
 
 

Department of Pharmacognosy 
University of Szeged 

 
 
 
 
 
 
 

Variability and biologically active 
components of some Lamiaceae species 

 
 
 
 
 

Ph.D. Thesis 
 
 
 

Katalin Veres 
 
 
 
 
 

Supervisor: 
Dr. Erzsébet Varga 

 
 
 
 
 

Szeged, Hungary 
2007 

 



 

LIST OF PUDLICATION RELATED TO THE THESIS 
 
I. Veres K, Varga E, Dobos Á, Hajdú Zs, Máthé I, Pluhár Zs, Bernáth J: 

Investigation on Essential Oils of Hyssopus officinalis L. populations 
In: Franz Ch, Máthé Á, Buchbaner G, eds. Essential Oils: Basic and Applied Research 
Allured Publishing Comparation, 1997, pp 217-220. 

 
II. Varga E, Hajdú Zs, Veres K, Máthé I, Németh É, Pluhár Zs, Bernáth J: 

Hyssopus officinalis L. produkcióbiológiai és kémiai változékonyságának 
tanulmányozása 
Acta Pharm. Hung. 1998; 68: 183-188 

 
III. Veres K, Varga E, Dobos Á, Hajdú Zs, Máthé I, Németh É, Szabó K: 

Investigation of the Content and Stability of Essential Oils of Origanum vulgare ssp. 
vulgare L. and O. vulgare ssp. hirtum (Link) Ietswaart 
Chromatographia 2003; 57: 95-98 

 
IV. Janicsák G, Veres K, Kállai M, Máthé I: 

Gas chromatographic method for routine determination of oleanolic and ursolic acids 
in medicinal plants 
Chromatographia 2003; 58: 295-299 

 
V. Janicsák G, Veres K, Kakasy AZ, Máthé I: 

Study of the oleanolic and ursolic acid contents of some species of the Lamiaceae 
Biochem. Syst. Ecol. 2006; 34: 392-396 

 
VI. Veres K, Varga E, Schelz Zs, Molnár J, Bernáth J, Máthé I: 

Chemical Composition and Antimicrobial Activities of Essential Oils of Four Lines of 
Origanum vulgare subsp. hirtum (Link) Ietswaart Grown in Hungary 
Natural Product Communications 2007; 2: 1155-1158 

 



 

CONTENTS 
 

1. INTRODUCTION............................................................................................................................. 1 
2. AIMS OF THE STUDY.................................................................................................................... 2 
3. LITERATURE OVERVIEW........................................................................................................... 2 

3.1. LAMIACEAE FAMILY..................................................................................................................... 2 
3.1.1. Taxonomy of the family Lamiaceae ..................................................................................... 2 
3.1.2. Chemical constituents of the family Lamiaceae................................................................... 3 
3.1.3. Activity of compounds ......................................................................................................... 4 

3.2. HYSSOPUS .................................................................................................................................... 4 
3.2.1. Botany of Hyssopus officinalis L. ........................................................................................ 4 
3.2.2. Chemistry of Hyssopus officinalis L. ................................................................................... 5 
3.2.3. Biological activity and medicinal use of Hyssopus officinalis L. ........................................ 6 

3.3. ORIGANUM ................................................................................................................................... 6 
3.3.1. Botany of the investigated Origanum species ...................................................................... 6 
3.3.2. Chemistry of the investigated Origanum species ................................................................. 8 
3.3.3. Biological activity and use of the investigated Origanum species ..................................... 12 

4. MATERIALS AND METHODS.................................................................................................... 14 
4.1. PLANT MATERIAL ....................................................................................................................... 14 
4.2. MORPHOLOGICAL INVESTIGATION............................................................................................. 14 
4.3. CHEMICAL ANALYSIS ................................................................................................................. 14 

4.3.1. Essential oils ....................................................................................................................... 15 
4.3.2. Rosmarinic acid .................................................................................................................. 16 
4.3.3. Oleanolic and ursolic acids................................................................................................. 16 

