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Literature background and the aims of the study

Nowadays plant species, accumulating antioxidampmunds, have raised the interest of
several scientists. Because of the free radicalesang effect their role both in the modern
pharmacy and in the food industry is becoming nimgortant.

Making a survey on the literature data confirmg the scientific field was one of the most
developing one in the last few years. As an exarbpleveen 1993 and 2003 the number of the
publications focused on the consequences of thalatixe stress as well as the effect of antioxidant
compounds increased fourfold (1993: 1684 articB¥)3: 6510 articles) (Huang et al., 2005).
Actually, on the Sciencedirect database, the wandtipxidant” as a searching target results in
25161 articles.

The usage of plant originated secondary metaboéitedood preservatives is not a new
invent but a rediscovered possibility. Ancient Eggps had already used spices for this purpose
(anise, caraway, cinnamon, mustard, and saffronls@W, 1993). Today it has been also revealed
that the antioxidant effect is due to the high lesfephenolic compounds, moreover the structural
conditions are also clarified (o-hydroxi-group, payated double bonds at the 4-oxo-group,
presence of 3-OH and 5-OH groups) (Bors et al.,9198ince phenolic compounds are good
guenchers of singlet oxygen, they can decreasdotted oxygen concentration (Beutner at al.,
2001). These compounds are proven to act as niethdtors as well (Brown et al., 1998). They can
regenerate the endogertocopherol in the cell membrane therefore theyease LDL resistence
to oxidation both in vitro and in vivo (Viana et,al996). Phenolic compounds are known to react
as oxidative enzyme inhibitors, too (Cos et al9&8)9

As it was confirmed that natural antioxidants cae tegarded as “multifunctional
antioxidant” (Shahidi and Wanasundara, 1992), tmaber of the evaluated plant species increased
significantly. Therefore, in the last few yearssides medicinal and aromatic plants, vegetables,
fruits and nuts were also analysed testing thessiabe advantageous effect on human health
(Lugasi et al., 1999; Dorman et al., 1995). Notygohenolic acids (rosmarinic acid, caffeic acid,
chlorogenic acid), triterpenes (oleanolic acid, olics acid) and flavonoids (quercetin, rutin,
isoquercitrin) were studied for their antioxidariteet, but several essential oils (Dorman et al.,
1995; Sacchetti et al., 2005) and also their coraptswere involved in the research work (Dorman
et al., 2000; Ruberto and Baratta, 2000).

Phenolic compounds having antioxidant effect attitae attention of many researchers since
their importance will be more emphasized not onlyhe field of medical sciences but also in food
industry as natural food preservatives. Based snagpect two plant species accumulating phenolic
compounds were chosen to our studiesnella vulgarisL. andThymus vulgaris.



Self-heal Prunella vulgarisL.) from theLamiaceaeplant family is native to Eurasia, used
traditionally in the Chinese and Indian medicinethe plant extract several active compounds are
found possessing antioxidant effect: ursolic aoléanolic acid, rosmarinic acid, flavonoids, and
antocyans (Senra, 1963). As the extract is alnassé tand odourless its usage in the food industry
seems to be perspective as natural food presegvativ

Garden thyme Thymus vulgarud..) also from theLamiaceaefamily shows one of the
strongest antioxidant activity among medicinal arts essential oil (mainly the components
thymol and carvacrol) and the non volatile compaufsmarinic acid, carnosol, carnosic acid,
flavonoids) are both responsible for the radicadichreaction inhibitor and the free radical
scavenging effect (Deans et al., 1993). Severaliesuconfirmed its strong antioxidant activity
(Mantle et al., 1998; Dorman et al., 2000; Kataliet al., 2006). Referring to the literature data

garden thyme was chosen as a reference plant aldtarthe evaluation of the results.

The aims of the study were the following:

» comparison of the total phenol content and totaioaidant capacity in both species by
using different extraction methods (ethanol andewab define the most proper way for the
extraction

* making morphological and chemical investigations tve Hungarian wild self-heal
populations have not been analysed before,

» evaluation of the possible effect of different egital and climatic conditions on the
morphological and chemical characteristics of bel,

* making a standing self-heal culture in our expentak field describing the main
morphological and chemical changes during the\atitn,

» evaluation of the possible effect of the differenttivation years and the plant age on the
total phenol content, rosmarinic acid content antdl tantioxidant capacity in both species,

* making an assay on defining the most desirable qgibgital stage characterised by the

highest total phenol and rosmarinic acid contewel§as the strongest antioxidant activity.



