, BTOPOM  TIJIaBHBIA ~ KOMIIOHEHT
JIMTHOIEIUTIONIO3HOTO CBIPbsl, cOCTOUT W3 caxapoB C-5 (kcmio3a u apabuHo3a) u caxapoB C-6
(ManHO3a, ramakro3a M TirOko3a) [5]. HaTypanbHble reMUIEIUIION03bI M €€ IPOU3BOJHEIE,
NPUMEHSIOTCS B MEIUIMHE B PETyJSIUH MMMYHHON CHUCTEMbI, HHTMOMPOBAHUHU MATOr€HHOM
MUKpo¢opsl. bruopasnaraemple moauMepsl Ha OCHOBE T€MHIIEIUIIONO3bI SBIISIOTCS areHTaMH
JIOCTaBKA W KOHTPOJIMPYEMOW BBICBOOOXICHHM MPOTUBOOIYXOJEBBIX mpenaparoB [5-9].
JIOMHHUPYIOIIYIO TPYIITy TEHTO3HBIX caxapoB (0 80%) reMuIesuIiono3sl NpeacTaBisieT co0on
kcmo3a [10]. Cnagocts kemio3sl coctapisiet nmpumepro 50% ciagoctu caxaposbl. OpraHu3MomM
YeJIOBEKa OHA MPAKTUYECKH HE yCBaWBaeTCA. DTa OCOOCHHOCTH MO3BOJIAET HCIOJIB30BATH €€ B
Ka4yecTBE Caxapo3aMEeHUTENs il OONbHBIX auadeToM. Mcnonp3oBaHus kewiuta (IIPOU3BOTHOTO
KCHJIO3bI), B TMPOU3BOJICTBE KEBATEIbHBIX PE3UH M 3yOHBIX MAacT MpeAoTBpamacT o0pa3oBaHUs
3yOHOTO Kapueca [11]

Iemuneniiono3a  HUCHONB3YyeTCS B TEPallMd  XPOHMYECKMX  BOCHAIUTEIIBHO-
TUCTPOUUECKUX MOPAKEHUHN >KEITUYHOTO My3bIps, KUIICYHHMKA, MEYEeHU U kemyaka. [Ipemapar
NPUMEHSIOT B KOMIUICKCHOM JICYEHUH COCTOSIHUHM, aCCOLUMHUPOBAHHBIX C pe3eKuuei oo
00JTyueHHeM OpraHoOB MMHUIIEBAPUTEIBHOM clcTeMBbl. Takke MpruMeHeH e Mpernapara oka3zaHo npu
HEJIOCTAaTOYHON BHEIIHECEKPETOPHOU (QYHKIMHU TTO/KETYA0UHON jKene3bl. [12-14].

[TpomblnTIEHHOE MCIIONB30BaHUE KCHIJIO3bI OCHOBAHO Ha CHOCOOHOCTH €€ JaBaTh Pl
IEHHBIX TPOM3BOAHBIX. Tak, NpU BOCCTAHOBIEHUH KCHUJIO3bI BOAOPOAOM IOJMy4aeTcs
MSATUATOMHBIN CIIUPT KCWJIUT, MCIIOJB3yEeMbIi HapaBHE C MNIMLIEPUHOM IS TUIACTH(UKALUU U
peryIupoBaHus BIaKHOCTH MPOAYKIIUH B IPOU3BOICTBE HEKOTOPHIX COPTOB OyMary, nemiodana,
JMHOJIEyMa, TKaHEeH, TaOauyHbIX M3/IEIHMH, a TaKKe A1 CHHTE3a KCUJIMTAHA, CIIOKHBIX U MPOCTHIX
3(HPOB, ATKUIHBIX CMOJ (KCU(Tanel), MOBEPXHOCTHO aKTUBHBIX BEIICCTB, IIACTH(GHUKATOPOB U
T. A [15-16]. Ilpum OKMCIEHHMH KCHJIO3bI a30THOW KHCJIOTOH 00pa3yercss ABYXOCHOBHAs
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KCHJIOTPUOKCHUIIIYTapoBasi KUCIIOTA, UCMOJIb3yeMas B IMHUIIEBON MPOMBIIIICHHOCTH HapaBHE C
JTMMOHHOW KHCIIOTOM, a TakKe B Ka4yecTBE KOMILIEKCOOOpa30BaTeNsi MPU MPOU3BOJCTBE PEIKUX
MeTayuioB U T. 1 [12-13].

Takum o00pa3oM, OLEHKAa BO3MOXXHOCTH KOHBEPCHM JIMTHOLEIUIIONIO3HBIX OTXOJIOB
JICKApCTBEHHBIX TPaB, C IMOJyYCHHEM IPOMBIIUICHHO LEHHBIX TOBAPOB SIBIISCTCS aKTyaJbHOU
3a1ayen.

Heabro maHHOW pabOTHl SBJISETCS HUCCIEAOBAaHMSA XHMHUYECKOTO COCTaBa MIpOTa
JeKapcTBeHHBIX TpaB Aconitum septentrionale (I/IJITA) u Thermopsis alterniflora (ILIJITT) xax
BTOPUYHOE CHIPHE IS MOJTyUYEHHUS T€MHIIEIUTION03bI U KCUJIO3bI, a TAKKE MHUKPOOUOIOTHIECKOTO
ouoynoopenust (MBY).

O0BLexTOM Hamero ucciaemosanus ssunuch orxoanl HIJITA u HIJITT, ocraromuecs
1ocye 3KCTpakuuu (hapmaneBTHIeckux cyocranuuii pactBopom 80 % -HOro sTaHaHoja, a TaKkxKe
MBY, nmnonyueHHbIi (epMmeHTanMell  OpraHMYecKUX OTXOJOB  THIpOJIM3aTa  IIPOTOB
docharconmodummzupyromumu - Mukpoopranusmamu Bacillus subtilis BS-26 u Trichoderma
harzianum_F-888. Ilpu stom monyuena 4 Buma MBY pasnuuarommiicss BUaaMu cyoOcTpaTta |
IITaMMa MHUKPOOPTaHU3MOB:

MBY AB - na ocHoBe cyoctpara IIIJITA u mrramma Bacillus subtilis BS-26;

MBY AT - na ocnoBe cyocrpata LIIJITA u mramma Trichoderma harzianum_F-888;

MBY TB — na ocHoBe cyoctpara ILIIJITT u mramma Bacillus subtilis BS-26;

MBY TT - na ocnoBe cyocrpata LLIJITT u mrramma Trichoderma harzianum_F-888;

B ucxomHoM 0TX0z€ ONpeNeNsin CoAepKaHUsI OCHOBHBIX KOMIIOHEHTOB CTAaHAApPTHBIMU
meronamu [17]. IlomydeHHbIE pe3yiabTaThl IMEPECUYUTHIBAIA Ha aOCONIOTHO CYXYI Maccy
BEIIIECTBA.

