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PETIJUMA AKTUALITATE

Musdienas, paterétajiem kliistot arvien zino$akiem par dabiskas izcelsmes
biologiski aktivo savienojumu lieto$anu, tuvakaja nakotné $ie savienojumi var iegit
ievérojamu ekonomisko nozimi. P&d&jos gados ir noverota pieaugosSa interese par
augu izcelsmes piedevam (Brielman et al., 2006), liela uzmaniba un centieni bijusi
veltTti petijumiem, kuru mérkis ir atrast jaunus dabigas izcelsmes antioksidantus, kas
darbojas  tikpat efektivi ka sintétiskie antioksidanti  (Pokorny, 2007;
Michiels et al., 2012). Lidz ar to gan tick mekl&ti jauni, gan apzinati viet§jie, katram
regionam raksturigie, bet plasi neizmantotie augi.

Latvija ir atrodams plass spektrs dazadu augu, dala no tiem sastopami tikai
savvala, bet dala tiek kultiveti. Marrutki = (Adrmoracia  rusticana L,
dzimta: Brassicaceae) un lupstaji (Levisticum officinale L, dzimta: Umbelliferae) ir
tipiski Latvijas aromatiskie augi, kuri nav prasigi attieciba uz audzesanas apstakliem.
Marrutki ir saméra populari ari miusdienas, bet lupstaju popularitate ir
samazinajusies. Sie augi izsenis tika izmantoti ka arstniecibas augi ar plasu lietojumu
dazadu slimibu arstésanai (Raghavan, 2000). Ir plasi p&tijumi, kas apliecina, ka citi
So dzimtu augi (kaposti, raceni, rap$i, kali, sinepes, rutki, redisi, perkones u.c., ka ar1
dilles, pétersili, selerijas, koriandri, kimenes, fenhelis, garsa u.c.) satur daudzas
biologiski  aktivas  vielas ar  antioksidativam,  antimikrobialam  un
antikancerogénam Tpasibam.

Daudzi no biologiski aktivajiem savienojumiem, ka fenoli (fenolskabes,
flavonoidi, flavoni), &teriskas ellas un citi, ir plasi sastopami augos (Naczk,
Shahidi, 2004a). Biologiski aktivo savienojumu funkcijas un sastavs var svarstities
atkariba no augu sugas, Skirnes, genotipa, paveida, novaksanas laika, auga dalas, ka
arT klimatiskajiem apstakliem (Naczk, Shahidi, 2006). Atseviski Sie savienojumi
vairak sintez&jas mérena klimata, kads tas ir miisu platuma grados, kaut gan garSaugi
var bt mazak aromatiski, bet toties bagataki ar biologiski aktivajam vielam.

Neraugoties uz to, ka nav plasu petfjumu par marrutku un lupstaju kimisko sastavu, ir
pamats domat, ka arf Sie augi satur antioksidantus, kurus nepiecieSams izpétt.

Augu Kimiskais sastavs sp& mainities tehnologisko procesu (kaltésana,
saldésana) ietekmé (Angela, Meireles, 2009). Literatura tikpat ka nav sastopami dati
par marrutku un lupstaju apstradi mikrovilpu-vakuuma, ka arT sublimacijas kaltg.
Svarigi, ka, kaltgjot partikas produktus $ada tipa kalt€s, ir iesp&jams lietot zemas
apstrades temperatiiras, k@ rezultdta samazinas biologiski aktivo savienojumu
termiska degradacija.

Dazas biologiski aktivo savienojumu klases uzrada antioksidantu aktivitati (AA)
(Dykes, Rooney, 2007), un tos var izmantot ka oksidéSanos kav€joSas vielas jeb
antioksidantus (Halliwell, 1999; Shahidi, 2000; Zou, Akoh, 2015; Kim et al., 2015).
No uzturzinatnes un tehnologiju viedokla, lai kontrolétu oksidaciju, nodrosinot
atbilstosu partikas kvalitati, ir Joti v€lams pievienot antioksidantus (Pokorny, 2007).

Biologiski  aktivos savienojumus ietekm& ari  ekstrakcijas  apstakli
(Angela, Meireles, 2009), un to izolé$anai no augu materiala tiek lietotas arvien
jaunas, modernakas ekstrakcijas metodes — ultraskanas veicinata ekstrakcija (UAE),



mikrovilgu veicinata ekstrakcija (MAE), paatrinata ekstrakcija (ASE), virskritiska
stavokla ekstrakcija, ka ari zemkritiska stavokla ekstrakcija (SUB). Tam, salidzinot
ar tradicionalajam ekstrakcijas metodém, ir Tisaks ekstrakcijas laiks, zemaka
ekstrakcijas temperatiira, mazaks ekstrakcijas Skidinataju tilpums, selektivitate utt.,
kas lauj palielinat vélamo savienojumu ekstrakcijas iznakumu un mazinat to dazada
veida degradaciju.

Ta ka fenoliem ir antioksidantu un antimikrobialas IpaSibas, tos iesp&jams
izmantot ka alternativu sint@tiskajiem antioksidantiem. Tie izrada aizsardzibas un
stabilizgjosu ietekmi uz lipidiem, partikas produktu krasu un garSu. Fenolu
savienojumiem ir liela strukturala daudzveidiba, kas atspogulojas ar1 to atSkirigajas
biologiskajas funkcijas. Tadejadi augu ekstraktiem, kas atkiras péc to fenolu profila,
var but dazadi fiziologiskie efekti (Valls et al., 2009; Kammerer et al., 2011).

Petijumiem par pievienoto augu ekstraktu efektivitati lipidu stabilizesana pedgjos
gados ir pieversta liela uzmaniba, un tadu plasi pazistamu garsaugu ka oregano un
rozmarina ekstrakti ir izradijusies loti efektivi (Bhale et al., 2007; Pawar et al., 2012).
Lidz ar to ir svarigi izp&tit viet€jo augu ipasibas un atrast iesp&jas to izmantoSanai
partikas produktu kvalitates uzlabosanai.

Promocijas darba hipotéze — marrutkos un lupstdjos esosie antioksidanti kavé
lipidu oksidésanos.

Promocijas darba merkis ir izvértét marrutku un lupstaju biologiski aktivas
vielas, to ekstrakcijas un izmantoSanas iespgjas.

Promocijas darba pétijuma objekts ir Latvija audzéti marrutki
(Armoracia rusticana L.) un lupstdji (Levisticum officinale L.).

Promocijas darba hipotézi pierada ar $adam tézém:

1. genotips, auga dala un novakSanas laiks ietekm& marrutku un lupstaju
ktmisko sastavu;

2. saldetos marrutkos un lupstdjos saglabajas augstaks fenolu saturs un
antioksidantu aktivitate neka kaltétos;

3. polaru skidinataju izmantoSana paaugstina flavonoidu saturu un antioksidantu
aktivitati marrutku un lupstaju ekstraktos;

4. mikrovilpu un ultraskanas vilpu iedarbibas laiks ietekmé fenolu saturu un
antioksidantu aktivitati marrutku un lupstaju ekstraktos;

5. paaugstinata temperatiira un spiediens palielina fenolu saturu un antioksidantu
aktivitati marrutku un lupstaju ekstraktos;

6. marrutku un lupstaju ekstrakti ir efektivaki antioksidanti neka
butilhidroksitoluols (BHT).



Pétijuma uzdevumi:

1. analizét dazada genotipa marrutku un lupstaju augu dalu kimiska sastava
izmainas atkariba no novaksanas laika;

2. izvertet optimalos svaigu marrutku un lupstaju apstrades veidus fenolu
savienojumu un antioksidantu aktivitates saglabasanai;

3. analizét Skidinataja polaritates ietekmi uz fenolu savienojumu saturu un
antioksidantu aktivitati marrutku un lupstaju ekstraktos;

4. izvertet mikrovilpu un ultraskanas vilpu iedarbibas ilguma ietekmi uz fenolu
savienojumu  saturu  un  antioksidantu  aktivitati  marrutku un
lupstaju ekstraktos;

5. analiz€t paaugstinatas temperatiras un spiediena ietekmi uz fenolu
savienojumu  saturu  un  antioksidantu  aktivitati ~ marrutku un
lupstaju ekstraktos;

6. pétit marrutku un lupstaju ekstraktu ietekmi uz nerafinétas rapsu
ellas oksidésanos.

Promocijas darba novitate un zinatniskais nozimigums.

1. Pirmoreiz veikti detalizéti petfjumi par Latvija audzetu dazadu genotipu
marrutku un lupstdju dazadu augu dalu Kkimisko sastavu atkariba no
novaksanas laika.

2. Izpetitas marrutku un lupstaju fenolu savienojumu (rutina, kafijskabes,
hlorogénskabes, katehina u.c.) satura izmainas apstrades procesu (saldéSanas,
kaltésanas mikrovilnu-vakuuma kalté, sublimacijas) ietekmé.

3. Pétita dazadu $kidinataju, ultraskanas un mikrovilpu ietekmes ilguma, ka ari
zemkritiska stavokla un paatrinatas ekstrakcijas ietekme uz fenolu
savienojumu saturu un dabigo antioksidantu aktivitati marrutku un
lupstaju ekstraktos.

4. Ir pieradits, ka marrutki un lupstaji ir potencials dabigo antioksidantu ieguves avots.

Promocijas darba tautsaimnieciska nozime. Latvija audz&tie marrutki un lupstaji
satur biologiski aktivus savienojumus, kuri ir izmantojami ar dabigiem
antioksidantiem bagatu ekstraktu ieguvei. Marrutku lapu, lupstaju lapu un katu
ekstrakti ir efektivaki nerafinétas rapSu ellas oksidéSanas kavétaji neka sintetiskais
antioksidants butilhidroksitoluols (BHT).



ZINATNISKA DARBA APROBACIJA

Pétijjumu rezultati apkopoti un publicéti 2 monografijas apaksnodalas,

11 recenz€jamos zinatniskajos izdevumos.
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Publikacijas — 11
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Tomsone L., Kruma Z. (2013) Comparison of different extraction methods for
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In: Proceedings of the XI International Scientific Conference «Innovations in
Science, Education and Business- 2013», Russia, Kaliningrad, p. 194-197. [CD].

Tomsone L., Kruma Z., Galoburda R., Dimins F., Kreicbergs V. (2013)
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Tomsone L., Kruma Z., Galoburda R., Talou T. (2013) Composition of volatile
compounds of horseradish roots (Armoracia rusticana L.) depending on
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8. Tomsone L., Kruma Z. (2013) Comparison of different solvents for isolation of
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In: Proceedings of conference Research for Rural development 2013, Latvia,
Jelgava, p. 104-110.

9. Tomsone L., Kruma Z., Alsina I., Lepse L. (2012) The application of hierarchical
cluster analysis to clasify genotypes of horseradish (4rmoracia rusticana L)
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MATERIALI UN METODES

Pétijuma laiks un vieta
Eksperimenti veikti no 2011. [idz 2015. gadam:

e LLU Partikas tehnologijas fakultates Partikas tehnologijas katedras Partikas
produktu analizu laboratorija (mitruma saturs) un Iepakojuma materialu
Ipasibu izpétes laboratorija (gaistoSo savienojumu saturs), Kimijas katedras
Dabas vielu kimijas zinatniskaja laboratorija (atsevisko fenolu savienojumu
noteik§ana) un Organiskas kimijas laboratorija (ekstraktu gatavoSana péc
konvencionalas metodes, Soksleta metodes, mikrovilpu veicinatas un
ultraskanas veicinatas ekstrakcijas, ka ari kopgjais fenolu saturs (KFS),
kopgjais flavonoidu saturs (KFIS), antiradikalas aktivitates (ArA)
(2,2-difenil-1-pikrilhidrazils - DPPH", 2,2-azino-bis (3-etilbenztiazolina-6-
sulfonskabe) - ABTS ") un reducésanas sp&jas (RS) noteik3ana);

e Tuliizas Nacionala politehniska institita Agro-Industrijas kimijas laboratorija
(paatrinata un zemkritiska stavokla ekstrakcijas).

Pétijuma izmantotie materiali

Eksperimentiem tika izmantoti AS ,,Pires darzkopibas pétijumu centrs” audzeti
marrutku un dazados Latvijas regionos audzeti lupstaju genotipi, kas ievakti 2011.,
2012. un 2013. gada no junija Iidz novembrim (katra p&tjjuma izmantotais augu
materials paradits pétijjumu apraksta, konkrétais novaksanas laiks — pie pétijumu
posmu apraksta). Augu materials tika novakts un péc tam 1-2 ned€las uzglabats
ledusskapi +4+1 °C temperatira ar gaisa relativo mitrumu 90-95%. P&tijjuma
izmantoti 12 marrutku (G1, G2, G3, G12B, G26B, G104, G105, G106, G280, G281,
GM un GJ) un 4 lupstaju (L1, L2, L3 un L4) genotipi.

Petijuma par marrutku lapu, lupstagju lapu un lupstaju katu ekstraktu sp&ju
stabilizét el]lu uzglabasanas laika izmantoja SIA ,lecavnieks” (Latvija) nerafingtu
rapSu ellu. Ella iepakota caurspidigas plastmasas (PET) pudel&s (tilpums 5 L).