Material and Method

Wild populations of self-healln our research the flowering sprouts of severunadly

occurred Hungarian self-heal populations — Bérzkget (B), Katalinpuszta (K), Kiralyrét (KR)
(Borzsony Hills), Recsk (R) (Matra Hill), G6déll(G) (Grassalkovich Castle Park), Botanical
Garden of Véacratot (V), Botanical Garden of SoroK&B) — were collected during the summer of
2005, 2006 and 2007. In 2007, parallel with the ¢huran sample collection, natural Italian
habitats were also involved in our experiment bjlecting plant material from the Botanical
Garden of Pisa (P), the Botanical Garden of Lutgad from the Monte Pisani mountains (MP).

Cultivated self-heal and garden thyme populatidmghe case of the cultivated populations

the research work was carried out in Soroksarhae eéxperimental field of the Department of
Medicinal and Aromatic Plants, Faculty of Hortieuttl Sciences, Corvinus University of
Budapest. The cultivated self-heal populationssaramarized in Table 1, while the garden thyme

cultivars are presented by Table 2.

Table 1: Cultivated self-heal populations

Origin of the seed Year of sowing and its parameters Sample collection
Borzsonyliget (Bterm) | 2006, seedling planting in May, spacid@ x 20 cm| June, 2007
Katalinpuszta (Kterm) | 2006, seedling planting in May, spacing 20 x 20|ciane, 2007
Recsk (Rterm) 2006, seedling planting in May, spacing 20 x 20|cihane, 2007
Go6dolle (Gterm) 2006, seedling planting in May, spacing 20 x 20|ciune, 2007
Vacratot (Vterm) 2006, seedling planting in May, spacing 20 x 20|cihane, 2007
Germany- 2005, 2006, seedling planting in May, September, 2005
purchased seed spacing 20 x 20 cm May, 2006

June, 2007

Table 2: Cultivated garden thyme populations

Name of the culture Year of sowing and its parameters| Sample collection

‘Deutscher Winter’ (DW) | 2005 and 2006, seedling planting|iBeptember — 2005, May and
German cultivar May, spacing 50 x 50 cm September — 2006 and 2007
Kalocsai (KA) 2005, seedling planting in MaySeptember — 2005: May and
Hungarian cultivated | spacing 50 x 50 cm September — 2006 and 2007
population

‘Varico I.” (Var I) 2006, seedling planting in MaySeptember — 2006, May and
Swiss hybrid cultivar spacing 50 x 50 cm September — 2007

‘Varico Il.” (Var Il) 2006, seedling planting in MaySeptember — 2006, May and
Swiss hybrid cultivar spacing 50 x 50 cm September — 2007

In the case of garden thyme the populations weteflowering at the autumn collection
time, therefore only the green, not wooden sprewgee cut. In spring the flowering stems were

collected in every year.



The following characteristics were evaluated:

1. Morphological features of the wild and cultivatel populations of self-heal
- length of the flowering stenfem)
- length of the flowergcm)
- number of the nodes

2. Laboratory analysis:

- Preparation of agueous and alcoholidrests the dried and powdered drug (1g) was
infused with 100°C distilled water (100 ml) and was allowed to stdad 24 hours. Then the
extracts were filtered, and until the analysis waged in freezer. In the case of alcoholic exsrac
the drug (1g) was extracted by ethanol (20%) and albbwed to stand for 72 hours. Then the
extracts were filtered and were stored in freezdll the chemical experiments. All measurements
were done in three replications.

-Determination of total phenol conterhe total phenol content (TPC) was determinecdhiey t
modified method of Singleton and Rossi (1965) bgldpg hot water bath (temperature 30) to
accelerate the colour reaction. The absorbance messured at 760 nm by spectrophotometer
(Scanning Spectrophotometer UV-VIS DUAL BEAM; Labedh Inc.). Gallic acid (0.3 M) was
used as chemical standard for calibration. The €B&ient of the sample was expressed as mg of
gallic acid equivalents per ml of sample (mg GAB/mI

- Investigation of total antioxidant capacityhe total antioxidant capacity (TAC) was
measured by the modified FRAP method (Benzie aralr5t1996). The antioxidant capacity of the
sample solution was calculated with reference eodfandard curve given by the ascorbic acid of
known concentrations. The TAC value of the samplas expressed in mg ascorbic acid equivalent
per ml of sample (mg AAE/ml).