4.4. MEASUREMENTS OF BIOLOGICAL ACTIVITY ............................................................................. 17 
4.4.1. Bacteriostatic and fungistatic activities .............................................................................. 17 
4.4.2. Antioxidant activity ............................................................................................................ 17 

5. RESULTS AND DISCUSSION...................................................................................................... 18 
5.1. PRELIMINARY STUDIES............................................................................................................... 18 
5.2. HYSSOP....................................................................................................................................... 19 

5.2.1. Morphological studies ........................................................................................................ 19 
5.2.2. Studies of the essential oils................................................................................................. 21 

5.2.2.1. Quantitative studies ..................................................................................................... 21 
5.2.2.2. Essential oil composition ............................................................................................ 24 

5.2.3. Quantitative determination of rosmarinic acid ................................................................... 28 
5.3. ORIGANUM ................................................................................................................................. 31 

5.3.1. Studies of the essential oils................................................................................................. 31 
5.3.1.1. Quantitative studies ..................................................................................................... 31 
5.3.1.2. Essential oil composition ............................................................................................ 32 
5.3.1.3. Stability studies of the essential oils............................................................................ 33 

5.3.2. Quantitative studies of rosmarinic acid .............................................................................. 35 
5.3.3. Stock evaluation for selection of chemotypes .................................................................... 35 

5.4. ELABORATING A METHOD FOR THE PARALLEL MEASUREMENT OF OLEANOLIC ACID/URSOLIC 
        ACID CONTENTS .......................................................................................................................... 40 
5.5. STUDIES OF PHYSIOLOGICAL EFFECTS........................................................................................ 42 

5.5.1. Correlations between essential oil composition and antimicrobial activity........................ 42 
5.5.2. Correlations between rosmarinic acid content and antioxidant activity ............................. 44 

6. SUMMARY...................................................................................................................................... 46 
7. REFERENCES................................................................................................................................ 48 
ACKNOWLEDGEMENTS 
APPENDIX 
 



 

Abbreviations 
 

GC – gas chromatography 

GC/MS – gas chromatography/mass spectrometry 

TLC – thin-layer chromatography 

SPE – solid-phase extraction 

LPO – lipid peroxidation 

MIC – minimal inhibitory concentration 

SSD – statistically significant difference 

RA – rosmarinic acid 

OA – oleanolic acid 

UA – ursolic acid 

CA – cholesteryl acetate 

EtOH – ethanol 

MeOH – methanol 



 1 

1. INTRODUCTION 

Numerous species of the family Lamiaceae which are rich in volatile oils are of great 

importance as herbs and spices. As regards their morphology and chemical compositions, a 

substantial proportion of these plants are polymorphic. Such diversity raises important 

theoretical and practical issues. It can be challenging to classify the species, basic research for 

the purposes of variety breeding is incomplete, and quality assurance is also often 

problematic. Consistent with these features, the variability in essential oil composition may 

alter the gastronomic value of the spices and modify the physiological effects of the herbs in 

the event of medicinal use. Therefore, it is easy to understand why complex explorative 

pharmacological studies of the active constituents are playing an increasingly important role 

over and above chemical and analytical evaluations. 

Practical evaluations of numerous Lamiaceae species have brought various classes of 

constituents other than essential oils into focus. These include hydroxycinnamic acid 

derivatives (mainly rosmarinic acid) as representatives of natural antioxidants, and also 

triterpene carboxylic acids, characterized by physiological activity.  

In this context, complex research into the family Lamiaceae was begun some decades ago 

as a cooperative program in which several Hungarian research centers are engaged in the 

evaluation of medicinal plants. Participating in this research, I have focused on hyssop and 

origanum, two herbs of diverse appearance and chemical constitution, in order to study their 

variability and constituent characteristics. The initial results of this research activity were 

discussed in detail in my thesis for the degree of University Doctor1, while those of the 

continued studies are presented in this Ph.D. thesis. 

