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PETIJUMA AKTUALITATE

Pasreiz&ja pasaules paterina apmierinaSana nav ilgtspgjiga, jo cilveéces
resursu patérin$ parsniedz to, ko daba sp&j atjaunot. ParvérSot bioatkritumus
resursd, ne tikai tiks aizvietoti fosilie resursi, bet arT tiks atrisinata izejvielu
trakuma probléma.

Eiropas Savieniba (ES) auglu koku audzgSanai kopuma atvéleti 11.3 min
hektaru (ha) [1]. So koku atzaro$ana kopa ar stadfjumu nozaggé$anu vai
iznemSanu rada milzigu daudzumu koksnes atkritumu. Teorétiskais koksnes
atkritumu aprékins ES I&§, ka katru gadu auglu koku atzarosanas rezultata tiek
iegiiti [idz 25 miljoni tonnu koksnes zaru veida [2]. Sie koksnes atkritumi parasti
tiek sadedzinati vai sasmalcinati ar to turpmako iestradi augsné, kas nerada tieSus
ekonomiskus ieguvumus. Tadgjadi ir racionali ieviest auglkoku koksnes
parstradi vertigos produktos ar pievienoto vertibu. Atjaunigo resursu racionala
pielieto$ana ir viena no Latvijas Bioekonomikas stratégijas 2030 prioritatém,
paaugstinot vietjo atjaunigo resursu produktivitati [3].

Viens no Latvija aktualajiem un mazizpétitajiem atjaunigiem resursiem ir
smiltsérksku koksne. Smiltsérkskis savu uzmanibu izpelnijies, pateicoties auglu
bagatigam sastavam un vertigam Ipasibam. Smiltsérkski aug 52 wvalstis,
vislielakas plantacijas Eirazijas teritorija, Kaukaza, Rietumazija, Vidusazija,
Kina un Mongolija [4]. Hippophaé rhamnoides L. ir visizplatitaka smiltseérksku
gints suga. Pateicoties spécigai un attTstitai saknu sist€émai, smiltsérkskus
izmanto melioracija un augsnes bagatinasana, ta slapekli piesaistoso 1pasibu de]
(8 Iidz 10 gadus vecs smiltserksku stadijums sp€j piesaistit 180 kg slapekla uz ha
gada) [5].

Latvija smiltsérkskis ir otra visvairak izplatita auglu koku suga pec abeles, un
ta stadijumu platiba arvien pieaug. Salidzinot ar 2010. gadu, smiltsérkSku platibu
skaits Latvija palielinajas no 200 Iidz 1535 ha, lidzvertigi palielinoties ar1
smiltsérksku ogu razai no 200 t gada Iidz 814 t gada [6]. Latvija audzetu
smiltsérksku ogam ir loti augsti kvalitates raditaji, bet ogu parstradataji
ekonomisko apsvérumu de] biezi vien spiesti izveleties Ietakas ogas, nevis
kvalitativakas. Liela konkurence lick aizdomaties par videi draudzigu un
racionalu visu augu dalu parstradi.

Auglu koku atzaroSanas galvenais merkis ir atvieglot vainagu veidoSanu
lielakai koka razibai un &rtakai razas novakSanai. SmiltsérkSku audz€Sanas
tehnologija paredz Cetrus gadus vecu plantacijas augo$o koku pilnigu
nozage$anu un vienu Iidz divus gadus vecu zaru apgrieSanu gan pavasari,
veidojot vainagu un samazinot kriima sénisu infekciju risku, gan vasara un rudent
— ogu novaksanas rezultata, t.sk. veicot sanitaro atzaroSanu. Vasara un rudeni
veidojas vislielakais zaru apjoms. Asi, erkskaini zari trauc€ ogu nonemsanu, un
komercnolikos audzéto ogu novaksanas procesa paatrinasanai zari tiek nogriezti
kopa ar ogam. P&c ogu atdaliSanas (ieprieks visu zaru ar ogam sasaldgjot) atdalito

6



zaru apjoms vidgji sastada ap 20-30% no auglzaru masas un ikgadgji var radit no
0.5 Iidz 2.0 tonnam/ha sausas koksnes ( 1. att.)

1. att. Smiltsérk$ku plantacija (A); pavasara zaru biomasa (B); rudens zaru
biomasa (C)

Sobrid smiltsérksku audzétdji visu $o zaru apjomu sadedzina, nenovértgjot
§t1s lignocelulozes biomasas potencialu, kaut gan §1 koksnes dala var biit vertiga
izejviela biologiski akfivo vielu un jaunu produktu ieguvei, radot papildus
ienakumus audze€tajiem arpus razas novaksanas laika. Pamatojoties uz Lauku
atbalsta dienesta (LAD) datiem, 2023. gada Latvija bija 2 miljoni ha
neapstradatas lauksaimniecibas platibas [7]. Dalu no $§im platibam ir iesp&jams
izmantot smiltsérksku audzesanas plantaciju paplasinasanai, papildus piesaistot
jaunu darbasp&ku, veidojot pozitivu socialas vides sekmésanu lauku regionos.

Neskatoties uz smiltsérkska atraudzibu un koksnes pozitivam Ipasibam
(cieta, izturiga, bliva, un vidgja svara), tas tiek uzskatits par mazvertigu auglkoku
sugu, kas nesasniedz pietickami lielas dimensijas, lai tas blitu izmantojams
celtnieciba, buvgaldnieciba vai mébelu razosana. No smiltsérkSku stumbra
koksnes izgatavo nazu un lietussargu rokturus, iemutnus, spiekus, virtuves
piederumus un rotallietas. Smilts€rksku atzarojumu atlikumos lielako dalu
aiznem maza diametra zari, tad€] to izmantoSana kurinamo granulu ieguvei ir
apgritinata, augsta pelnu satura d€]. Saskana ar Scopus® bazes datiem, pedgjo
desmit gadu laika publikaciju skaits par t€mu “auglu koksnes valorizacija” ir
pieaudzis 7 reizes, piedavajot auglkoku koksnes izmantoSanu papira ieguvei un
koksnes kompozitmaterialu razosana.

Koksni vislabak var definét ka biopoliméra kompozitu, kas sastav no
celulozes, hemicelulozes, lignina un ekstraktvielam. Koksnes ekstraktvielas ir
daudz visdazadako klasu organisko savienojumu [8]. Vieni no vértigakiem
koksnes ka lignocelulozes biomasas kimiskiem savienojumiem ir polifenoli, t.sk.
proantocianidini, kas uzkrajas augu augSanas un attistibas procesa, nodrosinot
augiem svarigas fiziologiskas Tpasibas, pasargajot augu no biotiskajiem un
abiotiskajiem  stresiem un nodroSinot aizsardzibu pret infekcijas slimibu
ierosinatajiem [20]. Polifenolu koncentracija auga un to sastavs ir atkarigs gan
no auga vegetacijas fazes gan no $kirnes, gan no geografiskas augSanas vietas un
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fiziologiska brieduma. Polifenoliem piemit antioksidativas, antimikrobialas,
fungicidas, biostimulgjosas, pretiekaisuma, kardioprotektivas un
antikanceroggnas Tpasibas [9]. Tas liecina, ka auglu koksnes ekstraktiem var bt
vairaki pielietojumi medicina, partikas, farmacijas un uztura ripnieciba,
kosmétikas razosana un lauksaimnieciba. Ieprieksgjie petijumi paradija, ka
proantocianidini ir domingjosie savienojumi oligoméro polifenolu sastava, kas
iegiiti no lapkoku un skujkoku lignocelulozes biomasam (koksne, miza) [21].
Proantocianidinu  saturs smiltsérksku koksnes biomasa, to sastavs un
bioaktivitate nav pétiti. Dazos zinatniskos p&tfjumos atziméts, ka smiltsérksku
zaru miza satur serotoninu, ta saukto “laimes hormons”, turklat daudz lielaka
daudzuma, neka tas ir, pieméram, Sokolade vai bananos. Organisma serotonins
veidojas smadzengs un gremosanas trakta no neaizvietojamas aminoskabes L-
triptofana, kas nonak organisma ar partiku. Serotonins veicina psihologisko un
fizisko labsajiitu, imiinsistémas darbibu, regulé gremosSanu, miegu, atminu un
dzimumfunkciju. No saflora s€klam iegiitajam serotoninam piemit
antioksidativa, pretiekaisuma un pretvéza aktivitate, ka arT noverojams
potencials Parkinsona slimibai [1dzigo simptomu, depresijas un aptaukoSanas
mazinasanai [54], [55], [56], [53]. Serotonina fiziologiskas funkcijas augos vél
nav skaidras.

Balstoties uz serotonina un proantocianidinu (2. att.) potencialu un svarigumu
organismam, promocijas darba tie izveleti kd merksavienojumi, novertjot
Latvija  kultiveto  smiltsérkSku  atkritumus, galvenokart zarus, ka
mérksavienojumu avotu, tos izdalot, attirot un raksturojot, lai novertetu papildu
izmantoSanas iesp&jas. Lai nodroSinatu bezatlikuma koksnes parstradi, koksnes
atlikums péc meérksavienojumu atdaliSanas var bt lietderigi izmantots ka
lopbaribas piedeva vai ka augsnes piedevas substrats, atgriezot dabas aprité no
tas panemto organisko dalu, kas nepiecieSama augsnes-biotiska kompleksa
labveligai darbibai.

NH,

HO

R; =H vai OH
R, =01 R

2. att. Proantocianidina un serotonina kimiska struktiira



Smiltsérksku proantocianidinu vai to saturoSo ekstraktu izmantosana
rupnieciskos nolikos, pieméram, koksnes adhezivu ieglSanai, vai to
izmanto$ana Gidens attmriSanai, vai viskozitatites reguléSanai nav ekonomiski
lietderga nepieciesamo lielo apjomu dgl, Iidz ar to §1 promocijas darba ietvaros
tika mekl&ti jauni pielietojuma virzieni ar augstako pievienoto vertibu, un primari
ir pétita proantocianidiniem piemito$a biologiska aktivitate, t.sk., pretmikrobu
un pretiekaisuma Tpasibas.

Tadgjadi, smiltsérkska proantocianidini no zariem vares aizvietot citas augu
izcelsmes proantocianidinus, piem€ram, no dz&rven&m, vai preparatus no
smiltsérkSka augliem, kuru iegliSana konkur€ ar partikas k&di un Iidz ar to ir
daudz dargaka. Turklat, tas ne tikai laus izstradat smiltsérkska ilgtsp&jigo
parstrades ciklu, bet arT laus iegilit proantocianidinus no vietgjas izcelsmes
koksnes, kas biis vertigs pienesums Latvijas ekonomikai. Smiltserksku
pielietojums medicinas un veterinarijas nozarées ir loti aktuals, nemot véra dazadu
infekcijas slimibu izplatibu, to apgriitinatu arstésanu, kam par iemeslu ir patogeni
mikroorganismi, kas kluvusi rezistenti pret antibiotikam [46].

Promocijas darba hipoteze

Analizgjot literatira pieejamo informaciju, ir izvirzita promocijas darba
hipotéze: cirkularas ekonomikas ietvaros smilts€rkskim ir iesp&jams izstradat
biorafin€Sanas shému, parstradajot visas koka vegetativas dalas vertigos
mérkproduktos (proantocianidini un serotonins), ar pretiekaisuma un
antimikrobialam Tpasibam, un no parstrades atlikuma iegustot lopbaribas un
augsnes piedevu.

Promocijas darba hipotéze ir aiztavama ar sekojosam tézém:

% smiltsérks8ku koksnes biomasa ir perspektiva izejviela oligoméro
proantocianidinu un serotoninu ieguvei ka individualu komponentu vai
kompleksa veida, radot sinergiju bioaktivitate. Izstradatais tehnologiskais
panémiens ir efektivs mérksavienojumu izdaliSanai no ekstrakta;

«» pieradita mérksavienojumu un to saturoSo ekstraktu augsta antioksidativa,
antimikrobiala un  pretiekaisuma aktivitate, ka arT ietekme cilvéku
gremosanas fermentu aktivitaté, gan inhibgjot, gan aktivéjot to darbibu.
legiitie mérksavienojumi un to saturoSie ekstrakti nav toksiski darbibas
koncentraciju diapazona;

+» smiltsérksku koksnes atlikums péc ekstrakcijas ir piemérota izejviela
lopbaribas piedevas ieguvei, kas spgj kontrolét sagremojamibu un gazes
veidoSanos, mainot izejvielu masas attiecibu. Bagatinot smiltsérksku koksnes
atlikumu ar mikro- un makroelementiem, iegiita augsnes piedeva veicina
darzenu un graudu augSanu un attistibu, papildus uzlabojot augsnes kvalitati,
paaugstinot organisko vielu saturu augsnes sastava.



Promocijas darba meérkis ir novertét Latvija kultivéto auglkoku —
smiltserksku (Hippophae rhamnoides L.) — lignocelulozes biomasu ka potencialu
serotonina un proantocianidinu avotu, piedavajot inovativu risinajumu
lignocelulozes biomasas bezatlikuma kompleksai parstradei konkur&tsp&jigu,
funkcionalu, videi, cilvékiem un dzivniekiem nekaitigu produktu iegtiSanai.

Darba mérka sasniegSanai izvirziti sekojosi uzdevumi:

novertét smiltsérksku atzarojumu koksnes potencialu ka izejvielu biologiski

aktivo vielu — serotonina un oligoméro proantocianidinu — ieguvei un noteikt

piemerotako ekstrakcijas un attiriSanas veidu mérksavienojumu ieguvei;

2. noteikt antimikrobialo, antioksidativo, pretiekaisuma aktivitati un
citotoksicitati ekstaktiem, oligoméro proantocianidinu un serotoninu
saturo$am frakcijam un izvertét to praktiskas izmantoSanas iespgjas;

3. noteikt merksavienojumu un ekstraktu iedarbibu uz cilvéku gremosanas
fermentu aktivitati;

4. noteikt pecekstrakcijas koksnes atlikuma potencialu ka izejvielu granul&tas
lopbaribas un augu augSanas veicinataja ieguvei;

5. izstradat biorafin€rijas shému bezatlikuma smiltsérkSku atzarojumu -
lignocelulozes biomasas kompleksai izmantoSanai.

Zinatniska novitate

¢ pirmo reizi novertéts Latvija kultivéto smiltsérksku atkritumu potencials
oligoméro proantocianidinu un serotoninu ieguvei;

% izmantojot cilvékiem un videi drosas kimikalijas, t.sk. ozonam droSu freonu
HFC R134a, izstradats piemerots mérksavienojumu izdaliSanas panémiens,
kas lava novertét vielu lomu ekstraktu sastavos un bioaktivitatg, t.sk. cilvéka
gremosSanas fermentu (alpha-amilaze, aizkunga dziedzera lipaze) aktivitatg;

¢ pirmo reizi noteikts piemé&rotakais sezonas laiks un smiltsérksu zaru vecums
proantocianidinu, serotonina un to saturoso ekstraktu ieguvei;

% pamatojoties uz asu nepiecieSamibu p&c dabiskiem antimikrobialajiem
lidzekliem, mérksavienojumi gan individuala, gan maisfjuma veida test&ti
pret septiniem patogeniem mikroorganismiem, papildus novertgjot to ietekmi
biopléves veidosana, izmantojot triju veidu bakt€rijas;

¢ pirmo reizi ir noteikts no smiltserkSsku koksnes biomasas izdalito
proantocianidinu sastavs un to loma pretiekaisuma aktivitate;

¢ veikta smiltserksku ekstraktu un mérksavienojumu antioksidativas aktivitates
izpéete lipidu saturoSos produktos;

¢ novertétas smiltseérksku koksnes atlikuma péc ekstrakcijas izmantoSanas
iesp&jas lopbaribas piedevas ieguvei, kimiski to raksturojot un nosakot
gremoSanas efektivitati atgremotaju kunga modelu sistéma;

« bagatinot p&c ekstrakcijas smilts€rksku koksnes atlikumu ar siliciju saturo$o
komponentu, noverteta iegiitas augsnes piedevas ietekme uz augu augSanu un
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attistibu, atgriezot dabas aprit€ organisko dalu, kas nepiecieSama augsnes-
biotiska kompleksa labveligai darbibai.

Darba tautsaimnieciska nozimiba:

% paradita iesp&ja no smiltsérksku zariem ieglit proantocianidinu un
serotoninu saturosus produktus, kas dos butisku ieguldijumu bioekonomikas
attistiSana, kas aktuala Latvijas tautsaimniecibai un atbilst Eiropas
Savienibas stratégiskajiem uzdevumiem;

« proantocianidini un to saturoSie ekstrakti ir potenciali antioksidanti
medictniskiem un kosmétiskajiem krémiem, radot alternativu sint€tiskiem,
ekologiski nedrosiem antioksidantiem;

¢ proantocianidini, serotonins un to saturoSie ekstrakti ir potenciali
antimikrobialie Iidzekli, radot alternativu vai papildinot antibiotikas cinai
pret rezistentiem mikrobiem;

% serotonina gremosanas fermentu stimul&josa un proantocianidinu kavgjosa
darbiba parada mérksavienojumu perspektivitati veselibas apriipe, dazadu
ar gremoS$anu saistitu problému risinasanai;

¢ paradtta iesp&ja izmantot zaru atlikumu p&c ekstrakcijas lopbaribas piedevas
ieguvei, un ka substratu augsnes piedevas ieguvei,

s izstradatda smiltsérksku lignocelulozes biomasas racionala bezatlikuma
parstrades shéma produktos ar pievienoto vertibu biis noderiga un
pielietojama arT citu auglkoku vai ogulaju atzaroSanas atkritumu pilnvertigai
izmantoSanai.

ZINATNISKA DARBA APROBACIJA

Publikaciju saraksts / List of publications

Promocijas darba rezultati ir atspoguloti astonas publikacijas, uz kuram
atsauces teksta veidotas, izmantojot romieSu ciparus:
The doctoral thesis is based on eight publications, referred to by Roman
numerals in the text:

I Andersone A.*, Janceva S.*, Lauberte L., Nikolajeva V., Zaharova N.,
Jurkjane V., Rieksts G., Spulle U., Telysheva G. (2024) Sea Buckthorn, Aronia,
and Black Currant Pruning Biomass as a Source of Multifunctional Anti-aging
Cosmetic and Pharmaceutical Creams Ingredients (*pirmo divu autoru vienads
ieguldijums publikdcijas rakstiSand, sagatavota iesniegSanai).

1I. Janceva S., Andersone A., Lauberte L., Zaharova N., Telysheva G.,
Krasilnikova J., Rieksts G. (2024) A Comparative Assessment of Sea Buckthorn
(Hippophae rhamnoides L.) Pruning Waste as a Potential Source of
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1I1. Andersone A., Janceva S., Lauberte L., Skadins I., Nikolajeva V.,
Logviss K., Zaharova N., Rieksts G., Telysheva G. (2023) A Comparative
Analysis of the Proanthocyanidins from Fruit and Non-fruit Trees and Shrubs of
Northern Europe: Chemical Characteristics and Biological Activity. Sustainable

Chemistry and Pharmacy, Volume 36, 101266.
https://doi.org/10.1016/j.s¢p.2023.101266.
IV. Andersone A., Janceva S., Lauberte L., Krasilnikova J., Zaharova N.,

Nikolajeva V., Rieksts G., Telysheva G. (2023) Lignocellulosic Waste
Compounds for Pancreatic Lipase Inhibition: Preliminary Extraction by Freon,
Obtaining of Proanthocyanidins and Testing on Lipase Activity. Metabolites,
13(8), 922. https://doi.org/10.3390/metabo13080922.

V. Andersone A., Janceva S., Lauberte L., Zaharova N., Chervenkov M.,
Jurkjane V., Jashina L., Rieksts G., Telysheva G. (2023) Granulated Animal Feed
and Fuel Based on Sea Buckthorn Agro-Waste Biomass for Sustainable Berry
Production. Sustainability, 15(14), 11152. https://doi.org/10.3390/sul51411152.
VL Andersone A., Janceva S., Lauberte L., Ramata-Stunda A., Nikolajeva
V., Zaharova N., Rieksts G., Telysheva G. (2023) Anti-Inflammatory, Anti-
Bacterial, and Anti-Fungal Activity of Oligomeric Proanthocyanidins and
Extracts Obtained from Lignocellulosic Agricultural Waste. Molecules, 28(2),
863. https://doi.org/10.3390/molecules28020863.

VIL Andersone A., Janceva S., Svarta A., Zaharova N., Rieksts G.,
Telysheva G. (2023) Lignin and Lignocellulose-based Organomineral Complex
for Organic Agriculture. 23rd SGEM International Multidisciplinary Scientific
GeoConference. https://doi.org/10.5593/sgem2023/3.1/s13.30.

VIII.  Janceva S., Andersone A., Lauberte L., Bikovens O., Nikolajeva V.,
Jashina L., Zaharova N., Telysheva G., Senkovs M., Rieksts G., Ramata-Stunda
A., Krasilnikova J. Sea Buckthorn (Hippophae rhamnoides) Waste Biomass after
Harvesting as a Source of Valuable Biologically Active Compounds with
Nutraceutical and Antibacterial Potential. Plants 2022, 11, 642.
https://doi.org/10.3390/plants11050642.