- Essential oil content essential oil content was analysed by Clevenggre t
hydrodistillation according to the PhHg VII, its aomt was given in ml/100 g dry material.

- Essential oil compositionThe composition of the essential oil was evaludted>C-MS
method (6890 N Gaschromatograph equipped with 58@& mass selective detector, Agilent
Technologies; injector temperature was 280 split ratio: 30:1; transfer line: 24C; colonna —
HP-5MS (5 % phenyl methyl siloxane) length: 30 th,250 um, film thickness: 0.25 um; carrier
gas: helium (constant speed of 1 ml/min); tempeeaforogramme: 60-240C by 3 °C/min;
ionization energy was 70 eV). Detection of the cooms was done by comparing their mass

spectra to librarian references (NIST, Wiley) agdchlculating their linear retention indexes (LRI).



- Analysis of rosmarinic acid conterfbr the evaluation of rosmarinic acid content (RAC
thin layer chromatographic method of Janic&aklathé (1997) was applied in two replications. For
the quantitative analysis densitograms were obdalme using a Shimadzu CS-9301 PC (Japan)
densitometer. The fluorescence of RA was measur8dsnm, the amounts were expressed in mg

rosmarinic acid/g dry material.

3. Statistical analysis

The results were summarized by Microsoft Office &x2003. The statistical analysis was
carried out by Statistica 7.0. The means were coedply one-way variance analysis. Levene-test
was done to investigate the homogeneity of thedstah deviations. When the t-test indicated
significant differences Brown-Forsythe test wasriedr out (Brown and Forsythe, 1974; Vargha,
2000). The significance level was 95 % in all cgge$.05).



Results

Prunellavulgaris

With only one exception (K) the different way oftectionhad a_significant effeain the

total phenol content and total antioxidant capacityself-heal samples. Similar to other plant
species from theamiaceadamily (garden thyme, rosemary) thater extractsvere characterised
by higher TPC and TAC values

The lenght of the flowering stems in the wild pagidns was found to be connected

strongly to the natural habitats. During the thyears of investigation significant differences were
observed in every year. Populations collected idemwood (B, K, KR, R) developed longer

flowering sprouts (average of 23.38 cm) than thamsaing from cut and maintained grasses (G, V,
SB) (average of 12.26 cm). The variability of tlesults seems to confirm that this plant species

probably has a great adaptability.the case of the underwood plant populationdehgth of the

flowers was also higher (average of 2.15 cm); ihgrasses the flowers were shorter (average of
1.44 cm). The same tendency was experienced inntimber of the nodes, because of the
permanent cutting the shortened flowering stemsldged less pairs of leaves (average of 2.86)
than those plants growing in half shade positioen the trees (average of 3.43).

During the cultivation of self-heabecause of the altered climatic conditions (diam

instead of half shadow, higher temperature), tihette of the flowering stemsnd the number of

the nodedecreased significantly those populations originated from underwooditiaéb (B, K).

However, the length of the flowers increasédall cases the cultivated populations showed le

variability than the wild ones, which was indicatedmuch lower CV% values.

In accordance with the result of Bomme et al. (3086 ascertained that, the flowering
stems of self-heal should be collected at the endpdng in the second year, when all of the
measured morphological features showed the highaktes (length of the flowering stems:
32.28+6.86 cm, length of the flowers: 2.40+0.88 cmnber of the nodes: 4.04+0.68). In the first
year of cultivation the occurrence of the flowerasware, while in the third year, due to several
diseases as well as to the drought and pests, nmalyviduals shrivelled, and the rest bore
significantly shorter stems (11.28+3.01 cm).