As regards my experiments with both species, I participated in the basic research 

preceding variety breeding, and working together with researchers at the Department of 

Medicinal and Aromatic Plants of Corvinus University (the former University of 

Horticulture), focusing on variety breeding; I was mainly engaged in chemical analyses. 

Hyssopus officinalis and Origanum vulgare are considered differently in terms of 

international and Hungarian research activities regarding medicinal and spice plants. Whereas 

hyssop is little studied and has a rather scanty literature, origanum is at the focus of 

international interest. 
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2. AIMS OF THE STUDY 

1. The hyssop cultivar registered in Hungary as the variety Kékvirágú is far from being 

uniform in terms of the colour of the corolla and the chemical composition of its 

volatile oil. This issue gave rise to further studies of variety breeding. The basis of 

selection was the composition of the uniform blue colour of the corolla, a high volatile 

oil content and a definite essential oil composition. The primary aim of our study was 

a thorough evaluation of the strain and progeny lines originating from different hyssop 

populations, and a follow-up of the selected characteristics in progeny generations. 

2. As regards origanum, no cultivar of this plant is available in Hungary, making it an 

up-to-date issue to come up with basic research on different origanum populations to 

achieve results with the potential of utilization for variety breeding. We have focused 

on the following areas: 

  - determining the amount and composition of the essential oil fraction, 

  - completing a stock evaluation for the selection of favourable chemotypes, 

  - evaluating the characteristics of the Mediterranean subspecies O. vulgare subsp.  

    hirtum rich in essential oil, grown under the climate of Hungary, 

  - performing stability studies on the essential oils. 

3. Exploring the relationship between the dynamics of accumulation of rosmarinic acid 

(RA) and the phenological stage, for both species. 

4. Elaborating methodology for parallel determination of the oleanolic acid (OA) and 

ursolic acid (UA) contents of Lamiaceae species and drawing chemotaxonomic 

conclusions from the results. 

5. Studying biological, e.g. antimicrobial and antioxidant activities. 

 

3. LITERATURE OVERVIEW 

3.1. LAMIACEAE FAMILY 

3.1.1. Taxonomy of the family Lamiaceae 

The family Lamiaceae is one of the largest, most distinctive and most diversified families 

of flowering plants (Angiosperms), with about 220 genera and almost 4000 species 

worldwide. This family has an almost cosmopolitan distribution.2,3 Erdtman (1945) divided 
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the family Lamiaceae into two subfamilies on the basis of the pollen morphology: the 

subfamilies Lamioideae and Nepetoideae.4 

The plants investigated, Hyssopus officinalis and Origanum vulgare, belong in the tribe 

Mentheae of the subfamily Nepetoideae of the family Lamiaceae of the order Lamiales.5,6 

 
3.1.2. Chemical constituents of the family Lamiaceae 

The chemical characteristics of the subfamilies Nepetoideae and Lamioideae sensu 

Erdtman are very different, e.g. the contents of essential oils, RA and caffeic acid, 

phenylethanoid glycosides and betaines.3,7–12  

40 per cent of the species of Lamiaceae family are thought to contain compounds that 

possess aromatic properties.2 Most studies have focused on their essential oil components. 

Flavour and fragrance preparations incorporated into various food, perfumery and 

cosmetic products are of substantial value on the world market. The economic interest in the 

fragrance components of aromatic plants direct the selection of commercially cultivated 

species to focus on both the amount and the quality of the volatile substances. The essential 

oil content may vary considerably within a single species from one growth season to another, 

affected by climatic parameters and agrotechnical factors, such as fertilization, water supply, 

and harvesting, and especially the phase of plant development at the time of harvest.13,14 