Ipot - 6Guomacca OTXOAOB JIEKAPCTBEHHBIX TPaB MPEJCTABISACT COO0I MENKYIO CTPYKKY
amHOM 2-5 MM, tommuHo# 1-3 mMMm. Illpot npensapurensho BeicymmBany npu (103 + 2) °C B
Te4yeHue 3 4 JUis JOBEACHUS 10 PAaBHOBECHON BJIAXKHOCTH.

30JIbHOCTh MCCIETYEMOTO ChIPbsl ONpEACIsUIN MPOKAIMBaHUEM B My(enbHOI meuu npu
575+25°C B tewenun 3 - 4 yacos. Llemmionossl ompeaessuii a30THO-CIMPTOBBIM METOJIOM.
ConepxaHusg JUTrHUHa B OMOMAacce OTXOJOB OIPEENAIN KOJIWYECTBEHHBIM BBIJCICHHEM,
NpPEIBApUTENIFHO  yAalsisl  OKCTPAKTUBHBIE BEUIECTBA W THUAPOJIU30M  IOJIMCAXapuioB
KOHIICHTPUPOBAHHBIMA ~MHUHEPAIbHBIMA KHUCIOTaMH. JIJIi OSKCTpAaKUMU M OHpeeTICHHS
konmuecTBa remurerntronodsl 10 v pacturensHbix orxomoB IJITA u HIJITT momermanu B
IUIOCKOJIOHHYIO KOHHYecKyro koilOy oOvemom 100 mu, u mpummsanu 30 mu 0,5% Boanoro
pacTBopa IUTpaTa aMMOHUS, IEPEMEIINBAINA M MPOBOAMIHN SKCTPAKIIUIO BBKUMOK Ha BOASHOM
6ane mpu Temmepatype 70 °C B Teuenue 2 yacoB, IOCIE YEr0 SKCTPAKT OTIAEISIN OT BBIKUMOK,
IIPOLIC)KUBAIIM Yepe3 ABOMHOU ciloi Mapiu. Ilociie oTaenenys skcTpakTa OCTaBIINECS BBIKUMKU
npombIBaiM Booi 1o 20 mut. Tpu pasa. Jlanee BBLDKMMKH ITOMEUIATN B SKCTPAKIIMOHHYIO Kamepy,
npumBay o 200 mut paznuyHbIX KoHUeHTpawii (3; 4; 5; 6; 7; 8 %) BoxHoro pactBopa NaOH u
IKCTPArupoBaiu Mpu KOMHATHO# Temmeparype (25°C) 24 gaca. Tlociie TpeXKpaTHO# SKCTpaKIHU
IIEJIOYHBIE AKCTPAKThl (QUIBTPOBATM OyMaXHBIM (QHIBTPOM, OOBEAMHSIIM SKCTPAKTHI,
KOHLIEHTPHPOBAJIH IMOJ BaKyyMoM mpuMepHo 10 1/10 mepBoHaYaipbHOr0 00beMa, MOJKUCISIN
KOHILIEHTPUPOBAHHON yKcycHOM kucimotod 1o PH 5. Ilpu 3ToM remunenitoiosa BbINAJAI0T B
ocazok. HamocamouHyio >KUAKOCTh CHU(OHUpOBaIM, ocajok wueHTpudyrupoBanu npu 3000
00./MUH, IPOMBIBAJIH BBl AUITHIOBBIM 3(upomM 1o 50 MII ¥ BBICYIIMBAIH B TOKE BO3AyXa JI0
NOJHOTO ynaneHus d¢upa. [18].

KucnoTHelil runponus s onpeaesaeHus MOHOCAXapHIHOTO COCTaBa T'€MUIEIUTIONIO3bI
npoBoami HoSO4 kouneHTparmeit 1 moss/it. [19]. MoHocaxapuasl B THAPOIU3ATAX OMPEICIISIIH
xpomartorpaduyeckuM MeTonoM. PasneneHue caxapoB MPOBEIM HUCXOASIIUM CIIOCOOOM IpH
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HETPEPHIBHOM MPOTEKaHUHM PACTBOPHUTENS 10 Oymare. B kadecTBe pacTBOpUTEINS UCIIOIb30BAIH
CMeCh JTHJAleTaT - MUPUAUH - Bojaa B cooTHomeHun 5:1:5. XKupo-BockoByro Qpaxiuio
OIPEACISI SKCTPArupOBaHUEM PACTUTEIBHOTO CBHIPbS CIIHPTO - TONYOJIbHOU cMmechio (1:1) mo
Oo6osenckomy [17].

HccaenoBanne ¢ocdaraznoii akrusnoctu MBY. [lna uccnenoBanus ¢ocdaTta3sHoi
akTUBHOCTH 1 T Bo3nymHoO-cyxoit MBY nomemanu B 50 Mt konby DpieHmeriepa ¢ mpUTEepTHIMUA
npoOkam#, 100aBisIOT 4 M1 yHUBepcanbHOTo Oydepa (pH 6,5), 0,25 mu Tomyona u 1 mu 0,115 M
pactBopa mn-aHutpodenmnpochara Harpus (mapanurpopermwidocdar-IIHOD) wu  cmech
nepememnBaoT 5 MuH. KonOy 3akpbiBaroT 1 nomermaior B TepmoctaT Ha 1 u mpu 37 °C. Ilocne
uHKyOau no6asnsor 1 ma 0,5 M ruapookucu HaTpus, MEPeMENINBAIOT 5 MUH. U CYCIIEH3UIO
uibTpyIoT 4epes Ge330mbHBI GUILTP B MepHylo konby Ha 50 cm®. dumbTpar okpalleH B
KENTHIN IIBET OT OCBOOOXKIEHHOTO M-HUTPO(deHoa.