In the case of wild-growing self-heal populatiome tTPC, RAC and TAC values were
measured during three years. In 2007 we had thalplity to involve in our study Italian self-heal
populations as well in three natural habitats (Bat@ Garden of Pisa, Botanical Garden of Lucca,
Monte Pisani Mountains) characterised by much warmanel sunnier climatic conditions than that
of Hungary. The results were compared in every taggrden thyme populations (DW, KA). In

2005, .in the most rainy and cold yearly weatherddgwns all of the three investigated features
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were characterised by lower valu&etween the observed wild growing populationsiigicant
differences were found. Among the Hungarian popanat plants growing in the Botanical Garden
of Vacratot accumulated the highest level of TP@E 0.41 mg GAE/ml; 2006: 0.55 mg GAE/ml;
2007: 0.46 mg GAE/ml) and RAC (2005: 15.80 mg/jd@®@1.70 mg/g; 2007: 23.30 mg/g). In the
case of TAC the results were less obvious. In 2@@5population of Recsk (R) (0.35+0.04 mg
AAE/ml) and plants from the Botanical Garden of &war (SB) (0.33+0.01 mg AAE/ml) showed
significantly the highest results, in 2006 the taianical gardens (SB: 1.35+0.28 mg AAE/ml, V:
0.91+0.33 mg AAE/ml) were characterised by outsit@gpd/alues. In 2007 significant difference
was not detected among the Hungarian populations.

In two Italian natural habitats (Botanical Gardér.occa and the Monte Pisani Mountains),
having much warmer and sunnier weather conditibas the Hungarian places of collection, the
TPC (0.704£0.01 mg GAE/mI; 0.60+0.05 mg GAE/mI) amiC (1.14+0.06 mg AAE/ml; 0.91+0.19
mg AAE/mI) values were significantly higher tharatlof the Hungarian populations. In the case of
TAC the results also exceeded those values measutied garden thyme.

Summarizing the results it was clear that the TREC and TAC values of self-heal could
reach the level of the investigated garden thympulaions, moreover, in some cases, even
exceeded them.

As a result of cultivationowing to the changed climatic conditions, in twoderwood
originated self-heal populations (B, K) the levélT&’C and RACwas _doubledthe TAC values

also_increased significantly

The possible effect of the different cultivatioraygand the plant agen the TPC, RAC and

TAC was investigated on a 2 and 3 year old standelheal culture made by using German

purchased seed. In the case of the HPOncreasing tendenayas observed, the lowest results
were measured in 2005 (0.43+0.01 mg GAE/ml), wiile year 2007 was characterised by the
highest values (0.50+0.01 mg GAE/ml). Similar te TPC, in_200y7also the RAC was outstanding

(21.80+1.60 mg/g). However, from the TAC pointvaéw the best results were given by 2006
(0.97+0.12 mg AAE/ml). In 2007 the 2 and 3 years cliltures were analysed at the same time.

The older plants accumulated more phenolic comp®adyears old population: 0.39£0.02 mg

GAE/ml; 3 years old population: 0.50+0.01 mg GAB/nds well as higher TAG2 years old
population: 0.36£0.02 mg AAE/ml; 3 years old popigia: 0.67+0.04 mg AAE/ml). In the case of
the RACthe different plant age did not influence sigrafitly the results.

Sample collection was done in four different phegaial phases (leafy stems, flowering
stems holding buds, stems in full flowering, stdm&ling overblown flowers) for the optimization

of the harvesting time. As a result we proved, thatccordance with previous results (del Bafio et



al., 2003), the leafy stemsere characterised by significantly the highesCTIRAC and TAC

values

Thymusvulgaris

The investigated garden thyme cultiv§iBeutscher Winter’, ‘Varico I', ‘Varico II') coudl

not be differentiated by their essential oil conterther in spring or the autumn collection period.

However, according to the cultivars’ official deigtions, the two Varica@wontained higheamount

of thymol in the essential oil (73.13£5.53 % and 73.87t6%% than the German cultivar
(53.69£14.19 %). The hot, dry and sunny weatheinduhe spring of 2007 had different effect on
the garden thyme populations. Probably, the aboeationed extraordinary climatic conditions
caused a more significant stress on_the Germaivauiltesulting in a high level of TP(1.58+1.02

mg GAE/ml), twice bigger than those of the Varicoltivars (0.62+0.08 and 0.82+0.11 mg

GAE/ml). In the case of the TAC the results wermilsir, however, the difference was not

confirmed statistically. On the contrary of the TR@d TAC values the RA@as significantly

higher in the Varico cultivarseaching the avegare amount of 33.5 mg/g at thagsjgollection

time.