Pétijumu rezultatu prezentéSana konferences / Approbation of research
results at the conferences

P&ttjuma rezultati ir prezent@ti Cetras zinatniskajas konferences: /
Study results have been presented at four scientific conferences:

IX. Andersone A., Janceva S., Zaharova N., Rieksts G., Telysheva G. (2022)
Granulated Animal Feed Additives on the Basis of Sea Buckthorn Biomass.
Proceedings of the XIII International Scientific Agricultural Symposium
“Agrosym 20227, 1109 — 1115.

12



X. Andersone A., Janceva S., Zaharova N., Rieksts G., Telysheva G. (2022)
Bioactivity of Silylated Lignocellulosic Biomass of Sea Buckthorn. Proceedings
of the XIII International Scientific Agricultural Symposium “Agrosym 20227,
796 — 802.

XI. Andersone A., Janceva S., Lauberte L., Zaharova N., Senkovs M., Ramata-
Stunda A., Telysheva G., Ricksts G. (2022) Comparative Analysis of the
Biological Activity of Proanthocyanidins from Fruit and Non-fruit Trees and
Shrubs of Northern Europe. 9th ITUPAC International Conference on Green
Chemistry, 432 — 433.

XII. Janceva S., Andersone A., Lauberte L., Zaharova N., Nikolajeva V. Fruit
shrubs’ twigs as a source of valuable oligomeric polyphenolic compounds with
antibacterial and antifungal potential. Proceedings of the 15th International
Scientific and Practical Conference “Environment. Technology. Resources”.
Rezekne, Latvia, June 27 — June 28, 2024 (apstiprinats publicg$anai).
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A.A. — Anna Andersone, S.J. — Sarmite Janceva, G.T. — Galina Telisevat, L.L. — Liga
Lauberte, A.R.-S. — Anna Ramata-Stunda, V.N. — Vizma Nikolajeva, N.Z. — Natalija
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Zaharova, J.K. — Jelena Krasilnikova, M.C. — Mihail Chervenkov, A.S. — Agrita Svarta,
I.S. — Ingus Skadins, K.L. - Konstantins Logviss, M.S. — Maris Senkovs, V.J. —
Vilhelmine Jurkjane, O.B. — Oskars Bikovens, G.R. — Gints Rieksts.

Ir iesniegts Latvijas Republikas patents (patenta pieteikuma Nr.
LVP2023000055, atbilstosi likumam tiks publicéts 20.12.2024.)

Promocijas darba struktara ir pakartota iepriek§ minétajiem darba
uzdevumiem. Darbs ir strukturéts trijas nodalas. Pirmaja nodala ir novertets
smiltsérksku koksnes-lignocelulozes biomasas ka oligoméro proantocianidinu
un serotoninu ieguves avota potencials gan ekstrakta veida, nosakot piem&rotako
ekstrakcijas veidu un ekstrahentu, gan individuala veida, tos attirot no
piemaisljumiem, izstradajot piemerotako mérksavienojumu attiriSanas
panemienu. Fokusgjoties uz polifenoliem, iegiitiem ekstraktiem ir noteikts
kimiskais sastavs, un veikta mérksavienojumu izdaliSana. Lai novertetu iegiito
ekstraktu un merksavienojumu praktiskas izmantoSanas iesp&jas, otraja nodala ir
veikta to raksturoSana, nosakot citotoksicitati, antioksidativo, antimikrobialo,
pretiekaisuma aktivitati, ka arT iedarbibu uz gremosanas fermentu aktivitati.
TreSaja nodala saskana ar smiltsérkSku biomasas bezatlikuma izmantoSanas
koncepciju izvertéts péc ekstrakcijas koksnes atlikuma un lapu potencials
augsnes piedevas un lopbaribas piedevas ieguvei. Nobeiguma, pamatojoties uz
ieglitiem rezultatiem, izstradata un rekomend@ta smiltsérksku biomasas
pilnvertigas izmantosanas elastiga tehnologiska shéma, atkariba no paterétaju
klasta, pieprasijuma un smiltsérks8ku augSanas regiona. 3. att€la ir paraditi
iespgjamie mérksavienojumu un to saturoSo ekstraktu pielietoSanas virzieni.

un koku rezultata ‘

[ Smiltserkiku koksnes bi Kkas veidojas auglu

\ Triju smiltsrksku Skirpu novartgjums \

l Sezonilo un ikgadéjo izmainu novértéjums - raksturojums, salidzinajums |

Vasara - Rudens Ziema - Pavasaris

\ Proantocianidinu un serotonina saturoso ekstraktu izdaliSana no zaru biomasas |

\ Secigas-divpakapju elstrakeijas novértsjums I Vienpakapes ekstrakeijas novértejums |
1. posms: nepolaro un semipolaro 2. posms: hidrofilo ekstraktu
savienojumu atdaliSana / inovativa ieguve péc lipofilo savienojumu Hidrofilo ekstraktu iegliSana
biomasas ekstrakcija ar freonu atdaliSanas

Ekstraktu kimiska raksturoSana, novértgjot piemérotako ekstrahentu un ekstrakcijas veidu ‘

| Merksavienojumu izdaliSana no ekstrakta un to kimiska raksturosana ‘

| Ekstrakti un attiritie mérk ienojumi (pr ianidini un ser ns) | ‘ Kol cietais atlikums péc ekstrakcijas |
Antimikrobialas | | Pretickaisuma || Antioksidativas Tetekme uz gremosanas Dzivnieku bariba — Modifikacija un
pasibas pasibas pasibas lipidu enzimu (alfa-amilaze, uzturvértiba, testGSana augu augSanai
sistémas lipaze) darbibu sagremojamiba un gazes un attistibai
emisijas testi

‘ Pielietosanas iespejas ‘

Medicinisko un kosmeétisko kremu Partikas piedevas un Dzivnieku baribas Augu augianas aktivatori un
sastavdalas medikamentu avdal: pied: augsnes piedevas

3. att. Peétijjumu shéma un iespéjamie mérksavienojumu pielietojuma virzieni
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MATERIALI UN METODES

Smiltserksku biomasas paraugi sanemti no smiltsérksku audzetaja SIA
“Bruwell” (1. tabula).

1. tabula
Analizéjamo paraugu saraksts
Parauga Smiltserksku Paraugu Ievak$anas | Paraugu
apziméjums Skirne veids sezona ievakSanas
veids
Koksnes paraugi

MB/Z/2020/R
MB/Z/2021/R .
MB/Z/2022/R Maria Bruvele
MB/Z/2023/R Auglu
BL/Z/2020/R . Augusts — | novaksanas
BL/Z/2021/R B. Lubitelskaja Zari Septembris | rezultata
BL/Z/2022/R
TAT/Z/2020/R
TAT/Z/2021/R Ta‘[j ana
TAT/Z/2022/R
MB/1Z/2021/P 1 gadigie zari
MB/27/2021/P . 2 gadigie zari
MB/3zoozip | Maria Bruvele 3 gadéie zari
MB/47/2021/P 4 gadigie zari | Marts / ﬁui%koka

) opSanas
MB/1-27/2022 Maria Bruvele I un 2 gadigo Augusts rezultata
BL/1-27/2022 B. Lubitelskaja zaru
TAT/1-22/2022 Tatjana FAISUmS

Miza no Cetrgadigiem zariem
MB/M/2021/R Maria Bruvele . Augusts — AtmizoSanas
BL/M/2021/R B.Lubitelskaja Miza Septembris rezultata
Lapu paraugi
MB/L/2020/R
MB/L/2021/R Maria Bruvele
MB/L/2022/R
BL/L/2020/R A Auglu
. . ugusts  — 1~

BL/L/2021/R B. Lubitelskaja Lapas Septembris novakse_m_as
BL/L/2022/R rezultata
TAT/L/2020/R
TAT/L/2021/R Tatjana
TAT/L/2022/R
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Rudens koksnes paraugi (zari, lapas) ievakti laika perioda no 2020. — 2023.
gada augusta / septembrT auglu novaksanas rezultata, atbilstosi razas vakSanas
tehnologijai nogriezot zarus kopa ar ogam un tos atdalot péc sasaldésanas.

Pavasara koksnes paraugi ievakti 2021. gada marta auga kopSanas
(atzarosanas) rezultata, ieglistot Cetrus pavasara koksnes paraugu veidus —
viengadigie, divgadigie, trisgadigie un Cetrgadigie zari.

2022. gada marta, auga kopSanas rezultata, ievakti tris §kirnu viengadigie
un divgadigie zari maisijuma veida.

Salidzinasanai iegiita miza 2021. gada rudens Cetrgadigo zaru atmizoSanas
rezultatd. Visas tris smiltsérkSku Skirnes audz€tas Tukuma rajona viena
plantacija un vienados klimatiskajos apstak]os.

Analiz€jamo paraugu, ka lignocelulozes biomasas visparigs kimiskais
raksturojums veikts izmantojot analitiskas pirolizes metodi (500 °C, 15 sek.) ar
sekojoso gaistoso produktu gazes hromatografijas analizi. Pirolizei izmantota
Frontier Lab (Fukushima, Japan) Micro Double-shot Pyrolyzer Py-3030D
iekartu un Shimadzu GC/MS/FID-QP ULTRA 2010 gazes hromatografu.

Lai novertétu smiltsérksku biomasas ka proantocianidinu un serotonina
ieguves avotu, izzaveti un sasmalcinati smiltsérksku biomasas paraugi ekstrahéti
divos veidos. Pielietojot secigu biomasas ekstrakciju, smiltsérkSku koksne un
lapas atseviski apstradatas ar freonu 3-4 stundas noslégta sistéma zem spiediena
4.0—4.3 Barun 17-19 °C temperatiira. P&c freona frakcijas atdaliSanas sekoja 30
miniiSu biomasas ekstrakcija ~60 °C temperattira ar destiléto tideni un etanola-
tdens maistjumiem.

Pielietojot vienpakapes biomasas ekstrakeiju, biomasa ekstrahéta ar iideni
un etilspirta iidens maisijumiem bez biomasas priekSapstrades ar freonu. Visi
izmantotie $kidinataji atbilst zalas kimijas prasibam un ir izmantojami vertigu
savienojumu ieguvei atbilstosi kosmétikas, farmacijas un partikas produktu
kvalitates kontroles un ieguves prasibam. Ekstraktu iznakums noteikts
gravimetriski p&c to liofilizacijas -50 °C temperatiira un izteikts procentos no
sausiem koksnes, lapu un mizas paraugiem.

Iegiitie ekstrakti ar freonu analizeti, izmantojot Shimadzu GC/MS/FID-
QP ULTRA 2010 aparatu (Shimadzu, Kioto, Japana) un kapilaru kolonnu RTX-
1701 (garums 60 m, ieks$€jais diametrs 0.25 mm, slapa biezums 0.25 pm).
Savienojumu identific€Sana veikta izmantojot GC/MS biblioteku MS NIST 11
un NIST 11s, savukart atsevisku savienojumu pika relativais laukums
aprekinats, izmantojot Shimadzu programmatiiru, pamatojoties uz GC/FID
datiem.

Hidrofilie ekstrakti analizéti ar augstas izskirtsp€jas skidruma
hromatografijas (HPLC) palidzibu izmantojot dazadus detektorus, gaismas
izkliedes detektors — kopgjas kompozicijas noteikSanai, UV detektors —
polifenola savienojumu raksturoSanai un augstas izskirtsp&€jas masspektometrs
(kvadrupola  lidojuma  laika  masspektrometrs  (Q-TOF-MS), ar
elektrosmidzinasanas jonizacijas (ESI) avotu) — individualu savienojumu
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identifikacijai, izmantojot Acquity UPLC BEH C18 (1.8 um, 2.1 x 50 mm,
Waters) kolonnu. Ka eluenti izmantoti: skudrskabe tident (0.1 %, v/v) un
acetonitrils.

Kvantitativa proantocianidinu noteik§ana hidrofilo ekstraktu sastava
veikta izmantojot Porter metodi, ka analitisko standartu izmantojot procianidina
diméru (procyanidins B2). Kvantitativa polifenolu noteik§ana hidrofilo
ekstraktu sastava veikta izmantojot Folina-Cikalto metodi, ka analitisko
standartu izmantojot galluskabi. Kvantitativa serotonina noteikSana ekstraktu
sastava veikta izmantojot augstas izSkirtsp&jas Skidruma hromatografijas
(HPLC) metodi tandema ar kvadrupola lidojuma laika masspektru (Q-TOF-MS),
ar elektrosmidzinasanas jonizacijas (ESI) avotu. Serotonins identificéts un
kvantificéts, izmantojot analitisko standartu ar Mw=176.22 g moL!. Pozitiva
elektroizsmidzinasanas jonizacijas reZima serotonins protonéts, veidojot jonus
forma [M+H]*, ar m/z 177. Pamatojoties uz konstatéto serotonina fragmentaciju,
izstradats daudzkartgjas reakcijas monitoringa reZims konkrétajam m/z parejam
177—160 (intensivakais sadaliSanas jons), 177—132 un 177—115.

Merksavienojumu izdaliSana no hidrofiliem ekstraktiem veikta
pakapeniski, sakot ar proantocianidinu izdaliSanu no ekstrakta, izmantojot
sorbentu Sephadex LH-20, ka eluentu - 96% EtOH un 70% acetonu. P&c
proantocianidinu atdaliSanas, serotoninu saturo$a frakcija attirita pec patenteta
panémiena (patenta pieteikums Nr. LVP2023000055 atbilstosi likumam
publicéts 20.12.2024.).

Izdalito proantocianidinu raksturojums veikts izmantojot LC-DAD-ESI-
MS/MS analizi. Proantocianidinu MS spektri registréti ar Waters Acquity UPLC
HClass ar PDA detektoru un Micromass QuattroMicro masas spektrometru,
izmantojot Acquity UPLC BEH amida kolonnu (1.7 um, 3.0 x 100 mm).

Izdalito proantocianidinu raksturojums tika veikts ar LC-DAD-ESI-
MS/MS analizi. Proantocianidinu MS spektri tika registréti ar Waters Acquity
UPLC HClass ar PDA detektoru un Micromass QuattroMicro masas
spektrometru, izmantojot Acquity UPLC BEH amida kolonnu (1.7 um, 3.0 x 100
mm).

Analiz€jamo paraugu antioksidativas aktivitates noteikSanai tika
izmantotas divas metodes, kas balstas uz reduc€Sanas principu, par
antioksidativas aktivitates indikatoriem izmantojot stabili brivos radikalus: 2,2-
difenil-1-pikrilhidrazilradikali (DFPH") un 2,2’-azino-bis(3-etilbenzotiazolin)-6-
sulfonskabes (ABTS™) katjona radikali. Antioksidativa aktivitate paraugiem
noteikta, aprékinot IKso vertibu — antioksidantu masas koncentraciju, kas ir
nepiecieSama, lai panaktu 50% brivo radikalu inhib&sanu.

Lai novértétu paraugu spéju aizkavét lipidu oksidéSanos, analizei
izmantotas divas kréma bazes ar dazadu lipidu saturu (19 un 35%), kas nesatur
konservantus, stabilizatorus un antioksidantus. Lipidu saturoSo produktu
oksideésanas stabilitates noteikSanai izmantota ML OXIPRES (Mikrolab Aarhus)
ickarta. Spiediena izmainas atkariba no laika registrétas ar datorprogrammas
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“Paralog-Version 3.10” palidzibu. Ka references antioksidanti p&tjjumos
izmantoti galluskabe un askorbinskabe.

Antimikrobialas aktivitates in vitro analizes veiktas Latvijas Universitates
Biologijas fakultateé, un Rigas Stradina Universistaté, balstoties uz Eiropas
standarta protokoliem. Paraugu antimikrobiala aktivitate noteikta, izmantojot
diska diftizijas un agara bedriSu metodi (96 bedriSu plates ar divkarSu sérijas
buljona mikroatSkaidisanu), kas izstradata 1940. gada ikdienas antimikrobialas
jutibas parbaudei, un lava noteikt minimalo inhib&joso (MIC) un minimalo
baktericido/fungicido koncentraciju (MBC/MFC). Izmantoti references mikrobu
celmi no Latvijas Universitates Latvijas mikrobu celmu kolekcijas (MSCL):
Pseudomonas aeruginosa MSCL 334, Staphylococcus aureus MSCL 330,
Escherichia coli MSCL 332, Bacillus cereus MSCL 330, Streptococcus
pyogenes MSCL 620, Cutibacterium acnes MSCL 1521 un Candida albicans
MSCL 378, ka ari Cetri kliniskie cilvéku isolati: meticilinreiztentais
Staphylococcus aureus (MRSA), paplasinata spektra beta laktamazes
producgjosa Escherichia coli (ESBL) un P. aeruginosa. Visi kliniskie izolati
iegliti ar Rigas Stradina universitates Etikas komitejas apstiprindgjumu
(25.10.2022., Nr. 4/462/2022 un Nr. 4/465/2022).

Paraugu pretiekaisuma aktivitate noteikta izmantojot cilvéka periféro
asinu mononuklearas Stnas (PBMNC) izdalitas no veselo donoru asinim ar
Latvijas Universitates Kardiologijas un regenerativas medicinas institiita
P&tniecibas &tikas komitejas saskanojumu. IL-8 vai IL-6 koncentracija, ko
periféro asinu mononukleara S$tna izdalfja kultivéSanas vidé, noteikta,
izmantojot ar enzimu saistito imtinsorbcijas testu (ELISA). Cilveka IL-8 DuoSet
ELISA komplekti (RnD Systems, Mineapolisa, ASV) izmantoti saskana ar
razotaja ieteikumiem.

In vitro analizes, lai noteiktu paraugu ietekmi gremoSanas enzimu
aktivitate veica Rigas Stradinu Universitate, balstoties uz Eiropas standarta
protokoliem. Paraugu ietekme alfa-amilazes aktivitate noteikta donoru siekalas
bez hroniskam vai akiitam saslimSanam, raksturojot ka amilolastisko speku (D
30/38 °C). Siekalas bez parauga klatbiitnes tika izmantotas salidzinasanai.
Paraugu ietekme lipazes aktivitate noteikta, izmantojot divpadsmit pirkstu
zarnas gremosanas fazes standarta modeli, nosakot nepiecieSamo NaOH
daudzumu trigliceridu hidrolizei.

Hemolizes tests veikt lai novertétu analiz€jamo paraugu ietekmi uz cilvéka
asins eritrocitiem. Hemolitiska attieciba (HR, %) aprékinata ka aprakstits VI.
publikacija.

Analizéjamo paraugu citotoksicitate testEta, izmantojot BALB/C3T3 peles
fibroblastu $tinu Iiniju NR (neiralais sarkanais) testu. Balb/c 3T3 (American
Type Culture Collection, ATCC, ASV) Stnu linija ieglita no pelu embriju
fibroblastiem. Stinas kultivétas 96-laucinu §iinu kultivésanas platés ar blivumu 5
x 103 Suonas vienda laucina. Citotoksicitate izteikta ka NR absorbciju
samazinajums atkariba no analizjamo paraugu koncentracijas, salidzinot ar
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neapstradatam $tnam (kontroli). Absorbcija mérita, izmantojot mikroplasu
lasttaju Tecan Infinite® 200 Pro. Rezultati aprékinati, izmantojot GraphPad 9
programmatiru. Stinu Iinija un testa metode atbilst ESAO vadlinijam.

Sekojot biorafinérijas koncepcijai, novertéta koksnes atlikuma pec
ekstrakcijas un lapu izmantoSanas perspektivitate. Pamatojoties uz regiona
pieprasfjuma dazadibu un logistikas risinajumu, izstradata un piedavata
smiltsérk§ku audzétajam elastiga tehnologiska shéma, piedavajot raZoto
produktu klastu.

Paraugu elementanalize, nosakot kop&jo oglekla, slapekla un séra saturu,
veikta, izmantojot ELEMENTAR Vario MACRO iekartu. Baribas elementu
(kalcijs, kalijs, natrijs, fosfors) un smago metalu (kadmijs, svins, dzivsudrabs)
saturs biomasa noteikts saskana ar izstradato RSU procediiru, izmantojot
induktivi saistitas plazmas triskar$a kvadrupola masspektrometra (Inductively
coupled plasma triple quadrupole mass spectrometer) ICP-MS/MS, iCAP TQe
iekartu.

Askorbinskabes (C vitamina) saturs biomasa noteikts, izmantojot augstas
iz8kirtsp€jas Skidruma hromatografijas (HPLC) metodi, izmantojot HPLC-UV-
Vis/-RI (augstas veiktsp&jas Skidruma hromatografs ar UV-Vis un RI detektoru)
un Zorbax Eclipse XDB-C18 (Agilent, 5 pm, 150 cm x 0.46 cm i.d.) kolonnu.
Ka eluenti izmantoti: A - trifluoretikskabe (0.025% v/v) (A) un B - acetonitrils
Rezultati parrekinati uz biomasu, nemot véra ekstrakta iznakumu no biomasas.

E vitamina ka a-tokoferola un A vitamina ka retinola saturs biomasa
noteikts, izmantojot HPLC-UV-Vis/-RI sistému un Hichrom 5 C18 (i.d. 25 cm x
4.6 mm) kolonnu. Ka kustiga faze izmantots metanols ar plismas atrumu
2 mL min'. Paraugu §kidumi sagatavoti, iz§kidinot ekstraktu metanola. Rezultati
parrekinati uz biomasu, nemot véra ekstrakta iznakumu no biomasas.

Koptauku noteikS§ana paraugiem veikta, izmantojot paraugu 30 mintSu
ekstrakciju ar heksanu. Koptauku iznakums no biomasas noteikts gravimetriski.