[TnoTHOCTH XENTOW OKpacku (UIbTpaTa HM3MEPSIOT Ha (POTOKOIOPUMETPE C CHHUM
ceeromwibTpom (400-420 HMm). KonmdecTBO 0CBOOOXKAEHHOTO M-HUTPO(PEHOIIA BBIYUCISIOT T10
KaJHMOpOBOUHOW KpPUBOM, COCTaBICHHOW W3 CTaHAAPTHBIX pPAaCTBOPOB M-HUTpodeHoma.
AxTUBHOCTb (hocaTasbl BHIPAKAIOT B MI II-HuTpodenona kr - MBY uac™ [20].

O0cy:xaeHne pe3yibTaTOB

B mepBom srane uccienoBaHuii omnpenensuii xumudeckuid cocrtaB orxonos IIJITA u
IIJITT. PesynpraTel HccnenoBaHUs XMMHUYECKOTO COCTaBa OTXOJOB JIEKAPCTBEHHBIX TpaB
II0Ka3aJM, YTO OCHOBHOM COCTaBHOM 4acThio pacTUTenbHOro cbipbs LIIJITA n IIJITT sBastorcs
YIJICBOHBIE KOMIOHEHTHI — Tieiutrono3a (36,3-40,4% coOTBETCTBEHHO), M MIEHTO3HBIC caxapa,
KonndecTBO KoTopbix B oTxoaax IJITA cocraBuno 28,7 %, B To Bpems, kak y LIJITT stor
nokasareib coctaBui 27,3%. Llemono3a B OCHOBHOM COCTOUT U3 MOHOMEPOB TIIIOKO3bI KOTOPAs
MOTYT OBITh THUAPOIU3OBAHBI (UBUKO-XMMHUYECKHMM WA OWOJOTMYECKUMH CIOCO0aMHu, ¢
o0pa3oBaHMEM COpa)KMBAEMBIX CaXapoB JJISI MUKPOOHOJIOTMYECKOW KOHBEPCHU C IMOTyYCHHEM
IICHHBIX TOBAPOB MHUKPOOHMOJIOTHYECKOTO mpoucxoxaeHus [2]. I[leHTO3aHbI, BTOPOM TJIaBHBIM
KOMITOHEHT JIMTHOIICJUTIONIO3HOTO CHIPhsI, COCTOST B ocHOBHOM 3 C-5 caxapoB (kcmimoza u
apabuno3a) u C-6 caxapoB (MaHHO3a, TaJaKTO3a U TJII0K03a) [5] ¥ IPUMEHSIOTCS B MEMIIUHE B
peryisiiud MMMYHHOH CHCTEMbl, WHTMOMPOBAHWU NATOT€HHOW MHUKPO(MIOPHI, B TEpamuu
XPOHUYECKHUX BOCHAIUTEIBHO-IUCTPOPUUECKUX MOPAKEHUH MKEITYHOTO Iy3bIps, KUIICYHHKA,
NICYEHH, JKEIyJKa M KaK OuopasjaraeMple MOJIMMEPHl SBISIOTCS areHTaMHu JIOCTaBKU H
KOHTPOJIUPYEMOIi BBICBOOOXKICHHHU (hapMalieBTHYECKUX npenaparos [6-10]

bnaronmapst BbIcOKOMY cojnepkaHHuiO yriaeBojoB (65-67,7% oT a.c.B. ChIpbsi), OTXOJbI
JICKApCTBEHHBIX TPAB SIBJISICTCS MPUBJIEKATEIBHBIM ChIPhEM JJIS ACTIONUMEPU3AIIUH U TTOJTyYSHHS
LEHHBIX XUMUYECKUX COSAMHEHUH /IS IIUPOKOTO HAPOJIHOTO MOTPEOICHHS.
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= WATA B LWATT

Bbixog, ot a.c.B. (%)

Xumunueckuii coctas LUATA u WUNTT

Pucynok 1. Xumuveckuii yriieBoA0B JUTHOLEJIIOJI03HOTO ChIPbS - 0TX010B
aexapcrBeHHbIx TpaB LJITA u LIJITT (% ot a.c.B)

BTopbiM MO KOMMYECTBY KOMIIOHEHTOM PACTUTEIBHOT'O CHIPhSI SIBISICTCS JIMTHHH —
HEYTJICBOJIHBI KOMIIOHEHT, COJEp)KaHHUEe KOTOpOoro B oTxomax coctaBwio 18,4 u 13,4 %,
COOTBETCTBEHHO. JIUTHMHBI - JTO MNPUPOAHBIE (EHONTBHBIE MAaKPOMOJEKYJBI, KOTOphIS
MPUCYTCTBYIOT B CTEHKaX pPACTUTEIBHBIX KIETOK, COCTOSIIIUX W3 TPEeX OCHOBHBIX
(EHWINPOMAHOBEIX EAWHMUII, SBJSIFOIIMXCS TMPOW3BOJAHBIMU aPOMATUYECKUX CIUPTOB. N-
KyMapHjIOBOT0, KOHU()EPHUIIOBOTO U CHHATIMIIOBOTO. JINTHUH MMEET BeChbMa CIOXKHYI0 aMOp(HYIO
CTPYKTYPY, COCTOSIIYIO U3 (PSHIITPONAHOBBIX (PPAarMEHTOB, XaOTUYHO CIIUTHIX MEX Iy coooi C-
C- u C-O-cBs3samMu. B pacTUTenpHBIX KJIETKaX JHUTHUH (YHKIMOHUPYET B KauyecTBE
OMOIOTHYECKOro 0aphepa U «KIIes» ISl CBSI3BIBAHUS MEXKY COO0I reMUTIEILTION03 U IEJLTION03bI
[21]. Tlpum okwuciAMTENBHON WIM BOCCTAHOBUTEIBHON JCCTPYKIMM JIMTHUHA OOpa3yrTCs
pa3nUYHbIE apoMaTHYECKUEe U (EHOJIbHBIC COCTUHEHHS.