Pétijuma struktara

Petijums veikts Eetros posmos, kuros analiz&ti svaigu un apstradatu marrutku un
lupstaju fizikalie un kTmiskie raditaji, ekstrakcijas apstaklu ietekme, ka arT ekstraktu
ietekme uz ellas stabilitati.

I posms: marrutku un lupstaju biologiski aktivo savienojumu izvértéjums

Pirmaja posma tika analiz€ta novakSanas laika un auga dalas ietekme uz dazadu
genotipu marrutku  un lupstagju sastava esoSajiem biologiski aktivajiem
savienojumiem. P&tjjuma 1. posma shéma ir paradita 1. attela.
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* Marrutku saknes un lapas (12 genotipi) /
Horseradish roots and leaves (12 genotypes)

* Lupstaju saknes, kati un lapas (4 genotipi) /
Lovage roots, stems and leaves (4 genotypes)

Novaksanas laiks / Augu dalas /
Harvest time Parts of plants

Fizikalo, kimisko raditaju analize /
Analysis of physical, chemical parameters

* Augu materiala mitruma saturs / Plant material moisture content
* Kopéjais fenolu saturs (KFS) / Total phenolic content (TPC)
* Kopgjais flavonoidu saturs (KFIS) / Total flavonoids content (TFC)
* Atsevisko fenolu savienojumu saturs /

Content of the individual phenolic compounds
* C vitamina saturs / Vitamin C content
* Gaistosie savienojumi / Volatile compounds
* Antioksidantu aktivitate (DPPH’, ABTS ™ un reduc&Sanas spéja) /

Antioxidant activity (DPPH ', ABTS ~and reducing power)

l.att. Pétljuma pirma posma struktiira /
Fig.1. Structure of the first stage of experiment

II posms: marrutku un lupstaju biologiski aktivo savienojumu izvértéjums

atkariba no to apstrades veida
Petijuma tika analiz€ta saldéSanas un kalt€Sanas ietekme uz marrutku un lupstaju

sastava esoso fenolu savienojumu saturu un AA (2. att.).

* Marrutku lapas un saknes / Horseradish leaves and roots
* Lupstaju kati un lapas / Lovage stems and leaves

l l — l

Saldésana / Konvektiva Mikrovilpu-vakuuma kalt&Sana / Sublimacijas
Freezing (F) kalt&Sana / Microwave vacuum drying (MVD) kalté$ana /
Uzglabasana / Convective kalt&Sanas cilindra rotacijas atrums 6 Freeze-drying
Storage drying (D) apgriezieni minGté / at drum rotation (FD),

-18+1 °C 24+1 °C speed of 6 rpm, P=7.6-9.3x10° Pa P=6.4Pa

I I

l

Fizikalo, kimisko raditaju analize /
Analysis of physical, chemical parameters

* Augu materiala mitruma saturs / Plant material moisture content
* Kopgjais fenolu saturs (KFS) / Total phenolic content (TPC)
* Kopgjais flavonoidu saturs (KF1S) / Total flavonoids content (TFC)
* Atsevisko fenolu savienojumu saturs /

Content of the individual phenolic compounds
* Antioksidantu aktivitate (DPPH’, ABTS ™ un reduc&anas sp&ja) /

Antioxidant activity (DPPH ', ABTS ™ and reducing power)

2. att. Pétijuma otra posma struktiira /
Fig. 2. Structure of the second stage of experiment
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Ka kontrole tika analiz&ti svaigie augu materialu paraugi.

IIT posms: ekstrakcijas apstaklu ietekmes izvertéjums

Petfjuma tika analiz&tas fenolu savienojumu satura un AA izmainas ekstraktos
dazadu ekstrakcijas parametru ($kidinataja, mikrovilgu, ultraskanas, temperattras un
spiediena) ietekmé (3. att.). Eksperimentos tika izmantotas seSas ekstrakcijas
metodes: konvencionala (CONYV), Soksleta (SOXE), ultraskanas veicinata (UAE),
mikrovilpu  veicinata (MAE), paatrinata (ASE) un zemkritiska stavokla
(SUB) ekstrakcija.

* Marrutku lapas un saknes / Horseradish leaves and roots
* Lupstaju saknes, kiti un lapas / Lovage roots, stems and leaves

l

v v v
Skidinataji /Solvents Mikrovilnu un ultraskanas Ekstrakcijas temperatiira
(HE, DL PR, AC, ET, ietekme / Influence of microwave un spiediens / Extraction
EWA, EW) and ultrasound temperature and pressure
* Konvencionala * Ultraskapas veicinata ekstrakcija * Padtrinata ekstrakcija
ekstrakcija Ultrasound assisted extraction Accelerated solvent
Conventional (UAE) (15, 30, 45, 60, 90, 150, extraction (ASE)
extraction (CONV) 210, 300, 900 un 1800 s), (=110 °C, 1.1x107 Pa)

* Soksleta ekstrakcija * Mikrovilpu veicindta ekstrakcija * Zemkritiska stavok]a
Soxhlet extraction Microwave assisted extraction ekstrakcija

(SOXE) (MAE) (15, 30, 45, 60 un 90 s) Subcritical extraction

(SUB) (t=80 °C, 1.1x10 Pa)
[ I |
v

Fizikilo, kimisko raditaju analize /Analysis of physical, chemical parameters
* Augu materidla mitruma saturs / Plant material moisture content
* Kopgjais fenolu saturs (KFS) / Total phenolic content (TPC)
* Kopgjais flavonoidu saturs (KF1S) / Total flavonoid content (TFC)
* Antioksidantu aktivitate (DPPH", ABTS ™ un reducéSanas sp&ja)
Antioxidant activity (DPPH ', ABTS ™ and reducing power)

3. att. Pétijuma tresa posma struktira /
Fig. 3. Structure of the third stage of experiment
HE — n-heksans / n-hexane; DI — dietiléteris / diethylether; PR — 2-propanols / 2-propanol;

AC — acetons / acetone; ET — etanols / ethanol; EWA — etanols/tidens/etikskabe / ethanol/water/acetic
acid (80/20/1 vivIv); EW — etanols/udens / ethanol/water (80/20 v/v).

IV posms: ekstraktu ietekmes uz ellas stabilitati izvertejums

Kopgja petijuma shéma ir paradita 4. attéla. Nerafingtai rapSu ellai pievienoja tris
dazadus ekstraktus — lupstaju lapu ekstraktu, lupstaju katu ekstraktu un marrutku lapu
ekstraktu —, kuri tika gatavoti ar Soksleta ekstrakcijas metodi ar etanolu, péc tam
vakuuma ietvaicéti lidz pilnigai $kidinataja atdaliSanai. Katrs ekstrakts tika
pievienots Cetras dazadas koncentracijas (0,25%; 0,5%; 1% un 1,5%).

Ellas paraugi tika uzglabati 3 dazados apstaklos:

e paaugstinata temperattura (60+1 °C) tumsa, termostata Memmert (Vacija)

o 22+] °C reZima gaisma/tumsa,

e 22+1] °C tumsa.
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Kontrole E]la ar augu ekstraktiem / Oil with plant extracts Ella ar pievienotu
(rap3u ella) * lupstdju lapu ekstrakts / lovage leaves extract 0.01% BHT
Control * lupstaju katu ekstrakts / lovage stems extract Oil with
(rapeseed oil) * marrutku lapu ekstrakts / horseradish leaves extract 0.01% BHT

1

1

.

v

.

Tumsa / Dark, 60+1°C Gaisma/tumsa / Light/dark, 22+1 °C Tumsa / Dark, 22+1 °C

I

]

v

Fizikalo, kimisko raditdju analize
Analysis of physical, chemical parameters

* Krasa / Colour

* Antiradikala aktivitite (ArA) / Scavenging activity (SA)
* Skabes skaitlis (SSk) / Acid value (AV)
* Peroksidu skaitlis (PS) / Peroxide value (PV)

4. att. Petijjuma ceturta posma struktiira /
Fig. 4. Structure of the fourth stage of experiment

Petijuma noteiktie raditaji un izmantotas metodes
Marrutku un lupstaju, to ekstraktu un ellas paraugu analizém izmantotas metodes
apkopotas 1. tabula.

1. tabula / Table 1

Marrutku, lupstaju un ellas paraugu analizém izmantotie standarti un metodes /
The standards and methods used for analyses of horseradish, lovage and oil

Nr.p.k./ Radrtaji / Standarti, metodes /
No Indices Standards, methods
Augi / Plants
1. Mitruma saturs / Moisture content |LVS 272:2000; EBC 4.2.
2 C vitamins / Jodometriska metode /
' Vitamin C Tlodometric method, T-138-15-01:2002
3 Gaistosie savienojumi / Gazes hromatografijas metode, GH /
' Volatile compounds Gas chromatography method, GC
Ekstrakti / Extracts
Kopgjais fenolu saturs / .
4. TotIZZZJphenol content Singleton et al., 1999
Kopgjais flavonoidu saturs / .
5 TotIZzlJﬂavonoid content Kim etal., 2003
Skidruma hromatografijas metode,
6 Atseviskie fenoli / AESH / Liquid chromatography
' Individual phenols method, HPLC
Ozkan, Gokturk Baydar, 2006
Antiradikala aktivitate /
7 Scavenging activity.
' e DPPH’ Yuetal., 2003
e ABTS™" Reetal., 1999
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1. tabulas turpinajums / Table 1 continued

Nr.p.k./ Raditaji / Standarti, metodes /
No Indices Standards, methods
8. Reducesanas speja / Athukorala et al., 2006

Reducing power

Ellas paraugi / Oil samples

Peroksidu skaitlis /

9. . LVS EN ISO 3960: 2010
Peroxide value

10. Skabes skaitlis / Acid value LVS EN ISO 660:2009
Ellas antiradikala aktivitate /

1. Scavenging activity of oil Haetal., 2012

12. Krasa / Colour CIE L*a*b*

Datu matematiska apstrade un interpretacija

Datu matematiska apstrade veikta ar matematiskas statistikas metodem. Aprékini
veikti ar ,,MS Excel” programmu, ,,SPSS 17.0” statistikas programmu. Visiem
ieglitajiem rezultatiem aprékinati $adi raditaji: vidgjais aritmétiskais, standartnovirze.

Izvirzitas hipot€zes parbauditas ar p-vertibas metodi, un faktori noverteti ka
biitiski, ja p-vertiba < 0g0s. PEtTjluma izmantotas $adas test€Sanas metodes: divfaktoru
dispersijas analize (ANOVA), korelacijas un regresijas analize un datu savstarpgja
butiskuma noteiksanai Tjukija tests, ka ar hierarhijas klasteru metode.

* Grafikos un tabulas visas vértibas, kas atzimétas ar vienu un to pasu burtu, nav
butiski atskirigas sava starpa, ja p<0,05.

PETIJUMA REZULTATI UN DISKUSIJA

1. Nozimigako biologiski aktivo savienojumu un to antioksidativas aktivitates
izveértejums marrutkos un lupstajos

P&tijuma veikts nozimigako biologiski aktivo savienojumu izvertéjums svaigas
12 marrutku genotipu saknés un lapas un 4 lupstaju genotipu saknés, katos un lapas.
Eksperimentali pieradits, ka marrutku un lupstaju biologiski aktivo vielu sastavs
butiski atskiras dazadas auga dalas, un to ietekm& genotips, ka arT novaksanas laiks.

Fenolu savienojumi. Visos analizétajos augu materialos kop&jo fenolu saturs
(KFS) Dbija robezas no 94,69+2,89 mg GAE 1009-1 sausnas lidz
5406,21+28,00 mg GAE 100 g-1 sausnas, visaugstakais — marrutku genotipa
G12B lapas (5. att.).

Marrutku lapas fenolu saturs bija visaugstakais starp analizétajiem paraugiem, bet
saknes tas bija Iidz pat 25 reiz€m mazaks. Ar1 lupstajiem bija verojama lidziga
iezime, un fenolu savienojumu saturs lupstaju lapas bija vidgji 2 reizes lielaks neka
katos un 5 reizes lielaks neka saknés (6. att.).

14




6000

X

S 5000
_ £ 4000
g
=5 3000
=
Eg 2000

—

2 1000

T 0

=1

E

o
*
ja N

ey
=N

o

Ry -

Ay

|
Gl&\\\\\\\\|\\\\\\\\

GM [
GlJ

o
@)

G2
G281 RN ©

G104 Ry &
G106 k\\\T\\\\\
G280 k\\\\|\\\ oq

G12B
G26B |
G105 |

Marrutku genotipi / Genotypes of horseradish

5.att. Kopgjais fenolu saturs daZada genotipa marrutku lapas /
Fig. 5. Total phenolic content of horseradish leaves dependent on the genotype

Izmantojot hierarhisko klasteru analizi marrutku saknu paraugus iedalot klasteros
péc KFS, vérojama homogéna grupa, iznemot genotipus G280 un G281, kuri uzradija
augstakos rezultatus.
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L1 L2 L3
Lupstaju genotips / Genotype of lovage

Blsaknes / roots Okati / stems Blapas/ leaves

6. att. Kopéjais fenolu saturs svaigos lupstajos /
Fig. 6. Total phenolic content of fresh lovage

Sadas iezimes vérojamas ari kopga fenolu satura (KFIS) raditajiem.
Eksperimentali pieradits, ka starp visiem analiz€tajiem augu materialiem marrutku
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genotipa G12B lapas ir vislielakais KFIS (15510,20+37,09 mg CE 100 g™ sausnas),
bet vismazakais — marrutku genotipa G105 saknés (105,70+8,29 mg
CE 100 g™ sausnas).