Kokskiedras saturs (ADF - Acid Detergent Fiber) analiz€jamos paraugos
noteikts gravimetriski, veicot skabo hidrolizi ar se€rskabi (1.25%, w/v) oglhidratu
atdaliSanai, kam sekoja sarmaina hidrolize ar NaOH (1.25%, w/v) olbaltumvielu,
dalgji hemicelulozes un lignina atdaliSanai.

Kopproteina (KP) saturs analiz&jamos paraugos noteikts, izmantojot
Kjeldala metodi, un noteiktais slapekla (N) daudzums reizinats ar koeficientu
6.25 (N% x 6.25 = KP%/sausnu). Noteikta kopproteina sastava bija gan
olbaltumvielas, gan citas slapekli saturoSas vielas.

In vitro gazes emisijas noteikSanai izmantota ANKOM RF gazes
veidoSanas sistéma (Gas Production System). Analize balstas uz saistibu starp
fermentaciju spurekll un izveidotajam gazém. Spurekla skidrums ievakts no
atgremotajiem kautuvé. Gazes emisija izteikta mL g inkubéta parauga. Gazes
spiediena izmainas 24 un 48 stundu fermentacijas laika uzkrajas (AP) un
parveidotas tilpuma vienibas, izmantojot idealas gazes likumu, ka aprakstits V.
publikacija.
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Sagremojamibas novértéSanai izmantots Ankom Daisy inkubators. Daisy
inkubators ir 4 cilindru inkubators, kur vienam cilindram ir nepiecieSsams 1600
mL buferskiduma un 400 mL spurekla skidruma ka inokulats. Sagremojamiba
aprekinata ka aprakstits V. publikacija.

Biomasas granuléSana veikta, izmantojot laboratorijas méroga plakanas
matricas granulatoru KAHL 14-175, kas ir maza méroga analogs riipnieciskiem
granulatoriem (Amandus Kahl GmbH & Co. KG, Reinbek, Vacija). Granulu
izveidei caurules kanala diametrs bija 6 mm, un kanala garuma attieciba pret
diametru bija 4:1. Granul€Sanas sakuma temperattra 50 °C. Lai novertetu iegtito
granulu kvalitati, savstarpgji salidzinati galvenie granulu kvalitati raksturojoSie
parametri (diametrs, garums, mitrums, mehaniska izturiba - nodilumizturiba un
tilpumblivums) saskana ar Eiropas standartiem EN ISO 17831-1:2015 [58] un
ISO 17828 [59]. Granulu uzbriesana tident noteikta vizuali.

Augsnes piedevas ieguvei hidrolizes lignins un koksnes atlikums péc
ekstrakcijas sajaukts masas attieciba 1:1 (w/w), ar turpmako Si saturosa
komponenta — diatomita suspensijas veida pievienoS$anu. Si saturs substrata
sastadija 5%/sausu masu.

Augsnes piedeva Kimiski raksturota, nosakot mitrumu [60], sausnes saturu
[60], pH [67], organisko vielu saturu [61], lignina saturu (Klasona metode),
kopgjo slapekla (N) saturu [62], kopgjo fosforu (P20s) [63], kopgjo kaliju (K20)
[64], dzivsudraba [65], kadmija [66], un ars€na [64] saturu.
biologiskajos laukos. Audzeta vasaras kvieSu $kirne ‘Vinjet’ un kartupeli
‘Imanta’. AtraSanas vieta: 56° 69.4280" N un 25° 13.826" E. Lauka izm&ginajumi
vasaras kvieSiem bija iekartoti Cetros atkartojumos. Uzskaites laucina lielums
bija 22.5 m? (2.5 m x 9 m). [zmeginajuma tris varianti:

1) Kontrole - bez augsnes piedevas lietoSanas;

2)  Augsnes piedeva 20 kg ha'';

3) Augsnes piedeva 40 kg ha™.

Lai novertetu augsnes piedevas ietekmi, kvieSiem noteikta razas starpiba
starp izm&ginajuma variantiem un noteikti razas kvalitates raditaji: kopproteins,
lipekla un cietes saturs, Zeleny indekss, tilpummasa, izmantojot analizatoru
Infratec™ NOVA (Danija). Razas struktiirelementu (produktivo stiebru skaits,
vienas varpas svars, graudu skaits viena varpa, 1000 graudu masa) veidosanas
noteikta gravimetriski. 1000 graudu masa noteikta ar standartmetodi LVS EN
ISO 520.

Kartupeliem lauka izm&ginajumi iekartoti Cetros atkartojumos. Uzskaites
laucina lielums 12.6 m? (2.8 m x 9 m). Laucina &etras vagas ar attalumu 70 cm,
viena auga barosanas laukums 0.21 m?. Izméginajuma testéti tris varianti:

1) kontrole - bez augsnes piedevas lietosanas;
2) Augsnes piedeva 20 kg hal;
3) Augsnes piedeva 40 kg ha™’.
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Izmgginajuma kartupeliem noteikta razas starpiba starp variantiem, razas
kvalitate (cietes saturs %), precu produkcijas iznakums, bumbulu sadalijums pa
frakcijam, viena bumbula svars. [zm&ginajumi ierikoti velénu podzoléta
virspus€ji glejota malsmilts augsng, augsné, ar sckojosiem agrokimiskiem
raditajiem: pH 5.6, organiskas vielas saturs 2.7 %, augiem pieejama fosfora
daudzums 105 mg kg™ (zems) un kalija daudzums 201 mg kg™! (augsts).

Statistikas analize

Visi merfjumi veikti vismaz tris eksemplaros, un rezultati ir paraditi ka videja
vertiba + standarta novirze (SD). Statistiskas analizes veiktas, izmantojot
programmu Microsoft Excel 2016. Vidgjie ticamibas intervali, izmantojot
Stjudenta T sadalfjumu, aprékinati pie nozimiguma limepa o = 0.05. Lai
kvantitativi noteiktu IL-8 un IL-6 izdaliSanos no cilvéka PBMNC, dati analizéti
un grafiki generé&ti, izmantojot GraphPad Prism 5.0 programmatiiru (Sandjego,
Kalifornija, ASV). Paraugkopu salidzinaSanai izmantots ANOVA tests.
Atskiribas uzskatitas par statistiski nozZimigam, jap <0.01 un p <0.05 (attiecigais
limenis atziméts attélos (ka aprakstits VI. publikacija). Lauka izméginajumu
eksperimentos, s€klu apstrades substratu ietekmes butiskuma novertésanai uz
dillu razu izmantoja vienfaktoru dispersijas analizi. Starpibas starp variantiem
noteica ar Bonferroni testu pie 95% bitiskuma Iimena (p<0.05). Datu
matematiska apstrade veikta brivpieejas programma “R”, versija 4.0.2.

REZULTATI UN DISKUSIJA

1. Smiltseérksku biomasas raksturojums

Mizas saturs smiltsérksku koksnes parauga bija mainigs un sastadija ~ 8-20%
no kopgjas zaru masas. Miza ir viena no izcilajam izejvielam biologisko aktivo
vielu ieguvei, 1idz ar to zari netika mizoti un tika izmantoti ka vesela koksnes
dala (turpmak teksta saukts - koksne vai zari). Koksnes kimiskais sastavs ir
atkarigs ne tikai no koka sugas, Skirnes, bet arT no koka vecuma, augSanas
apstakliem un citiem faktoriem. Koksni veidojoSie komponenti ir celuloze,
hemicelulozes, lignins un ekstraktvielas (sekundarie metaboliti). Pamatojoties uz
$o pamatsastavu, to dévé par lignocelulozes biomasu. Vadoties no analitiskas
pirolizes datiem, vislielako dalu aiznem celuloze un hemiceluloze = 70% rel/SM,
kam seko lignins, to saturu apstiprinot ar siringila, gvajacila atvasinajumiem 20-
25% rel/SM. Zaru un lapu gaistosos produktos ir arT polifenoli un N-saturosie
savienojumumi, kas norada uz sekundaro metabolitu klatbutni un koksnes augsto
potencialu izejvielas veida biologiski aktivo vielu — proantocianidinu un
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serotoninu — ieguvei. Smiltsérksku zaru un lapu gaistosie produkti un to relativais
saturs paradits 4. att€la, un I. publikacija.
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Biomasas gaisto$o vielu Tpatsvars, % rel.

® Oglhidrati B Siringil atvasinajumi
% Fenil- un benzil- atvasindjumi N-saturodie savienojumi
B Gvajacil atvasindjumi B Neidentific8tie savienojumi

4. att. SmiltsérkSku biomasas analitiskas pirolizes (Py-GC-MS-FID) gaistosie
produkti un to relativais saturs, %

2. Smiltsérk$ku biomasas ka biologiski aktivo vielu avota potencials

Lai noteiktu efektivako ekstrahentu mérksavienojumu iegiiSanai,
laboratorijas apstaklos veikta vienpakapes ekstrakcija pie rekomend&tajiem
ekstrakcijas parametriem, izmantojot par pamatu iepriek$gjos eksperimentos
giitos rezultatus, kas ietveéra biomasas un ekstrahenta masas attiecibu 1:8 (w:w),
ekstrakcijas temperatiru 60 °C un laiku 30 mindtes. Veicot vienpakapes
ekstrakciju zariem, izdalito ekstraktu iznakums bija robezas no 6 Iidz 30%/SM.
Visaugstakais mérksavienojumu (proantocianidinu un serotoninu) saturs bija
smiltsérksku zaru ekstraktiem, kas iegiiti ar 50% EtOH skidumu (5. att.).
Savstarpgji salidzinot tris Skirnu biomasas péc merksavienojumu satura
ekstraktos un biomasa, perspektivaka skirne bija Maria Bruvele.
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5. att. Tris $kirnu smiltsérkSku koksnes un hidrofilo ekstraktu raksturojums

Neskatoties uz augsto lapu ekstrakta iznakumu, proantocianidini ekstrakta
sastava netika konstatéti. Serotonina saturs lapu ekstraktos bija zemaks par
0,1%/SM (1. publikacija). Tas liecina, ka efektivakai mérksavienojumu ieguvei,
lai palielinatu mérksavienojumu iznakumu no zariem, ir nepiecieSams atdalit
lapas. Atdalitas lapas tika novertétas konservantu un lopbaribas piedevas ieguvei
(V. publikacija).

Arvien biezak cilveéki mekl€ partikas un kosmétikas produktus ar noradi "bez
konservantiem". Bet konservantu galvena loma ir noverst bakteriju, sénisu, raugu
un citu patogé€nu mikroorganismu vairo$anos, noverSot inficeSanas varbatibu
kosmétisko Iidzeklu razoSana un lietoSana. Pamata lielaka dala kosmétisko
lidzeklu bazes ir ellas un @idens emulsija, kas ir labi apstakli, lai vairotos
patogénie mikroorganismi. Papildus lipidu saturoSie produkti parstrades un
uzglabasanas laika ir paklauti oksidacijai, ka rezultata uzkrajas toksiskie
savienojumi, kas ne tikai pasliktina produktu Tpasibas, bet ar1 var izraisTt ilgstosus
adas bojajumus un apdraudét cilvéka veselibu. Nemot véra ieprick§mingto,
drosai lipidu saturo$o produktu aizsardzibai biitu noderigi 2 fazu augu izcelsmes
konservanti — lipofilie un hidrofilie. Lipofilo ekstraktu ieguvei iepriekSmingtaja
vienpakapes ekstrakcijas cikla ieklauta papildus stadija — biomasas apstrade ar
freonu R134a (IV. publikacija, patents). Sobrid freons tiek uzskatits par vienu no
saudzgjosakiem ekstrahentiem lipofilo vielu ieguvei no augu biomasas.
Biomasas apstrade ar freonu (6. att.) veikta gan zariem, gan lapam. Salidzinot ar
hidrofilajiem ekstraktiem, lipofilo ekstraktu saturs zaros bija robezas no 1.1 lidz
1.6%/SM un lapas no 2.7 1idz 3.4%/SM. Turpinot zaru atlikumu ekstrakciju ar
50% EtOH ka piemérotako ekstrahentu hidrofilo mérksavienojumu ieguvei,
butiskas izmainas hifrofilo ekstraktu sastava netika novérotas. Balstoties uz Siem
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novérojumiem, turpmakiem pétijumiem no iegltiem ekstraktu paraugiem
izmantoti hidrofilie ekstrakti no zariem un lipofilie ekstrakti no lapam.

6. att. Lipofilo ekstraktu ieguve no smiltsérk$ku lapam, ekstrakcija ar
freonu

Pamatojoties uz GC analizes datiem, viena no galvenajam lipofilo ekstraktu
sastavdalam ir taukskabes (I. publikacija). Tiesi lipidu taukskabju sastavs liela
méra nosaka to uzturvértibu un biologisko efektivitati. Identificgjot >90%
komponentu, atklaja linolénskabes un palmitoleinskabes parsvaru ekstrakta
taukskabju sastava. Saskana ar literatlras avotiem, So skabju izmanto$ana
krémos ir svariga sausai un sasprégajusai adai, kas mazina niezi, kairinajumu,
palielina elastibu un hidrataciju.

Lai novertetu zaru augSanas vecuma ietekmi uz meérksavienojumu saturu,
pavasarT ievakti viengadigie, divgadigie, trisgadigie un Cetrgadigie zari. Veicot
vienpakapes ekstrakciju, ekstrakcijas dati (2. tabula) liecina, ka visaugstakais
proantocianidinu saturs bija trisgadigajos un cetrgadigajos zaros, savukart
serotonina saturs — viengadigajos un divgadigajos zaros. Ta ka ekstraktu
iznakums un mérksavienojumu saturs ekstraktos, kas iegtiti ar 96% EtOH, bija
viszemakie, turpmakajos p&tijumos Sis ekstrahents vairs netika izmantots.
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vecuma zariem

2. tabula
Salidzino$s kimiskais raksturojums ekstraktiem, iegiitiem no dazada augSanas

paria | Ehrnen | Pt | Seroontua st
ruvele s ] = 0
Siirnes % /SM %/SM ekstrakta, %/SM
paraugi Ekstrakcija ar destileto ideni
MB/1Z/2021/P | 11.96+0.01 | 21.88+0.03 11.21+0.02
MB/2Z/2021/P | 12.574£0.02 | 20.95+0.02 14.62+0.03
MB/3Z/2021/P | 15.87+0.02 | 23.02+0.03 11.08+0.02
MB/4Z/2021/P | 8.53+0.02 | 26.92+0.03 7.91+0.01
Ekstrakcija ar 50% EtOH
MB/1Z/2021/P | 22.23+£0.02 | 40.56+0.01 10.53+0.03
MB/2Z/2021/P | 19.61£0.01 | 51.94+0.02 14.85+0.03
MB/3Z/2021/P | 17.2540.01 | 57.03+0.02 9.88+0.02
MB/4Z/2021/P | 8.56+0.02 | 57.31+0.02 9.97+0.01
Ekstrakcija ar 96%EtOH
MB/1Z/2021/P | 15.65+0.01 | 6.08+0.02 2.8+0.02
MB/2Z/2021/P | 11.83+0.02 | 6.12+0.02 2.7+0.01
MB/3Z/2021/P | 10.89+0.01 | 9.71+0.01 2.2+0.01
MB/4Z/2021/P | 6.26+0.01 11.14+0.02 2.4+0.01

Lai noveértetu optimalo smiltsérksku kopsanas laiku un sezonalas atskiribas
biomasas sastava, pavasarT un rudeni no vienas un tas pasas plantacijas ievakti
viengadigie un divgadigie zari. Analiz€jot vienpakapes ekstrakcija iegiito
ekstraktu sastavu, rezultati liecina, ka rudend ievaktie zari bija bagataki gan ar
serotonina gan ar proantocinaidinu saturu un lidz ar to ka izejviela ir piem&rotaka
mérksavienojumu ieguvei (3. tabula un II. publikacija).

3. tabula
Sezonalas atskiribas ekstraktos iegiitiem no 1 un 2-gadigo zaru maisijuma

Smiltsérksku Ekstrakta Proantocianidinu | Serotonina saturs
Skirne iznakums, saturs ekstrakta, | ekstrakta, %/SM

%/SM %/SM

Ekstrakcija ar destileto iideni

Pavasaris / Pavasaris / Rudens | Pavasaris / Rudens

Rudens
MB/1-27/2022 12.1/15.7 21.1/41.3 13.0/13.7
BL/1-27/2022 10.2/19.4 21.5/41.8 11.0/11.6
TAT/1-27/2022 10.1/19.4 24.7/56.1 9.5/10.3
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3. tabulas turpindjums

Smiltsérksku Ekstrakta Proantocianidinu | Serotonina saturs
Skirne . o saturs ekstrakta, | ekstrakta, %/SM
’ iznakums, %/SM %/SM
0.

Ekstrakciju ar 50% EtOH

Pavasaris / Rudens

Pavasaris / Rudens

Pavasaris / Rudens

MB/1-2Z/2022/P 20.2/26.4 50.0/52.9 12.8/14.0
BL/1-2Z/2022/P 18.1/24.0 48.2/64.2 11.0/12.6
TAT/1-27/2022/P | 18.7/24.1 42.2/64.1 8.3/10.6

Laika posma no 2020. Iidz 2023. gadam ogu novaksanas rezultata giitiem
zaru atlikumiem Skirnei Maria Bruvele veikts meérksavienojumu skrinings.
Pedgjo tris gadu laika merksavienojumu saturs bija lidzigs, kas norada uz zaru
ka izejvielas augsto potencialu. (7. att.).
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Serotonina saturs ekstrakta

7. att. Auglu novakSanas rezultata, ievakto smiltsérk$ku zaru, ka mérksavienojumu
avota skrinings laika perioda no 2020 Iidz 2023.

3. Proantocianidinu un serotonina izdaliSana

Visaugstakais serotonina un proantocianidinu saturs bija noteikts
smiltserkSku mizas sastava, kas lauj no 100 g mizas ar 50% EtOH iegtt 26 g
sausa ckstrakta ar 14% serotonina un 53 % proantocianidinu saturu (IL
publikacija), bet smiltsérk§ku zaru mizoSana nav ekonomiski sapratigs
risinajums, tapéc vispiemérotaka izejviela no analiz&tiem paraugiem ir nemizotie
viengadigie un divgadigie rudens zari. Serotonina attiriSana veikta secigi, sakot
ar proantocianidinu izdaliSanu no ekstrakta, izmantojot Sephadex LH-20.
Proantocianidinu izdaliSana lava divreiz palielinat serotonina saturu ekstraktos.
Turpinot serotonina izdaliSanu pe&c patentéta panémiena, dalgji atdaliti
zemmolekularie polifenoli un to glikozidi, palielinot serotonina saturu lidz 28.2
%/SM.
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Izdalot proantocianidinus no ekstrakta, tiem veikts ktmiskais raksturojums,
nosakot to sastavu (MS spektroskopija), un tiribas pakapi (Porter metode). Iegiito
analizu dati liecina, ka izdalitie proantocianidini no Maria Bruvele Skirnes
ekstraktiem, ar tirtbas pakapi 91-94% PAC/SM, sastav no A-tipa (m/z 575) un
B-tipa (m/z 577) katehina/epikatehina dimeériem, katehina/epikatehina-
epigalokatehina/galokatehina dimériem (m/z 593), B-tipa katehina/epikatehina
trim@riem (m/z 865), un epikatehina-katehina-galokatehina trimériem (m/z 881)
(8 att., IIl. publikacija). Katehina/epikatehina tetram&ri un pentaméri bija
atrodami piemaisTjuma [Tmen.
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8. att. Izdalito proantocianidinu no Maria Bruvele 50% EtOH ekstrakta MS
spektrs

4. Antioksidativa aktivitate

Savstarpgji salidzinot zaru hidrofilo ekstraktu antioksidativo aktivitati (IV.,
VIII. publikacijas), tika noverota sakariba starp proantocianidinu saturu ekstrakta
un to antioksidativo aktivitati — palielinoties proantocianidinu saturam ekstrakta,
palielinas radikalu dezaktivé$anas aktivitate ABTS™® un DFPH" testos (9. att.).
No pétitajiem ekstraktiem, 50% EtOH ekstrakti paradija visaugstako
antioksidativo aktivitati, salidzinot ar tidens ekstraktiem (proantocianidinu saturs
ektrakta bija 42.45%/SM; 1Ks5=6.18 mg L' izmantojot DFPH;
IKso= 4.4 mg L', izmantojot ABTS™®. Proantocianidiniem no MB/Z/2021/R un
BL/Z/2021/R antioksidativa aktivitate bija robezas no 1.2 Iidz 1.4 mg L péc
ABTS"™ testa un no 2.2 lidz 2.6 mg L' peéc DFPH® testa, kas ir ievérojami
augstaka par ekstraktiem. Troloks izmantots ka references antioksidants, kas ir
ident Skisto§s E vitamina analogs. Attieciba uz freona ekstraktu, to
antioksidativa aktivitate bija vaja, >30 mg L' (IV. publikacija).