Many plants have various phenotypes that differ in their appearance, and both quantitative 

and qualitative diversity is often detected in the composition of essential oils obtained, e.g. in 

the cases of hyssop15 and oregano.16  

The phenolic acids, caffeic acid and RA, are common constituents of the family 

Lamiaceae. Caffeic acid plays a central role in the biochemistry of this family. RA is an 

excellent chemotaxonomic marker, present in the subfamily Nepetoideae, but absent in the 

subfamily Lamioideae in Erdtmann's (1945) two-subfamily system.7  

OA and UA are common constituents of plants. These triterpenes may occur as aglycones 

of saponins or as free acids. Reports on their wide-ranging occurrence in the family 

Lamiaceae usually also describe the isolation of free OA and UA, besides other 

compounds.17-19 Unfortunately, insufficient information is available concerning the 

distributions of OA and UA in the family Lamiaceae, because published quantitative 

investigations generally related to only a few species, and mainly qualitative data are to be 

found on the presence of these compounds. 
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3.1.3. Activity of compounds 

The antibacterial activity of essential oils and their main constituents was recognized 

long ago.20,21 

The antimicrobial activities of essential oils against important human pathogenic 

microorganisms have been examined in detail.22 The inhibitory effects of the essential oils or 

their main components on microorganisms that cause food spoilage have also been studied.23 

Interest in the application of essential oils for the control of plant pathogens has recently 

increased.24 

It seems possible that the known biological properties of volatile oil compounds25,26 could 

justify some of the uses of plants containing essential oil in traditional therapies. 

The constituent RA has antibacterial, antiviral, antioxidant and anti-inflammatory 

properties.26,27 

Both OA and UA exert many important pharmacological effects, which are rather 

similar because of the close relationship of their chemical structures. The literature furnishes 

numerous data on their anti-inflammatory,28,29 hepatoprotective,30 antitumour,31 anti-HIV,32 

antimicrobial,33 antifungal,34 gastroprotective,35 hypoglycemic36 and antihyperlipidemic37 

properties. They are relatively non-toxic and have been used in cosmetics and health 

products.30 Both OA and UA have antioxidant activities.38 Balanehru and Nagarajan identified 

OA as a strong, and UA as a mild protector against adriamycin-induced lipid peroxidation.39 

 
3.2. HYSSOPUS 

3.2.1. Botany of Hyssopus officinalis L. 

The genus Hyssopus comprises aromatic perennial herbs or subshrubs. It is mainly 

cultivated, but can also be found in the wild. The inflorescence is 20-25-cm long, false spike-

like, composed of 4-10 flowered pseudoverticils in the terminal. The calyx is tubular and 15-

veined, with 5 equal teeth. The corolla is infundibuliform and 2-lipped. The upper lip is erect 

and emarginated, while the lower one is patent and 3-lobed, the middle lobe being the largest. 

The root of H. officinalis is a strongly branching, multi-headed tap root. It has a stalk 

dividing into many woody stems. The stems are 0.5-0.7 m in height, erect or decumbent. It is 

lignified and brownish near the ground, and above it soft and green. The leaves are opposite, 

shiny dark-green, entire-edged, and lanceolate or oblong, obtuse to acuminate. The well-

developed leaves are 2-4 cm long and 0.5-1 cm wide. Both sides of the leaf are densely 
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covered with embedded oil glands. The basal leaves petiolate and are upper sessile. The bracts 

are linear, acuminate, and not aristate or with an arista measuring 1-3 mm. The calyx is 

glabrous or puberolent, the tube is 3-5 mm, and the teeth are 1-3 mm, acuminate, aristate or 

not. The corolla is blue, violet or rarely white. The fruit is dull, dark or blackish-brown, and 

oblong, with an acute nutlet on one side.40 

Four subspecies have been recognized within H. officinalis L.: subsp. canescens, subsp. 

montanus, subsp. aristatus and subsp. officinalis.40
 Among these subspecies, subsp. officinalis 

and subsp. canescens are considered significant in Central Europe.13,14 

In its natural habitat, it is found on dry, rocky, calcareous soils. 