No analiz€tajiem paraugiem eksperimentos tika noteikts: no identificétajiem
atseviskajiem fenolu savienojumiem vislielakais daudzums tika konstatéts lupstaju
genotipa L3 katos — kafijskabe bija  95,03£0,18 mg 100 g*  sausnas,
hlorogénskabe — 85,91+0,16 mg 100 g'1 sausnas un rutins 67,72+0,11 mg
100 g™ sausnas.

C vitamins. Eksperimentos noteiktais C vitamina saturs marrutku sakn€s bija
ievérojami lielaks neka lupstaju paraugos. Arl dazadu marrutku genotipu saknés tas
batiski svarstfjas no 71,10 mg 100 g’ sausnas (23,97+0,89 mg 100 g’ svaiga
produkta) 1idz 344,93 mg 100 g™ sausnas (97,63+0,94 mg 100 g svaiga produkta)
attiecigi marrutku genotipu G26B un GM sakngés (7. att.).
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Marrutku genotipi / Genotypes of horseradish

7. att. C vitamina saturs svaigas dazada genotipa marrutku saknges /
Fig. 7. Content of vitamin C in fresh horseradish roots depending on the genotype

Savukart lupstaju saknés C vitamina saturs bija ievérojami zemaks neka marrutku
sakngs un svarstijas robezas no 12,46 (L1) lidz 21,84 (L3) mg 100 g™ svaiga
produkta vai no 18,98 (L1) lidz 40,32 (L3) mg 100 g™* sausnas.

Gaistosie savienojumi. Galvenais gaistosais savienojums visos marrutku saknu
paraugos bija alilizotiocianati (AITC), kas veidoja 64-82% kopg&jo identificéto
gaistoSo savienojumu (2. tab.), un visvairak tas tika konstatéts genotipa G1, bet
vismazak — G106 sakn&s.

Sis sadalijums klasteros atkiras no dalfjuma klasteros péc fenolu savienojumu
satura. Tas skaidrojams ar to, ka gaistoSie organiskie savienojumi un fenola
savienojumi veidojas dazadu biosintézes procesu rezultata (Velisek, Cejpek, 2008).
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2. tabula / Table 2
Marrutku saknu sadalijums klasteros péc galveno gaistoSo savienojumu satura /
Division of horseradish roots in clusters based on content of volatiles,
(smailu laukums, % kopéja laukuma / peak area % of the total area)

Klasteri/| Genotips/ | » g ypc AITC  |3-metilBuITC| CPITC
Cluster Genotype
G2, G104,
1 G105 Gosy | 081192 | 68.99-7446 | 11.11-1262 | 0.37-2.82
2 | G12B,G280 | 1.82-2.81 | 75.61-79.10 | 12.74-14.58 | 0.26-2.10
3 Gl 2.00 81.82 5.14 3.20
4 G3 118 71.34 2.64 436
5 G106 2.15 63.60 6.38 0.69

BUITC — butilizotiocianats / butylisothiocyanate;
AITC — alilizotiocianati / allylisothiocyanate;
CPITC - ciklopentilizotiocianats / cyclopentylisothiocyanate.

Antioksidantu aktivitate (AA). Lielaka AA eksperimentos tika konstatta
lupstaju  genotipa L4  katos.  Antiradikala  aktivitate  (ArA)  bija
178,55+3,37 mM TE 100 g'1 sausnas, analizéjot pé¢c DPPH" metodes, reducéSanas
spéja (RS) — 45595,71+99,31 mg AAE 100 g* sausnas. Savukart viszemaka
antiradikala aktivitate bija marrutku genotipa GM sakngs (2,30+0,04 mM TE 100 g*
sausnas) ar DPPH" metodi, bet mazaka reducéSanas spgja (RS) tika konstatéta
lupstdju genotipa L2 saknés (266,46+20,06 mg AAE 100 g sausnas) (8. att.).
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RS/ RP,
mg AAE 100 g1 sausnas / D

2000

0

L2
Lupstaju genotips / Genotype of lovage

L3

Bsaknes / roots Okati /stems Blapas/leaves

8. att. Reducesanas spéja dazadas lupstaju auga dalas /
Fig. 8. The reducing power of lovage depending on the parts of the plant

Lupstaju genotipam L2 iezim€jas tendence, ka gan saknés, gan katos, gan art
lapas ir mazaka reducgsanas spgja.
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Vairaki autori ir parliecinajusies, ka augu kimiskais sastavs ir atkarigs no auga
razas novaksanas laika (Koh et al., 2009), attistibas posma (Bjorkman et al., 2011) un
augSanas apstakliem (Podsedek, 2007; Kusznierewicz et al., 2008). P&tfjuma iegutie
rezultati rada, ka augstako raditaju iegt$anai katrs analiz€tais augu materials ir
novacams dazados novaksanas laikos (3. tab.).

3. tabula/ Table 3
Marrutku un lupstaju novaksanas laiks augstako raditaju iegtiSanai /
Horseradish and lovage appropriate harvest time to obtain the maximum
performance (2011. gads / year)

Parametri / Marrutki / Horseradish Lupstaji / Lovage
Parameters | Saknes / Roots | Lapas / Leaves | Kati/ Stems | Lapas / Leaves
KFs/rpc | Septembri/ | o i) e | AUESEL | poiia ) June
September August
KFIS/ TFC n.a. Junija / June Junija / June | Junija/June
ArA [ SA Augusta / Janifa / June Augusta / Augusta /
August August August
SeptembrT / Augusta / e
RS/ RP n.a. September August Jalija / July

n.a. — nav analizéts / not analysed

Hierarhiska klasteru analize tika izmantota, lai sagrup&tu datu kopumu no
5 mainigajiem (KFS, KFIS un ArA, un RS) un 36 augu materialiem, un rezultata
marrutku lapu un sakgu un lupstaju saknu, katu un lapu paraugi tika iedaliti
8 klasteros, atseviskos klasteros apvienojot marrutku genotipu G2 un G12B lapas ar
lielako KFS, KFIS un ArA.

2. Biologiski aktivo savienojumu satura un antioksidantu aktivitates izmainas
marrutkos un lupstajos tehnologisko procesu ietekmé

GarSaugus un darzenus nav iesp&jams ilgstosi saglabat svaigus, un, lai varetu tos
izmantot neatkarigi no sezonalitates, tiek izmantota saldéSana vai kalt€Sana.
Literatiras dati liecina, ka kalt€Sana un saldéSana ietekmé biologiski aktivo
savienojumu saturu un AA augos (Pinelo et al., 2004; Chan et al.,, 2009;
Siriamornpun et al., 2012; Chan et al., 2013). Izplatitaki ir tradicionalie jeb
konvencionalie apstrades veidi, kurus iesp&jams realizét ikvienam ari neliela
razoSana. Ka viens no $adiem apstrades veidiem tika izv€leta saldéSana, sasald&jot
augu materialus -40 °C temperatiira un tad uzglabajot -18 °C, ka otrs — kaltéSana
tumsa istabas temperatiira bez papildu gaisa cirkulacijas lidz noteiktam produkta
mitrumam. Promocijas darba konvencionalo apstrades veidu ietekme tika analiz&ta
marrutku genotipa GJ lapam un lupstaju genotipa L1 lapam un katiem, kuriem veikts
fenolu savienojumu satura un to AA izvertejums.

Ka labakais lupstaju lapu un katu un marrutku lapu apstrades veids to
uzglabasanai ir sald€sana, jo KFS un KFIS palielinas (4. tab.).
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4. tabula / Table 4
KFS un KFIS marrutku lapas, lupstaju lapas un katos atkariba no apstrades
veida / TPC and TFC in horseradish leaves, lovage leaves and stems, depending on
the type of treatment

Augu =
materials / Apstrades KFS/ TI_’]C, mg KFIS / TFC,_lmg KFIS:KFS /
Plant veids / Type |GAE 100 g~ sausnas CE100¢g TFC:TPC
. of treatment !/ DW sausnas / DW ’
material
Svaigs / 2368.48+2.03” | 5889.85+6.02° 0.63
< Fresh
= —
2 3 Saldets / 2722134203 | 6178.03+627° | 083
g; é § Frozen
v —
S8588 gjﬁg“ 123.60+0.17" 287.79+0.28" 0.17
Svaigs / 1593.6141.09° | 2965.4042.69° | 0.29
Fresh
2 Saldzts / 1601.874147° | 3548.33+3.08° | 0.71
'g > %o 2 Frozen
28 2 5 | Kaltéts/
5923 3 9 9
ZEIS | oy 359.75+0.37 551.01+0.55 0.18
Svaigs / 381.15+0.39' 1208.18+1.83' 0.50
Fresh
2z, | Saldets/ 458.03£0.40° | 1259.94+151° | 0.34
s %o § Frozen
== Kaltets / i i
5533 i i
FESE | oy 44.83+0.07 184.04+0.14 0.47

* Dazadie burti viena kolonna apzime biitiski nozimigas atskiribas starp vertibam (Tjukija tests, p<0,05) /
The different letters in the same column represents significant differences between values (Tukey 's
test, p<0.05).

Kaltesanas rezultata visos pétitajos paraugos bitiski samazinajas fenolu
savienojumu saturs, salidzinot ar svaigiem, un lupstaju lapu paraugos KFS
samazinajas 4,43 reizes, KFIS — 5,38 reizes, salidzinot ar svaigam lupstaju lapam.
Vislielakais flavonoidu Tpatsvars verojams saldétas marrutku un lupstaju lapas, bet
vismazakais — kalteétas marrutku un lupstaju lapas.

ArT AA saldgétos lupstaju katos un lapas bija augstaka, neka svaigos. SaldéSanas
ietekme sadalas kompleksi savienojumi, ka rezultata palielinas reduc€sanas sp&ja un
ABTS " antiradikala aktivitate.

Konvencionalais kalté$anas veids ir ilgsto$s, tadel, lai to saisinatu, tika meklétas
misdienigakas  apstrades  metodes.  Promocijas  darba  tika  izvEléta
mikrovilpu-vakuuma un sublimacijas kalt€Sana, ka ietekme tika analiz€ta marrutku
genotipa GJ saknu paraugiem. Mikrovilpu-vakuuma kaltéSana ir efektiva metode
atrai produkta dehidratacijai, kas nenorit paaugstinata temperatiira, un ta ir izmantota
dazadu augu izcelsmes produktu kaltéSanai. Ari vari€jot pievaditas mikrovilgu
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energijas daudzumu, iesp&jams maksimali saglabat apstradajama produkta
uzturvértibu (Dorofejeva et al., 2011; Kruma et al., 2011). Turpmako pé&tijumu
veiksSanai izveleti saldéSanas un kalt€Sanas parametri, balstoties uz citu zinatnieku
pétijumiem, un izvert€ta to piemerotiba marrutku saknu lictoSanas
iesp&ju pagarinasanai.

Marrutku sakn@s saldeSanas rezultata palielinajas rutina un kafijskabes saturs
(9. att.), ka ar1 ABTS " antiradikala aktivitate un reducésanas spéja.
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Saturs / Content,
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I I 111 v
Apstrades veids / Type of treatment
ERutins / Rutin
BKatehins / Catechin

9. att. AtseviSko fenolu satura izmainas marrutku saknés apstrades ietekmé /
Fig. 9. Changes of content of individual phenols in horseradish roots affect
by treatment
| — svaigs / Fresh;
Il — saldéts / Freez;

111 — kaltéts mikrovilnu-vakuuma kalté / Microwave-vacuum dried,
1V — kaltéts sublimacijas kalt€ / Freeze dried.

Gan tradicionalas kaltéSanas, gan arT sublim@Sanas rezultatad samazinas fenolu
savienojumu saturs un to antioksidativa aktivitate, vienigi p&c apstrades
mikrovilnu-vakuuma kalté palielinas ABTS " antiradikala aktivitate marrutku saknés,
salidzinot ar svaigam (5. tab.).