28



100

80

K5, mg mL-1

60

9%/SM

40

ABTS tests DFPH tests ==PAC saturs ekstrakta

9. att. Analiz€éjamo paraugu antioksidativa aktivitate. Zemaka IKso veértiba atbilst
lielakai antioksidativai aktivitatei

Lai novertetu analiz€jamo paraugu sp&ju aizkavet oksidéSanos lipidu
saturoSos produktos, analiz€jamie paraugi tika pievienoti kosmétisko krému
substratiem ar dazadu lipidu saturu — 19% un 35% (I. publikacija). P&tamie
paraugi tika testeti koncentracija no 0.5 lidz 4% uz lipidu saturu (LS) substrata
sastava. So analtzu veiksanai tika izmantota Oxipress metode. Analiz&to paraugu
aizsardzibas faktors ir dots 10 un 11. attéla. Salidzinot analiz€jamos paraugus ar
references materialiem pie vienadas koncentracijas substrata (1%/LS), var
secinat, ka 50% EtOH ekstrakts iedarbojas efektivak neka references paraugi,
proantocianidini un Gidens ekstrakts. Neskatoties uz proantocianidinu augsto
antioksidativo aktivitati, aizsardzibas faktors substrata oksidéSanas testa bija
zemaks neka 50 % EtOH ekstrakts. Visticamak, tas ir saistits ar proantocianidinu
ierobezoto S$kidibu substrata.

Savstarpgji salidzinot sasmalcinato zaru un lapu ietekmi pie koncentracijas
1%/LS, lapas ar plasu zemmolekularo polifenolu klastu bija lidzvertigas tidens
ekstrakta rezultatiem. Freona ekstrakts pie koncentracijas 1%/LS bija lidzvertigs
galluskabes iedarbibai, uzradot zemu aizsardzibas faktoru. Palielinot freona
ekstrakta koncentraciju Iidz 2%/LS, lipidu oksidacijas kavésana bija lidzvertiga
lapu biomasas iedarbibai, kas norada uz to, ka nav nepiecieSama lapu biomasas
ekstrakcija ar freonu, lai aizkavetu oksidésanos lipidu saturoSos produktos.
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10. att. Analizéjamo paraugu ietekme lipidu oksidacijas kavésana, ka substratu
izmantojot krému ar 35% lipidu saturu
E_H20 — ekstrakts, kas iegiits ar destiléto udeni no MB/Z/2021/R; 50%_EtOH —
ekstrakts, kas iegiits ar 50% EtOH no MB/Z/2021/R; E_Freons — ekstrakts, kas izdalits
ar freonu no MB/L/2021/R; PAC - izdalitie no ekstrakta proantocianidini; GS —
galluskabe; AS — askorbinskabe; LS — lipidu saturs

Ievadot analiz€jamos paraugus substrata ar zemaku tauku saturu, ekstraktu
darbiba bija efektivaka. Salidzinot tidens ekstrakta iedarbibu pie koncentracijas
1%/LS, substrata ar 19% lipidu saturu, aizsardzibas faktors bija 1.5 reizi
augstaks, lidziga tendence ir novérota ari 50% EtOH ekstraktam. Pargjo
analiz&jamo paraugu efektivitate bija zemaka.
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11. att. Analizéjamo paraugu ietekme lipidu oksidacijas kavésana, ka substratu
izmantojot krému ar 19% lipidu saturu
E_H20 — ekstrakts, kas iegiits ar destiléto udeni no MB/Z/2021/R; 50%_EtOH —
ekstrakts, kas iegiits ar 50% EtOH no MB/Z/2021/R; E_Freons — ekstrakts, kas izdalits
ar freonu no MB/L/2021/R; PAC - izdalitie no ekstrakta proantocianidini; GS —
galluskabe; AS — askorbinskabe; LS — lipidu saturs
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5. Antimikrobiala aktivitate

Otra biitiska muisdienu probléma ir bakteriju rezistence pret antibiotikam un
sénu rezistence pret fungicidiem. Lai samazinatu un racionaliz&tu antibotiku un
sint€tisko fungicidu lietoSanu, kas ir viena no galvenajam ES prioritatém, un ar
tiem saistitas blakusparadibas, darba noteikta sakariba starp proantocianidinu
saturu ekstrakta un to antimikrobialo un pretieksaisumu aktivitati.

Ekstraktu un mérksavienojumu antimikrobiala aktivitate testéta attieciba pret
tadam bakterijam — ka E. coli, P. aeruginosa, S. aureus, B. cereus un séni C.
albicans,  nosakot = minimalo  inhib&oso (MIC) un  minimalo
baktericido/fungicidu koncentraciju (MBC/MFC) (II., VIII. publikacijas). E. coli
bakterijas parasti dzivo veselu cilvéku un dzivnieku zarnas. Lielaka dala E. coli
veidu ir nekaitigi, bet dazi celmi, piem&ram, E. coli O157:H7, var izraisit smagus
kunga krampjus un vemSanu. P. aeruginosa ir oportinistisks patogéns, kas
izraisa nopietnas infekcijas pacientiem ar novajinatu imunitati, vézu slimniekiem
un pacientiem péc smagiem apdegumiem un cistiskas fibrozes [68]. S. aureus ir
komensals organisms, kas dzivo ada un glotada. Viegla Iidz dzivibai bistama
sepse var rasties, ja Sis mikroorganisms nonak cilvéka organisma. Tiek [&sts, ka
meticilina rezistenta S. aureus (MRSA) forma katru gadu izraisa aptuveni 171
200 ar veselibas apripi saistitas infekcijas Eiropa un ir saistita ar 5 400 papildu
naves gadfjumiem. B. cereus ir bakteriju veids, kas rada bistamus toksinus,
parnesot ar infic€to partiku. Tas galvenokart skar partiku, kas p&c pagatavoSanas
ilgstosi uzglabata istabas temperatiira un tap&c nav atri un efektivi atdzeséta. C.
albicans ir oportunistisks séniSu patogéns, kas ir cilvéku kunga-zarnu trakta
floras sastavdala, bet C. albicans sp€j kolonizet gandriz visus cilvéka audus un
organus, izraisot nopietnas invazivas infekcijas [69].

Visiem pétamiem ekstraktiem piemit antimikrobiala aktivitate. Attieciba pret
E. coli starp ekstraktiem visefektivakais bija 50% EtOH ekstrakts ar kopgjo
polifenolu saturu 48.1 g GAE-100 g'! SM. Viszemako efektivitati uzradija idens
ekstrakts ar zemu polifenolu saturu (33.2 g GAE-100 g' SM). Lidziga tendence
ir noverota pret bakterijam P. aeruginosa un S. aureus. Ekstraktu atimikrobiala
aktivitate pret B. cereus un C. albicans bija vajaka, noverojot tikai ekstraktu
inhibgjoso aktivitati, kavgjot B. cereus un C. albicans aug$anu (4. tab.).
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Tris $kirnu smiltserksSku ekstraktu antimikrobiala aktivitate

4. tabula

Smiltsérksku | Kopéjais E.coli |P. S. B. C.
Skirne, 2020. | polifenolu aeruginosa | qureus | cereus |albicans
gada paraugi | saturs
ckstraka, g MIC/MFC vai MBC Lt
GAE-100 g! val »mg m
SM
Ekstrakti, kas iegiiti ar destileto iideni
MB/Z/2020/R |43.62+0.03 0.39/0.39 |0.39/3.13 |0.39/0.78 | 0.78/>50]0.39/>50
BL/Z/2020/R | 33.20+0.02 0.78/50 10.78/50 |0.39/12.2 | 0.78/>50]0.39/>50
MB/Z/2020/R | 35.14+0.04 0.39/0.39 |0.78/1.56 |0.39/0.78 | 0.78/50 |0.39/>50
Ekstrakti, kas iegiiti ar 50% EtOH
MB/Z/2020/R |48.12+0.02 0.20/0.20 |0.39/0.78 |0.20/0.39 | 0.39/50 |0.20/>50
BL/Z/2020/R | 43.78+0.02 0.39/0.39 |0.78/1.56 |0.39/0.78 | 0.78/>50]0.20/>50
MB/Z/2020/R | 41.36+0.03 0.39/0.39 |3.13/3.13 |0.20/0.78 | 0.78/50 |0.39/>50

Lidzvertigi petijumi veikti ar ekstraktiem un mérksavienojumiem, kas iegiiti
no 2021. gada ievaktiem zariem. Salidzinot ar ekstraktiem, proantocianidini bija
daudzkart efektivaki pret E. coli, P. aeruginosa, S. aureus un S. pyogenes. No
visiem paraugiem dotajas koncentracijas neviens neuzradija minimalo fungicido
koncentraciju attieciba pret séni C. albicans.

Serotoninu saturosajai frakcijai noteikta antimikrobiala aktivitate attieciba
pret S. pyogenes un C. acnes (1. publikacija). Pamatojoties uz literatiiras datiem,
S. pyogenes izraisa dazadas akiitas infekcijas, pieméram, miksto audu infekcijas
un faringitu, ka arT smagas dzivibai bistamas infekcijas, pieméram, streptokoku
toksiska Soka sindromu un postosas postinfekciozas sekas, piem&ram, reimatisko
drudzi un glomerulonefiitu [70]. Otrs patogens, C. acnes, ir relativi [éni augosa,
parasti aerotoleranta, anaeroba grampozitiva bakterija, kas saistita ar aknes adas
stavokli. Sis patogens var izraisit ari hronisku blefaritu un endoftalmitu [71],
[72]. Visi paraugi, ieskaitot serotoninu un serotonina standartu (references
materialu), bija efektivi abu patogénu nonavésanai. Freona ekstrakts no lapam
salidzinosi ar par€jiem ekstraktiem bija ar zemaku antimikrobialo aktivitati (5.
tab).
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5.

tabula

Paraugu minimala inhib&jo$a koncentracija (MIC) un minimala baktericida vai
fungicida koncentracija (MBC/MFC)

Paraugs;
PAC saturs
ekstrakta

E. coli

P.
aeruginosa

S. aureus

cereus

C.
albicans

S.
pyogenes

C. acnes

MIC/MFC vai MBC, mg mL-!

Udens
ekstrakts no
MB/Z/2021;
29.6%/SM

0.39/0.39

0.39/3.13

0.39/0.78

0.78/>50

0.39/
>50

0.20/0.20

0.78/0.78

50% EtOH
ekstrakts no
MB/Z/2021;
42.9%/SM

0.20/0.20

0.39/0.78

0.20/0.39

0.39/50

0.20/>50

0.20/0.20

0.39/0.39

PACs no
MB/Z/2021;
92.1%/SM

0.04/0.04

0.08/0.16

0.08/0.16

0.63/
1.25

1.25/
>2.5

0.10/0.10

0.39/0.39

Serotoninu
saturos$a
frakcija
(serotonina
saturs
=28.2%/SM)

0.78/0.78

0.78/0.78

0.39/0.78

0.78/
6.25

12.50/
>50

0.10/0.20

0.39/0.39

Freona
ekstrakts no
lapam

0.78/50

0.78/50

0.39/12.2

3.13/25

Serotonina
standarts
(tirtba
>98.0%)

0.10/0.20

0.39/0.78

Biopléves, ko veido dazadas bakteriju sugas, uzrada paaugstinatu rezistenci
pret antibiotikam un dezinfekcijas Iidzekliem, biezi izraisot hroniskus iekaisuma
procesus. Ta ka praktiski nav Iidzeklu bakteriju plévju apkarosanai, promocijas
darba ietvaros noveértéta domingjoso preparatu — proantocianidinu un 50% EtOH
ekstraktu — ietekme uz MRSA (Meticilinreiztentais S. aureus), ESBL (paplasinata
spektra beta laktamazes producgjosa E. coli) un P. aeruginosa bioplévju
veidosanos (12. att. un III. publikacija).
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12. att. Analizéjamo preparatu ietekme uz biopléves veidosanos: MRSA — S.
aureus; ESBL - E. coli; PAC — proantocianidini; MB/Z_E_50% EtOH/2021/R -
ekstrakts, kas iegiits ar S0% EtOH no MB/Z/2021/R

Salidzinot ar kontroli (100% izveidota pléve), proantocianidinu klatbtitné
plévju veidoSanas bija 2 reizes mazaka. Ekstrakta iedarbiba bija lidziga, iznemot
uz MRSA bazes veidoto bioplévi, kuras veidoSanas procentualais lielums
samazinajas 5 reizes. Pamatojoties uz gltiem pétijuma rezultatiem,
proantocianidini un ekstrakti koncentracija 5 mg mL™! spgj inhibét biopleves
veidoSanos un var biit izmantojami briicu dziSanas terapija.

6. Pretiekaisuma aktivitate

Iekaisums ir organisma atbildes reakcija uz traumam un infekcijam, un tas ir
nepiecieSams, lai parvarétu to sékas. Par ickaisumu organisma liecina dazada
veida markieru (bioktmisku signalielementu - citokinu) klatbtitne asinis. Viens
no galvenajiem citokiniem ir interleikins IL-8, kas izlaists no vairakiem $iinu
tipiem, reag€jot uz ickaisumu [73]. Citu citokinu IL-6 izdala baltas asins §tnas,
reag€jot uz traumam vai mikrobu iedarbibu, tam ari ir galvena loma neironu
reakcija uz nervu bojajumiem [74]. Ir paradijusies pieradijumi, ka IL-6 var
izmantot ka iekaisuma markieri smagai COVID-19 infekcijai [75]. Saskana ar
ieglitajiem datiem, tikai proantocianidini koncentracija 0,5 mg mL"! samazinaja
IL-8 sekr&ciju no nestimulétam cilvéka periféro asinu mononuklearam §tinam
(PBMNC). Savukart poliinozinskabes: policitidilskabes (poli I:C) klatbutng, kas
atdarina ar virusu infekcijam saistitu iekaisumu, visi Maria Bruvele paraugi
(proantocianidini, 50% EtOH ekstrakts un tidens ekstrakts) samazinaja IL-8
sekréciju no $iinam, kas norada sp&ju mazinat ar virusu infekcijam saistitu
iekaisumu (13. att., VI. publikacija).
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13. att. Izmainas IL-8 sekrécija no nestimuletam (A) un poli-I: C stimuletam (B)

cilvéka periféro asinu mononuklearajam Sinam péc 24 h inkubacijas ar
analizéjamiem paraugiem: 1 — proantocianidini; 2 — 50% EtOH ekstrakts no

MB/Z/2021/R, 3 — uidens ekstrakts no MB/Z/2021/R. K — kontrole, K+poli-I1:C —

kontrole+policitidilskabe (poli I:C); a — koncentracija 0.5 mg mL™, b — 0.25 mg mL;

* p <0,05, ** p <0,01 vienvirziena ANOVA, n=3

Lidziga situacija noverota arT p&tijumos ar interleikinu IL-6. Bez poli I:C
stimulacijas p&c inkubacijas paraugu klatbiitng, IL-6 sekrécijas palielinasanas
netika novérota, bet, vienlaikus pievienojot PBMNC pie parauga un poli I:C,
noverots, ka proantocianidini un 50% EtOH ekstrakts ievérojami samazina IL-6
sekréciju. Proantocianidinu klatbiitné IL-6 sekrécija samazinata Iidz
nestimul&tam kontroles ITmenim, turklat netika noverotas atskiribas starp abam
parbauditajam koncentracijam. 50% EtOH ekstraktiem inhib&josa iedarbiba bija
atkariga no koncentracijas — 0.5 mg mL™! samazinaja IL-6 sekréciju par 95.4%,
savukart, 0.25 mg mL"! samazinaja to par 63.8%. Udens ekstrakti nesamazinaja
poli-I:C izraistto IL-6 sekr&ciju (VI. publikacija). Kopuma miisu atklajumi
saskan ar citiem pétfjjumiem, kuros ir aprakstita citu augu proantocianidinu
ietekme uz IL-6 un IL-8 sekr&ciju iekaisuma modelos.

7. Mérksavienojumu iedarbiba uz aizkunga dziedzera lipazes aktivitati
gremosanas divpadsmitpirkstu zarnas faze

Normalos fiziologiskos apstaklos (zults klatbtitng) visi smiltsérksku
hidrofilie ekstrakti koncentracijas diapazona 0.2-40 mg g*! PL uzradija biitisku
aizkunga dziedzera lipazes (ADL) aktivitates inhibiciju. Jau pie 0.2 mg tdens
ekstrakta daudzuma, kas saturéja 43.4 = 0.4 g GAE-100 g! polifenoluun 17.5 +
0.1% proantocianidinu, lipazes aktivitate samazinajas par 22%. Turpmaka
pakapeniska ekstrakta daudzuma palielina$ana no 0.2 mg g'! PL Iidz 40 mg g
PL nodrosinaja aptuveni tadu pasu ADL inhibiciju ticamibas intervala. Jo lielaks
bija proantocianidinu saturs ekstrakta, jo augstaks bija lipazes inhibicijas
procents. Ekstrakts, kas saturgja 48.6 + 0.2 g GAE-100 g un 42.4 + 0.3%
proantocianidinu, daudzuma no 0.2 mg g”' PL Iidz 40 mg g*' PL, inhibé&ja lipazes
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aktivitati par 33%. Proantocianidinu loma ADL aktivitates inhib&Sana pieradita,
savstarpgji salidzinot izdalito proantocianidinu no ekstrakta un eluata (atlikuso
frakciju péc proantocianidinu izdaliSanas) iedarbibu uz ADL aktivitati.
Proantocianidini koncentracijas diapazona no 1 lidz 20 mg g”' PL inhibgja ADL
aktivitati par 36%. Savukart eluats nebija tik efektivs un koncentracija
20 mg g! PL veicinaja ADL aktivitates palielina$anu par 6-11%. Serotonina
saturosa frakcija palielinaja ADL aktivitati gremosanas divpadsmitpirkstu zarnas
fazé, un to var izmantot, lai normaliz&tu fiziologisko gremosanu, Tpasi
trigliceridu sadali$anos brivajas taukskab&s un monogliceridos, lai korigétu
lipidu spektru, §tinu vielmainu un homeostazi (patent€ts p&tjjums).

Patologiskos apstaklos (bez zults) 50% EtOH ekstraktam un izdalitiem
proantocianidiniem novérota ADL inhibicija pie 0.2 un 1 mg g'! PL, tadu jau pie
2 mg g' PL tika novérota aizkunga dziedzera lipazes iedarbibas aktivacija.
Patologiskos apstaklos abi mérksavienojumi koncentracija no 2 1idz 400 mg g
PL kataliz€ja ADL iedarbibu gremosanas divpadsmitpirkstu zarnas faze (IV.
publikacija).

8. Merksavienojumu iedarbiba uz amilazes aktivitati siekalas

Normalos fiziologiskos apstaklos visi smiltsérksku ekstrakti un serotoninu
saturo3a frakcija koncentracija 0.1-2 mg mL™! giekary uzradija nozimigu iedarbibu,
paatrinot cietes sadaliSanos Iidz glikozei, kas var biit noderiga, lai arstetu
cilvekus ar nepietickamu svaru malabsorbcijas sindroma gadijuma. Izdaliti
proantocianidini taja pasa koncentracija uzradija inhibgjoso aktivitati, samazinot
amilolitisko speku no 640 uz 320 D 30/38 °C. Tas norada, ka proantocianidini
sp&j samazinat cietes oglhidratu sadaliSanos un uzstk$anos organisma, kas var
bt noderiga diab&ta pacientiem un pacientiem ar licko svaru (II. un VIIIL.
publikacijas).