The possible effect of the different cultivationaygand the plant agen the accumulation

of the active compounds as well as on the totdbsidiant capacity was investigated also in the
case of garden thyme. Referring to previous litematdata these two effects are difficult to be
separated as unique factors (Pluhar et al., 2003jur study the cultivar ‘Deutscher Winter’ was
used as a standing culture investigating a 2 ayeh8 old population at the same time in 2007.
Comparing the two harvesting times (May and Sep&nthe higher TPGind the TAC

were_connectetb the warmer and sunnier weathlerthe case of the spring cuttings the year 2007

was characterised by the above mentioned conditesmdted in a higher level of TPC (0.95+0.11
mg GAE/ml) and TAC (0.95+£0.17 mg AAE/ml); while amgpthe autumn cuttings the best values
(0.94+0.11 mg GAE/ml and 0.66+0.16 mg AAE/ml) weneasured in 2006, when the weather was

less rainy and more sunny. The amount of the das$eiltdecreasedh both cutting times, while in

the case of the thymdte different_cultivation years did not influensignificantly the results. The

RAC, however,_increasetly the years (independently from the weather dmnd), its highest
amount was measured in 2007.

According to the literature data the amount ofélsential oil decreases in the older plants,
however, the ratio of thymol can increase signifta(Pluhar et al., 2003; Pank and Kriiger, 2003).
Our results were accordance with these observatidowever, in the case of TPC and TAC the
results were less obvious. The THCcorrelation with the TAQannot be related to the plant age
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because of the contradictory results. In both csevalues were more influenced by the weather
conditions. Therefore, the higher amounts were oredsduring the autumn of 2006, and the spring
of 2007. The changes of RA@ere less explainabléoo. In the spring of 2007, when the weather
conditions were dry, sunny and quite warm, the ropdignts contained higher amounts, while during

autumn, when the weather was more rainy and colgjgnificant difference was observed between

the 2 and 3 years old populations.
Similar to self-heal, the leafy stems accumulateghér amounts of TPC and TAC,;

however, in this plant species the difference wgsifsicant only in the case of TPC. The different
phenological phases did not influence the RAC aandégarden thyme.

New scientific results

Based on the 3 years long (2005-2007) experimewmbak the following scientific results
were gained:
1. In the case of self-heal, similar to other plarg@es from thd.amiaceagamily (rosemary
— Engel, 2005; garden thyme — Stefanovits, 200@) water extractsan be characterised by
significantly higher amounts of TPC and TAC

2. The morphological features as well as the activepmunds of self-heal were investigated
for the first time in Hungarian natural habitatsccArding to our results the following
statements were given:

» The great morphological variabilityf the Hungarian self-heal populations confirms
that this plant species has a good adaptabilitys characteristic makes possible the

cultivation as well.
» The TPC, RAC and TA®f the analysed self-heal populations showed fazmit
differences too. Plants from underwood natural habitats (Bongliget and

Katalinpuszta) had lower amounts in every year.ti@ncontrary, in two botanical
gardens, populations coming from the cut, mainthiggasses (V, SB) were
characterised by high values in the case of TPCT#&@ during the whole period of
the investigations.
3. For the evaluation of the different ecological acldnatic conditions on the chemical
characteristics of self-heal, in 2007 three Italatural habitats were involved in our study.

Our findings were the following:



« The TPC, RAC and TAC of self-heal can be signiftbtamfluenced by the weather

conditions.The lowest values were measured in the coldes$t nany year of the

investigations, in 2005. The connection between dlceumulation of phenolic

compounds and the sunnier and warmer weather comglwas also confirmed by

those results were given by two Italian populatidnsthe case of TAC the values
even exceeded significantly the results of gartigme.

. The effect of the cultivation on the morphologieald chemical features on self-heal was
also investigated for the first time:

* During the cultivation of self-heal considerablenfescan be observed referring to

the_morphological and chemical featucéghe plants:

- the length of the flowering stems decreases

- the length of the flowers increases

- the number of the nodes decreases

- the TPC, RAC and TAC values of the samples mmgre

* According to our results we ascertained that tlamdibg culture of self-heal was
recommended to be maintained under cultivatiommarie than 2 years

. Investigations were done also for the evaluationth&f possible effect of the different
cultivation years and the plant age on the TPC, Rahd TAC of self-heal and garden
thyme:
* The meshing effects of the weather conditions & tultivation years and the
different plant ages had a significant effect ombsults in both plant species:
- the_TPC and TA®f self-healincreased by the aging of the plamile the