Apkopojot visus dazadi apstradatu marrutku un lupstaju analizu rezultatus, tika
izmantota hierarhiska klasteru analize, lai sagrupétu datu kopumu no 5 mainigajiem
(KFS, KFIS, ArA un RS) un 13 paraugiem.
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5. tabula/ Table 5
AA dazadi apstradatas marrutku saknés /
AA of the horseradish roots depending on the treatment

DPPH’, ABTS ™, RS/ RP,
Paraugi / Samples mMTE 100g* | MM TE 100g* | mg AAE 100 g™
sausnas / DW sausnas / DW sausnas / DW

Svaigs / Fresh 53.57+1.17% 9.50+2.08 ° 5272.92+13.16"
Saldéts / Frozen 20.87+0.17° 30.10+0.42% | 6825.37+19.59°
Kaltets mikrovi]nu-
vakuuma kalte / 7.44+0.11° 13.05+0.29° 2534.03+3.84°¢
Microwave-vacuum dried
Kaltets sublimacijas kalt€ /| 3 7, g7 5.4120.90° | 2261.58+10.15°
Freeze dried

* Dazadie burti viena kolonna apzimé butiski nozimigas atskiribas starp vértibam (Tjukija tests, p<0,05) /
The different letters in the same column represents significant differences between values (Tukey's
test, p<0.05).

Rezultata atseviska klasterT apvienoti augu paraugi ar lielako fenolu savienojumu
saturu (svaigas un saldétas marrutku lapas), bet cita klasterT apvienoti paraugi ar
lielako RS (svaigas un sald&tas lupstaju lapas).

3. Ekstrakcijas apstaklu ietekmes izvértéjums uz biologiski aktivo savienojumu
saturu marrutku un lupstaju ekstraktos

Analiz€jot sublimétus paraugus, rezultati paradija, ka biologiski aktivo
savienojumu saturu marrutku un lupstaju ekstraktos butiski ietekmé ekstrakcijas
skidinataja polaritate, ekstrakcijas ilgums, ekstrakcijas temperatiira un spiediens, ka
ar1 ekstrakcijas metode, ko analizgja, izmantojot sublim&tus paraugus.

Ekstrakcijas $kidinataju ietekmes izvert€§jumam tika izveletas plasi izmantotas
ekstrakcijas metodes: konvencionala un Soksleta metode. Tas ir metodes, kuram
viens no vari€jamiem ekstrakcijas parametriem ir izmantotais $kidinatajs. Tika
izmantoti septini Skidinataji ar atSkirigu polaritati. Konvencionala ekstrakcija tika
veikta apkartejas vides temperatiira, bet ekstrakcija Soksleta iekarta — $kidinataja
virSanas temperatira. Daudzfaktoru dispersijas analizes rezultati paradija, ka gan
izmantotais Skidinatajs, gan ekstrakcijas metode ir nozimigi faktori, kas ietekmé
fenolu savienojumu saturu un AA (p<0,05).

Skidinataja polaritatei ir liela nozime, lai palielinatu fenolu savienojumu $kidibu
(Naczk, Shahidi, 2006). Iegiitie rezultati paradija, ka visos pétitajos augu materialos
fenolu saturs pieauga, palielinoties skidinataju polaritatei.

Marrutku lapu ekstraktos KFS palielingjas vidgji 42 reizes (10. att.), bet lupstaju
lapu ekstraktos (11. att.), izmantojot Soksleta metodes ekstrakciju, bija vislielakas
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Fig. 10. Total phenolic content in horseradish leaves extracts depending on solvent

HE — n-heksans / n-hexane; DI — dietiléteris / diethylether; PR — 2-propanols / 2-propanol,
AC — acetons / acetone; ET — etanols / ethanol; EWA — etanols/tidens/etikskabe / ethanol/water/acetic
acid (80/20/1 vIviv); EW — etanols/udens / ethanol/water (80/20 v/v).
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Savukart, palielinoties $kidinataju polaritatei, KFIS pieauga vidgji tris reizes.
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Fig. 11. Total phenolic content in lovage leaves depending on solvent
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A1l AA bitiski ietekm&a izmantota $kidinatdja polaritate, ka arT izvéleta
ekstrakcijas metode, un §1 tendence bija izteiktaka Soksleta metodes ekstrakcijai.
Palielinoties $kidinataja polaritatei, antiradikala aktivitate palielinajas vidgji Cetras
reizes, bet reducésanas spé&ja palielinajas vidgji sesas reizes.

Apkopojot visus rezultatus, labakie ekstrakti tika iegiiti, izmantojot Soksleta
ekstrakcijas metodi ar izteikti polariem $kidinatajiem (6. tab.).

6. tabula / Table 6
Piemérotakie Skidinataji marrutkiem un lupstajiem, lai iegiitu ekstraktus ar
augstaku fenolu saturu un AA / Suitable solvents for horseradish and lovage to
obtain extracts with higher phenol content and AA

N E w2 v
= I} ~ S 'E .& ; s S =
CE~ § = S 29 T g
SER o= = = < RIS Y~ 8
BENS| 2.8 . $ Exf |[fEf%:|feSy
S E £8 sc=5% E o 58w EESSI=ET S8
EZY¥S| E2EE3E 22355 |ZESS|ZE3T
< &< g JegsS g HEENR |HEKNSHEQ S
KFS/ 3192.96 mg GAE Marrutku lapas /
TPC 100 g™ sausnas / DW | Horseradish leaves ET SOXE
KFIS / 8929.22 mg CE Marrutku lapas /
TFC 100 g™ sausnas / DW | Horseradish leaves ET SOXE
. 168.76 mM TE Lupstaju lapas /
DPPH 100 g™ sausnas / DW | Lovage leaves EWA SOXE
-+ 623.42 MM TE Lupstaju kati /
ABTS 100 g'sausnas / DW | Lovage leaves EW SOXE
9616.67 mg AAE Marrutku lapas /
RS/RP 100 g™ sausnas / DW | Horseradish leaves ET SOXE
ET — etanols / ethanol; EWA — etanols/Gdens/etikskabe / ethanol/water/acetic acid (80/20/1 vIviv);

EW - etanols/tdens / ethanol/water (80/20 viv).
SOXE — Soksleta ekstrakcija / Soxhlet extraction

Mikrovilpu un ultraskanas ietekmes izvertéjums

Ultraskanas vilnu un mikrovilnu ietekmes izvert€jumam tika izv€letas ultraskanas
(UAE) un mikrovilpu (MAE) veicinatas ekstrakcijas metodes. Tas ir ekstrakcijas,
kuram viens no vari§jamiem parametriem ir ekstrakcijas ilgums. Ekstrakcijas
skidinataja ietekmes izvertejuma rezultati paradija, ka etanols ir viens no labakajiem
skidinatajiem, Iidz ar to UAE un MAE tika izmantots etanols. UAE laika skanas vilni
ar mehanisku vibraciju iedarbojas uz cietam vielam un Skidrumiem, ka rezultata var
paplasinaties cietas vielas Stinu sieninu poras, kas uzlabo difuzijas procesu un
palielina masas parvietosanu (Angela, Meireles, 2009). Savukart MAE laika
mikrovilnu ietekmé tiek parrauti cietas vielas Stinapvalki, ka rezultata tiek atbrivoti
fitosavienojumi (Wu et al., 2012). So ekstrakcijas veidu ietekmé arl paaugstinata
temperatira (50—77 °C).
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Daudzfaktoru dispersijas analizes rezultati radija, ka gan ekstrakcijas ilgums, gan
ar ckstrakcijas metode ir biutiski faktori, kas ietekmé KFS, KFIS, ka
ari to AA (p<0,05).

Analizgjot atseviSkus parametrus, abam metodém nebija verojamas vienadas
tendences, turklat katram pétitajam augu materialam bija atSkirigas iezimes.
Izmantojot UAE, bija verojama iezime, ka, pagarinoties ekstrakcijas ilgumam,
pieauga ari fenolu saturs un antioksidantu aktivitate (12. att.).
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12. att. UAE ilguma ietekme uz KFS un KFIS marrutku lapu ekstraktos /
Fig. 12. UAE extraction time effect on the TPC and TFC of
horseradish leaves extract

UAE lupstaju lapu ekstraktiem bija v€rojama sakariba starp KFIS un ABTS
katjonu saistiSanas sp&ju (r = 0,88), kas lauj prognozet, ka lupstaju lapas esoSie
flavonoidi darbojas ka radikalu (ABTS ") saistitaji.

Ar1 marrutku lapu ekstraktiem bija veérojama sakariba strap KFS un KFIS, kur,
salidzinot ekstraktus ar izmantoto 15s un 1800s ilgumu, KFS palielinajas
4,63 reizes, KFIS 4,89 reizes, bet ar AA Siem palielindjumiem nebija v&rojamas
nekadas sakaribas.Savukart MAE rezultatos bija vérojamas izteiktas tendences, kas
pétitajiem marrutku un lupstaju ekstraktiem atSkiras. Marrutku saknu ekstraktiem,
pagarinoties ekstrakcijas ilgumam, fenolu saturs samazinajas, bet ArA palielingjas.
Ipasi izcelas marrutku genotipu G106 un G12B saknu ekstrakti, kuros, pagarinoties
ekstrakcijas ilgumam, KFS samazinajas attiecigi 2,33 un 1,8 reizes (13. att.) un
DPPH" radikalu saistiSanas aktivitate palielinajas attiecigi 1,55 un 1,47 reizes
(13. att.). Savukart pargjie analiz€to augu materialu ekstrakti uzradija nedaudz
atSkirigu iezimi, un, pagarinoties ekstrakcijas ilgumam, visi parametri
samazinajas (14. att.).
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Fig. 13. Effect of MAE extraction time on the TPC and SA of horseradish roots
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Fig. 14. MAE extraction time effect on the content of phenolic compounds and AA

of horseradish leaves
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Salidzinot ultraskanas un mikrovilnu veicinatajas ekstrakcijas ieglitos ekstraktus
(7. tab.), velreiz var parliecinaties, ka nav iesp&ams noteikt universalu ekstrakcijas
metodi un ilgumu visiem augu materialiem.

7. tabula / Table 7
Marrutkiem un lupstajiem piemerotakais UAE un MAE ekstrakcijas metodes
ilgums marrutku un lupstaju ekstraktu ar augstaku fenolu saturu un AA
iegiiSanai / Suitable time of UAE an MAE for horseradish and lovage to obtain
extracts with higher phenol content and AA

Analizétie Lielakie iegiitie Ekstraka Ekstrakcijas | Ekstrakcijas
. s augu .
parametri / rezultati / t metode / ilgums /
. materials / . .
Analyzed Major Extraction Extraction
Extract of the ,
parameters results . method time
plant material
KFS/ 2053,16 mg GAE 100 |Lupstaju kati / UAE 60's
7PC g™ sausnas / DWW Lovage stems
-1 |Marrutku lapas
KFIS / 3277,71 mg CE 100 g™ )
TFC sausnas / DIV | Horseradish MAE 15s
leaves
. 82,24 mM TE 100 g* [Lupstaju lapas
DPPH sausnas /DWW | Lovage leaves UAE 15s
- 33,66 MM TE 100 g"  |Lupstaju lapas
ABTS sausnas / DW | Lovage leaves MAE 15s
Marrutku lapas
RS/ 4392,31mg AAEL00 /o adish MAE 155
RP g~ sausnas /DWW leaves

Ekstrakcijas temperatiiras un spiediena ietekmes izvertejums
Fenolu savienojumu satura un AA izmainam lupstaju lapu un katu un marrutku

saknu ekstraktos temperatiiras un spiediena ietekm& tika izmantotas vairakas
ekstrakcijas metodes — konvencionala (CONV), Soksleta (SOXE), zemkritiska
stavokla (SUB), ka ar1 paatrinata (ASE) ekstrakcija, ka skidinataju izmantojot
etanolu. Konkréti ekstrakcijas apstakli ir aprakstiti 8. tabula.

8. tabula /Table 8
Ekstrakcijas apstakli / Extraction conditions

Ekstrakcijas metode / Temperatiira / Spiediens /
Extraction method Temperature, °C Pressure, Pa
CONV 22+2 1x10°
SOXE 78+2 1x10°
SUB 80 1.1x10’
ASE 110 1.1x10"
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L1dz $im nav pieejami zinojumi par zemkritiska stavokla un paatrinata ekstrakciju
izmanto$anu antioksidantu ekstrakcijai no marrutkiem un lupstajiem.

Daudzfaktoru dispersijas analizes rezultati paradija, ka gan augu materials, gan
arT ckstrakcijas metode ir butiski faktori, kas ietekm& KFS, KFIS, ka ari to
AA (p<0,05).

Petijumi paradija, ka lupstajos esoSie flavonoidi ir lidzigi saistiti augu §Gnas un
tiem piemit ar lidziga termostabilitate, bet marrutku saknés esosie flavonoidi ir visai
termostabili un no saviem saistitajiem savienojumiem atdalas tikai temperatiiras un
spiediena ietekmée (9. tab.). Ari flavonoidu saturam ir tendence palielinaties augstakas
temperatiras, un lupstaju katu SOXE ekstraktos KFIS ir pat 6 reizes lielaks,
salidzinot ar CONV ekstraktiem. Savukart, ja ir paaugstinats spiediens, visiem
pétitajiem augu materialiem nav bitiskas atSkiribas, vai ekstrakcija notiek zem
Skidinataja kritiska punkta vai virs ta. Taja pasa laika vienada temperatiira, palielinot
spiedienu, ir vérojams KFIS samazinajums, ko varétu skaidrot ar flavonoidu
degradésanos spiediena ietekmé 1idzigi ka KFS gadijuma. Neatkarigi no ekstrakcijas
metodes vislielakais KFS un KFIS tika konstatéts lupstaju lapas, bet vismazakais
marrutku sakn@s.