9. Analizéjamo paraugu hemolize

Ekstraktu hemolitiska aktivitate (ietekme uz cilvéka asins eritrocitiem)
parbaudita ekstraktiem un proantocianidiniem koncentracija 0.5 mg mL.
Neviens no analiz€jamiem paraugiem neizraisija eritrocitu sairSanu (hemolizi)
p&c 1 h vai 8 h inkubacijas. Tas norada uz ekstraktu un proantocianidinu drosibu
un augsto biologisko saderibu (14. att., VI. publikacija).
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1 h inkubésana 1 h inkub&sana

8 h inkubé&sana

: g;’xgzianidini 0.1132

= MB/Z E 50% EtOH 2021/R
14. att. Analizéjamo paraugu hemolize. PAC — proantocianidini. MB/Z_E_50%
EtOH_2021 — ekstrakts iegiits no Marija Bruvele zariem ievaktiem rudeni 2021

gada ar 50% EtOH
10. Citotoksicitate

Ekstraktu un meérksavienojumu citoksicitate noverteta un salidzinata ar
novéroto MIC/MBC un MIC/MFC koncentraciju, ka arT antioksidanta IKso
vertibu un nepiecieSamu devu amilazes un lipazes darbibas inhib&Sanai vai
stimulésanai (VI. un VIII. publikacijas). Paraugi tiek uzskatiti par citotoksiskiem,
ja Stinu dzivotspégja bija samazinata par vairak neka 20%. Visi pétamie hidrofilie
ekstrakti no zaru biomasas to daribas koncentracijas diapazona no 0.0313 lidz
2.0 mg mL"' bija dro$i, neuzradot citotoksicitati. Proantocianidinu drosa
koncentracija bija robezas no 0.03 Iidz 0.5 mg mL"!, bet pie proantocianidina
koncentracijas 1mg mL™! bija novérota neliela citotoksicitate, samazinot $tinu
dzivotsp&ju par 29.56%. Udens ekstraktam koncentracija 4 mg mL!, §inu
dzivotspgja samazinajas par 34.33% (15. attels).
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15. att. Analizéjamo paraugu citotoksicitate

11. SmiltsérkSku biomasas novértejums lopbaribas ieguvei

Lai novertétu zaru atlikumu (MB/Z/2021/A, BL/Z/2021/A, TAT/Z/2021/A)
un lapu (MB/L/2021, BL/L/2021, TAT/L/2021) piemé&rotibu lopbaribas ieguvei,
laboratorijas apstaklos veikts paraugu kimiskais raksturojums, noteikts
koppelnu, jelskiedras, kopproteina, fosfora, kalija, natrija, kalcija un smago
metalu (Pb, Cd un Hg) saturs. Lapas fosfora saturs bija robezas no 210421 lidz
225422 mg uz 100 g SM; kalija saturs no 1209+104 lidz 1376+113 mguz 100 g
SM; natrija saturs no 1.72+0.40 Iidz 2.25+0.52 mg uz 100 g SM; kalcija saturs
no 856+205 Iidz 989+237 mg uz 100 g SM. Zaros natrija saturs bija augstaks,
bet kalcija saturs zemaks: natrija saturs no 7.83+1.80 lidz 22.5+5.2 mg uz 100 g
SM; kalcija saturs no 281467 11dz 332480 mg uz 100 g SM. Smago metalu saturs
biomasa neparsniedz maksimali pielaujamo koncentraciju un atbilst Eiropas
Komisijas regulai Nr. 1275/2013. Papildus mikro- un makroelementiem
smiltsérksku zari un lapas satur fident un taukos skistosu vitaminu kompleksu. C
vitamina saturs zaros bija no 8.04+3.0 Iidz 178.0 £50.0 mg uz 100g SM, lapas no
12.043.0 Iidz 15.6 mg uz 100 g SM. Salidzinot ar zariem, visas trTs smiltsérksku
Skirnu lapas bija bagatakas ar E vitaminu (zaros: 14.7+2.1 mguz 100 g SM; lapas
no 30.9+4.3 lidz 42.6+2.2 mg uz 100 g SM). A vitamins smiltsérkSku koksné
netika konstat&ts, savukart, lapas A vitamina saturs bija 0.86+0.07 lidz 1.29+0.02
mg uz 100 g SM (V. publikacija). Saskana ar literatiiras datiem, smiltsérksku
lapas papildus satur vértigas 13 aminoskabes, bet koksnes dalas un miza satur 17
aminoskabes [76], [77].
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Izejvielu kvalitate ietekm& baribas sagremojamibu, kas atsaucas
siltumnicefekta gazu veidosanas lopu zarnu trakta. Bariba ar augstaku
sagremojamibu samazina metana daudzuma emisiju. Ir zinams, ka liels tauku
saturs biomasa (>8%/SM) var nelabvéligi ietekm@t spurekla darbibu, skiedrvielu
gremosanu un piena razoSanu. Tadgjadi var teikt, ka tauku saturs analiz€jamos
paraugos (0.7-3.6%/SM) bija optimals uztura baribai. ADF parasti nav
sagremojama, tacu ta stimul€ nozimigu bakteriju veidoSanos. Visaugstakais ADF
saturs biomasa bija zariem (26.2%—27.1%/SM), lapas tas saturs bija nedaudz
zemaks (18.1-19.1%/SM). Kopgjais proteina saturs zaros bija ~23%/SM un
lapas robezas no 18.4% lidz 19.4%/SM.

P&tamo paraugu sagremojamiba noteikta, izmantojot in vitro analizi, nosakot
fermentacijas rezultata izdalito gazi (V. publikacija). Jo augstaka ir biomasas
sagremojamiba, jo augstaka ir baribas uzturvértiba. ST analize veikta Maria
Bruveles skirnes biomasas paraugiem MB/Z/2021/A un MB/L/2021 un atlikusai
frakcijai péc proantocianidinu atdaliSanas (eluats). Saskana ar in vitro anlizes
datiem ekstrakts uzradija vislielako sagremojamibu péc proantocianidinu
atdaliSanas. Savstarpgji salidzinot biomasas, labaka sagremojamiba bija lapam.
Lai novertetu mehanokimiskas apstrades iedarbibu uz gremosanas efektu, zaru
atlikums bija papildus mehano-kimiski apstradats. Rezultati parada, ka mehano-
kimiski apstradatas biomasas sagremojamiba bija 2.2 reizes labaka, salidzinot ar
paraugu bez papildus mehanokimiskas apstrades (16. att.).
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0

MB/Z/2021/R MB/Z/2021/R MB/L/2021 MB/L/2021: Eluats**
péc MA* MB/Z/2021

B GE 24, mL/g DM = GE 48, mL/g DM ® Sagremojamiba, %
16. att. In vitro analizes dati par biomasas sagremojamibu pirms un péc apstrades:
* peéc MA — péc mehanokimiskas apstrades; ** eluats - atlikusi frakcija péc

proantocianidinu atdaliSanas

Smiltserksku biomasas parstrade lopbaribas granulas paradita 17. attela.
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Granuléta lapu
lopbariba

{+ Lapu biomasas granulésana; |
* Lapu ka sastavdalas
izmantosana lopbaribas
maisijuma pagatavosanai

3

Zaru biomasa péc Lopbaribas maisijums no lapu un
mérksavienojumu atdalisanas koksnes biomasas

_Ze.m_lvbiomasas ) ‘ Mehe’molg_imiski » Granulesana
bagatinasana ar eluatu apstrade Granuléta zaru un

maisijumu
b lopbariba
17. att. Ilgtspéjigas smiltsérkSku atlikumu parstrades shéma lopbaribas granulu
iegiiSanai

GranuléSana ir viena no efektivakajam metodém produkta kvalitates
saglabasanai gan uzglabasanas laika, gan to transportéSanas laika. legiitas
smiltsérkSku paraugu granulas ir paraditas 18. att€la. Sasmalcinatas lapas,
salidzinot ar zariem, ir vieglak granulgjamas, par to liecina zems energijas
patérin$ un augsts razigums. Granulu nodilumizturiba bija robezas no 96.9 lidz
97.7%, mitrums 5-6%, vid&jais garums 12 mm, tilpumblivums 714-716 g cm™.
(V. publikacija).

18. att. Lopbaribas piedevas granulu veida: A — lapu un zaru atlikuma maisijums
(1:1 w/w); B — lapas; C — zaru atlikums

12. Smiltsérksku biomasas novertéjums augsnes piedevas ieguvei

Smiltsérksku zaru atlikums péc ekstrakcijas péetits ka lignocelulozes substrats
augsnes piedevas ieguvei, to bagatinot ar Si (VIL. publikacija). Augsnes piedevas
raditaji bija sekojosi: lignina saturs 38.5+0.5%/SM; huminskabes saturs — 4.3
+0.1%/SM; kopgjais slapekla saturs — 1.35+0.02 %/SM; kopgjais fosfora saturs
0.06+0.01%/SM; pH — 8.7+0.1%/SM. Sadarbiba ar LBTU Zemkopibas instititu
augsnes piedeva testéta lauka izmeginajumos, audzgjot vasaras kvieSus (Skirne:
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“Vinjet’) un kartupelus (Skirne: ‘Imanta’). lestradajot augsnes piedevu augsng,
konstat&ts butisks kartupelu razas picaugums. 2021. gada lauka izm&ginajumos
lietojot augsnes piedevu deva 20 un 40 kg ha’!, kartupelu razas pieaugums bija
11.2% un 13.8%, salidzinot ar kontroles variantu. 2022. gada karstais laiks atstaja
butisku ietekmi un kartupelu razas pieaugums ieprieks miné&tajas devas bija 8.4%
un 21.4%, salidzinot ar kontroles variantu. Audzgjot vasaras kviesus, lidzvertigi
kartupelu izmé&gindjumiem, karstais un sausais laiks kavEja vasaras kvieSu
attistibu, par ko liecina zemais augu augstums (vid€ji 70-73 cm), ka arT atri
nokalta lapas. Lietojot augsnes piedevu deva 20 un 40 kg ha!, 2021. gada graudu
raza pieauga par 9.5 un 11.7 %, savukart, 2022. gada graudu raza kopuma bija
zemaka, bet salidzinosa analize uzradija butiskaku kvieSu razas pieaugumu par
16.5 un 26.5 %, lietojot augsnes piedevu daudzuma 20 un 40 kg ha'!. Sausais
un karstais laiks butiski ietekméja ari graudu kvalitati. [zm&ginajuma iegiitajiem
graudiem ir zema tilpummasa (< 700 g L') un 1000 g masa (27.2-28.2 g).

13. SmiltsérkSku biorafinésanas shema

Pamatojoties uz promocijas darba gltiem rezultatiem tiek piedavata
smiltsérkSku biorafinéSanas sh&éma, kas lauj racionali izmantot visas augu dalas
produktos ar pievienoto vertibu (19. att.).

G N e AR

Smiltsérkska biomasas biorafiné§anas shéma

Smiltserkskis

*Ogas w0 g . .
g Aktivie ingredienti
*Rudens razas . multifunkcionaliem
novaksanas Ekstrakti, duktiem:
blakusprodukts - proantocianidini produktiem:

* Pretiekaisuma

+ Vitaminu-saturosie

* Barojosie

* Antioksidativie

* Antibakterialie

« Fungicidie

* Gremosanas fermentu

zari un lapas

*Ziemas / pavasara
atzaroSanas
koksne — zari

*Melioracijas un

augsnes erozijas reguléjoie

kontrolei o 3 e

audzétas N partikas piedevam, kosmétikas un
plantacijas — medicinas formulam
ikgadgjas

atéx‘osm]as ) N Granuléta dzivnieku
koksne — zari, Pécekstrakcijas baribas piedeva

lapas atlikums

Augu augianas

e simuloion

19. att. Smiltsérkska biorafinéSanas shéma
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SECINAJUMI

. Latvija kultivéto smiltsérksku zari ir vertiga izejviela proantocianidinu un
serotonina ieguvei. Rudens ir piem@rotakais sezonalais periods
merksavienojumu ieguvei, nemot véra augstu merksavienojumu saturu zaros
(proantocianidini ~12%/SM, serotonins ~4%/SM). Atrasts piemeérotakais
ekstrakcijas un attiriSanas panémiens, kas nodroSina augstako hidrofilo
ekstraktu un mérksavienojumu iznakumu no smiltsérkiku biomasas. Sajos
apstaklos no smiltsérksku zariem var iegiit oligomérus proantocianidinus (ar
~92% proantocianidinu uz SM ekstraktu) ar polimerizacijas pakapi 2-5 Da
un serotonina saturoso frakciju ar 28.2%/SM serotonina.

. Hidrofiliem ekstraktiem un izdalitiem proantocianidiniem piemit augsta
antimikrobiala aktivitate attiecitba pret Pseudomonas aeruginosa,
Staphylococcus aureus, Escherichia coli, Bacillus cereus un Candida
albicans, radot iespu ieglit pretmikrobu preparatus, aizvietojot vai
papildinot antibiotikas cipai pret rezistentiem mikrobiem. Serotonins un
proantocianidini ir specigi antibakterialie Iidzekli pret adas un miksto audu
infekciju izraisitajiem - Streptococcus pyogenes un Cutibacterium acnes, kas
piesarno adas kopSanas produktus un attistas sebuma. Proantocianidini spgj
aiztur€t patogéno bioplévju veidoSanos par 80%, kas bitiski var samazinat
hroniskus iekaisuma procesus.

. Proantocianidiniem un to saturoSiem ekstraktiem piemit augsta
pretiekaisuma aktivitate, it Ipa$i samazinot ar virusu infekcijam saistitu
iekaisumu. Proantocianidini koncentracija 0.5 mg mL"!' samazinaja 1L-8
sekréciju, un koncentracijas 0.25-0.5 mg mL"! samazinaja IL-6 sekréciju
cilveka perifero asinu mononukleara Stnas.
Poliinozinskabes:policitidilskabes  (poli I1:C), kas atdarina virusa
divpavedienu RNS, stimulétajas periféro asinu mononukleara cilvéku $iinas
gan proantocianidini gan 50% EtOH ekstrakts buitiski samazinaja IL-8 un IL-
6 sekreciju.

. Pieradita ekstraktu un proantocianidinu augsta antioksidativa aktivitate un to
spg&ja aizsargat lipidu saturosas sist€mas no oksidacijas, kas paver iespgju tos
izmantot ka dabigus antioksidantus mediciniskajos un kosmétiskajos krémos.
Izdalitiem proantocianidiniem antioksidativa aktivitate bija vid&ji 3 reizes
augstaka salidzinot ar E vitamina analoga antioksidativo aktivitati. 50%
EtOH ekstrakts visefektivak aizkave lipidu saturoSo produktu oksid€Sanos.
Substrata ar zemaku lipidu saturu (19%), ekstraktu darbiba bija efektivaka,
neka ar augstaku lipidu saturu (35%).

. Hidrofilie ekstrakti no zaru biomasas darbibas koncentracijas diapazona no
0.03 1idz 4.0 mg mL"' un mérksavienojumi diapazona no 0.03 Iidz
0.5 mg mL"! neuzradija citotoksicitati un neizrasija cilvéku asins hemolizi,
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kas norada uz to augsto biologisko saderibu un drosibu lietoSanai medicinisko
un kosmétisko krému sastavos, ka arT veselibas apriipe.

Proantocianidini ir spécigi lipazes un alfa-amilazes darbibas inhibitori, kas
paver iespé&jas tos izmantot pretaptaukosanas terapija, savukart, serotonins ir
cilvéku gremosanas fermentu aktivators, kas paver iesp&u to izmantot
malabsorbcijas problému risinasana.

P&c merksavienojumu izdaliSanas lignocelulozes biomasas atlikumu
kimiskais raksturojums un in vitro analizes mazo atgremotaju gremosanas
sisteéma paradija iesp&ju tos izmantot lopbaribas piedevas ieguvei. Bagatinot
lignocelulozes biomasas atlikumu ar siliciju saturoSo komponentu, tiek iegiita
augsnes piedeva, kas veicina augu augSanu un attistibu, palielinot razas
Ipatsvaru par 27%.

Izstradata bezatkritumu smiltsérkska biomasas biorafinérijas shéma, kas laus
smiltsérksku audzEtajiem izmantot gan ogas, gan zarus - lignocelulozes
biomasu, paplasinot sortimentu, izveloties pielietosanas virzienus.

REKOMENDACIJAS

Izstradata elastiga smiltsérkSska biomasas izmantosanas shéma laus

smiltserkSku audzetdjiem paplasSinat sortimentu, izv€loties razoSanai sev
piemérotakos produktus (20. att.).

*  Antibakterialie lidzekli;

* Antifungicidie [idzekli;

« Antioksidanti;

+ Konservanti lipidu saturosiem produktiem;
*  Pretiekaisuma lidzekli.

Sula, ogas, ella, biezenis,
pulveris, ievarijums

Hidrofilie ekstrakti

Spécigi antibakterialie lidzekli;
*  Spécigi antioksidanti;
* Konservanti lipidu saturo$iem produktiem;

Proantocianidini

Spécigi pretiekaisuma lidzekli;
Gremosanas fermentu darbibas inhibitori.

Koksne ar mizu

*  Antimikrobialie lidzekli;
Serotonin saturo$a frakcija I‘** «  Gremosanas fermentu darbibas
aktivatori (katalizatori).

Atlikums p&c ekstrakcijas |

Substrats augsnes piedevas
ieguvei

Skaistumkopsanas lidzekliem (piem. skrabis)
- biologiski aktivo vielu satuross komponents
ar antioksidativam Tpasibam

Substrats lopbaribas
piedevas ieguvei

20. att. IzmantosSanas virzienu shéma smiltsérk§ku audzétajiem
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PATEICIBA

Izsaku visdzilako pateicibu Dr. habil. chem. Galinai TeliSevai, lignina
laboratorijas vaditajai, par idejam, iedvesmu, zinaSanam un apmacibam. Esmu
pateiciga saviem zinatniska darba vaditajiem Dr. sc. ing. Sarmitei Jancevai un
Dr. sc.ing. Uldim Spulle par darba vadiSanu, neaizstajamu atbalstu promocijas
darba izstrades laika, savlaicigu palidzibu visos darba etapos un zinatnisko rakstu
un prezentaciju sagatavos$ana, vértigiem padomiem un efektivu darba
koordingSanu.

Esmu pateiciga institita un laboratorijas kolégiem, kas mani praktiski
atbalstija promocijas darba izstradasanas laika.

Esmu pateiciga Dr. biol. Vizmai Nikolajevai, Mg. biol. Annai Ramata-
Stundai, Dr. Mihailam Cervenkovam (Bulgarija), Mg. biol. Marim Senkovam un
profesorei Dr. Krasilnikovai par atbalstu un palidzibu iegiito analiz&amo
paraugu raksturosana.

Sirsnigs paldies manai gimenei par neizsmelamo pacietibu, saproto$o
attieksmi un lielo atbalstu.
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RELEVANCE OF THE RESEARCH

Meeting the current global consumption is unsustainable because humanity’s
consumption of resources exceeds what nature can regenerate. Converting bio-
waste into a resource will not only replace fossil resources but also solve the
problem of lack of raw materials.

In the European Union (EU), a total of 11.3 million hectares (ha) have been
allocated for the cultivation of fruit trees [1]. Pruning these trees together with
felling or removal of plantations creates a huge amount of wood waste. A
theoretical calculation of wood waste in the EU estimates that up to 25 million
tonnes of wood are produced in the form of twigs every year as a result of fruit
tree pruning [2]. This wood waste is usually burned or shredded with subsequent
incorporation into the soil with no direct economic benefits. Thus, it is rational
to introduce the processing of fruit tree wood into valuable value-added products.
The rational use of renewable resources is one of the priorities of the Latvian
Bioeconomy Strategy 2030, increasing the productivity of local renewable
resources [3].

Sea buckthorn wood is one of the topical and understudied renewable
resources in Latvia. Sea buckthorn has gained attention due to the rich
composition of the fruits and valuable properties. Sea buckthorn grows in 52
countries, the largest plantations are located in Eurasia, the Caucasus, West Asia,
Central Asia, China, and Mongolia [4]. Hippophaé rhamnoides L. . is the most
common species of the sea buckthorn genus. Thanks to a strong and developed
root system, sea buckthorn is used in land reclamation and soil enrichment due
to its nitrogen-fixing properties (an 8- to 10-year-old sea buckthorn plantation
can fix 180 kg of nitrogen/ha/year) [5].

In Latvia, sea buckthorn is the second most common fruit tree species after
the apple tree, and the area of its plantations is constantly increasing. Compared
to the year 2010, the number of sea buckthorn areas increased from 200 to 1535
ha in Latvia, and the sea buckthorn berry yield also increased from 200 tons per
year to 814 tons per year [6]. Sea buckthorn berries grown in Latvia have very
high-quality indicators, but berry processors are often forced to choose cheaper
berries instead of better ones due to economic considerations. Great competition
makes us think about the creation of environmentally friendly, rational
technologies that will allow the processing of all plant parts.

The main purpose of pruning fruit trees is to facilitate crown formation for
greater tree production and more convenient harvesting. Sea buckthorn
cultivation technology requires the complete felling of four-year-old trees
growing in plantations and pruning of one to two-year-old twigs both in spring,
forming a crown and reducing the risk of fungal infections of the tree, and in
summer and autumn - as a result of harvesting berries, incl. performing sanitary
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pruning. The largest volume of twigs is formed in summer and autumn. Sharp,
prickly twigs interfere with berry picking, and the twigs are cut with the berries
to speed up the harvesting process of commercially grown berries. After
removing the berries (freezing all the twigs with berries beforehand), the volume
of the separated twigs is about 20-30% of the mass of the fruiting twigs on
average and can produce from 0.5 to 2.0 tons/ha of dry wood annually (Fig. 1).

4 R p -

biomass (C)

Currently, sea buckthorn growers burn the entire volume of these twigs not
appreciating the potential of this lignocellulosic biomass, although this part of
the wood can be a valuable raw material for the extraction of biologically active
substances and new products, creating additional income for growers outside of
harvest time. Based on the data of the Rural Support Service (RSS), Latvia had
2 million ha of uncultivated agricultural area in 2023 [7]. It is possible to use part
of these areas for the expansion of sea buckthorn plantations, additionally
attracting new labour, creating a positive promotion of the social environment in
rural regions.

Despite the quick growth of sea buckthorn and the positive properties of its
wood (hard, durable, dense, and medium weight), it is considered a low-value
tree species that does not reach large enough dimensions to be used in
construction, carpentry, or furniture production. Handles of knives and
umbrellas, mouthpieces, walking sticks, kitchen utensils, and toys are made from
the wood of the sea buckthorn trunk. In the sea buckthorn pruning material, the
majority is small-diameter twigs, so their use for the production of fuel pellets is
difficult due to the high ash content. According to the Scopus® database, the
number of publications on the topic of “fruit wood valorisation” has increased 7
times over the last ten years, proposing the use of fruit wood for paper production
and wood composites.

Wood is best defined as a biopolymer composite consisting of cellulose,
hemicellulose, lignin and extractives. Wood extractives contain many organic
compounds of various classes [8]. One of the most valuable chemical compounds
of wood as lignocellulosic biomass are polyphenols, incl. proanthocyanidins,
which accumulate in the process of plant growth and development, providing
plants with important physiological properties, protecting the plant from biotic
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and abiotic stresses and providing protection against infectious disease agents
[20]. The concentration of polyphenols in the plant and their composition
depends both on the vegetation phase of the plant, on the variety, as well as on
the geographical place of growth and physiological maturity. Polyphenols have
antioxidant, antimicrobial, fungicidal, bio-stimulating, anti-inflammatory,
cardioprotective and anticarcinogenic properties [9]. This suggests that fruit
wood extracts may have several applications in medicine, food, pharmaceutical
and nutritional industries, cosmetic production and agriculture. Previous studies
have shown that proanthocyanidins are the dominant compounds in oligomeric
polyphenols obtained from lignocellulosic biomass (wood, bark) of deciduous
and coniferous trees [21]. The content of proanthocyanidins in sea buckthorn
wood biomass, their composition and bioactivity have not been studied. Some
scientific studies have noted that the bark of sea buckthorn twigs contains
serotonin, the so-called hormone of happiness, and in much higher quantities
than it is in, for example, chocolate or bananas. In a human body, serotonin is
formed in the brain and digestive tract from the essential amino acid L-
tryptophan, which enters the body with food. Serotonin promotes psychological
and physical well-being, the functioning of the immune system, regulates
digestion, sleep, memory and sexual function. Serotonin from safflower seeds
has anti-oxidative, anti-inflammatory and anti-cancer activity, as well as
potential to reduce Parkinson's-like symptoms, depression and obesity [54], [S5],
[56], [53]. The physiological functions of serotonin in plants are not yet clear.