RAC was in stronger connection with the cultivatiear,

- the TPC and TA®f garden thymewvere_more influenced by the weather

conditions of the different cultivation years, wehihe_RACwas_higher in

the olderplants.
For the first time an assay was carried out omaf the most desirable phenological stage
in both plant species characterised by the highie&t, RAC and TAC values:
* The leafy stem#iad significantly the highest level of TRE both plant species. In

the case of self-heal this phenological phase Wss @haracterised by the highest
RAC and TAC values.
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Conclusions, recommendations

In our study the volatile and non-volatile phenalmmpounds were analysed in two plant
species from theLamiaceaefamily in a 3 years long investigation. Our condaus and
recommendations are given separately to the selfdr the garden thyme.

The morphological features as well as the actisengounds ofself-heal, commonly
distributed in Hungary, were investigated for thstftime in Hungarian natural habitats. The plant
populations were significantly different referring their morphological (length of the flowering
stems, length of the flowers, number of the no@des) chemical (total phenol content, rosmarinic
acid content, total antioxidant capacity) featurBecause of the great variabilty of the above
mentioned characteristics as well as the dispessedrrence of the individuals and the differences

between the flowering phases (stems holding budsyefing stems, stems having overblown

flowers) during the collection period it would bdvésableto elaborate the cultivation procesks
this plant species.

According to our results the cultivation of selfahas possible also in Hungaryn a

previous study, in Germany, an experimental wort haen already made on cultivated self-heal
populations (Bomme et al., 2006). In accordancé wieé German study the standing culture of self-

heal also in Hungary is recommended to be maindaimgler cultivation not more than 2 yedrs

the third year of the cultivation different kind$ diseases occurred causing leaf-blight, and the
plants could not recover from being cut in the selcgear. Self-heal can be propagated by seed
sowing; it can grow even in sunny exposure by asguoccasional watering depending on the

weather conditions. To preserve the flowers ondteens as well as to achieve a high level of

phenolic compounds, the stems holding flower-budsaalvised to be collected in the second year
of the cultivation, in June.

The different weather conditions under cultivat{basically the self-heal populations occur

in half-shade, while during the cultivation theyogr in full sunny exposure) can increase
significantly the TPC, RAC and TAC valudberefore a high quality raw material can be pozadi

having the same or more phenolic compounds thamefleeence plant species, the garden thyme.
In Hungary, an officially registered Hungarigarden thyme cultivar is still missing from

the market. Most of the time selected, cultivatempipations can be found having a great

heterogeneity either in the case of the morphosdgic the chemical characteristics. Two hybrid

garden thyme cultivars - ‘Varico I" and ‘Varico - were analysed for the first time in Hungary
testing their cultivation ability in our country.ufing the breeding process of the Varico cultivars
the main target was to establish a great homogenéithe plants, high drug yields, outstanding
essential oil content, and high ratio of thymoleTdelection work was carried out in Switzerland,
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by using German and Italian originated parent lifdge standing cultures in our experimental field
were homogeneous indeed; according to the offagsicriptions the cultivar ‘Varico I’ developed
only female flowers. The sunnier and warmer climabnditions compared to the Swiss habitats,
however, caused a significant variability in thesesdial oil content. Although the standard

deviations were rather big, the average amountdhmeatequirements of the Ph.Hg. VjlWwhile the

ratio of thymol was outstandingn the case of the non-volatile compounds espgdtee RAC was

continuously highin both cultivars. According to our results thdtieation of ‘Varico I’ and

‘Varico II' in Hungary_is recommendeshambiguously.

To acquire_higher amounts of TPC and TA(@ leafy stems should be collectddo in the

case of garden thyme. The phenol content can isers@nificantly if the weather is warmer and
sunnier, therefore higher amounts were measurétaincollection time characterised by the above
mentioned conditions. In Hungary these weatherrpatars are more typical in the first collection
time, in June.

For therapeutic usage teas made in a common waadarsed to be prepardéaistead of the

alcoholic extracts. This statement has already Ipeeven by previous results in the case of garden
thyme (Stefanovits, 2008), however, it was thet fiiree to confirm that the water extracts of self-
heal can be characterised by significantly highmeoant of phenols and stronger antioxidant effect

than the alcoholic extracts.
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