9. tabula / Table 9
Fenolu savienojumu satura atSkiribas daZzados temperatiiras un spiediena
reZimos iegiitos marrutku un lupstaju ekstraktos /
Variations in content of phenolic compounds horseradish and lovage extracts
obtained at different temperature and pressure regimes

Augu Ekstrakcijas
materiali / metode / KgilEleg’ng HI;F(ITSE/IT(;IS(;’.I KFIS:KFS /

Plant Extraction TFC:TPC

. sausnas / DW sausnas / DW
material method

Marrutku CONV 90.91+3.06*" 252.57+14.00*° 0.44
saknes / SOXE 185.31+3.43°¢ 170.28+12.04%° 0.11
Horseradish SUB 232.97+17.02° 299.68+14.46 ° 0.15
root ASE 397.14+31.89 9 438.80+17.08 © 0.13
Lupstju CONV 618.06+30.76 ° 816.93+12.31 ¢ 0.15
kati / SOXE 716.15£30.25 %7 | 5521.79+64.37 0.49
Lovage SUB 632.95+11.63 526.00+12.58%9 0.26
stem ASE 651.18+18.87 ¢ 534.81+11.79%¢ 0.09
Lupstaju CONV 784.30+14.38 " | 2591.12+70.36" 0.38
lapas / SOXE 2099.74+60.89 " | 8577.94+107.71F 0.47
Lovage SUB 3221.42+99.18 " | 4247.01+54.99 0.15
leaves ASE 1605.67+25.60 9 | 4268.81+43.07 0.31

CONV - konvencionala ekstrakcija /conventional extraction, SOXE — Soksleta ekstrakcija / Soxhlet extraction,
SUB — zemkritiska ekstrakcija / subcritical extraction, ASE — paatrinata ekstrakcija / accelerated solvent extraction.

Salidzinot ekstraktu AA, bija vérojamas lidzigas iezimes, ka labaki rezultati
iegti, izmantojot ekstrakcijas paaugstinata temperatira (paaugstinatas temperatiiras
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ietekmé tiek saskelti kompleksi savienojumi ar vajam antioksidantu sp&jam, bet
rezultata atbrivojas savienojumi ar izteiktu antiradikalu aktivitati), bet sliktaki — ar
konvencionalo ekstrakcijas metodi (10. tab.).

10. tabula / Table 10
AA atSkiribas daZados temperatiiras un spiediena reZimos iegiitos marrutku un
lupstaju ekstraktos / Variations in AA in different horseradish and lovage extracts

obtained at temperature and pressure regimes

‘t“g.‘_‘l. ) EkStrta';“J/as DPPH’, ABTS™*, mM RS/ RP,
materiali/ | metoce/ | M TE100g", | TE100g", | mg AAE 100 g”,
Plant Extraction 8 8 8 8
material method sausnas / DW | sausnas / DW sausnas / DW
Marrutku CONV 5.49+021% 4.40+£0.11%" | 1967.13+110.06°%"
saknes / SOXE 12.05+0.37%2¢% [ 25 78+1.69% | 6675.64+125.199
Horseradish SUB 11.23£1.552%¢ | 6.52+0.90 *P 846.77+37.38%
roots ASE 14.53+0.84 %% [ 95742 963P¢ |  950.77+57.87 %P
Lunsta CONV 16.77£0.67 %% | 40.52+0.617 | 1394.24+91.32°
k;tﬁ’s/ au SOXE 93.96+4.38" | 145.64+4.84" | 9600.46+189.48"
Lovawe stems SUB 20.38+6.99%T | 13.23+3.63"° | 1039.86+106.28 *¢
& ASE 21722068 | 17.97+1.41°% | 1315.75+78.55°C
Lupstaju CONV 19.78 £0.96 %7 [ 74.46+2.64% | 6643.20£151.12°
lapas / SOXE 137.05+2.81" | 406.94+9.01’ | 1219.99+95.44 "7
Lovage SUB 148.72+£3.24 | 159.60+3.24"' | 9971.14+133.24'
leaves ASE 83.76+3.869 |151.63£3.41™ | 9492.01+128.57"

CONV — konvencionala ekstrakcija /conventional extraction, SOXE — Soksleta ekstrakcija / Soxhlet extraction,
SUB — zemkritiska ekstrakcija / subcritical extraction, ASE — paatrinata ekstrakcija / accelerated solvent extraction.

Lupstaju katu eckstraktiem bija v€rojama iezime, ka visiem analiz&tajiem
parametriem visefektivaka bija SOXE metode, arT marrutku saknu un lupstaju lapu
ekstraktiem §1 ekstrakcijas metode bija viena no efektivakajam. Lidz ar to SOXE var
izcelt ka efektivu ekstrakcijas metodi fenolu savienojumu un dabigo antioksidantu
ekstrakcijai no marrutku sakném un lupstaju lapam un katiem.

Rezultati apliecina, ka Skidinatajs vislielako efektivitati fenolu savienojumu
iegiSanai uzrada, sasniedzot savas kritiskas temperattiras robezu, bet, uzkarstot virs
kritiskas robezas, ta efektivitate samazinas (11. tab.), jo notiek fenolu savienojumu
termiska degradacija, ka rezultata tiek iegiiti sadaliSanas produkti ar zemu
molekularmasu (Schieber et al., 2001; Ignat et al., 2010).

Neatkarigi no ekstrakcijas metodes visaugstakie rezultati tika konstat&ti lupstaju
lapu ekstraktos, bet vismazakie marrutku saknu ekstraktos.

Balstoties uz §1 pétijuma rezultatiem, nav iesp&jams ieteikt vislabako ekstrakcijas
panémienu, kas derétu visiem augu materialiem. To iesp&ams izskaidrot ar to, ka visi
pétitie augu materiali péc savas biologiskas uzbiives ir atSkirigi un fenolu
savienojumi tajos tiek sintezeti atkariba no attiecigo fermentu klatbiitnes vai arl
saistiti dazados veidos.
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11. tabula/ Table 11

Piemérotakas metodes, lai iegiitu marrutku un lupstaju etanola ekstraktus ar

augstaku fenolu saturu un AA / Suitable methods to obtain ethanol extracts of
horseradish and lovage with higher phenol content and AA

Analizetais Ekstrakta augu Ekstrakcijas
parametrs / | Lielakie iegiitie rezultati / materials / metode /
Analyzed Major results Extract of the Extraction
parameters plant material method
T —
KES | TPC 3221.42 mg GAE 100 g Lupstaju lapas / SUB
sausnas / DW Lovage leaves
T —
KEIS | TFC 8577.94 mg CE 100 g Lupstaju lapas / SOXE
sausnas / DW Lovage leaves
T —
DPPL" 148.72 mM TE 100 g Lupstaju lapas / SUB
sausnas / DW Lovage leaves
T —
ABTS* 406.94 mM TE 100 g Lupstaju lapas / SOXE
sausnas / DW Lovage leaves
T .
RS/ RP 9971.14 mg AAE 100 g Lupstaju lapas / SUB
sausnas / DW Lovage leaves

Izvertejot ieprieks ieglitos rezultatus par ekstrakcijas apstaklu un metozu ietekmi
uz fenolu savienojumu saturu un antioksidantu aktivitati ekstraktos, talakiem
eksperimentiem tika izvéleti lupstaju lapu un katu un marrutku lapu ekstrakti,
izmantojot Soksleta ekstrakcijas metodi ar etanolu.

4. Marrutku un lupstaju ekstraktu ietekmes uz ellas oksidéSanas
kavésanu izvértéjums

Ta ka dabigajiem fenolu savienojumiem piemit antioksidativas un
antimikrobialas Tpa$ibas, tos ir iesp&jams izmantot tehnologiskajam vajadzibam ka
alternativu sintetiskas partikas piedevam. Partikas produktos fenolu savienojumi
izrada aizsargajosu un stabiliz€joSu ietekmi uz lipidiem, partikas krasu un gar$u
(Kammerer et al., 2011). Marrutku un lupstaju ekstrakti parada antioksidantu
aktivitati, bet, lai parliecinatos, ka tie arT efektivi stabilizé lipidus, marrutku lapu,
lupstaju lapu un katu ekstrakti pievienoti nerafinétai rapSu ellai. Eksperimentali
izverteéta paaugstinata temperatira un istabas temperatiira gaisma/tumsa un tumsa
izturétas nerafinétas rapsu ellas ar pievienotu marrutku lapu un lupstaju lapu un katu
ekstraktu stabilitate.

Pirmaja posma tika analiz€ta paaugstinatas temperatiiras ietekme uz nerafinétas
rapSu ellas stabilitati, uzglabajot e]las paraugus tumsa 60+1 °C temperatura.
Eksperimenta beigas ellas paraugos bitiski (p<0,05) atSkiras peroksidu un
hidroperoksidu koncentracija, bet ne brivo taukskabju saturs.

Uzglabajot paaugstinatd temperatira, nerafinétas rapsSu ellas oksidéSanos
ietekm@ja pievienotie ekstrakti. Paaugstinatas temperatiiras ietekm& kontroles
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paraugs (nerafinéta rapSu eclla bez piedevam — C) oksid€jas visstraujak, un péc
22 uzglabasanas dienam peroksidu skaitlis bija 103,08+2,75 meq O, kg’ ellas
(15. att.). ArT ellas paraugam ar pievienotu 0,01% BHT (O_BHT) notika salidzino$i
strauja oksidéSanas — péc 22 uzglabasanas dienam peroksidu skaitlis bija
98,87+2,59 meq O, kg™ ellas. Lielaka speja kavét oksidésanos §ados uzglabasanas
apstaklos bija ellas paraugiem ar pievienotu lupstaju katu ekstraktu 1% koncentracija
(O_LS 1%), wun péc 22uzglabasanas dienam peroksidu skaitlis bija
79,26+1,94 meq O, kg™ ellas. Ari ellas paraugi ar pievienotiem lupstaju lapu (1%) un
marrutku lapu (1%) ekstraktiem efektivi kavgja nerafin€tas rapsu ellas oksidésanos.
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=== Latvijas likumu aktos maksimali pielautais peroksidu skaitlis / Latvian legislation, the maximum
allowed by the peroxide value (15 meq O, kg™ ellas / 0il) (MKN Nr.461 no 2014. gada).

15. att. RapSu ellas peroksidu skaitla izmainas, uzglabajot tumsa
60+£1 °C temperatiira /
Fig. 15. Changes of rapeseed oil peroxide value stored in dark at
60x1 °C temperature

O_LS_0.25% - pievienota lupstaju katu ekstrakta koncentracija ella 0,25% / concentration of added lovage
stems extracts in oil 0.25%;

O_LS_0.5% - pievienota lupstaju katu ekstrakta koncentracija ella 0,5% / concentration of added lovage
stems extracts in oil 0.5%;

O_LS_1% - pievienota lupstaju katu ekstrakta koncentracija ella 1% / concentration of added lovage stems
extracts in oil 1%

O_LS _1.5% - pievienota lupstaju katu ekstrakta koncentracija ella 1,5% / concentration of added lovage
stems extracts in oil 1.5%;

C—kontrole / control;

O_BHT — ellas paraugs ar pievienotu 0,01% BHT / oil sample with added 0.01% BHT.
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Péc 22 wuzglabasanas dienam, uzglab3jot paaugstinata temperatira tumsa,
visliclaka ellas antiradikala aktivitate saglabajas ellas paraugam ar pievienotu
1,5% marrutku lapu ekstraktu (42,86%) (O_HL 1.5%) un 1% lupstaju lapu ekstraktu
(42,56%), kas bija butiski (p<0,05) augstaka, salidzinot ar kontroles paraugu
(26,95%), ka arT ar ellas paraugu ar pievienotu BHT (38,14%) (16. att.).
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16. att. Rapsu ellas antiradikalas aktivitates izmainas, uzglabajot tumsa
60+1 °C temperatiira /
Fig. 16. Changes of rapeseed oil scavenging activiy stored in dark at
60x1 °C temperature

O_HL_0.25% - pievienota marrutku lapu ekstrakta koncentracija ella 0,25% / concentration of added
horseradish leaves extracts in oil 0.25%;

O_HL_0.5% - pievienota marrutku lapu ekstrakta koncentracija ella 0,5% / concentration of added
horseradish leaves extracts in 0il 0.5%;

O_HL_1% - pievienota marrutku lapu ekstrakta koncentracija ella 1% / concentration of added
horseradish leaves extracts in oil 1%,

O_HL_1.5% - pievienota marrutku lapu ekstrakta koncentracija ella 1,5% / concentration of added
horseradish leaves extracts in oil 1.5%;

C-—kontrole/ control;

O_BHT - ellas paraugs ar pievienotu 0,01% BHT / oil sample with added 0.01% BHT.