Based on the potential and importance of serotonin and proanthocyanidins
(Fig. 2) for the human body, they were chosen as target compounds in the
doctoral thesis, evaluating the waste of sea buckthorn cultivated in Latvia, mainly
twigs, as a source of target compounds, separating, purifying and characterizing
them in order to evaluate the possibilities of additional use. . To ensure zero-
waste wood processing, the wood residue after the separation of target
compounds can be used efficiently as a feed additive or as a soil additive
substrate, returning the organic part taken from the natural cycle back to it, which
is necessary for the beneficial functioning of the soil-biotic system.

NH,

HO.

R,=HorOH =
R,=OH Re

Fig. 2. Chemical structure of proanthocyanidin and serotonin
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The use of sea buckthorn proanthocyanidins or extracts containing them for
industrial purposes, for example, for obtaining wood adhesives, or their use for
water purification, or for viscosity regulation is not economically viable due to
the large volumes required, therefore, within the scope of this doctoral thesis,
new application directions with the highest added value were sought and the
biological activity of proanthocyanidins, including antimicrobial and anti-
inflammatory properties, has been primarily studied.

Thus, sea buckthorn proanthocyanidins from twigs will be able to replace
proanthocyanidins of other origins used in production, for example, from
cranberries or preparations from sea buckthorn fruits, whose production
competes with the food chain and is therefore much more expensive. In addition,
it will not only enable the development of a sustainable processing cycle of sea
buckthorn, but also enable the extraction of proanthocyanidins from wood of
local origin, which will be a valuable contribution to the Latvian economy. The
use of sea buckthorn in the medical and veterinary industries is very topical,
taking into account the spread of various infectious diseases and their difficult
treatment, which is caused by pathogenic microorganisms that have become
resistant to antibiotics [46].

The hypothesis of the Doctoral Thesis

When analysing the information available in the literature, the following
hypothesis of the Doctoral Thesis has been put forward: It is possible to develop
a biorefining scheme for the sea buckthorn tree for the beneficial use of all its
parts within the framework of a circular economy by processing the vegetative
parts of the tree and obtaining valuable target products, i.d., proanthocyanidins
and serotonin from sea buckthorn wood extracts with anti-inflammatory and
antimicrobial properties and using the residue after wood extraction for feed or
soil additive.

The hypothesis shall be defended with the following theses:

+ Sea buckthorn wood biomass is a promising raw material for the extraction
of oligomeric proanthocyanidins and serotonins as individual components or
in complex form by creating synergy in bioactivity. The developed
technological approach is effective for isolating target compounds from the
extract;

¢ High antioxidant, antimicrobial and anti-inflammatory activity of target
compounds and extracts containing them, as well as effects on the activity of
human digestive enzymes, both by inhibiting and activating their activity are
proven. The obtained target compounds and extracts containing them are non-
toxic in the range of active concentrations;
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The wood residue of sea buckthorn after extraction is a suitable raw material
for the production of animal feed additive, which can control digestibility and
gas formation by changing the mass ratio of raw materials. By enriching sea
buckthorn wood residue with trace minerals and macro minerals, the resulting
soil additive promotes the growth and development of vegetables and grains,
additionally improving the quality of the soil by increasing the content of
organic substances in the soil composition.

The aim of the doctoral thesis is to evaluate the lignocellulosic biomass of

the cultivated fruit tree - sea buckthorn (Hippophae rhamnoides L.) in Latvia as
a potential source of serotonin and proanthocyanidins by proposing an innovative
solution for the zero-waste complex processing of lignocellulosic biomass to
obtain competitive, functional products that are harmless to the environment,
humans, and animals.

To achieve the aim of the thesis, the following tasks have been set:

1.

Assess the potential of the wood of sea buckthorn twigs as a raw material for
the extraction of biologically active substances - serotonin and oligomeric
proanthocyanidins — and determine the most suitable method of extraction
and purification for obtaining of the target compounds;

Determine the antimicrobial, antioxidant, anti-inflammatory activity and
cytotoxicity of extracts, oligomeric proanthocyanidins, and serotonin-
containing fractions and evaluate the possibilities of their practical use;

. Detect the effects of target compounds and extracts on human digestive

enzyme activity;

Identify the potential of post-extraction wood residue as a raw material for
the production of pelleted feed and plant growth promoter;

Develop a biorefinery scheme for the zero-waste comprehensive use of sea
buckthorn twigs - lignocellulosic biomass.

Scientific novelty:

o,
o

The potential of the waste of sea buckthorn cultivated in Latvia for the
extraction of oligomeric proanthocyanidins and serotonin was evaluated for
the first time;

By using chemicals safe for people and the environment, including ozone-
safe freon HFC R134a, a suitable technique for isolating target compounds
was developed, which allowed to evaluate the role of substances in the
composition and bioactivity of the extracts, inter alia, in the activity of human
digestive enzymes (alpha-amylase, pancreatic lipase);

For the first time, the most suitable season and age of sea buckthorn twigs for
the extraction of proanthocyanidins, serotonin and extracts containing them
were identified;
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Based on the acute need for natural antimicrobial agents, the target
compounds were tested both individually and in a mixture against seven
pathogenic microorganisms by evaluating their effect on biofilm formation
additionally by applying three types of bacteria;

The composition of proanthocyanidins isolated from sea buckthorn wood
biomass and their role in anti-inflammatory activity have been determined for
the first time;

A study of the antioxidant activity of sea buckthorn extracts and target
compounds in lipid-containing products was done;

The possibilities of using sea buckthorn wood residue after extraction for the
production of feed additive, chemically characterizing it and determining the
efficiency of digestion in the stomach model system of ruminants were
assessed;

By enriching the sea buckthorn wood residue with the silicon-containing
component after extraction, the effect of the obtained soil additive on plant
growth and development was evaluated by returning the organic part
necessary for the beneficial functioning of the soil-biotic system to the natural
cycle.

Economic importance of research:

o,
°n

The possibility of obtaining products containing proanthocyanidin and
serotonin from sea buckthorn twigs is demonstrated, which will make a
significant contribution to the development of the bioeconomy that is
relevant for the Latvian economy and corresponds to the strategic goals of
the European Union;

Proanthocyanidins and extracts containing them are potential antioxidants
for medical and cosmetic creams, thus creating an alternative to synthetic,
ecologically unsafe antioxidants;

Proanthocyanidins, serotonin and extracts containing them are potential
antimicrobial agents by offering an alternative or supplement to antibiotics
to fight against resistant microbes;

The stimulating activity of serotonin on digestive enzymes and the inhibiting
action of proanthocyanidins show the perspective of targeted compounds in
healthcare for solving various problems related to digestion;

The possibility of using the twig residue after extraction for the production
of feed additive and as a substrate for the production of soil additive is
shown;

Developing a rational zero-waste processing scheme for the wood of sea
buckthorn twigs as lignocellulosic biomass in products with added value will
be useful and applicable also for the full use of wood waste from other fruit
trees or berry trees.
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A patent of the Republic of Latvia has been submitted (patent application No
LVP2023000055, according to the law, it will be published on 20 December
2024).

The structure of the Doctoral Thesis is subordinated to the above-
mentioned tasks. The thesis is structured in three chapters. The first chapter
evaluates the potential of sea buckthorn wood-lignocellulose biomass as a source
of oligomeric proanthocyanidins and serotonin, both in the form of an extract by
determining the most suitable extraction method and extractant, and in an
individual way by purifying them from impurities, developing the most suitable
purification technique for target compounds. Focusing on polyphenols, the
chemical composition of the obtained extracts has been determined and the target
compounds have been isolated. In order to evaluate the possibilities of practical
use of the obtained extracts and target compounds, their characterization has been
performed in the second chapter by determining their cytotoxicity, antioxidant,
antimicrobial, anti-inflammatory activity, as well as the effect on the activity of
digestive enzymes. In the third chapter, the potential of wood residue and leaves
after extraction for the production of soil additive and feed additive is evaluated
according to the concept of zero-waste use of sea buckthorn biomass. Finally,
based on the obtained results, a flexible technological scheme for the full use of
sea buckthorn biomass has been developed and recommended, depending on the
range of consumers, demand and sea buckthorn growth region. Fig. 3 shows the
possible directions of application of target compounds and extracts containing
them.
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Sea buckthorn woody biomass waste material obtained after harvesting and from pruning
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Fig. 3. Research scheme and possible directions of application of target compounds

MATERIALS AND METHODS

Smiltseérksku biomasas paraugi sanemti no smiltsérkSsku audzetaja SIA
“Bruwell” (Table 1).

Table 1
List of samples analyzed
Designation of | Sea buckthorn | Type of sample Season of | Type of
sample variety sampling | sampling
‘Wood samples
MB/Z/2020/R
MB/Z/2021/R .
MB/z2022/R__| Maria Bruvele
MB/Z/2023/R As a result
BL/Z/2020/R , August— | °F
BL/Z/202/R | B. Lubitelskaja Twigs September | arvesting
BL/Z/2022/R the fruit
TAT/Z/2020/R
TAT/Z/2021/R Tatjana
TAT/Z/2022/R
MB/1Z/2021/P 1-year-old twigs
MB/2Z/2021/P . 2-year-old twigs | wfarch /
MB/37/2021/p | MariaBruvele [ 3.yearold twigs | aygust | AS2result
- of fruit tree

MB/4Z/2021/P 4-year-old twigs maintenance
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Table 1 continued

Designation of | Sea buckthorn | Type of sample Season of | Type of
sample variety sampling | sampling

‘Wood samples
MB/1-27/2022 Maria Bruvele .

A mixture of 1-
BL/1-2Z7/2022 B. Lubite]skaja and 2-year-old
TAT/1-22/2022 Tatjana twigs
Bark from four-year-old twigs

MB/M/202 I/R Maria Bruvele August — Asa result
BL/M/2021/R | B.Lubitelskaja Bark September | of debarking

Leaves samples
MB/L/2020/R
MB/L/2021/R Maria Bruvele
MB/L/2022/R As a result
BL/L/2020/R A B

. . ugust of

BL/L/2021/R B. Lubitelskaja Leaves September | harvesting
BL/L/2022/R the fruit
TAT/L/2020/R
TAT/L/2021/R Tatjana
TAT/L/2022/R

Autumn wood samples (twigs, leaves) were collected in the period from
August 2020 to September 2023 as a result of fruit harvesting, cutting the twigs
together with the berries according to the harvesting technology and separating
them after freezing.

Spring wood samples were collected in March 2021 as a result of plant
maintenance (pruning), obtaining four types of spring wood samples, that is,
one-, two-, three- and four-year-old twigs.

In March 2022, as a result of plant maintenance, the one-year-old and two-
year-old twigs of three varieties were collected in the form of a mixture
For comparison, the bark was obtained as a result of debarking four-year-old
twigs in the autumn of 2021. All three varieties of sea buckthorn were grown in
the Tukums Region in one plantation and in the same climatic conditions.

The general chemical characterization of the analysed samples as
lignocellulosic biomass was performed using the analytical pyrolysis method
(500 °C, 15 sec.) with the subsequent gas chromatography analysis of the volatile
products. Frontier Lab (Fukushima, Japan) Micro Double-shot Pyrolyzer Py-
3030D equipment and Shimadzu GC/MS/FID-QP ULTRA 2010 gas
chromatograph were used for pyrolysis.

To assess sea buckthorn biomass as a source of proanthocyanidins and
serotonin, dried and crushed sea buckthorn biomass samples were extracted in
two ways. By applying sequential biomass extraction, sea buckthorn wood and
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leaves were separately treated with Freon for 3-4 hours in a closed system under
pressure of 4.0—4 .3 Bar and at a temperature of 17-19 °C. The separation of the
freon fraction was followed by a 30-minute biomass extraction at ~60 °C with
distilled water and ethanol-water mixtures.

By applying one-step biomass extraction, biomass was extracted with
water and ethanol-water mixtures without pre-treatment of biomass with freon.
All used solvents meet the requirements of green chemistry and can be used for
the extraction of valuable compounds according to the quality control and
extraction requirements of cosmetics, pharmaceuticals, and food products. The
yield of the extracts was determined gravimetrically after their lyophilization at
-50 °C and expressed as a percentage of dry wood, leaf, and bark samples.

The extracts obtained with freon were analysed by using a Shimadzu
GC/MS/FID-QP ULTRA 2010 apparatus (Shimadzu, Kyoto, Japan) and a
capillary column RTX-1701 (length 60 m, inner diameter 0.25 mm), layer
thickness 0.25 pm). Compounds were identified using GC/MS library MS NIST
11 and NIST 11s, while the relative peak area of individual compounds was
calculated using Shimadzu software based on GC/FID data.

Hydrophilic extracts were analysed by means of high-performance liquid
chromatography (HPLC) using different detectors, a light scattering detector for
determining the total composition, a UV detector for characterizing polyphenolic
compounds and a high-resolution mass spectrometer (quadrupole time of flight
mass spectrometer (Q-TOF-MS), with an electrospray ionization (ESI) source)
for identifying individual compounds, using Acquity UPLC BEH C18 (1.8 um,
2.1 x 50 mm, Waters) column. Formic acid in water (0.1%, v/v) and acetonitrile
were used as eluents.

Quantitative determination of proanthocyanidins in hydrophilic extracts
was performed using the Porter method, using procyanidin dimer (procyanidin
B2) as an analytical standard. Quantitative determination of polyphenols in
the composition of hydrophilic extracts was carried out using the Folin-Ciocalteu
method by applying gallic acid as an analytical standard. Quantitative
determination of serotonin in the composition of the extracts was performed by
means of high-performance liquid chromatography (HPLC) method in tandem
with the quadrupole time of flight mass spectrometer (Q-TOF-MS), with an
electrospray ionization (ESI) source. Serotonin was identified and quantified by
using an analytical standard with Mw=176.22 g moL"'. In the positive
electrospray ionization mode, serotonin was protonated by forming ions in the
form [M+H]", with m/z 177. Based on the detected fragmentation of serotonin,
a multiple reaction monitoring mode was developed for the specific m/z
transitions 177—160 (the most intense fragmentation ion), 177—132, and
177—115.

Isolation of the target compounds from hydrophilic extracts was carried out
gradually, starting with the isolation of proanthocyanidins from the extract, using
the sorbent Sephadex LH-20, 96% EtOH and 70% acetone as eluent. After the
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separation of proanthocyanidins, the serotonin-containing fraction was purified
according to a patented method (patent application No LVP2023000055 will be
published on 20 December 2024 according to the law).

Characterization of the isolated proanthocyanidins was performed by LC-
DAD-ESI-MS/MS analysis. MS spectra of proanthocyanidins were recorded on
a Waters Acquity UPLC HClass with a PDA detector and a Micromass
QuattroMicro mass spectrometer using an Acquity UPLC BEH amide column
(1.7 pm, 3.0 x 100 mm).

Two methods were used to determine the antioxidant activity of the
analysed samples, which were based on the principle of reduction, using stable
free radicals as indicators of antioxidant activity: 2,2-diphenyl-1-picrylhydrazyl
radicals (DFPH") and 2,2'-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid
(ABTS™) cation radicals. The antioxidant activity of the samples was determined
by calculating the ICso value - the mass concentration of antioxidants, which is
necessary to achieve 50% inhibition of free radicals.

In order to evaluate the ability of the samples to delay lipid oxidation,
two cream bases with different lipid content (19% and 35%) that did not contain
preservatives, stabilizers and antioxidants were used for the analysis. ML
OXIPRES (Mikrolab Aarhus) equipment was used to determine the oxidation
stability of lipid-containing products. Time-depending changes in pressure were
registered with the help of the computer program “Paralog-Version 3.10”. Gallic
acid and ascorbic acid were used as reference antioxidants in the research.

Antimicrobial activity analyses were performed in vitro at the Faculty of
Biology of the University of Latvia, and Riga Stradin$ University, based on
European standard protocols. The antimicrobial activity of the samples was
determined using the disk diffusion and agar well method (in 96-well plates with
two-fold serial broth microdilution), developed in 1940 for routine antimicrobial
sensitivity testing, and allowed the determination of minimum inhibitory (MIC)
and minimum bactericidal/fungicidal concentration (MBC/MFC). Reference
microbial strains from the collection of Latvian Microbial Strains (MSCL) of the
University of Latvia were used: Pseudomonas aeruginosa MSCL 334,
Staphylococcus aureus MSCL 330, Escherichia coli MSCL 332, Bacillus cereus
MSCL 330, Streptococcus pyogenes MSCL 620, Cutibacterium acnes MSCL
1521 and Candida albicans MSCL 378, as well as clinical/human origin bacterial
isolates: methicillin-resistant Staphylococcus aureus (MRSA), extended-
spectrum  beta-lactamases producing Escherichia coli (ESBL), and
Pseudomonas aeruginosa. All clinical isolates were obtained with approval from
the Ethics Committee of Riga Stradin$ University (25.10.2022, No. 4/462/2022
and No. 4/465/2022).

The anti-inflammatory activity of the samples was determined using
human peripheral blood mononuclear cells (PBMNCs) isolated from blood of
healthy donors with the approval of the Research Ethics Committee of the
Institute of Cardiology and Regenerative Medicine of the University of Latvia.
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The concentration of IL-8 or IL-6 secreted by peripheral blood mononuclear cells
into the culture medium was determined using an enzyme-linked immunosorbent
assay (ELISA). Human IL-8 DuoSet ELISA kits (RnD Systems, Minneapolis,
USA) were used according to the manufacturer’s recommendations.

In vitro analyses to determine the effect of samples on digestive enzyme
activity were performed at the Riga Stradins University, based on European
standard protocols. The effect of the samples on alpha-amylase activity was
determined in the saliva of donors without chronic or acute diseases,
characterized as amyloclastic force (D 30/38 °C). Saliva without sample was
used for comparison.

The effect of the samples on lipase activity was determined using a standard
model of the duodenal digestion phase by determining the required amount of
NaOH for triglyceride hydrolysis.

A hemolysis test was performed to assess the effect of the analyzed samples
on human blood erythrocytes. The hemolytic ratio (HR, %) was calculated as
described in publication VI.

The cytotoxicity of the analysed samples was tested using the NR (neural
red) uptake assay on BALB/C3T3 murine fibroblast cell line. Balb/c 3T3
(American Type Culture Collection, ATCC, USA) cell line was derived from
mouse embryonic fibroblasts. Cells were cultured in 96-well cell culture plates
at a density of 5x103 cells per well. Cytotoxicity is expressed as a decrease in NR
absorbance depending on the concentration of the analysed samples compared to
untreated cells (control). Absorbance was measured using a Tecan Infinite® 200
Pro microplate reader. The results were calculated using GraphPad 9 software.
The cell line and assay method conform to OECD guidelines.

Following the concept of a biorefinery, the perspective of using wood residue
after extraction and leaves has been evaluated. Based on the diversity of regional
demand and logistics solutions, a flexible technological scheme has been
developed and proposed to sea buckthorn growers by offering a range of
produced products.

Elemental analysis of the samples determining the total carbon, nitrogen
and sulphur content was carried out by using the ELEMENTAR Vario MACRO
equipment. The content of nutrients (calcium, potassium, sodium, phosphorus)
and heavy metals (cadmium, lead, mercury) in biomass was determined
according to the developed RSU procedure by applying an inductively coupled
plasma triple quadrupole mass spectrometer ICP-MS/ MS, iCAP TQe.

The content of ascorbic acid (vitamin C) in biomass was determined by
high-performance liquid chromatography (HPLC) method by using HPLC-UV-
Vis/-RI (high-performance liquid chromatograph with UV-Vis and RI detector)
and a Zorbax Eclipse XDB-C18 (Agilent, 5 um, 150 cm x 0.46 cm i.d.) column.
The following eluents were used: A - trifluoroacetic acid (0.025% v/v) (A) and
B - acetonitrile. The results were converted to biomass taking into account the
extract yield from biomass.

59



The content of vitamin E as a-tocopherol and vitamin A as retinol in
biomass was determined by applying an HPLC-UV-Vis/-RI system and a
Hichrom 5 C18 (i.d. 25 cm x 4.6 mm) column. Methanol was used as the mobile
phase with a flow rate of 2 mL min’!. Sample solutions were prepared by
dissolving the extract in methanol. The results were converted to biomass taking
into account the extract yield from biomass.

Determination of total fat in the samples was carried out by using a 30-
minute extraction of the samples with hexane. Total fat yield from biomass was
determined gravimetrically.

The content of acid detergent fibre (ADF) in the analysed samples was
determined gravimetrically by acid hydrolysis with sulfuric acid (1.25%, w/v)
for the separation of carbohydrates, followed by alkaline hydrolysis with NaOH
(1.25%, w/v) for the separation of proteins, partly hemicellulose and lignin.