biraronaps cBoel yHUKaIbHOU CTPYKTYpPE JTUTHUH TAKKE UMEET 3HAYUTEIIbHBIN IIOTEHIHAI
JUTSE XUMUYECKOU TIepepaboTKH B LIEHHBIEC MTPOYKTHI, B TOM YHUCJIE AJIs TPOU3BOJICTBA XUMUKATOB
(CHONBPHON M apOMaTHYECKON MPHUPOABI, a TaKkKe >KUIAKUX TOILHMB [22]. Apomarudeckue
QIBJICTH]IBI SIBIISIIOTCS IIEHHBIM CBHIPHEM JUIS TUIIEBOH, (apMareBTHYeCKo U mapgproMepHOn
oTpacjeil mpoMbliuieHHOCTH. Hampumep, cupeneBbiit anbaeruy (3,5-1uMeToKCHOSH3aIbICTH L)
1eIecoo0pa3Ho HCIOIB30BATh ISl IPOU3BOICTBA TPUMETOKCHOEH3aIbACTHAA, H3 KOTOPOTO 3aTeM
MOJTyYal0T JICKApPCTBEHHBIN TMpenapar TPUMETONPUM - KOMIOHEHTHI OakTpuma, Oucenrtona u
Apyrux ¢apmaneBTrdeckux mnpenaparos [23]. KpynHoMaciiTaOHBIM HalpaBICHHEM YTHIH3ALUH
THIPOJIU3HOTO JIMTHUHA SIBJISIETCS TIOJTyYeHHUE COPOSHTOB.

HeyrneBonusie BemecTBa 0TX0aa — coaepxanus o6enxoB B orxogax [IJITA u IIJITT 2,2-
2,1 % cootrBercTBeHHO, *upo-BockoBas ¢pakmus HIJITA cocrasuser 3,9%, B To BpeMs Kak y
LIJITT -2,7%. ConepkaHus 3071bHBIE JIEMEHTOB cocTaBmll — 8,3-5,3 %, COOTBETCTBEHHO.

Copnepxanne nmenro3zanoB B otxoaax LIIJITA cocrasuser - 28,7 %, a B otxogax LIJITT —
27,3 %, 9T0 cOnOCTaBIsAEMO C TEXHUIECKHMH CEITLCKOXO03HCTBEHHBIMU KyIbTypamu 32,6-34,3%
[21]. Boicokue coneprkanust nmento3anoB B orxofax [IIJITA u IIJITT mo3BOJSIOT UX IPUMEHSITh
KaK JeméBas ChIphE IS MONYYCHUS TEMUIEILTION03bI, KCHIO3bl, KCHUIIMTA WIH TUIPOIHU3HOM
MPOU3BOJICTBE I monydeHust ¢pypdypoina. ['emuiiernitonos3a, KCuio3a Kak ykKe CKa3aHO BBIIIE
UCIIOJIb3YIOTCS B MEUITMHE, XUMUYIECKONU 1 OMOTEXHOJIOTHUECKOM MPOMBIIIIIEHHOCTH. Dypdypoi
npuMeHsieTcss B HedrenepepaboTKe Ui SKCTPAKIMOHHOW OYMCTKM MACISHBIX (pakuuil oT
npuMecel oeUHOB U apOMATHUECKUX COCIUHECHHM, I pa3fesieHus QpaKiuil pacTUTEIbHBIX
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’KHPOB - TPUTTTUIEPUAOB. TpaTUIIIOHHBIM U OCHOBHBIM HarpaBiIeHHeM nepepaboTku Gpypdypona
ABIISICTCSI €ro ruapupoBaHue B (QypypwiioBeld CHMPT W CHHTE3 M3 HEr0 pa3IMYHBIX
TepMocCTOiKuX cMmoi [1].

[Tpu cxxuranuyu GMOMacchl paCTeHUN OCTAeTCs €€ HEOpraHMUecKasi 4acTh — 3013, KOTopas
HaxonauTcs B npenenax 8,3 % ot cyxoro Bemectsa B LIIJITA u 5.3 % y HIJITT. ITo conepxanuio
305161 00€ TPOOBI YIOBIETBOPSIIOT TPEeOOBAaHUSAM K CBIPHIO Ul TIOJIYYEHHUS aJIcOopOEHTOB
(akTuBHpOBaHHOTO YyTJIs1) [22].

Cnenyromem »dtame pabOT HaMHM  HCCIEIOBAHO  KOJMYECTBEHHOE  COJACP)KAHUS
remuniestonosdsl B orxonax IIIJITA u HIJITT m ee mMoHocaxapuIHbli cocTaB. Pe3ynbTaTsl
SKCHEpUMEHTa IOKa3ald, YTO B OTXOAax conepxkarbea 26-27% remunemmonossl. [Ipu 3tom
HaMOOJBIINNA BBIXOJI TEMUIIEIIIIONO03bI TOYYEH MPU TPEXKPATHOM SKCTPAKLIUU OTXO0A0B 6% HbIM
pactBopom NaOH B Teuenue 24 4 npu Temneparype 25 °C. IIpu 5TOM BBIXOJI FeMULIEILTION03bI U3
orxoznoB LIJITA u ILIJITT cocrasui 26,3-26,8 % coorBeTcTBeHHO (pHC. 2).

= LATA & LWNTT
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Bbixoa remuuenntonosbl OT a.C.B. 0TX0Aa

PucyHok 2. BbIxoa reMuIie/n110J103b1 M3 0TX010B JiekapcTBeHHbIX TpaB LIJITA n
HIJITT (% ort a.c.B).

PesynbraThl UCCIIeIOBaHUS MOHOCAaXapUJHOTO cocTaBa TeMULEIITIONIO3BI
nurHoueos103HbIX 01X00B IIIJITA u HIJITT nokazanu, 4To MOHOCaXapUAHBIA COCTaB OTXO0B
NPE/ICTAaBICHBI MATH YTICPOAHBIMH (KCHIO3bI U apaOUHO3bI) M LIECTH YIJIIEPOAHBIMU CaxapaMu
(MaHHO3BI, TaJaKTO3bI U TJTI0KO3bI) [5]. HanbobIinyo 105110 MOHOCAXapua0B 000MX BUIOB OTX0/1a
HIJITA u HIJITT cocraBisieT neHTO3HbIH caxap kcuio3a (puc. 3).

ITpu 3TOM coneprkanust KCnino3bl kucaotHoro ruapoinszara HIJITA cocrasun 18,9 %, B TO
Bpems kak B otxonax LIIIJITT coxepkanus kcuno3sl Ha 1,9 % Gonbiue u cocrasun 20,8 %.
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Pucynok 3. MoHocaxapuaHblii coctaB remunesunoJi03bl HIJITA u IJITT (% ot
a.c.B).