Otraja posma, analiz&jot 22+1 °C temperatiira gaisma/tumsa un tumsa uzglabatus
ellas paraugus, visefektivakais starp pievienotajiem augu ekstraktiem bija lupstaju
katu ekstrakts. Tomér, uzglabajot gaisma/tumsa 22+1 °C temperatiira, pievienotie
(p<0,05) atrak neka kontroles paraugs un paraugs ar sintétisko antioksidantu. Ellas
paraugs ar pievienotu lupstaju katu ekstraktu (1%) demonstrgja vismazako atSkiribu
no kontroles parauga (17. att. A).
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Savukart, uzglabajot tumsa 22+1 °C temperattira, ellas paraugi ar pievienotajiem
ekstraktiem (1%) oksidgjas batiski (p<0,05) lénak neka kontroles paraugs un paraugs
ar sintetisko antioksidantu (17. att. B). Péc 24 uzglabasanas nedélam vismazak
oksidg&jies bija ellas paraugs ar pievienotu lupstaju katu ekstraktu, un ta peroksidu
skaitlis bija 60,72 meq O, kg™ ellas. Ari e]las paraugiem ar pievienotajiem lupstaju
lapu un marrutku lapu ekstraktiem p&c 24 uzglabasanas nedélam peroksidu skaitlis
bija butiski (p<0,05) mazaks neka kontrolei un paraugam ar sint€tisko antioksidantu.

A — gaisma/tumsa / in light/in dark B — tumsa / in dark
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g3 23 45 -
o S z
£ g% &
% 15 = -:g 15 I
8 e § BT T T
0 5 10 15 20 25 o 5 10 15 20 25
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Storage time, weeks Storage time, weeks
=== Kontrole / Control = <#=-Ellaar lupstajulapu ekstraktu/ Qil with lovage leaves extract
=& * Ellaar lupstajukatu ekstraktu/ Oil with lovage stem extract =8 =Ellaar marrutku lapu ekstraktu/ Oil with horseradish leaves extract

++-@ -+ Ellaar BHT / il with BHT, 0.01%

===Latvijas likumu aktos maksimali pielautais peroksidu skaitlis / Latvian legislation, the maximum
allowed by the peroxide value (15 meq O, kg™ ellas / 0il) (MKN Nr. 461 no 2014. gada).

17. att. Rapsu ellas peroksidu skaitla izmainas, uzglabajot
22+1 °C temperatira /
Fig. 17. Changes of rapeseed oil peroxide value stored at
22+] °C temperature

Savukart istabas temperatira gan gaisma/tumsa, gan art tumsa uzglabatajiem ellas
paraugiem lielaku DPPH" radikalu saistiSanas sp&ju péc 24 ned€lam saglabaja ellas
paraugs ar pievienotu 1% marrutku lapu ekstraktu un 1% lupstaju katu ekstraktu, kas
bija butiski (p<0,05) augstaka, salidzinot ar ellas paraugu ar pievienotu BHT, ka ari
kontroles paraugu (18. att.).
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A — gaisma/tumsa / in light/in dark B — tumsa / in dark
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++-@+ Ellaar BHT / Oil with BHT, 0.01%

18. att. RapSu ellas antiradikalas aktivitatesizmainas, uzglabajot
22+1 °C temperatiira /
Fig. 18. Changes of rapeseed oil scavenging activiy stored at
22+] °C temperature

Ellai pievienotie ekstrakti visefektivakie izradijas, uzglabajot ellu tumsa
paaugstinata temperatiira. Savukart gaisma istabas temperatiira savu negativo ietekmi
demonstrgja no ekstraktiem neatdalitais hlorofils, kas veicinaja ellas oksidésanos.
Starp pievienotajiem ekstraktiem visos uzglabasanas apstaklos efektivakais ellas
oksideésanas kavetajs bija lupstaju katu ekstrakts, bet DPPH radikalu
saistitajs — marrutku lapu ekstrakts.
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SECINAJUMI

. Marrutku un lupstaju fizikali kimiskos raditajus batiski (p<0,05) ietekmé
genotips, auga dala, ka arT novakSanas laiks. Gan marrutkiem, gan arT lupstajiem
lapas bija batiski (p<0,05) lielaks fenolu savienojumu saturs un antioksidantu
aktivitate neka saknés.

. Marrutku un lupstaju lapas augstakais fenolu saturs konstatéts tilit péc
ziedeSanas, savukart marrutku saknés un lupstaju katos augstaka antioksidantu
aktivitate novérota nobrieduSos augos. Salidzinot marrutkus un lupstajus,
augstakie fenolu savienojumu un antiradikalas aktivitates raditaji bija marrutku
lapas, bet reducésanas spgjas raditaji — lupstaju katos.

Saldésanas rezultata lupstaju katos palielinas fenolu savienojumu saturs un
antioksidantu aktivitate, lupstaju lapas — flavonoidu saturs un reduc€sanas spéja,
marrutku sakn€s — rutina un kafijskabes saturs.

. Kaltgjot sublimacijas kalte, marrutku saknes samazinas fenolu savienojumu saturs
un antioksidantu aktivitate, bet pec kalt€Sanas mikrovilpu-vakuuma kalte tajas
palielinas antiradikala aktivitate, salidzinot ar svaigam sakneém.

. Palielinoties ekstrakcijas $kidinataja polaritatei, batiski (p<0,05) palielinas fenolu
savienojumu saturs un antioksidantu aktivitate marrutku un lupstaju ekstraktos.

. Pagarinoties mikrovilpu iedarbibas ilgumam, butiski (p<0,05) samazinajas
flavonoidu saturs un antioksidantu aktivitate marrutku un lupstaju ekstraktos.

. Marrutku un lupstaju fenolu savienojumu un antioksidantu ekstrakcijai
piemérotaka ir $kidinataja kritiska (virSanas) temperatiira atmosféras spiediena.

. Uzglabajot +22 °C un +60 °C temperatiira tumsa, pievienotie augu ekstrakti
butiski (p<0,05) kave nerafingtas rapsu ellas oksidéSanos, un to aktivitate bija
augstaka neka sintétiskajam antioksidantam (BHT). Efektivaks bija 1% lupstaju
katu ekstrakts.

. Peétijuma iegiitie dati apstiprina izvirzito hipotezi — marrutkos un lupstajos esosie
antioksidanti kave lipidu oksidésanos.

IETEIKUMI RAZOTAJIEM

Soksleta ekstrakciju ar 95% etanolu ieteicams izvél&ties, lai ieglitu marrutku un
lupstaju  ekstraktus ar augstaku biologiski aktivo vielu saturu un
antioksidantu aktivitati.

. Nerafinétas rapsu ellas oksidativas stabilitates palielinasanai, uzglabajot tumsa,
var izmantot 1% lupstaju katu vai marrutku lapu ekstraktus.
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TOPICALITY OF THE RESEARCH

Nowadays consumers have become more knowledgeable about the use of
biologically active compounds of natural origin, therefore these compounds may
become economically significant in the nearest future. Recently there is an increasing
interest in additives of plant origin (Brielman et al., 2006), the research activities of
finding new antioxidants of natural origin which are as effective as synthetic
antioxidants have been in the focus of attention (Pokorny, 2007;
Michiels et al., 2012). Consequently, either new plants are searched or common but
not widely used plants in local areas are studied.

There is a wide range of different plants in Latvia, some of them are found only
in the wild, but some of them are cultivated. Horseradish (drmoracia rusticana L,
family: Brassicaceae) and lovage (Levisticum officinale L, family: Umbelliferae) are
typical aromatic plants grown in Latvia; they are not demanding as concerns their
growing conditions. Horseradish is a common plant at present, but lovage is not so
popular anymore. Since ancient times these plants have been used as healing herbs
with a wide range of application for treatment of different diseases
(Raghavan, 2000). Different research findings reveal that other plants of the same
families (cabbage, turnips, rapeseed, rutabaga, mustard, black radish, radish, charlock
etc. as well as dills, parsley, celery, coriander, cumin, fennel, ground-elder etc.)
contain many biologically active substances with antioxidant, antimicrobial and
anticarcinogenic properties.

Many biologically active compounds, i.e., phenols (phenolic acids, flavonoids,
flavones), essential oils and others are widely found in plants
(Naczk, Shahidi, 2004a). The functions and content of biologically active compounds
may range depending on plant species, breed, genotype, type, the harvest time, the
part of a plant as well as climatic conditions (Naczk, Shahidi, 2006). Some of these
compounds synthesize better in the moderate climate characteristic of Latvia, though
herbs may be less aromatic, but more rich in biologically active substances. Despite
the fact that there is little information about the research conducted on chemical
composition of horseradish and lovage, the assumption can be made that these plants
also contain antioxidants which are necessary to research.

Chemical content of plants changes as a result of technological processes (drying,
freezing) (Angela, Meireles, 2009). There is almost no information available in the
scientific lieterature about the data on microwave-vacuum dried treatment as well as
freeze dry treatment of horseradish and lovage. It is important that such kind of dried
treatment of food products makes it possible to use the low temperature which causes
the decrease of thermo-decomposition of biologically active compounds.

Some classes of biologically active compounds show antioxidant activity (AA)
(Dykes, Rooney, 2007), therefore they could be used as oxidation inhibiting
substances or antioxidants (Halliwell, 1999; Shahidi, 2000; Zou, Akoh, 2015;
Kim et al., 2015). As regards food science and technologies, it is highly
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recommended to add antioxidants to control oxidation providing relevant food
quality (Pokorny, 2007).

Biologically active compounds are influenced by extraction conditions
(Angela, Meireles, 2009), therefore new, updated extraction methods to isolate
biologically active compounds from the plant material are applied: ultrasound
assisted extraction, microwave assisted extraction, accelerated solvent extraction,
supercritical extraction as well as subcritical extraction. Comparing with traditional
extraction methods, they are distinguished by shorter extraction time, lower
extraction temperature, smaller extraction solvent volume, selectivity etc., allowing
to increase the expected outcome of compound extraction and reduce its degradation
of various types.

Due to antioxidant and antimicrobial properties of phenols, they are possible to
use as an alternative to synthetic antioxidants. They have a protecting and stabilizing
influence on lipids, the colour and taste of food products. Phenolic compounds have a
great structural variety that are reflected in their diverse biological functions.
Therefore plant extracts whose phenolic profile differs might have various
physiological effects (Valls et al., 2009; Kammerer et al., 2011).

The research on effectiveness of added plant extracts on lipid stabilization has
drawn a lot of attention in recent years, and the extracts of such widely known plants
as oregano and rosemary have turned out to be very effective (Bhale et al., 2007,
Pawar et al., 2012). Therefore it is important to investigate the properties of local
plants and find ways of using them for the improvement of food product quality.

The hypothesis of the doctoral thesis: the antioxidants in horseradish and lovage
inhibit lipid oxidation.

The aim of the doctoral thesis is to evaluate biologically active substances of
horseradish and lovage, their extraction and application opportunities.

The object of the doctoral thesis is horseradish (Armoracia rusticana L.) and
lovage grown in Latvia (Levisticum officinale L.).

Theses:

1. A genotype, a part of the plant and the harvest time affect chemical
composition of horseradish and lovage.

2. The phenolic content and antioxidant activity is higher in frozen horseradish
and lovage than in dried horseradish and lovage.

3. The application of polar solvents increases the content of flavonoids and
antioxidant activity in horseradish and lovage extracts.

4. The duration of microwaves and ultrasound waves influences the content of
phenols and antioxidant activity in horseradish and lovage extracts.

5. The increased temperature and pressure increase the content of phenols and
antioxidant activity in horseradish and lovage extracts.

6. Horseradish and lovage extracts are more effective antioxidants than
butylhydroxytoluene (BHT).
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To achieve the aim, the following tasks have been set:

1. to analyze the changes in chemical parameters of plant parts of different
genotypes of horseradish and lovage depending on their harvest time;

2. to evaluate the most effective fresh horseradish and lovage treatment methods
for the purpose of maintaining phenolic compounds and antioxidant activity;

3. to analyze the influence of solvent polarity on the content of phenols and
antioxidant activity in horseradish and lovage extracts;

4. to evaluate the effect of microwave and ultrasound wave treatment duration
on the content of phenols and antioxidant activity in horseradish and
lovage extracts;

5. to analyze the effect of increased temperature and pressure on the content of
phenols and antioxidant activity in horseradish and lovage extracts;

6. to study the effect of horseradish and lovage extracts on oxidation of
unrefined rapeseed oil.

The novelty and scientific significance of the research.

1. The detailed research has been conducted for the first time on the chemical
composition of various parts of plants of horseradish and lovage of different
genotypes grown in Latvia depending on the harvest time.

2. The changes in the content of phenolic compounds (rutin, caffeic acid,
chlorogenic acid, catechin etc.) in horseradish and lovage depending on the
treatment method (freezing, microwave-vacuum dried treatment, freeze-dring)
have been studied.

3. The effect of different solvents, the duration of ultrasound treatment and
microwave treatment as well as the effect of subcritical condition and
accelerated solvent extraction on the content of phenolic compounds and
natural antioxidant activity in horseradish and lovage extracts have
been researched.

4. It has been proved that horseradish and lovage are the potential extraction
source of natural antioxidants.

The economic significance of the doctoral thesis.