Hyssop flowers in August in the first year. From the second year on, it flowers in July, and 

after being cut flowers for a second time in September under good weather conditions. The 

second flowering in September takes place only if the weather is rainy in August and 

September. The plant’s life-span under cultivation is 7-9 years.13,14 

 
3.2.2. Chemistry of Hyssopus officinalis L. 

H. officinalis contains 0.3-1.0% essential oil.41 Hyssop oil is well known, and its 

composition has been examined and reported by various researchers.2,42,43 Essential oils of 

plants of the genus Hyssopus (Lamiaceae) have been studied from different subspecies,44 

chemotypes2 and phenotypes15 of H. officinalis with reference to the parts used (leaves, stems, 

roots, aerial parts, flowering tops or only flowers, which may be blue, red, white or of mixed 

colour45), to the stages of vegetation of wild-growing or cultivated plants at the time of the 

harvest, and also considering their different origins.46–48 

Numerous studies in the literature have reported the compositions of essential oils isolated 

from H. officinalis; the major constituents were reported to be pinocamphone, 

isopinocamphone, β-pinene, 1,8-cineole and pinocarvone.48-54 These studies have revealed 

that the composition of the essential oil varies according to genotype, location and climate 

conditions. 

The chemical compositions of the essential oils vary considerably between oils obtained 

from the same type of hyssop, although the presence of bicyclic monoterpene ketones, 

pinocamphone and isopinocamphone remains peculiar to these products. In fact, there are oils 

with high levels of pinocamphone (up to 80%) or isopinocamphone (up to 50%), although the 

ISO 9841 Standard (1991 E) recommends 5.5-17.5% for pinocamphone and 34.5-50% for 
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isopinocamphone.55,56 There are also oils in which other substances may predominate; for 

example, a H. officinalis from Spain had a cineol-rich oil (52.9%)47 and one from Montenegro 

a methyl eugenol-rich oil (38.3%).46 Thus, these oils do not meet the recommended ISO 

standards. 

The volatile compounds of the phenotypes or forms of H. officinalis, differentiated by the 

colour of the corolla, have also been investigated.15,53,57 Three phenotypes of hyssop 

cultivated in the Tashkent region, with either red, blue, or white flowers, analyzed by 

Khodzhimatov and Ramazanova, were found to differ in their chemical composition.57 

Chalchat et al. examined three forms of H. officinalis cultivated in Yugoslavia. They observed 

that these differed in the yield of oils, but not in their chemical composition.53 Kerrola studied 

the intensity of odour of the four phenotypes by sensory methods. The blue-flowered 

phenotype was assessed to be more intense in odour than the others.15  

Besides the essential oils, the plant contains phenolics, di- and triterpenes, etc.41  

 
3.2.3. Biological activity and medicinal use of Hyssopus officinalis L. 

Essential oils of hyssop have been tested for their inhibitory effects against 9 strains of 

Gram-negative and 6 strains of Gram-positive bacteria. The data obtained indicated that 

hyssop oil has a general bacteriostatic activity.58  

Oils of H. officinalis subsp. officinalis displayed antifungal activity against 13 strains of 

phytopathogenic fungi; the oils extracted from plants grown at 1000 m above sea level 

exhibited higher activity.54 

The antifungal effects of hyssop (H. officinalis) oil and its individual components were 

also studied in a series of in vitro and in vivo experiments by Letessier. Hyssop oil and its 

components, used individually, completely inhibited the growth of plant pathogenic fungi.59  

The essential oil of hyssop may be used as an expectorant and antiseptic. Hyssop-based 

phytopharmaceuticals are traditionally administered by the oral route for acute benign 

bronchial disease, and locally to relieve nasal congestion in the common cold.41 

 
3.3. ORIGANUM 

3.3.1. Botany of the investigated Origanum species 

Origanum is used throughout the world as a very popular spice, under the vernacular 

names oregano or origanum. Oregano, one of the most important Mediterranean spices, 



 7 

exhibits rather high diversity from both taxonomic and chemical aspects.60 A large number of 

species referred to as “Oregano” belong in different botanical families and genera. Four main 

groups commonly used for culinary purposes can be distinguished, i.e. Greek oregano 

(O. vulgare subsp. hirtum (Link) Ietswaart); Spanish oregano (Coridohymus capitatus (L.) 