[Tocne cooTBETCTBYIOIICH HEHTpalM3allud M OYMUCTKM KHCIOTHOTO T'HAPOJIH3aTa
remuniestonossl IJITA u HUJITT MOXHO MOnMyduTh KpUCTANIMYECKU Kcuinosbl. Ilpu stom
BeIxox remunemnnronossl u3 HIJITA u IJITT cocrasun 26,3-26,8%, xcumnossr 18,9-20,8 % or
Macchl 0TX0/1a.

B mpouecce ounctku rugponumzara IIJITA u HIJITT, moMuMO OCHOBHBIX IIE€JIEBBIX
NpOIYKTOB (LEJUII0JI03a, TEMUIICIUTI0N03a, JIMTHUH), 00pa3yeTrcs 3HAYUTEIbHOE KOJIUYECTBO
OpPraHuYecKoil OMOMAacChl PACTUTEIBHOTO CHIPHS B BHJE MOOOYHBIX MPOIYKTOB IPOU3BOCTBA,
KOTOpbIE, TOcie 00JaropakuBaHUE SBIISIOTCS XOPOLIUM CyOCTpaToM Ui KyJIbTUBUPOBAHHUS
bochaTcomoOMIU3NPYIOIUX MUKPOOPTaHU3MOB ¢ TIoiaydeHneM MBY.

docdarassl IPOAYLIUPYEMBIMU bochaTconoOnIU3NPYIOIIMH MHUKpOoOamu,
THIPOIU3YIOT Pa3HO0Opa3Hbie ciaokHOAGupHBIE (hocdhomonoadupsl) u dochoanruapuHbe
coeauHeHus Gpochopa, OCYIIECTBIISASI MUHEPATH3AIUIO 3aKPETUIEHHOTO B OPraHMYeCKOM BEIIIECTBE
dochopa [24,25]. B mouBax (ocdarasbl TakkKe U CHOCOOCTBYIOT YCBOCHHIO MHHEPAILHOTO
docdopa pacrenusmu. @ochopopranudeckre coeauHeHus cocTaBisiioT oT 20 no 80% wuacth
¢dochopa TOYBBI M  TMPEACTABICHbI HYKJICHMHOBBIMU COCAMHEHUSMH, IPOU3BOIHBIMU
aneHo3uH(pocPopHOI KUCTOTHI, (HOCHPOryMHUHOBHIMU KOMIUIEKCAMH M B MEHBIIEM KOJIUYECTBE
MOJABMKHBIME caxapodocharamu, raunepodocdaramu, KOTOpbIE MEPEXOIAT B JOCTYIHOE JUIS
pacTeHuil cocTosiHue Mpu (HEPMEHTATUBHOM THAPOJIHM3E C OTIIEIUICHHEM OCTaTKoB (hocdopHOit
KUCITOTHI [26,27]
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Pucynok 4. AKTUBHOCTH hepMeHTOB (ocdaTas Mr n-HuTpodenoaa kr' MBY uac™

Pesynbratel u3mepenue ¢ocdarazHoir akruHocteit MBY, mokaszamu, uro Bce MBY
obiagaoT BBICOKOH (ocdaraznoit akTuBHOCTBIO. IIpu 3TOoM Hambombinel ¢ochaTazHoi
aKTUBHOCTH npossul MBY AB - 650,5 mr n-autpodenona kr't MBY uwac™. Haumensmuii ypoBeHs
docdarasnoii aktuBHocTH Habmogaercs MBY TT u cocraBun 638,5 Mr n-autpodenona kr't MBY
gacl. Heo6xomumo orMetuth, uto MBY AB 1 MBY AT monyueHHBIEe HAa OCHOBE CyOCTpaTa u3
orxonoB rujaponusa HIJITA nposistor 6ounbineit gpocdarasnoit akruBHocTH (650,5-640,1) mo
cpaBueHuio ¢ MBY TB u MBY TT, nonyueHnbie Ha ocHOBe 0TX010B ruaponusa [IJITT (644,2-
638,5 mr n-uuTpodenona krt MBY ugaclcoorBercrBenno). Ilpu 3tom cpemu Bcex BumoB MBY
HaunOonbIIel GochaTasHol akTUBHOCTHU NposBisier MBY mnonydenHsle ¢pepMeHTaneil 0TX00B
rugposu3a (ILIJITA u HIJITT) na ocroBe mramma Bacillus subtilis BS-26. Dto roBoput o ToMm,
4TO JUIs BEIpAaOOTKH (epmenTa ¢ochaTassl pocharcomoOnIn3upyoIUMi MUKPOOPraHU3MaMH
BIMSET KaK XHMHUYECKHMH cocTaB cyOcTpara, Tak M BHJ LITaMMa MHKpPOOPraHHM3Ma, YTO
COOTBETCTBYIOT pe3yibraTtam wuccienoBareiein [28,29,30], koTopbie yCTAaHOBWIIM, HYTO
3G PeKTHBHOCT (PochaTCOoMOONIN3AIMI MUHEPAIBHBIX U OpraHuYecKuX (oc]aToB 3aBUCUT OT
BUJIOBOTO COCTaBa M >KU3HECNIOCOOHOCTH MHUKPOOPIaHM3MOB, MPOAYKIMH HMHU (DEPMEHTOB
¢docaraz u oprannueckux kuciaor [30], a Taxxke, GPU3NKO-XUMHUECKUX CBOMCTB CyOCTpara, a
TaK)Ke TEHETUYECKUX OCOOCHHOCTEW TI0UB U YPOBHEM KYJIbTyphl 3emienenus [29,30].