Horseradish and lovage grown in Latvia contain biologically active compounds
which may be used for obtaining extracts rich in natural antioxidants. The extracts of
horseradish and lovage leaves and stems are more effective oxidation inhibitors than
synthetic antioxidant butylhydroxytoluene (BHT).

The research was supported by the National Research programme “Agriculture
Resources for Sustainable Development for Qualitative and Healthy Food
Development in Latvia (AgroBioRes)” (2014.—2017.), Project No4 “’Sustainable Use
of Local Agricultural Resources for Development of Qualitative and Healthy Food
Products (PARTIKA)”, as well as Project No. K24”Comparison of Content and
Properties of Currently Unused Aromatic Plants and Mushrooms in Latvia and
Midi-Pirenees” (2012.—2013.) within the framework of the cooperation programme
between Latvia and France in science and technology development
areas “OSMOZE”.
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APPROBATION OF THE RESEARCH

The results of the research were summarized and published in 2 subchapters of a
monograph, and 11 peer reviewed scientific publications.

The results of the research have been presented in 14 international scientific
conferences and congresses in Latvia, Lithuania, Estonia, Greece, Portugal, France,
Macedonia, Russia, the exhibitions “Riga Food 2013, ”Riga Food 2014” (the list of
publications and attended conferences see on pages 7-9).

Materials and methods

Time and place of the research
The experiments have been conducted in the time period from 2011 to 2015 at:

o the Latvia University of Agriculture, the Department of Food Technology, the
Laboratory of Food Product Analysis (moisture content) and the Research
Laboratory of Packaging Material Properties (the content of volatile
compounds), the Research Laboratory of Chemistry of Natural Substances of
the Department of Chemistry (individual phenolic compounds) and the
Laboratory of Organic Chemistry (extraction according to the conventional
method, Soxhlet method, microwave assisted extraction and ultrasound
assisted extraction, as well as the total content of phenols, the total content of
flavonoids, scavenging activity (SA) (2,2-diphenyl-1-picrylhydrozyl - DPPH",
2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) - ABTS™) and the
reducing power (RP));

o the Toulouse National Polytechnic Institute, the Laboratory of Agro-Industrial
Chemistry (accelerated solvent extraction and subcritical extraction).

Materials used for the research

Horseradish genotypes grown in Pure Horticultural Research Centre, Plc, and
lovage genotypes grown in different regions of Latvia were used in the experiment.
They were harvested in 2011, 2012 and 2013 in the time period from June until
November (plant material used in each investigation is included in the research
description, but the exact harvest time is included in the description of the research
stages). Plant material was harvested and then stored for 1-2 weeks in the refrigerator
at the temperature of +4+1 °C, with relative air humidity 90-95%. The research used
12 genotypes of horse radish (G1, G2, G3, G12B, G26B, G104, G105, G106, G280,
G281, GM and GJ) and 4 genotypes of lovage (L1, L2, L3 and L4).

Unrefined rapeseed oil from”lecavnieks”, Ltd (Latvia), was used in the research
on horseradish leaves’, lovage leaves’ and lovage stems’ ability to stabilize oil during
storage. Oil was packed in transparent plastic (PET) bottles (volume 5 ).

Research structure

The research included four stages of the analyses of physical and chemical
parameters of fresh and processed horseradish and lovage, the influence of extraction
conditions as well as the effect of extracts on the stability of oil.
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Stage I: Analysis of biologically active compounds of horseradish and lovage

The first stage focused on the analysis of the effect of the harvest time and parts
of plants on the biologically active compounds of horseradish and lovage of various
genotypes. The structure of the the first stage is presented in Fig.1

Stage II: Evaluation of biologically active compounds in horseradish and
lovage depending on the type of treatment

The effect of freezing and drying on the content of phenolic compounds in
horseradish and lovage and AA was analyzed (Fig.2). Fresh plant material samples
were used as control samples.

Stage II1: Evaluation of the effect of extraction conditions

The research focused on the analysis of the changes of content of phenolic
compounds and antioxidant activity (AA) as a result of various extraction parameters
(solvents, microwave, ultrasound, temperature and pressure) (Fig.3). Six extraction
methods were used in the experiments — conventional extraction (CONV), Soxhlet
extraction (SOXE), ultrasound assisted extraction (UAE), microwave assisted
extraction (MAE), accelerated solvent extraction (ASE) and subcritical
extraction (SUB).

Stage IV: Evaluation of the effect of extracts on the stability of oil

The structure of the research is presented in Figure 4. Three different extracts
were added to unrefined rapeseed oil: lovage leaves extract, lovage stems extract and
horseradish leaves extract that were extracted with the Soxhlet extraction method by
using ethanol, afterwards being evaporated under vacuum until a complete solvent
removal. Each extract was added in four different concentrations (0.25%; 0.5%;
1% and 1.5%).

Oil samples were stored in 3 different conditions:

e at increased temperature (60+1 °C) in the darkness, in the thermostat

Memmert (Germany);

e at 22+1 °C in the light/dark conditions;

e 2241 °C in the darkness.

Indices determined in the research and the research methods

Methods used for the analyses of the samples of horseradish and lovage, their
extracts and the samples of oil are presented in Table 1.

Statistical Analysis and Interpretation of Data

Statistical analysis was used to analyze the obtained data. The calculations were
performed by Microsoft Excel programme and SPSS 17.0 programme. The mean
values and the standard deviation were calculated for the obtained results.

The hypothesis was tested with p value method, and differences were considered
significant at p-value<oges. The following statistical methods were used in the
research: the analysis of variance (ANOVA), correlation and regression analysis,
Tukey’s test as well hierarchical cluster method.

* Mean values marked with the same letter do not differ significantly at p<0.05.
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RESULTS AND DISCUSSION

1. Analysis of the most significant biologically active compounds and their
antioxidant activity in horseradish and lovage

The research focused on the analysis of the most significant biologically active
compounds in fresh roots and leaves of 12 horseradish genotypes and fresh roots,
stems and leaves of 4 lovage genotypes. The results of the experiments show that the
content of biologically active substances differs significantly in different parts of a
plant and the content is affected by a genotype and the harvest time.

Phenolic compounds. In all analyzed plant material the total phenolic content
(TPC) was within 94.69+2.89 mg GAE 100g* of dry weight to
5406.21+28.00 mg GAE 100 g™ of dry weight and the highest result was in the
leaves of horseradish genotype G12B (Fig.5).

Horseradish leaves had the highest phenolic content among the analyzed samples,
but phenolic content in horseradish roots was up to 25 times less than in the leaves.
The same trend was observed in lovage since the content of phenolic compounds in
lovage leaves was 2 times higher than the content of phenolic compounds in stems
and 5 times higher than those in roots (Fig.6).

Using hierarchical cluster analysis the samples of horseradish roots by TPC can
be divided into clusters, there is a homogeneous group, with the exception of
genotypes of G280 and G281, which showed the highest results.

The same features were observed in total flavonoid content (TFC) parameters.
The experiments showed that out of all analyzed plant material horseradish leaves of
genotype G12B had the highest TFC (15510.20+37.09 mg CE 100 g* dry weight),
but horseradish roots of genotype G105 have the lowest TFC
(105.70+8.29 mg CE 100 g™ dry weight).

The analysis of the samples in the experiments showed that the largest amount of
identified individual phenolic compounds were found in lovage stems of genotype
L3: caffeic acid was 95.03+0,18 mg 100 g of dry weight, chlorogenic acid —
85.91+0,16 mg 100 g™ of dry weight and rutin 67.72£0,11 mg 100 g™* of dry weight.

Vitamin C. The results of the experiments showed that the content of Vitamin C
was noticeably higher in horseradish roots than in lovage samples. The content of
vitamin C in different horseradish genotypes ranged significantly from
71.10 mg 100 g™ of dry weight dry weight (23.97+0,89 mg 100 g™ fresh condition)
to 344.93 mg 100 g™ of dry weight (97.63+0.94 mg 100 g fresh condition) in
horseradish roots of respective genotypes G26B un GM (Fig.7).

As regards lovage roots, the content of Vitamin C was much lower in lovage
roots than in horseradish roots and ranged from 12.46 (L1) to 21.84 (L3) mg 100 g*
fresh condition or from 18.98 (L1) to 40.32 (L3) mg 100 g™ of dry weight.

Volatile compounds. The major volatile compound was allylisothiocyanate
(AITC) in all horseradish accounting for 64-82% from total identified volatile
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compounds (Table 2), and the largest amount was found in the roots of the
genotype G1, the lowest amount in the roots of G106.

This division into clusters differs from the division into clusters which is based on
the content of phenolic compounds. It is explained by the fact that formation of
volatile organic compounds and phenolic compounds are caused by different
biosynthetic processes (Velisek, Cejpek, 2008).

Antioxidant activity. During the experiments the highest AA was found in
lovage stems of the genotype L4. Scavenging activity  was
178.55+3.37 mM TE 100 g of dry weight analysing with DPPH' method, but
reducing power was 45595.71£99.31 mg AAE 100 g™ of dry weight. The lowest
scavenging activity was found in horseradish roots of the genotype GM
(2.30£0,04 mM TE 100 g™ of dry weight) with DPPH" method, but the lowest
reducing power was found in lovage roots of the genotype L2
(266.46+20.06 mg AAE 100 g of dry weight). The tendency was revealed that
lovage of genotype L2 had the lowest reducing power in roots, stems and
leaves (Fig.8.)

Several authors have found evidence that chemical content of plants depends in
the time of harvest (Koh et al., 2009), development stage (Bjorkman et al., 2011) and
growing conditions (Podsedek, 2007; Kusznierewicz et al., 2008). The results of this
research show that each analyzed plant material should be harvested in various
harvest times to obtain the maximum performance (Table 3).

Hierarchical cluster analysis was performed to classify data from 5 variables
(TPC, TFC and SA and PIA) and 36 plant materials resulting in the classification of
the samples of horseradish leaves, roots, and lovage roots, stems and leaves into
8 clusters. In separate clusters horseradish genotype G2 and G12B with highest TPC
and TFC and SA were clasified.

2. Changes in the content of biologically active compounds and antioxidant
activity in horseradish and lovage depending on the type
of technological process

Herbs and vegetables are perishable therefore freezing and drying are applied for
extending the availability of plants throughout the year. The research finding of other
scientists report that drying and freezing affect the content of biologically active
compounds and AA in plants (Pinelo et al., 2004; Chan et al., 2009;
Siriamornpun et al., 2012; Chan et al., 2013). The most common treatment is
traditional or conventional treatment that is possible to implement with moderate
production capacity. One type of treatment entitled freezing plant material at the
temperature of -40 °C and then storing it at the temperature of -18 °C, the second
type of treatment entitled drying in the darkness in the room temperature without
additional air circulation until reaching a certain level of moisture of a product. The
conventional types of treatment in the doctoral research were applied for horseradish
leaves of the genotype GJ and lovage leaves and stems of the genotype L1 in order to
perform the analysis of the content of phenolic compounds and their AA.
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The most appropriate treatment for lovage leaves, stems and horseradish leaves is
freezing since TPC and TFC increase (Table 4).

The content of phenolic compounds decreased significantly in all analyzed
samples in comparison with fresh samples, TPC decreased 4.43 times and TFC
decreased 5.38 times in lovage leaves in comparison with fresh lovage leaves. The
highest amount of flavonoids was found in frozen horseradish and lovage leaves, the
lowest amount of them was found in dried horseradish and lovage leaves.

Besides, AA was higher in frozen lovage stems and leaves than in fresh ones.
Complex compounds decompose due to freezing which results in increased reducing
power and ABTS " scavenging activity.

The duration of conventional drying treatment is long, therefore more updated
treatments were considered with the aim to shorten the drying period. Microwave-
vacuum and freeze dried methods were chosen for the research in order to analyze
their effect on the horseradish root samples of the genotype GJ. Microwave-vacuum
drying is an effective treatment method for fast product dehydration at normal
temperature and it is used to dry products of different plant origin. Varying
microwave power it is possible to preserve the maximum nutritional value of the
treated product (Dorofejeva et al., 2011; Kruma et al., 2011). Freezing and drying
parameters for the further research were based on the findings of other scientists to
analyze the extension possibilities of the usability of horseradish roots.

The amount of rutin and caffeic acid (Fig. 9) as well as ABTS " scavenging
activity and reducing power increased in horseradish roots as a result of freezing.

The content of phenolic compounds and their antioxidant activity decreased in the
case of traditional drying as well as in the case of freeze dried treatment. Micro-wave
vacuum treatment resulted in the increase of ABTS'™ scavenging activity in
horseradish roots comparing to fresh ones (Table 5).

Hierarchical cluster analysis was performed to classify data of horseradish and
lovage analysis in different treatments using 5 variables (TPC, TFC and SA and RP)
and 13 samples. Consequently, plant samples with the highest content of phenolic
compounds (fresh and frozen lovage leaves) were grouped in a separate cluster, but
the samples with the highest RP (fresh and frozen lovage leaves) were grouped in
another cluster.

3. Evaluation of effect of extraction conditions on content of biologically
active compounds in horseradish and lovage extracts

The analysis of freeze dried samples showed that the content of biologically
active compounds in horseradish and lovage extracts is significantly influenced by
the polarity of extraction solvent, duration of extraction, extraction temperature and
pressure, as well as extraction method that was analyzed using freeze dried samples.