Hoffmanns & Link); Turkish oregano (O. onites L.); and Mexican oregano (Lippia 

graveolens HBK).61 

In Europe and, in general, all over the world, the most common oregano species belong in 

the botanical genus Origanum. The genus Origanum (Lamiaceae) is characterized by a large 

morphological and chemical diversity. 

Several efforts have been made to classify the genus Origanum properly. According to 

Flora Europaea, the genus is divided into three sections, i.e. Origanum, Majorana and 

Amaracus.40 All three sections were revised by Ietswaart (1980), who identified a total of 38 

species and 17 taxa of hybrid origin.60 The morphological variation within the genus results in 

the distinction of 10 sections consisting of 42 species or 49 taxa (species, subspecies and 

varieties).62 In Ietswaart's classification (1980), Section IX is Origanum. It is a monospecific 

section that contains only the species O. vulgare, widely distributed in Eurasia and North 

Africa. Introduced by humans, this species has also been encountered in North America.62 

The plants of O. vulgare have dense spikes, and tubular 5-toothed calyces, never becoming 

turbinate in fruit. Six subspecies have been recognized within O. vulgare based on differences 

in the indumentum, the number of sessile glands on leaves, bracts and calyces, and in the size 

and colour of the bracts and flowers. The southernmost range of O. vulgare is occupied by the 

three subspecies rich in essential oils, whereas those poor in essential oils are found toward 

the northern most range of distribution. 

1. O. vulgare L. subsp. vulgare Europe, Iran, India, China 

2. O. vulgare L. subsp. glandulosum (Desfontaines) 
Ietswaart 

Algeria, Tunisia  

3. O. vulgare L. subsp. gracile (Koch) Ietswaart Afghanistan, Iran, Turkey, former USSR 

4. O. vulgare L. subsp. hirtum (Link) Ietswaart Albania, Croatia, Greece, Turkey 

5. O. vulgare L. subsp. viridulum (Martrin- Donos) 
Nyman 

Afghanistan, China, Croatia, France, 
Greece, India, Iran, Italy, Pakistan 

6. O. vulgare L. subsp. virens (Hoffmannsegg & 
Link) Ietswaart 

Azores, Balearic Is., Canary Is., Madeira, 
Morocco, Portugal, Spain 
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Until 1980, there was no satisfactory classification of the Origanum genus, but since then 

Ietswaart’s system has become widely accepted.  

O. vulgare subsp. hirtum (Link) Ietswaart is native to Albania, Greece and Turkey, but 

alien to Hungary. Ecologically, these species prefer warm, sunny habitats, and loose, often 

rocky, calcareous soils, with low moisture content.63  

 
3.3.2. Chemistry of the investigated Origanum species 

Unfortunately, much confusion exists about the correct taxonomic classification of 

oregano, despite the taxonomic revision of the genus by Ietswaart in 1980. 

It is not surprising that many analytical investigations of oregano and its essential oils did 

not discriminate the numerous subspecies that exhibit subtle morphological and chemical 

differences.64 The yield of essential oil is the only character that demonstrates relative 

stability, thus being useful for the identification of subspecies.65 

The essential oils of Origanum species vary in respect of their total amount per plant and 

also their qualitative composition.  

On the basis of their essential oil content, the different taxa of the genus can be divided 

into three main groups: 

1. Taxa poor in essential oils, with an essential oil content of less than 0.5%, e.g. the Greek 

endemic O. laevigatum and O. vulgare subsp. vulgare. 

2. Taxa with an essential oil content between 0.5 and 2%, e.g. the Cretan endemic taxon O. 

microphyllum known as Cretan marjoram. 