BoiBoabl. Takum 00pa3oM aHamM3 XHMHYECKOTO COCTaBa PACTHUTEIBHBIX OTXOIOB
JIEKapCTBEHHBIX TPAB MOKa3aJIM, 4YTO CyMMapHoe cojepskanue nonucaxapuaos B IJITA u IIJITT
(65-67,7% ot a.c.B. CBIpPBS), YTO JeNACT UX MPUBJICKATEIBHBIM CHIPHEM IS ICTIOIMMEPU3AIIAN 1
MOJyYeHHUs LIEHHBIX XUMHUYECKUX COCOUHEHUH s (apMaleBTUYECKOH, XHMHUYECKOH W
OMOTEXHOJIOIMYECKONH MPOMBIIUICHHOCTH C TMOJYYEHHEM LEHHBIX TOBApOB HAPOIHOTO
notpebnenus. Ilo conepxanuto nuraHuaa (18,4-13,4%) oTX0aBI MOTYT OBITH CHIPHEM IS
MOJyYCHHUS pa3IMYHBIX apOMaTHUYeCKHMX U  (PEHONBHBIX COEAMHEHUH Ui  IHUINEBOH,
dapmaneBTrueckoil u napdromMepHoil mpoMbIIeHHOCTH. [1o comepkanuio 30161 002 00BEKTa
Y/IOBJIETBOPSIIOT TPEOOBAHUSAM K CHIPBIO JUIS TOJYYEHHUS aICOPOCHTOB TSDKEIBIX METaIOB U
pamMOHYKIHIOB. BhIcOKOe comepaHue MeHTo3aHOB B orxonax (28,7 — 27,3%) mo3BoisieT
MPUMEHSTh UX KaK CHIPBE 115 MOMYYSHHS TAKUX LIEHHBIX TOBAPOB KaK T€MUIIEIUTIONO03bI, KCUIIO03bI,
KCWJIMTA WK B THAPOIM3HOM MPOU3BOACTBE It osryueHus pypdypona. [Ipu coorBeTcTBYy!IOMIICH
AKCTPAKIMK U OYUCTKU MEHTO3HbIX caxapoB u3 u3 ToHHBI 0TX0oAoB UIJITA u HIJITT moxHO
nonyuuth 189-208 kr remuriemitono3sl U 263-268 Kr KCHUIIO3HI.
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Bce MBY, nonyueHHble ¢epMEeHTAIMe OpraHWYeCKUX OTXOJ0B THIPOJIM3aTa IIPOTOB
docharconmodummzupyromumu - Mukpoopranusmamu Bacillus subtilis BS-26 u Trichoderma
harzianum_F-888 moka3anmu Bbeicokoi (ocdaraznoir aktuBHOCTHIO (650,5-638,5 w™Mr m-
uurpodenona kr't MBY uvac™.). ITpu 3Tom Haubonbieit GocharazHoit akTMBHOCTH NposiBII MBY
AB - 650,5 mr n-autpodenona kr'l MBY uac™. Ycranosneno, 4to s BHIpaGOTKH (pepMeHTa
docdaTassl pochaTcoTOONTU3UPYIOIIUMU MUKPOOPTaHU3MAMHU BIUSET KaK XUMHUYECKHI COCTaB
cyOcTpara, Tak ¥ BUJ HITaMMa MUKPOOpPTaHU3Ma.

Introduction. Waste medicinal herbs of pharmaceutical production, by-products of
agricultural plants, wood waste from forestry and other lignocellulosic materials are potential
cheap renewable resources that can be used to produce biofuels and other valuable products,
consumer goods [1-3]. Lignocellulosic biomass mainly consists of three polymers: cellulose (30-
50%), hemicellulose (15-35%) and lignin (10-20%) along with small amounts of other components
such as pectin, proteins, minerals and extractive substances, which can be hydrolyzed by physical
and chemical or biological methods to form monomeric sugars and various aromatic compounds

[2].

Due to the high content of carbohydrates (60-70% of a.c.v. of raw materials), which is close
to the content of carbohydrates in grain crops, the waste herbs are an attractive raw material for
depolymerization and obtaining valuable chemical compounds for wide consumption. In
particular, the high content of hemicellulose (15-35%) in medicinal herbage makes them a valuable
source of raw materials for obtaining hemicellulose, xylose and xylite, products that have found
application in pharmaceutical, food, chemical and fermentation industries. [4-5].

The utilization of lignocellulosic plant raw materials, with the production of hemicellulose,
xylose, xylite and other industrially important products, is of great practical interest.
Hemicellulose, the second major component of lignocellulosic raw materials, consists of C-5
sugars (xylose and arabinose) and C-6 sugars (mannose, galactose and glucose) [5]. Natural
hemicelluloses and their derivatives, are used in medicine in the regulation of the immune system,
inhibition of pathogenic microflora. Biodegradable polymers based on hemicellulose are agents of
delivery and controlled release of anticancer drugs [5-9]. The dominant pentose sugar group (up
to 80%) of hemicellulose is xylose [10]. The sweetness of xylose is approximately 50% of the
sweetness of sucrose. The human body does not practically digest it. This peculiarity allows using
it as a sweetener for diabetics. The use of xylitol (a derivative of xylose) in the production of
chewing gum and toothpaste prevents dental caries [11].

Hemicellulose is used in therapy of chronic inflammatory-dystrophic lesions of the
gallbladder, intestines, liver and stomach. The drug is used in the complex treatment of conditions
associated with resection or irradiation of the organs of the digestive system. Also use of the drug
is shown with insufficient external secretory function of the pancreas. [12-14].

Industrial use of xylose is based on its ability to produce a number of valuable derivatives.
For example, xylose reduced with hydrogen produces five-atom alcohol xylite which is used
together with glycerin for plasticizing and regulating humidity of products in production of some
kinds of paper, cellophane, linoleum, cloth, tobacco products and also for synthesis of xylitane,
esters and ethers, alkyd resins (xiftalum), surfactants, plasticizers and etc. [15-16]. Oxidation of
xylose with nitric acid produces biaxose xylotrioxyglutaric acid used in food industry on a par
with citric acid as well as a complexing agent in the production of rare metals etc. [12-13].

Thus, the assessment of the possibility of conversion of lignocellulosic wastes of medicinal
herbs with obtaining industrially valuable goods is an urgent task.
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The purpose of this work is to study the chemical composition of the herb meal of
Aconitum septentrionale (AHM) and Thermopsis alterniflora (THM) as a secondary raw material
for hemicellulose and xylose as well as microbiological biofertilizer (MB).

The object of our study were wastes of AHM and THM, after extraction of
pharmaceutical substances with 80% ethanol solution, as well as MB obtained by fermentation of
organic waste hydrolysis of meal with phosphate-solubilizing microorganisms Bacillus subtilis
BS-26 and Trichoderma harzianum F-888. At the same time four types of MB differing in types
of substrate and microbial strain were obtained:

MB AB - based on substrate AHM and strain Bacillus subtilis BS-26;

MB AT - based on substrate AHM substrate and Trichoderma harzianum strain F-888;

MB TB - based on substrate THM and strain Bacillus subtilis BS-26;

MB TT - based on substrate THM and strain Trichoderma harzianum F-888;

The content of the main components in the initial waste was determined by standard
methods [17]. The results were converted to absolutely dry mass of the substance (a.d.m).