Evaluation of solvent effect on extraction

Two common extraction methods, namely, conventional method and Soxhlet
method were chosen for the evaluation. These are the methods where one of variable
extraction parameters is solvent. Seven solvents were applied, each with different
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polarity. The conventional extraction was performed in the temperature of
surrounding environment, but Soxhlet extraction was performed in the temperature of
solvent boiling point. The results of variance analysis showed that the applied solvent
and an extraction method are significant factors affecting the content of phenolic
compounds and AA (p<0.05).

Solvent polarity plays a key role in increasing of solubility of phenolic
compounds (Naczk, Shahidi, 2006). The research results showed that the increase of
solvent polarity increased the content of phenols in all analyzed plant materials.

TPC increased in horseradish leaves’ extracts by 42 times on average (Fig.10),
however, TPC ranged from 39.31+1.65 mg GAE 100 g™ of dry weight (with HE) to
2327.68+4.03 mg GAE 100 g of dry weight in lovage leaves’ extracts (Fig.11.)
when Soxhlet extraction method was applied.

The applied solvent polarity as well as the chosen extraction method significantly
influenced AA, besides, this trend was more typical of Soxhlet extraction method. By
increasing solvent polarity, scavenging activity increased four times and reducing
power increased six times on average.

The analysis of all results showed that the best extracts were obtained by using
Soxhlet extraction method with high polarity solvents (Table 6).

Evaluation of microwave and ultrasound effect

Ultrasound assisted extraction (UAE) and microwave assisted extraction (MAE)
were chosen to evaluate the effect of ultrasound waves and microwaves. One of
variable indices of these extractions is the duration. The results of evaluation of
solvent effect on extraction showed than ethanol is one of the best solvents therefore
ethanol was applied to UAE and MAE. During UAE sound waves with mechanic
vibration affect solids and liquids causing an enlargement in the pores of the cell
walls  enhancing  diffusion  process and increasing mass transfer
(Angela, Meireles, 2009). As regards MAE, microwaves break solid cell walls
releasing phyto-chemicals (Wu et al., 2012). In the latter extraction method increased
temperature (50 — 77 °C) has a certain influence.

The results of variance analysis showed that the duration of extraction and an
extraction method were significant factors that influence TPC, TFC as well as
their AA (p<0.05).

The analysis of individual indices showed that both methods did not have similar
tendencies, in addition, the analyzed plant material demonstrated different features.

In the case of UAE a trend was observed that the longer extraction duration
yielded higher phenolic content and antioxidant activity. In the case of UAE there
was a correlation between TFC and ABTS cation-binding capacity (r=0.88),
therefore it was possible to forecast that flavonoids in lovage leaves would act as
radical (ABTS"™) bonders.

There was a correlation between TPC and TFC in horseradish leaves extracts,
where the comparison extracts and the extraction time — 15 s and 1800 s showed that
TPC increased by 4.63 times and TFC increased by 4.89 times (Fig. 12.), however,
there was not any correlation between these increases and AA (Fig.11).
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As regards MAE results, different tendencies in analyzed horseradish and lovage
extracts were observed. Longer extraction duration in horseradish extracts caused the
decrease in phenolic content, but increase in SA. Especially it was obvious in
horseradish root extracts of genotype G106 and G12B, in which longer extraction
duration caused the decrease in TPC by 2.33 and 1.8 times, respectively (Fig. 13), but
DPPH" radical bonding activity increased by 1.55 and 1.47 times,
respectively (Fig.13).

Other analyzed extracts of plant materials had slightly different results and longer
extraction time caused the decrease in all indices (Fig.14).

Having compared extracts obtained in ultrasound assisted extraction and
microwave assisted extraction (Table 7), it could be concluded that it is not possible
to determine a universal extraction method and duration to all plant materials.

Evaluation of the effect of extraction temperature and pressure

Several methods — conventional (CONV) extraction, Soxhlet (SOXE), subcritical
condition (SUB), as well as accelerated solvent (ASE) extraction using ethanol as
solvent were used to evaluate changes in the content of phenolic compounds and AA
in the extracts of lovage leaves and stems and horseradish roots according to the
temperature and pressure conditions. The specifications of the extraction conditions
are described in Table 8. There is not any available information about similar
research on the application of subcritical and accelerated solvent extraction for
antioxidant extraction from horseradish and lovage.

The results of the analysis of variance showed that both plant material and an
extraction method are significant factors that affect TPC, TFC as well as
their AA (p<0.05).

The findings showed that flavonoids in lovage were similarly bound in plant cells
and they show similar thermo-stability, while flavonoids in horseradish roots were
rather thermo-stable therefore they were released from their bound compounds only
under certain temperature and pressure mode (Table 9). Besides, the content of
flavonoids had the tendency to increase at higher temperatures, and TFC in SOXE
extracts was as much as 6 times higher comparing with CONV extracts. As regards
higher pressure mode, there was not a significant difference found or the extraction
occurred either above or under the critical solvent point. However, when the
temperature stayed at the same level, the increased pressure caused the decrease of
TFC that could be explained by flavonoid degradation caused by the pressure similar
to the case of TPC. The highest TPC and TFC was found in lovage leaves, but the
lowest TPC and TFC was found in horseradish roots regardless of the
extraction method.

Comparing AA of the extracts, the findings showed that better results were
obtained using extractions at higher temperature mode (complex compounds with
weak antioxidant capacity at the high temperature are cleaved resulting in the release
of compounds with strong scavenging activity), but lower results were obtained using
the conventional extraction method (Table 10).

Extracts from lovage stems showed the tendency that the SOXE extraction
method was the most effective in all analyzed parameters, besides, this extraction
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method was one of the most appropriate for horseradish roots extracts and lovage
leaves extracts. Consequently, the SOXE method could be considered as an effective
extraction method for extracting phenolic compounds and natural antioxidants from
horseradish roots and lovage leaves and stems.

The results gave evidence that solvent becomes most effective in obtaining
phenolic compounds at critical temperature, but its effectiveness decreases when
heating takes place above critical temperature (Table 11) because thermic
degradation of phenolic compounds occurs; as a result decomposition products with
low molecular weight are obtained (Schieber et al., 2001; Ignat et al., 2010).

The highest results were found in lovage leaves extracts, but the lowest results
were found in horseradish roots extracts regardless of an extraction method.

The findings of the present research suggest that it is not possible to recommend
the most appropriate extraction method suitable for all plant materials. It could be
explained by the fact that all analyzed plant materials are different concerning their
biological structure; either phenolic compounds are synthesized depending on the
presence of respective enzymes or they are bound in various ways.

Having estimated the obtained results on the effect of extraction conditions and
methods on the content of phenolic compounds and antioxidant activity in extracts,
the extracts of lovage leaves and stems as well as horseradish leaves were selected
applying Soxhlet extraction method with ethanol.

4. Evaluation of horseradish and lovage extracts effect on
oil oxidation inhibition

Since natural phenolic compounds possess antioxidant and antimicrobial
properties, it is possible to use them as alternative to synthetic food supplements for
technological purposes. Phenolic compounds in food products provide protecting and
stabilizing effect on lipids, food colour and taste (Kammerer et al., 2011).
Horseradish and lovage extracts show antioxidant activity, and, the extracts of
horseradish leaves, lovage leaves and stems are added to unrefined rapeseed oil to be
sure that they stabilize lipids effectively. The stability of unrefined rapeseed oil
stored at the increased temperature and room temperature in the light/darkness and
darkness with added extracts of horseradish leaves and lovage leaves and stems were
experimentally evaluated.

In the first stage the effect of increased temperature on the stability of unrefined
rapeseed oil, storing oil samples in the darkness at the temperature of 60+1 °C was
analysed. At the end of the experiment there was a significant difference (p<0.05)
between the concentration of peroxides and hydro-peroxides in oil samples, however,
there was not a significant difference for free fatty acids.

The added extracts influenced the oxidation of unrefined rapeseed oil during the
storage at the increased temperature. The control sample (unrefined rapeseed oil
without additives) at the increased temperature oxidized at higher speed and after
22 storage days the peroxide value was 103.08+2.75 meq O, kg™ of oil (Fig. 15).
Besides, the oil sample with added 0.01% BHT oxidized comparatively fast — after
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22 storage days the peroxide value was 98.87+2.59 meq O, kg™ of oil. Even stronger
ability to inhibit oxidation in such storage conditions was demonstrated by the oil
samples with added lovage stems extract in 1% concentration (after 22 storage days
the peroxide value was 79.26+1.94 meq O, kg™ of oil). The same regards to oil
samples with added extracts of lovage leaves (1%) and horseradish leaves (1%) that
inhibited oxidation of unrefined rapeseed oil effectively.

After 22 storage days, storing samples at the increased temperature in the
darkness, the highest scavenging activity was maintained in the sample with added
1.5% extract of horseradish leaves (42.86%) and 1% extract of lovage leaves
(42.56%) that were significantly higher (p<0.05) in comparison with the control
sample (26.95%), as well as the oil sample with added BHT (38.14%) (Fig. 16).

In the second stage analyzed oil samples stored in the light/darkness and darkness
at 22+1 °C was analysed. The results showed that the most effective among the
added plant extracts was the extract of lovage stems. However, the added plant
extracts had a negative effect on oil stability storing them in light/darkness at the
temperature of 22+1 °C; these oil samples oxidized significantly faster (p<0.05) than
the control sample and the sample with the synthetic antioxidant. The oil sample with
added extract of lovage stems (1%) demonstrated the least difference with the control
sample (Fig. 17, A).

As regards the storage of samples in the darkness at the temperature of 22+1 °C,
the oil samples with added extracts (1%) oxidized significantly slower (p<0.05) than
the control sample and the sample with synthetic antioxidant (Fig.17, B). After
24 storage weeks the oil sample with added extract of lovage stems was the least
oxidised and its peroxide value was 60.72 meq O, kg™ of oil. Besides, peroxide value
was significantly lower (p<0.05) for oil samples with the added extracts of lovage
leaves and horseradish leaves than the control sample and the sample with synthetic
antioxidant after 24 storage weeks.

As regards storing oil samples in room temperature in the light/darkness and in
darkness, higher DPPH radical bonding capacity after 24 weeks was observed in the
oil sample with added 1% extract of horseradish leaves and 1% extract of lovage
stems that was significantly higher (p<0.05) in comparison with the oil sample with
added BHT as well as the control sample (Fig. 18).

Thus, the research findings show that the most effective turned out to be extracts
added to oil stored in the darkness at the increased temperature. As regards the
conditions of the light and the room temperature, the negative effect was
demonstrated by chlorophill that was not separated from extracts and enhanced oil
oxidation. In all storage conditions the extract of lovage stems was the most effective
oil oxidation inhibitor, but the extract of horseradish leaves had the most effective
DPPH radical bonding capacity.
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CONCLUSIONS

. The physical and chemical parameters of horseradish and lovage were
significantly affected (p<0.05) by a genotype, a part of the plant and the harvest
time. Both horseradish and lovage had significantly higher (p<0.05) content of
phenolic compounds and antioxidant activity in leaves than in roots.

. The highest phenolic content in horseradish and lovage leaves was found right
after the blooming; as regards antioxidant activity in horseradish roots and lovage
stems, the highest level was found in mature plants. Comparing horseradish and
lovage, the highest level of phenolic compounds and scavenging activity was
found in horseradish leaves, but the highest reducing power was found in
lovage stems.

. In freezing conditions the content of phenolic compounds and antioxidant activity
increased in lovage stems, the content of flavonoids and reducing power
increased in lovage leaves, but the content of rutine and caffeic acid increased in
horseradish roots.

. Freeze-drying caused the decrease of the content of phenolic compounds and

antioxidant activity in horseradish roots, but microwave vacuum drying treatment
increased scavenging activity in horseradish roots comparing with fresh roots.

. The increase of the polarity of extraction solvent caused a significant increase
(p<0.05) of the content of phenolic compounds and antioxidant activity in
horseradish and lovage extracts.

. The increase of the duration of microwave treatment significantly (p<0.05)
decreased the content of flavonoids and antioxidant activity in horseradish and
lovage extracts.

. The boiling temperature under atmospheric pressure was more appropriate for
extraction of phenolic compounds and antioxidants in horseradish and lovage.

. Storage at +22 °C and 60 °C temperature in the darkness added plant extracts
significantly (p<0.05) inhibited oxidizing of unrefined rapeseed oil and their
activity was higher than that of synthetic antioxidant (BHT). Lovage stems (1%)
extract was more effective.

. The data obtained in the research confirm the hypothesis: antioxidants in
horseradish and lovage inhibit lipid oxidizing.

RECOMMENDATIONS FOR MANUFACTURERS

. Soxhlet extraction with 95% ethanol is recommended in order to obtain

horseradish and lovage extracts with higher content of biologically active
substances and antioxidant activity.

. 1% extracts from lovage stems or horseradish leaves can be used to increase
oxidizing stability of unrefined rapeseed oil stored in the darkness.
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