3. Taxa rich in essential oils, with an essential oil content of more than 2%, as for example 

the two commercially best-known ‘oregano’ plants, O. vulgare subsp. hirtum (Greek 

oregano) and O. onites (Turkish oregano).66–69 

As concerns their essential oil composition, Origanum species may be characterized by 

the dominant occurrence of the following compounds: 

• Linalool, terpinen-4-ol and sabinene hydrate, e.g. the essential oils of O. majorana (syn. 

Majorana hortensis Moench.).70 

• Phenolic compounds, carvacrol and/or thymol, e.g. the essential oils of O. vulgare subsp. 

hirtum and O. onites,67,68,71 

• Sesquiterpenes, e.g. the essential oils of O. vulgare susbp. vulgare.61,72,73  
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A number of studies have shown that variation in chemical features may occur within a 

single Origanum species. Furthermore, it has been found that the pattern of variation of a 

single species follows its geographical distribution or depends on the season of plant 

collection.63 

The variation in the essential oil content of O. vulgare plants grown all over the species 

range in Greece has been studied. Plants grown in the Mediterranean zones are rich in 

essential oils (subsp. hirtum), whereas those under a continental climate are poor in essential 

oils (subsp. viridulum and subsp. vulgare).67,74 

A survey of the literature reveals that O. vulgare subsp. vulgare has an extremely low 

essential oil yield, and the essential oils of O. vulgare subsp. vulgare have been found to be 

rich in acyclic compounds and sesquiterpenoids.75,76 Its principal constituents are sabinene, 

(Z)-β-ocimene, β-caryophyllene and germacrene D, while the phenols thymol and carvacrol 

are absent. By contrast, O. vulgare subsp. hirtum has a high essential oil yield, whose 

principal components are phenols, p-cymene and γ-terpinene.65 

Essential oils of O. vulgare subsp. vulgare from Turkey were studied by Sezik et al. and 

Sahin et al. In the former case, the essential oil was rich in terpinen-4-ol + β-caryophyllene 

(21%) and germacrene D (17.8%),76 while Sahin et al. found that the main constituents of the 

essential oil of O. vulgare subsp. vulgare were β-caryophyllene and spathulenol, followed by 

germacrene D and α-terpineol.77 

Chalchat and Pasquier demonstrated the chemical diversity of the plant grown in an 

experimental field in Italy: 6 chemical groups were discerned, in which hydrocarbons 

predominated.78 Melegari investigated the essential oils of the inflorescences and found 4 

chemotypes: p-cymene, terpinen-4-ol, thymol and β-caryophyllene.79 Mockute et al. 

confirmed these results in a study of Lithuanian samples (β-caryophyllene, 10.8–15.4%; 

germacrene D, 10.0–16.9%; sabinene, 6.4–14.2%; (Z)-β-ocimene, 6.2–11.0%; and 

(E)-β-ocimene, 7.0–11.5%).80 An Indian oil analyzed by Pande and Mathela unusually 

contained γ-muurolene (62.2%).81 

The essential oils of 9 species and subspecies of oregano were studied by Figuérédo et al. 

O. vulgare subsp. vulgare was particularly rich in the terpene hydrocarbons sabinene (16.3%), 

p-cymene (2.3%) and (Z)-β-ocimene (1.5%) and the sesquiterpene hydrocarbons germacrene 

D (13.3%), β-caryophyllene (10.7%) and β-bourbonene (1.9%). These hydrocarbons were 

accompanied by the functionalized terpenes linalool (4.0%) and terpinen-4-ol (4.8%).66  
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As this subspecies grows native in an extremely wide area, various compositions have 

been found in studies of its oils. These results reveal a high degree of chemical variability. 