Crude protein (CP) content in the analysed samples was determined using
the Kjeldahl method, and the determined amount of nitrogen (N) was multiplied
by a factor of 6.25 (N% % 6.25 = CP%/dry matter). The determined crude protein
contained both protein and other nitrogen-containing substances.

ANKOM RF gas production system was used for in vitro gas emission
determination. The analysis was based on the relationship between fermentation
in the rumen and the gases produced. Ruminal fluid was collected from
ruminants in a slaughterhouse. Gas emission expressed in mL g of incubated
sample. Gas pressure changes during 24 and 48 hours of fermentation were
accumulated (AP) and converted to volume units using the ideal gas law as
described in publication V.

Ankom Daisy incubator was used to evaluate digestibility. The Daisy
Incubator is a 4-cylinder incubator where one cylinder requires 1600 mL of
buffer solution and 400 mL of rumen fluid as inoculum. Digestibility was
calculated as described in publication V.

Biomass pelleting was performed using a laboratory-scale flat die granulator
KAHL 14-175, which is a small-scale analogue of industrial granulators
(Amandus Kahl GmbH & Co. KG, Reinbek, Germany). For pelleting, the tube
channel diameter was 6 mm and the channel length to diameter ratio was 4:1.
Pelleting start temperature was 50°C. To assess the quality of the obtained
pellets, the main parameters characterizing the quality of the pellets (diameter,
length, moisture, mechanical strength - wear resistance and bulk density) were
compared in accordance with the European standards EN ISO 17831-1:2015
[58] and ISO 17828 [59]. Swelling of pellets in water was determined visually.

For the obtaining of soil additive, hydrolysis lignin and wood residue after
extraction were mixed in a mass ratio of 1:1 (w/w), with the subsequent addition
of a Si-containing component, that is, diatomite in the form of a suspension. The
content of Si in the substrate was 5%/dry matter.

The soil additive was chemically characterized by determining moisture
[60], dry matter content [60], pH [67], organic matter content [61], lignin content
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(Klason method), total nitrogen (N) content [62], total phosphorus (P2Os) [63],
total potassium (K,O) [64], mercury [65], cadmium [66], and arsenic [64]
content.

Field trials were set up in Skriveri, in the organic fields of the LBTU Institute
of Agriculture. Summer wheat variety 'Vinjet' and potatoes 'Imanta’ were
cultivated. Location: 56° 69.4280" N and 25° 13.826" E. Field trials for summer
wheat were arranged in four replications. The size of the registration plot was
22.5 m? (2.5 m x 9 m). Three variants in the trial:

1)  Control - without the soil additive used,

2)  Soil additive 20 kg ha';

3)  Soil additive 40 kg ha'..

To evaluate the effect of the soil additive, the yield difference among the trial
variants was determined for wheat and the yield quality indicators were
determined: crude protein, gluten and starch content, Zeleny index, volumetric
weight using the Infratec™ NOVA analyser (Denmark). The formation of
structural elements of the harvest (number of productive stems, weight of one
ear, number of grains in one ear, thousand grain weight or seed index) was
determined gravimetrically. The thousand grain weight was determined by the
standard method LVS EN ISO 520.

For potatoes, the field trials were arranged in four repetitions. The size of the
registration field was 12.6 m2 (2.8 m x 9 m). In the field, there were four furrows
with a distance of 70 cm, the feeding area of one plant was 0.21 m? Three
variants were tested in the trial:

1) Control - without the soil additive used,
2) Soil additive 20 kg ha™;
3) Soil additive 40 kg ha™’.

In the experiment, the yield difference among the variants, the quality of the
harvest (starch content %), the product yield, the distribution of tubers by
fractions, the weight of one tuber were determined in the test. The trials were set
up in peat-podzolized, superficially silty loam soil, soil with the following
agrochemical parameters: pH 5.6, organic matter content 2.7%, the amount of
phosphorus available to plants 105 mg kg™! (low) and the amount of potassium
201 mg kg! (high).
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Statistical analysis

All measurements were performed at least in triplicate, and results are
presented as mean =+ standard deviation (SD). Statistical analyses were performed
using the Microsoft Excel 2016 program. Average confidence intervals using the
Student’s T distribution were calculated at the significance level a=0.05. To
quantify IL-8 and IL-6 release from human PBMNCs, data were analysed and
graphs were generated using GraphPad Prism 5.0 software (San Diego, CA,
USA). ANOVA test was used to compare sample groups. Differences were
considered statistically significant at p<0.01 and p<0.05 (respective level marked
in figures (as described in Publication VI). In field trial experiments, the analysis
of variance by R-studio was used for statistical analysis of the experimental data.
Bonferroni test was used for the comparison of means at p<(.05.

RESULTS AND DISCUSSION

1. Characterization of sea buckthorn biomass

Sea buckthorn twigs form wood mixed with bark. The bark content in the
wood sample was variable and comprised ~8-20% of the total twig mass. The
bark is one of the excellent raw materials for the extraction of biologically active
compounds, therefore the twigs were not peeled and were used as a whole part
of the wood (hereinafter referred to as wood or twigs). The chemical composition
of wood depends both on the tree species and variety, but also on the age of the
tree, growing conditions and other factors. The components that make up wood
are cellulose, hemicelluloses, lignin and extractives (secondary metabolites).
Based on this basic composition, it is referred to as lignocellulosic biomass.
Based on analytical pyrolysis data, the twigs largest part consists of cellulose and
hemicellulose = 70% rel/DM, followed by lignin, its content being confirmed by
syringyl, guaiacyl derivatives, 20-25% rel/DM. Volatile products of twigs and
leaves also contain polyphenols and N-containing compounds, which indicate
the presence of secondary metabolites and the high potential of wood as a raw
material for the obtaining of biologically active compounds, that is,
proanthocyanidins and serotonin. The volatile products of sea buckthorn twigs
and leaves and their relative contents are shown in Fig. 4 and in Publication I.
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Fig. 4. Volatile products of sea buckthorn biomass analytical pyrolysis (Py-GC-MS-
FID) and their relative content, %.

2. The potential of sea buckthorn biomass as a source of biologically active
substances

To determine the most effective extractant for obtaining the target
compounds, a one-step extraction was performed under laboratory conditions at
the recommended extraction parameters, using the results obtained in previous
experiments as a basis, which included the mass ratio of biomass and extractant
1:8 (w:w), extraction temperature 60 °C and time 30 minutes. In one-step
extraction of twigs, the yield of isolated extracts ranged from 6 to 30%/DM. The
highest content of target compounds (proanthocyanidins and serotonin) was
found in sea buckthorn twigs extracts obtained with 50% EtOH solution (Fig. 5).
When comparing the biomasses of three varieties according to the content of
target compounds in extracts and biomass, the most promising variety was Maria
Bruvele.
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Fig. 5. Characterization of wood and hydrophilic extracts of three varieties of sea
buckthorn

Despite the high yield of the leaf extract, no proanthocyanidins were detected
in the extract. Serotonin content in leaf extracts was lower than 0.1%/DM
(publication II). This shows that for more efficient extraction of the target
compounds and to increase the yield it is necessary to separate the leaves from
the twigs. The separated leaves were evaluated for the obtaining of preservatives
and feed additives (publication V).

Increasingly, people are looking for food and cosmetic products with the label
“preservative-free”. But the main role of preservatives is to prevent the
germination of bacteria, fungi, yeasts and other pathogenic microorganisms,
preventing the possibility of infection in the production and use of cosmetics.
Most cosmetics bases are an emulsion of oil and water, which are good
conditions for the reproduction of pathogenic microorganisms. In addition, lipid-
containing products are subject to oxidation during processing and storage, as a
result of which toxic compounds accumulate, which both deteriorate the
properties of the products and can also cause long-term skin damage and
endanger human health. Considering the above, 2-phase herbal preservatives -
lipophilic and hydrophilic - would be useful for the safe protection of lipid-
containing products. For the extraction of lipophilic extracts, the aforementioned
one-step extraction cycle was supplemented with the additional step — biomass
treatment with freon R134a (publication IV, patent). Currently, freon is
considered one of the gentlest extractants for extracting lipophilic substances
from plant biomass. Biomass treatment with freon (Fig. 6) was performed for
both twigs and leaves. Compared to hydrophilic extracts, the contents of
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lipophilic extracts ranged from 1.1 to 1.6%/DM in twigs and 2.7 to 3.4%/DM in
leaves. By continuing the extraction of twigs residues with 50% EtOH as the
most suitable extractant for the extraction of hydrophilic target compounds, no
significant changes in the composition of hydrophilic extracts were observed.
Based on these observations, hydrophilic extracts from twigs and lipophilic
extracts from leaves were used for further research from the obtained extract
samples.

Fig. 6. Obtaining of lipophilic extracts from sea buckthorn leaves,
extraction by freon

Based on GC analysis data, one of the main components of lipophilic extracts
is fatty acids. It is the fatty acid composition of lipids that largely determines
their nutritional value and biological effectiveness. Identifying >90% of the
components revealed the predominance of linolenic acid and palmitoleic acid in
the fatty acid composition of the extract. According to literature sources, the use
of these acids in creams is important for dry and cracked skin, reducing itching,
irritation, increasing elasticity and hydration.

In order to evaluate the influence of the age of twigs on the content of target
compounds, one-year, two-year, three-year and four-year branches were
collected in the spring. When performing one-step extraction, the extraction data
(Table 2) showed that the highest content of proanthocyanidins was in the three-
and four-year-old branches, while the serotonin content was highest in the one-
and two-year-old branches. Since the yield of extracts and the content of target
compounds in the extracts obtained with 96% EtOH were the lowest, this
extractant was no longer used in further studies.
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Table 2
Comparative chemical characterization of extracts obtained from branches of
different growth ages

Samples of Extarct The content of The content of serotonin
the Maria yield, proanthocyanidins in . o
Bruvele % /DM the extract, %/DM in the extract, %/DM
variety Extraction with distilled water
MB/17/2021/P | 11.96+0.01 | 21.88+0.03 11.21+0.02
MB/27/2021/P | 12.57+0.02 | 20.95+0.02 14.62+0.03
MB/37/2021/P | 15.87+£0.02 | 23.02+0.03 11.08+0.02
MB/4Z7/2021/P | 8.53+0.02 | 26.92+0.03 7.91+0.01
Extraction with 50% EtOH
MB/17/2021/P | 22.23+0.02 | 40.56+0.01 10.53+0.03
MB/2Z7/2021/P | 19.61+£0.01 | 51.94+0.02 14.85+0.03
MB/37/2021/P | 17.25+0.01 | 57.03+0.02 9.88+0.02
MB/47/2021/P | 8.56+0.02 57.31+0.02 9.97+0.01
Extraction with 96%EtOH
MB/17/2021/P | 15.65+0.01 | 6.08+0.02 2.84+0.02
MB/2Z7/2021/P | 11.83+£0.02 | 6.12+0.02 2.74+0.01
MB/3Z/2021/P | 10.89+0.01 | 9.71+0.01 2.240.01
MB/47/2021/P | 6.26+0.01 11.14+0.02 2.440.01

In order to evaluate the optimal sea buckthorn pruning time and
seasonal differences in biomass composition, one- and two-years old branches
were collected from the same plantation in spring and autumn. Analyzing the
composition of the extracts obtained in one-step extraction, the results show that
the branches collected in autumn were richer in both serotonin and
proanthocyanidin content and, therefore, are the most suitable raw material for
the extraction of target compounds (Table 3).

Table 3
Seasonal differences in extracts obtained from a mixture of 1- and 2-year-old
branches

Sea buckthorn | Extract The content of | The content of
variety yield, proanthocyanidins in | serotonin in the

%/DM the extract, %/DM extract, %/DM

Extraction with distilled water

/Sxirt?riﬁ Spring / Autumn Spring / Autumn
MB/1-27/2022 12.1/15.7 21.1/41.3 13.0/13.7
BL/1-27/2022 10.2/19.4 21.5/41.8 11.0/11.6
TAT/1-2Z/2022 10.1/19.4 24.7/56.1 9.5/10.3
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Table 3 continued

Sea buckthorn | Extract The content of | The content of
variety yield, proanthocyanidins in the | serotonin in the
%/DM extract, %/DM extract, %/DM
Ekstrakciju ar 50% EtOH
irl)ll;llilflr/l Spring / Autumn Spring / Autumn
MB/1-27/2022 20.2/26.4 50.0/52.9 12.8/14.0
BL/1-27/2022 18.1/24.0 48.2/64.2 11.0/12.6
TAT/1-27/2022 | 18.7/24.1 42.2/64.1 8.3/10.6

In the period from 2020 to 2023, target compounds were screened in the
branches obtained as a result of berry harvesting for the variety ‘Maria Bruvele’.
During the last three years, the content of target compounds was similar,
indicating the high raw material potential of these branches (Fig. 7).
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B Yield of hydrophilic extract from biomass, %/DM
m Proanthocyanidins content in the extract , %/DM
Serotonin content in extract, %/DM
Fig. 7. Screening of sea buckthorn branches obtained as a residue from berry
harvesting, as a source of target compounds in the period from 2020 to 2023
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3. Isolation of Proanthocyanidins and Serotonin

The highest content of serotonin and proanthocyanidins was determined in
the composition of sea buckthorn bark, which allows obtaining 26 g of dry extract
with 14% serotonin and 53% proanthocyanidins content from 100 g of bark. But
peeling sea buckthorn branches is not an economically reasonable solution, so
the most suitable raw material from the analyzed samples is unpeeled 1- and 2-
years-old branches. Serotonin purification is performed sequentially, starting
with the isolation of proanthocyanidins from the extract using Sephadex LH-20.
Extraction of proanthocyanidins allowed to double the serotonin content in the
extracts. Continuing the purification of serotonin according to the patented
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method, low molecular weight polyphenols and their glycosides are partially
separated, increasing the serotonin content to 28.2%/DM.

After separation of the proanthocyanidins from the extract, they were chemically
characterized by determining their composition and purity by Porter's method.
The obtained data (Fig. 8) show that the proanthocyanidins isolated from extracts
of ‘Maria Bruvele’ cultivar with 50% EtOH and water consist of
catechin/epicatechin  dimers (m/z 575) and trimers (m/z  865).
Catechin/epicatechin tetramers and pentamers were found at impurity level.

Tri /286
Monomer Dimer (m/z 575) ¥irmiers L2 3e8)

(m/z 287)

v Enz.s
B865.1
iiiiack L O

700 80O 900 1000 1100 1200 1300 1400

Fig. 8. MS spectrum of proanthocyanidins isolated from the 50% EtOH extract
of Maria Bruvele

4. Antioxidant activity

By mutually comparing the antioxidant activity of hydrophilic extracts of
branches, a relationship was observed between the content of proanthocyanidins
in the extract and their antioxidant activity - as the content of proanthocyanidins
in the extract increases, the activity of radical deactivation increases in the
ABTS"™ and DFPH' tests (Fig. 9). Among the studied extracts, 50% EtOH
extracts showed the highest antioxidant activity compared to water extracts (the
content of proanthocyanidins in the extract was 42.45%/DM; ICs¢=6.18 mg L"!
using DFPH"; ICso= 4.4 mg L using ABTS*®). The antioxidant activity of
proanthocyanidins from MB/Z/2021/R and BL/Z/2021/R ranged from 1.2 to
1.4 mg L' by ABTS™ assay and from 2.2 to 2 .6 mg L! by the DFPH® test,
which is significantly higher than of the extracts. Trolox was used as a reference
antioxidant, which is a water-soluble analog of vitamin E. As for freon extract,
their antioxidant activity was weak, >30 mg L.
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Fig. 9. Antioxidant activity of analyzed samples. A lower ICso value corresponds to
a higher antioxidant activity

In order to evaluate the ability of the analyzed samples to delay oxidation in
lipid-containing products, the analyzed samples were added to the substrates of
cosmetic creams with different lipid content — 19% and 35%. The studied
samples were tested at concentrations from 0.5 to 4% of the lipid content (LC)
in the substrate composition. The Oxipress method was used to perform these
analyses. The protection factor of the analyzed samples is given in Figures 10
and 11. Comparing the analyzed samples with reference materials at the same
concentration in the substrate (1%/LC), it can be concluded that the 50% EtOH
extract acts more effectively than the reference samples, proanthocyanidins and
water extract. Despite the high antioxidant activity of proanthocyanidins, the
protection factor in the substrate oxidation test was lower than the one of the 50%
EtOH extract. This is probably due to the limited solubility of proanthocyanidins
in the substrate.

When comparing the effects of grinded branches and leaves at a concentration
of 1%/LC, leaves with a wide range of low molecular weight polyphenols were
equivalent to the results of the water extract. Freon extract at a concentration of
1%/LC was equivalent to the effect of gallic acid, showing a low protection
factor. Increasing the freon extract concentration to 2%/LC, the inhibition of lipid
oxidation was equivalent to that of leaf biomass, indicating that freon extraction
of leaf biomass is not necessary to inhibit oxidation in lipid-containing products.
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Fig. 10. Effect of analyzed samples in inhibition of lipid oxidation, using cream with
35% lipid content as a substrate
E_H»0 — extract obtained with distilled water from MB/Z/2021/R; 50%_EtOH — extract
obtained with 50% EtOH from MB/Z/2021/R; E_Freon — extract obtained by freon
extarction from MB/L/2021/R; PAC - proanthocyanidins isolated from the extract; GA —
gallic acid; AA — ascorbic acid; LC — lipid content

When the analyzed samples were introduced into a substrate with a lower fat
content, the activity of the extracts was more effective. Comparing the effect of
the water extract at a concentration of 1%/LC, in a substrate with 19% lipid
content the protection factor was 1.5 times higher, and a similar trend was also
observed for the 50% EtOH extract. The efficiency of the other analyzed samples
was lower than of water and 50% EtOH extract.

L 450
£ 4.00 .
2 3.50 p
.—
3.00
£ 250
£ 200
& 150
2 100
A~ o0s0 I I l
0.00
.&e\,o\/c WC\’C \Vp\/o\)c & WQVL;\ CVC C\\/L\\)b \)L\’Q\)C N \)La
& $ R NN 9 DA P VR
S ojo ole ERTRAN olo'sle olo ol NERSCRITRNT oo oo ole olo ols ole alo ole
e&:o}or} ‘?‘\\m"\“ o Q«\\' DRI \\>O>\2->?*> \ﬁ;z«;’}@‘? _)@2@2@? & /o"‘}
L OO P A a2 ) &L SR X, A g AN
SRy SET  SFET 5 ST SRS %
SheY g N &
G2 R T &7

Fig. 11. Effect of analyzed samples in inhibition of lipid oxidation, using cream with
19% lipid content as a substrate
E_H»0 — extract obtained with distilled water from MB/Z/2021/R; 50% _EtOH — extract
obtained with 50% EtOH from MB/Z/2021/R; E_Freon — extract obtained by freon
extarction from MB/L/2021/R; PAC - proanthocyanidins isolated from the extract; GA —
gallic acid; AA — ascorbic acid; LC — lipid content
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5. Antimicrobial activity

Another important problem nowadays is bacteria resistance against
antibiotics and fungi resistance against synthetic antifungal antimicrobials. In
order to reduce and rationalize the use of antibiotics and synthetic fungicides,
which is one of the main priorities of the EU, and the side effects associated with
them, the work determined the relationship between the content of
proanthocyanidins in the extract and their antimicrobial and anti-inflammatory
activity.

The antimicrobial activity of the extracts and target compounds was tested
against bacteria E. coli, P. aeruginosa, S. aureus, B. cereus and the fungus C.
albicans by determining the minimum inhibitory concentration (MIC) and
minimum bactericidal/fungicidal concentration (MBC/MFC). E. coli bacteria
normally live in the intestines of healthy people and animals. Most types of E.
coli are harmless, but some strains, such as E. coli O157:H7, can cause severe
stomach cramps and vomiting. P. aeruginosa is an opportunistic pathogen that
causes serious infections in immunocompromised patients, cancer patients, and
patients with severe burns and cystic fibrosis [68]. Staphylococcus aureus is a
commensal organism that lives in the skin and mucous membranes. Mild to life-
threatening sepsis can occur if this microorganism enters the human body.
Methicillin-resistant Staphylococcus aureus (MRSA) is estimated to cause
approximately 171,200 healthcare-associated infections in Europe each year and
is associated with 5,400 additional deaths. Bacillus cereus is a type of bacteria
that produces dangerous toxins when transmitted through contaminated food. It
mainly affects the food that has been stored at room temperature for a long time
after cooking and therefore not cooled quickly and efficiently. C. albicans is an
opportunistic fungal pathogen that is part of the human gastrointestinal flora, but
C. albicans is able to colonize almost all human tissues and organs, causing
serious invasive infections [69].

All studied extracts have antimicrobial activity. Regarding E. coli, the 50%
EtOH extract with a total polyphenol content of 48.1 g GAE-100 g'! DM was the
most effective among the extracts. The water extract with low polyphenol content
(33.2 g GAE-100 g'! DM) showed the lowest efficiency. A similar trend has been
observed against the bacteria P. aeruginosa and S. aureus. The antimicrobial
activity of the extracts against B. cereus and C. albicans was weaker, observing
only the inhibitory activity of the extracts against the growth of B. cereus and C.
albicans (Table 4).