Meal - biomass of waste herbs is a fine shavings 2-5 mm long, 1-3 mm thick. The meal
was pre-dried at (103 £ 2) ° C for 3 h to bring it to an equilibrium moisture content.

Ash content of the studied raw materials was determined by calcination in a muffle furnace
at 575 + 25 °C for 3 - 4 hours. Cellulose was determined by nitrogen-alcohol method. The content
of lignin in waste biomass was determined by quantitative extraction, preliminarily removing
extractive substances and by hydrolysis of polysaccharides with concentrated mineral acids. For
extraction and determination of the amount of hemicellulose, 10 g of plant waste AHM and THM
were placed in a 100 ml flat-bottomed conical flask, and 30 ml of 0.5% aqueous solution of
ammonium citrate was added, stirred and the extract was extracted in a water bath at 70 °C for 2
hours. After which the extract was separated from the extract, filtered through a double layer of
gauze. After separating the extract, the remaining extracts were washed with 20 ml water three
times each. Next, the pomace was placed in an extraction chamber, 200 ml of different
concentrations (3; 4; 5; 6; 7; 8 %) of NaOH aqueous solution were added and extracted at room
temperature (25°C) for 24 hours. After three times extraction alkaline extracts were filtered with a
paper filter, the extracts were combined, concentrated under vacuum to about 1/10 of the original
volume, acidified with concentrated acetic acid to pH 5. The hemicellulose precipitated. The
supernatant was siphoned, the precipitate was centrifuged at 3000 rpm, washed twice with 50 mL
diethyl ether and dried in a current of air until the ether was completely removed. [18].

Acid hydrolysis to determine the monosaccharide composition of hemicellulose was
performed with H,SO4 at a concentration of 1 mol/L. [19]. Monosaccharides in hydrolysates were
determined by chromatographic method. Separation of sugars was carried out by top-down method
with continuous flow of solvent on paper. Ethyl acetate-pyridine-water mixture in the ratio 5:1:5
was used as a solvent. Fat-wax fraction was determined by extraction of plant raw material with
alcohol-toluene mixture (1:1) according to Obolensky [17].

Study of MB phosphatase activity. To investigate the phosphatase activity 1 g of air-dry
MB was placed in a 50 ml Erlenmeyer flask with lapped plugs, 4 ml of universal buffer (pH 6.5),
025 ml of toluene and 1 ml of 0.115 M sodium p-nitrophenylphosphate
(paranitrophenylphosphate-PNPP) solution were added and the mixture was stirred for 5 min. The
flask is closed and placed in the thermostat for 1 h at 37 °C. After incubation 1 ml of 0.5 M sodium
hydroxide was added, the mixture was stirred for 5 min and the suspension was filtered through
an ash-free filter into a 50 cm? volumetric flask. The filtrate is colored yellow from the released p-
nitrophenol.

The density of the yellow color of the filtrate is measured on a photocolorimeter with a
blue filter (400-420 nm). The amount of released p-nitrophenol is calculated from a calibration
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curve of standard solutions of p-nitrophenol. Phosphatase activity is expressed in mg p-nitrophenol
kg™ MB hour™ [20].

Discussion of results

In the first stage of the research, the chemical composition of AHM and THM wastes was
determined. The results of the study of the chemical composition of medicinal herbs waste showed
that the main constituent part of plant raw materials AHM and THM are carbohydrate components
- cellulose (36.3-40.4% respectively), and pentose sugars, whose amount in AHM waste was
28.7%, while for THM this indicator was 27.3%. Cellulose mainly consists of glucose monomers
which can be hydrolyzed by physical and chemical or biological methods to form digestible sugars
for microbiological conversion to produce valuable microbiological goods [2]. Pentosans, the
second major component of lignocellulosic raw materials, consist mainly of C-5 sugars (xylose
and arabinose) and C-6 sugars (mannose, galactose and glucose) [5] and are used in medicine in
regulating the immune system, inhibiting pathogenic microflora in the therapy of chronic
inflammatory-dystrophic lesions of the gallbladder, intestines, liver, stomach, and as
biodegradable polymers are agents of pharmaceutical drug delivery and controlled release [6-10].

Due to its high carbohydrate content (65-67.7% of the a.d.m. of the raw material), herbal
waste products are attractive raw materials for depolymerization and production of valuable
chemical compounds for general consumer use.
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Figure 1. Chemical carbohydrates of lignocellulosic raw materials - waste herbs AHM and
THM (% of a.d.m)

The second largest component of plant raw materials is the non-carbohydrate component
lignin, the content of which in the waste was 18.4 and 13.4 %, respectively. Lignins are natural
phenolic macromolecules that are present in plant cell walls, consisting of three basic
phenylpropane units, which are derivatives of aromatic alcohols: n-coumaryl, coniferyl, and
synapyl. Lignin has a highly complex amorphous structure consisting of phenylpropane fragments
chaotically cross-linked by C-C- and C-O-bonds. In plant cells, lignin functions as a biological
barrier and a "glue” for binding hemicelluloses and cellulose [21]. Various aromatic and phenolic
compounds are formed during oxidative or reductive degradation of lignin.

Due to its unique structure, lignin also has considerable potential for chemical processing
into valuable products, including the production of chemicals of phenolic and aromatic nature, as
well as liquid fuels [22]. Aromatic aldehydes are valuable raw materials for food, pharmaceutical
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and perfume industries. For example, lilac aldehyde (3,5-dimethoxybenzaldehyde) is expedient to
use for the production of trimethoxybenzaldehyde, from which the drug trimethoprim is then
produced - components of bactrim, biseptol and other pharmaceuticals [23]. A large-scale area of
utilization of hydrolysis lignin is the production of sorbents.

Non-carbohydrate waste substances - the contents of proteins in AHM and THM wastes
are 2.2-2.1 %, respectively, the fat-wax fraction of AHM is 3.9 %, while that of THM is 2.7 %.
The content of ash elements was 8.3-5.3 %, respectively.

The content of pentosans in AHM wastes was 28.7 %, and in THM wastes - 27.3 %, which
is comparable with technical agricultural crops 32.6-34.3 % [21]. The high content of pentosans
in AHM and THM wastes allows their use as a cheap raw material for the production of
hemicellulose, xylose, xylite, or in hydrolysis to produce furfural. Hemicellulose, xylose as
mentioned above are used in medicine, chemical and biotechnological industries. Furfural is used
in oil refining for extraction purification of oil fractions from impurities of olefins and aromatic
compounds and for separation of vegetable fat fractions - triglycerides. Traditional and main
direction of furfural processing is its hydrogenation into furfuryl alcohol and synthesis of various
heat-resistant resins from it [1].

When burning plant biomass its inorganic part remains - ash, which is in the range of 8.3
% of dry matter in AHM and 5.3 % in THM. In terms of ash content, both samples meet the
requirements for raw materials for production of adsorbents (activated carbon) [22].

At the next stage of the work, we investigated the quantitative content of hemicellulose in
AHM and THM wastes and its monosaccharide composition. The results of the experiment showed
that the waste contains 26-27% hemicellulose. The highest yield of hemicellulose was obtained by
triple extraction of wastes with 6% NaOH solution for 24 hours at 25 °C. The yield of
hemicellulose from AHM and THM wastes was 26.3-26.8 %, respectively (Fig. 2).
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Figure 2. Hemicellulose yield from AHM and THM medicinal herb waste (% of absolutely
dry matter).

The results of the study of the hemicellulose monosaccharide composition of the
lignocellulosic waste AHM and THM showed that the monosaccharide composition of the waste
is represented by five carbon (xylose and arabinose) and six carbon sugars (mannose, galactose
and glucose) [5]. The pentose sugar xylose makes up the largest proportion of the monosaccharides
of both AHM and THM waste types (Fig. 3).
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At the same time, the xylose content of acid hydrolysate of AHM was 18.9 %, while the
xylose content of THM waste was 1.9 % higher and amounted to 20.8 %.
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Figure 3. Monosaccharide composition of AHM and THM hemicellulose (% of a.d.m).

After appropriate neutralization and purification of the acidic hydrolysate of hemicellulose
AHM and THM, crystalline xylose can be obtained. The yield of hemicellulose from AHM and
THM was 26.3-26.8%, xylose 18.9-20.8% of waste weight.

In addition to the main target products (cellulose, hemicellulose, lignin), a significant
amount of organic biomass of plant raw materials in the form of by-products is formed during the
process of AHM and THM hydrolysis purification, which, after ennoblement are good substrates
for the cultivation of phosphate-solubilizing microorganisms to produce MB.

Phosphatases produced by phosphate-solubilizing microbes hydrolyze various ester
(phosphomonoether) and phosphoanhydride phosphorus compounds, mineralizing the phosphorus
fixed in the organic matter [24,25]. In soils, phosphatases also contribute to the assimilation of
mineral phosphorus by plants. Organophosphorus compounds account for 20 to 80% of soil
phosphorus and are represented by nucleic compounds, derivatives of adenosine phosphoric acid,
phosphogumin complexes, and in lesser amounts mobile saccharophosphates, glycerophosphates,
which pass into a plant-available state during enzymatic hydrolysis with detachment of phosphoric
acid residues [26,27].
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Figure 4. Phosphatase enzyme activity mg p-nitrophenol kg soil hour

The results of measuring the phosphatase activity of MB, showed that all MBs have high
phosphatase activity. Moreover, MB AB showed the highest phosphatase activity - 650.5 mg p-
nitrophenol kg MB hour. The lowest level of phosphatase activity was observed in MB TT and
amounted to 638.5 mg p-nitrophenol kg™t MB hour. It should be noted, that MB AB and MB AT
obtained on the basis of substrate from AHM hydrolysis wastes exhibit the higher phosphatase
activity (650.5-640.1) in comparison with MB TV and MB TT obtained on the basis of AHM
hydrolysis wastes (644.2-638.5 mg p-nitrophenol kgt MB hour?, respectively). Among all types
of MB the highest phosphatase activity was shown by MB obtained by fermentation of hydrolysis
wastes (AHM and THM) based on Bacillus subtilis strain BS-26. This suggests that, for
phosphatase enzyme production by phosphate-solubilizing microorganisms, both the chemical
composition of the substrate and the type of microbial strain are influential, which is consistent
with the results of researchers [28,29,30]. Who found, that, the efficiency of phosphate-
solubilization of mineral and organic phosphates depends on the species composition and viability
of microorganisms, their production of phosphatase enzymes and organic acids [30], as well as,
on the physical and chemical properties of the substrate and the genetic features of soils and the
level of farming culture [29,30].

Conclusions. Thus, the analysis of the chemical composition of plant wastes of medicinal
herbs showed that the total polysaccharide content in AHM and THM (65-67.7% of a.c.m. of raw
materials), which makes them an attractive raw material for depolymerization and obtaining
valuable chemical compounds for pharmaceutical, chemical and biotechnological industries with
obtaining valuable consumer goods. According to the lignin content (18.4-13.4%), the wastes can
be a raw material for obtaining various aromatic and phenolic compounds for the food,
pharmaceutical and perfume industries. In terms of ash content, both objects meet the requirements
for raw materials for obtaining adsorbents of heavy metals and radionuclides. High pentosan
content in wastes (28.7 - 27.3%) allows to use them as a raw material for production of such
valuable goods as hemicellulose, xylose, xylite or in hydrolysis production for production of
furfural. With proper extraction and purification of pentose sugars from a ton of waste AHM and
THM can be obtained 189-208 kg of hemicellulose and 263-268 kg of xylose. From hydrolysis
waste hydrolysis and chalk sludge, thickened sewage treatment plant sludge.

All MBs obtained by fermentation of organic waste hydrolysis meal with phosphate-
solubilizing microorganisms Bacillus subtilis BS-26 and Trichoderma harzianum F-888 showed
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high phosphatase activity (650.5-638.5 mg p-nitrophenol kg MB hour™.) At the same time, MB
AB showed the highest phosphatase activity, 650.5 mg p-nitrophenol kg™ MB hour. It was found,
that the production of phosphatase enzyme by phosphate-solubilizing microorganisms is
influenced by both the chemical composition of the substrate and the type of microorganism strain.
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