71



Table 4

Antimicrobial activity of extracts of three varieties of sea buckthorn

Sea Content of | E. coli |P. S. B. C.
buckthorn total aeruginosa| qureus cereus |albicans
variety, 2020 | polyphenols
samples in the
extract, g MIC /MFC or MBC, mg mL!
GAE-100g!
DM

Extracts, obtained by distilled water

MB/Z/2020/R |43.62+0.03 0.39/0.39 10.39/3.13 {0.39/0.78 | 0.78/>50 | 0.39/>50

BL/Z/2020/R |33.20+0.02 0.78/50  |0.78/50 |0.39/12.2 {0.78/>50 | 0.39/>50

MB/Z/2020/R | 35.14+0.04 0.39/0.39 |0.78/1.56 |0.39/0.78 |0.78/50 |0.39/>50

Extracts, obtained by 50% EtOH

MB/Z/2020/R | 48.12+0.02 0.20/0.20 |0.39/0.78 {0.20/0.39 | 0.39/50 |0.20/>50

BL/Z/2020/R | 43.78+0.02  [0.39/0.39 [0.78/1.56 |0.39/0.78 | 0.78/>50 ] 0.20/>50

MB/Z/2020/R | 41.36+0.03  0.39/0.39 [3.13/3.13 [0.20/0.78 [0.78/50 [0.39/>50

Equivalent studies have been conducted with extracts and target compounds
obtained from branches harvested in 2021. Compared to extracts,
proanthocyanidins were many times more effective against E. coli, P.
aeruginosa, S. aureus and S. pyogenes. Of all the samples at the given
concentrations, none showed the minimum fungicidal concentration in relation
to the fungus C. albicans (Table 6).

For the serotonin-containing fraction, antimicrobial activity against S.
pyogenes and C. acnes was determined (Publication I). Based on the literature,
S. pyogenes causes a variety of acute infections such as soft tissue infections and
pharyngitis, as well as severe life-threatening infections such as streptococcal
toxic shock syndrome and devastating post-infectious sequelae such as rheumatic
fever and glomerulonephritis [70]. The second pathogen, C. acnes, is a relatively
slow-growing, usually aerotolerant, anaerobic gram-positive bacterium
associated with the skin condition acne. This pathogen can also cause chronic
blepharitis and endophthalmitis [71], [72]. All samples, including serotonin and
serotonin standard (reference sample), were effective in killing both pathogens.
Freon extract from leaves had lower antimicrobial activity compared to other
extracts (Table 5).
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Table 5
Minimum inhibitory concentration (MIC) and minimum bactericidal or fungicidal
concentration (MBC/MFC) of samples

Sample; E. coli P , S. aureus | B. cereus ¢ , S- C. acnes
PAC aeruginosa albicans | pyogenes

content in 1
the extract MIC/MFC or MBC, mg mL

Water
extract from 0.39/
MB/Z/2021: 0.39/0.39|0.39/3.13 |0.39/0.78 |0.78/>50 50 0.20/0.2010.78/0.78

29.6%/DM

50% EtOH
extract from 0.20/
MB/Z/2021: 0.20/0.20 (0.39/0.78 {0.20/0.39|0.39/50 =50 0.20/0.2010.39/0.39

42.9%/SM

PAC from 125/
MB/Z/2021; {0.04/0.04 {0.08/0.16 |0.08/0.16 |0.63/1.25 >'25 0.10/0.100.39/0.39
92.1%/DM ’

Serotonin-
containing
fraction 12.50/
(serotonin 0.78/0.78 |10.78/0.78 |0.39/0.78 |0.78/6.25 ~50 0.10/0.20 0.39/0.39
content =

28.2%/DM)

Freon
extraction |0.78/50 |0.78/50 0.39/12.23.13/25
from leaves

Serotonin
stan(.iard 0.10/0.2010.39/0.78
(purity

>98.0%)

Biofilms formed by different species of bacteria show increased resistance to
antibiotics and disinfectants, often causing chronic inflammatory processes.
Since there are practically no means for combating bacterial films, within the
framework of the doctoral thesis, the effect of the dominant samples —
proanthocyanidins and 50% EtOH extracts - on MRSA (Methicillin-resistant
Staphylococcus aureus), ESBL (extended-spectrum beta-lactamase-producing
E. coli) and P. aeruginosa biofilm formation was evaluated (Fig. 12, Publication
110).
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Fig. 12. The effect of the analyzed preparations on biofilm formation: MRSA —S.
aureus; ESBL - E. coli; PAC — proanthocyanidins; MB/Z_E_50% EtOH/2021/R -
extract obtained with 50% EtOH from MB/Z/2021/R

Compared to the control (100% formed film), in the presence of
proanthocyanidins, film formation was 2 times lower. The effect of the extract
was similar, except for the MRSA-based biofilm, which had a 5-fold reduction
in the percentage of formation. Based on the research results, proanthocyanidins
and extracts at a concentration of 5 mg mL! are able to inhibit biofilm formation
and can be used in wound healing therapy.

6. Anti-inflammatory activity

Inflammation is the body's response to injury and infection, and is necessary
to overcome these ailments. Inflammation in the body is indicated by the
presence of various markers (biochemical signal elements - cytokines) in the
blood. One of the key cytokines is interleukin IL-8, which is released from
several cell types in response to inflammation [73]. Another cytokine — IL-6 is
released by white blood cells in response to injury or microbial exposure, it also
plays a key role in the neuronal response to nerve damage [74]. Evidence has
emerged that IL-6 can be used as an inflammatory marker for severe COVID-19
infection [75]. According to the obtained data, only proanthocyanidins at a
concentration of 0.5 mg mL™! reduced IL-8 secretion from unstimulated human
peripheral blood mononuclear cells (PBMNCs). On the other hand, in the
presence of polyinosinic acid: polycytidylic acid (poly I:C), which mimics the
inflammation associated with viral infections, all samples of Maria Bruvele
(proanthocyanidins, 50% EtOH extract and water extract) reduced the secretion
of IL-8 from the cells, indicating the ability to reduce viral infections associated
inflammation (Fig. 13, Publication VI).
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Fig.13. Changes in IL-8 secretion from unstimulated (A) and poly-I:C-stimulated
(B) human peripheral blood mononuclear cells after 24 h incubation with analyzed
samples: I—PAC, 2—50% EtOH extract from MB/Z/2021/R, 3 — water extract from
MB/Z/2021/R. K- control, K+poli-I:C — control+Poli-I:C, a — concentration
0.5 mg mL"', b—0.25 mg mL"'; * p <0.05, ** p <0.01 one-way ANOVA, n=3.

A similar situation was also observed in studies with interleukin IL-6.

Without poly I:C stimulation after incubation in the presence of samples, no
increase in IL-6 secretion was observed, but when PBMNCs were added to the
sample and poly I:C simultaneously, proanthocyanidins and 50% EtOH extract
were observed to significantly decrease IL-6 secretion.
In the presence of proanthocyanidins, IL-6 secretion was reduced to unstimulated
control levels, and no differences were observed between the two tested
concentrations. For 50% EtOH extracts, the inhibitory effect was concentration-
dependent: 0.5 mg mL"! reduced IL-6 secretion by 95.43%, while 0.25 mg mL"!
reduced it by 63.75%. Aqueous extracts did not reduce poly-I:C-induced IL-6
secretion (Publication VI). Overall, our findings are consistent with other studies
describing the effects of other plant proanthocyanidins on IL-6 and IL-8 secretion
in models of inflammation.

7. Effect of target compounds on pancreatic lipase activity in the duodenal
phase of digestion

Under normal physiological conditions (in the presence of bile), all
hydrophilic extracts of sea buckthorn in the concentration range of
0.2-40 mg g PL showed a significant inhibition of pancreatic lipase (ADL)
activity. Already at an amount of 0.2 mg of the aqueous extract, which contained
43.4+0.4 g GAE-100 g! polyphenols and 17.5+0.1% proanthocyanidins, lipase
activity decreased by 22%.

A further gradual increase in the amount of extract from 0.2 mg g! PL to 40
mg g ' PL provided approximately the same ADL inhibition within the
confidence interval.

The higher the content of proanthocyanidins in the extract, the higher the
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percentage of lipase inhibition. The extract containing 48.6 + 0.2 g GAE-100 g!
and 42.4 + 0.3% proanthocyanidins, in the amount from 0.2 mg g' PL to
40 mg g' PL, inhibited lipase activity by 33%. The main role of
proanthocyanidins in influencing ADL activity has been proven by comparing
the effect of isolated proanthocyanidins from the extract and eluate (remaining
fraction after proanthocyanidins separation) on ADL activity. Proanthocyanidins
in the concentration range of 1 to 20 mg g~! PL inhibited ADL activity by 36%.
On the other hand, the eluate was not so effective and at a concentration of
20 mg g PL promoted an increase in ADL activity by 6-11 %. The serotonin-
containing fraction increased ADL activity in the duodenal phase of digestion
and this can be used to normalize physiological digestion, especially the
breakdown of triglycerides into free fatty acids and monoglycerides, to correct
the lipid spectrum, cellular metabolism, and homeostasis (patented study).

In pathological conditions (without bile) 50% EtOH extract and secreted
proanthocyanidins showed inhibition of ADL at 0.2 and 1 mg g”' PL, but already
at 2 mg g”! PL activation of pancreatic lipase was observed. Under pathological
conditions, both target compounds at concentrations between 2 and 400 mg g™
PL catalyzed ADL activity in the duodenal phase of digestion (Publication I'V).

8. Effect of target compounds on salivary amylase activity

Under normal physiological conditions, all sea buckthorn extracts and the
serotonin-containing fraction at a concentration of 0.1-2 mg mL " siva showed a
significant effect in accelerating the breakdown of starch to glucose, which may
be useful in the treatment of malabsorption syndrome in underweight individuals.
Isolated proanthocyanidins at the same concentration showed inhibitory activity,
reducing the amylolytic power from 640 to 320 D at 30/38 °C. This indicates that
proanthocyanidins are capable of reducing the breakdown and absorption of
starchy carbohydrates in the body, which may be beneficial for diabetic and
overweight patients (Publications II and VIII).

9. Analizéjamo paraugu hemolize

Hemolytic activity of extracts (effect on human blood erythrocytes) was
tested for extracts and proanthocyanidins at a concentration of 0.5 mg mL"!. None
of the analyzed samples caused erythrocyte rupting (hemolysis) after 1 h or 8 h
incubation. This indicates the safety and high biocompatibility of extracts and
proanthocyanidins (Fig. 14, Publication VI).
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Fig. 14. Hemolysis of the analyzed samples. MB/Z _E 50% EtOH_2021 — extract
obtained from branches of Marija Bruvele collected in autumn 2021 with 50% EtOH

10. Citotoksicitate

The cytotoxicity of the extracts and target compounds was evaluated and
compared with the observed MIC/MBC and MIC/MFC concentration, as well as
the ICso value of the antioxidant activity and the required dose for inhibiting or
stimulating the activity of amylase and lipase (Publications VI and VIII).
Samples were considered cytotoxic if cell viability was reduced by more than
20%. All investigated hydrophilic extracts from twigs biomass were safe without
showing cytotoxicity in their active concentration range from 0.0313 to
2.0 mg mL!. Safe concentrations of proanthocyanidins ranged from 0.03 to
0.5 mg mL"!, but at a proanthocyanidin concentration of 1 mg mL", slight
cytotoxicity was observed, reducing cell viability by 29.56%. For the water
extract at a concentration of 4 mg mL!, cell viability decreased by 34.33% (Fig.
15).
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Fig. 15. Cytotoxicity of the analyzed samples
11. SmiltsérkSku biomasas novértejums lopbaribas ieguvei

To evaluate the twigs residues (MB/Z/2021/A, BL/Z/2021/A,
TAT/Z/2021/A) and leaves (MB/L/2021, BL/L/2021, TAT/L/2021) suitability
for fodder production, chemical characterization of the samples was carried out
in laboratory conditions, the content of total ash, crude fiber, crude protein,
phosphorus, potassium, sodium, calcium, and heavy metals (Pb, Cd and Hg) was
determined. The phosphorus content in the leaves ranged from 210£21 to 225+22
mg per 100 g DM; potassium content from 1209+104 to 1376+113 mg per 100
g DM; sodium content from 1.724+0.40 to 2.25+0.52 mg per 100 g DM; calcium
content from 856+205 to 9894237 mg per 100 g DM. Sodium content was higher
in twigs, but calcium content was lower: sodium content from 7.83+1.80 to
22.5+5.2 mg per 100 g DM; calcium content from 281+67 to 332+80 mg per 100
g DM. The content of heavy metals in biomass does not exceed the maximum
permissible concentration and complies with the European Commission
Regulation no. 1275/2013. In addition to micro- and macroelements, sea
buckthorn twigs and leaves contain a complex of water- and fat-soluble vitamins.
Vitamin C content in twigs was from 8.0£3.0 to 178.0£50.0 mg per 100g DM,
in leaves from 12.043.0 to 15.6 mg per 100g DM. Compared to the twigs, the
leaves of all three sea buckthorn cultivars were richer in vitamin E (in twigs:
14.7+£2.1 mg per 100g DM; in leaves from 30.9+4.3 to 42.6+2.2 mg per 100g
DM ). Vitamin A was not detected in sea buckthorn wood, while the vitamin A
content in leaves was 0.86+£0.07 to 1.29+0.02 mg per 100g DM (Publication V).
According to the literature, sea buckthorn leaves additionally contain valuable
13 amino acids, while wood parts and bark contain 17 amino acids [76], [77].
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The quality of raw materials affects the digestibility of feed, which refers to
the production of greenhouse gases in the intestinal tract of livestock. Feed with
higher digestibility reduces methane emissions. High fat content in biomass
(>8%/DM) is known to adversely affect rumen function, fiber digestion and milk
production. Thus, it can be said that the fat content in analyzed samples (0.7-
3.6%/DM) was optimal for dietary feed. ADF is generally indigestible, but it
stimulates the growth of important bacteria. The highest content of ADF in
biomass was in twigs (26.2%-27.1%/DM), its content was slightly lower in
leaves (18.1-19.1%/DM). Total protein content in twigs was ~23%/DM and in
leaves between 18.4% and 19.4%/DM.

The digestibility of the studied samples was determined using in vitro
analysis by determining the gas released as a result of fermentation (V.
publication). The higher the digestibility of the biomass, the higher the nutritional
value of the feed. This analysis was performed on the biomass samples of Maria
Bruvele variety MB/Z/2021/A and MB/L/2021 and the remaining fraction after
the separation of proanthocyanidins (eluate). According to in vitro analysis data,
the extract showed the highest digestibility after the separation of
proanthocyanidins. When comparing the biomasses, leaves had better
digestibility. To evaluate the effect of mechanochemical treatment on the
digestion effect, the twigs residue was additionally mechano-chemically treated.
The results showed that the digestibility of mechano-chemically treated biomass
was 2.2 times better compared to the sample without additional
mechanochemical treatment (Fig. 16).
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Fig. 16. In vitro analysis data on biomass digestibility before and after treatment:
*after MA — after mechanochemical treatment; ** eluate - remaining fraction after
separation of proanthocyanidins
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The processing of sea buckthorn biomass into fodder pellets is shown in
Figure 17.

Granulated
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¥
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= 9

E{uichmen.l of twigs Mechanochemical ’ Granulation
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Fig.17. Scheme of sustainable processing of sea buckthorn residues to produce
animal feed pellets

Granulated twigs
and mixed fodder

Granulation is one of the most effective methods for maintaining product
quality both during storage and during their transportation. Obtained pellets of
sea buckthorn samples are shown in Fig. 18. Grinded leaves are easier to pelletize
compared to wood, as evidenced by low energy consumption and high
productivity. The wear resistance of the granules was between 96.9 and 97.7%,
moisture 5-6%, average length 12 mm, bulk density 714-716 g cm™ (Publication
V).

Fig.18. Fodder additives in the form of granules: A — mixture of leafs and twigs
residue (1:1 w/w); B — leaves; C — twigs residue

12. SmiltsérkSku biomasas novértéjums augsnes piedevas ieguvei

The residue of sea buckthorn twigs after extraction has been studied as a
lignocellulosic substrate for the production of soil additive by enriching it with
Si (Publication VII). The indicators of the soil additive were as follows: lignin
content 38.5+0.5 %/DM; humic acid content — 4.3+0.1%/DM; total nitrogen
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content — 1.35+0.02 %/DM; total phosphorus content 0.06+0.01%/DM; pH -
8.7+0.1%/DM. In cooperation with LBTU Institute of Agriculture, the soil
additive was tested in field trials, growing spring wheat (variety: "Vinjet') and
potatoes (variety: 'Tmanta'). By incorporating the soil additive into the soil, a
significant increase in the yield of potatoes was found. In the field trials of 2021,
using the soil additive at a dose of 20 and 40 kg ha’!, the increase in potato yield
was 11.2% and 13.8%, compared to the control option. In 2022, the hot weather
had a significant impact and the increase in potato yield in the above doses was
8.4% and 21.4% compared to the control variant. When growing spring wheat,
equivalent to the potato trials, hot and dry weather hindered the development of
spring wheat, as evidenced by the low plant height (on average 70-73 cm) and
quickly withered leaves. When using soil additives at a dose of 20 and
40 kg ha’!, the grain yield increased by 9.5 and 11.7% in 2021, while in 2022 the
grain yield was generally lower, but the comparative analysis showed a more
significant increase in wheat yield by 16.5 and 26.5 % when using soil additives
in the amount of 20 and 40 kg ha™'. The dry and hot weather also significantly
affected the grain quality. The grains obtained in the trial had a low bulk density
(<700 g L!) and a mass of 1000 g (27.2-28.2 g).

13. Sea buckthorn biorefinery scheme

Based on the results obtained in the thesis, a sea buckthorn biorefinery
scheme is proposed, which allows the rational use of all plant parts in products
with added value (Fig. 19).
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Fig.19. Sea buckthorn biorefinery scheme
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5)

CONCLUSIONS

Twigs of sea buckthorn tree cultivated in Latvia are a valuable raw material
for the production of proanthocyanidins and serotonin. Autumn is the most
suitable seasonal period for the extraction of target compounds, considering
the high content of target compounds in twigs (proanthocyanidins ~12%/DM,
serotonin ~4%/DM). The most suitable extraction and purification technique
is found, which ensures the highest yield of hydrophilic extracts and target
compounds from sea buckthorn biomass. Under these conditions, oligomeric
proanthocyanidins (with ~92% proanthocyanidins per extract DM) with a
degree of polymerization of 2-5 Da and a serotonin-containing fraction with
28.2%/DM serotonin can be obtained from sea buckthorn twigs.

Hydrophilic extracts and extracted proanthocyanidins have high
antimicrobial activity against Pseudomonas aeruginosa, Staphylococcus
aureus, Escherichia coli, Bacillus cereus, and Candida albicans, creating the
possibility of obtaining antimicrobial preparations by replacing or
supplementing antibiotics to fight against resistant microbes. Serotonin and
proanthocyanidins are powerful antibacterial agents for skin and soft tissue
infections - Streptococcus pyogenes and Cutibacterium acnes — which
contaminate skin care products and develop in sebum. Proanthocyanidins are
able to stop the formation of pathogenic biofilms by 80%, which can reduce
chronic inflammatory processes significantly.

Proanthocyanidins and extracts containing them have high anti-inflammatory
activity, especially in reducing inflammation associated with viral infections.
Proanthocyanidins at a concentration of 0.5 mg mL™! reduced IL-8 secretion,
and at concentrations of 0.25-0.5 mg mL"' decreased IL-6 secretion in human
peripheral blood mononuclear cells. Both proanthocyanidins and the 50%
EtOH extract significantly reduced IL-8 and IL-6 secretion in human
peripheral blood mononuclear cells stimulated with polyinosinic
acid:polycytidylic acid (poly I:C) which mimics viral double-stranded RNA.
The high antioxidant activity of extracts and proanthocyanidins and their
ability to protect lipid-containing systems from oxidation have been proven,
which enables to use them as natural antioxidants in medical and cosmetic
creams. The antioxidant activity of isolated proanthocyanidins was 3 times
higher on average compared to the antioxidant activity of the vitamin E
analogue. The 50% EtOH extract delays the oxidation of lipid-containing
products most effectively. In the substrate with lower lipid content (19%), the
activity of the extracts was more effective than with higher lipid content
(35%).

Hydrophilic extracts from twigs biomass in the working concentration range
of 0.03 to 4.0 mg mL"' and target compounds in the range of 0.03 to
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6)

7)

8)

0.5 mg mL"! did not show cytotoxicity and did not cause hemolysis in human
blood, indicating their high biocompatibility and safety for use in medical and
cosmetic cream formulations, as well as in healthcare.

Proanthocyanidins are strong inhibitors of lipase and alpha-amylase, which
opens the possibility of their use in anti-obesity therapy, while serotonin is an
activator of human digestive enzymes, which enables one to use it for solving
malabsorption problems.

After the isolation of target compounds, chemical characterization of
lignocellulosic biomass residues and in vitro analyses in the digestive system
of small ruminants showed the possibility of using them for the production of
animal feed additives. By enriching the lignocellulosic biomass residue with
the silicon-containing component, a soil additive is obtained that promotes
plant growth and development, increasing the yield by 27%.

A zero-waste biorefinery scheme of sea buckthorn biomass has been
developed, which will allow sea buckthorn growers to use both berries and
twigs — lignocellulosic biomass by expanding their assortment and choosing
directions of application.

RECOMMENDATION

The developed flexible sea buckthorn biomass processing scheme will allow sea
buckthorn growers to expand their assortment by choosing the most suitable
products for their production (Fig. 20).
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