The essential oils of separate parts of O. vulgare L. subsp. vulgare were investigated by 

Mockute. The mean amounts of the constituents in the investigated samples of the essential 

oil isolated from the inflorescences differed from those of the oil isolated from the aerial parts 

of the plants. The essential oils of the inflorescences and the leaves plus stems contained 

different quantities of major constituents (%): β-ocimene (13.3–18.4 and 20.6–25.3), sabinene 

(10.5–15.8 and 6.7–9.8), germacrene D (9.5–15.9 and 12.7–15.7) and β-caryophyllene 

(10.2-14.5 and 9.3–13.7). The essential oils of both origins were of the β-ocimene chemotype, 

but the amount of β-ocimene was lower in the inflorescence oil than in the oil isolated from 

the aerial parts of the plants.82 

A number of studies have shown that O. vulgare subsp. hirtum (Link) Ietswaart (syn.: O. 

hirturn L., O. heracleoticum auct. non L.) is a very variable taxon in both morphological and 

chemical terms. In particular, it has been found that the essential oil content of this taxon in 

Greece ranges from 1.1 to 8.2%. Furthermore, it has been reported that the essential oil 

composition of the wild-growing plants is characterized either by the predominant presence of 

carvacrol or thymol or by almost equal amounts of these phenols. In all cases, the 

monoterpene hydrocarbons γ-terpinene and p-cymene were consistently present in all the 

essential oils analyzed, but always in lower amounts than those of the two phenols.71,74,83,84 

γ-Terpinene and p-cymene are biosynthetic precursors of the isomeric phenols carvacrol and 

thymol.85,86  

O. vulgare subsp. hirtum was studied by Pasquier, and several main groups of plants were 

identified on the basis of their essential oil content, the first group being the most common 

one: 1. Thymol group: rich in thymol (>55%) and poor in carvacrol (< 6%). 

 2. Carvacrol group: rich in carvacrol (>50%) and poor in thymol (< 2.5%). 

 3. Thymol-carvacrol group: balanced presence of thymol and carvacrol (30-45%) for 

both components. 

 4. γ-Terpinene group: rich in γ-terpinene (>45%), very poor in thymol (<1%) and poor 

in carvacrol (13-15%).16  

Twenty-four steam-distilled samples of the essential oil isolated from the inflorescences of 

O. vulgare subsp. hirtum (Link) Ietswaart growing wild in Calabria, southern Italy, were 

analyzed by gas chromatography (GC) and gas chromatography/mass spectrometry (GC/MS). 
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Four chemotypes were identified on the basis of the phenolic content, i.e. thymol, carvacrol, 

thymol/carvacrol, and carvacrol/thymol chemotypes, the first of these being the most frequent 

chemotype. A significant variability of composition was observed that possibly correlated 

with the individual genotypes.65 

Other studies in the literature suggested that O. vulgare subsp. hirtum is more commonly 

rich in carvacrol and less commonly rich in thymol.71,87-89 

Steam-distilled essential oils of 23 collections of O. vulgare subsp. hirtum from the 

Aegean region of Turkey were analyzed by GC and GC/MS. Forty-eight compounds, which 

amounted to 95.1-99.5% of all components detected, were identified. The carvacrol content in 

the oils varied between 23.43 and 78.73%.90  

Essential oils of O. vulgare subsp. hirtum from 23 localities throughout Greece were 

analyzed in order to determine their quantitative and qualitative features. The total oil 

contents of the plants and the percentage contributions of the major oil constituents carvacrol, 

thymol, γ-terpinene and p-cymene varied markedly between localities. The contents of 

carvacrol and thymol displayed a significant inverse correlation. Altitude seemed to be the 

most important environmental factor influencing the essential oil content; high values were 

recorded at low altitudes, coinciding with Mediterranean-type ecosystems. The sum of the 4 

major oil constituents, representing the ‘phenol pathway’, seemed to be influenced by the 

thermal efficiency of the climate. The hotter the climate, the higher their total concentration.68  

The season of collection may also strongly affect the essential oil yields of the plants and 

the concentrations of their main components.91 Differences were found between summer and 

autumn plants in the total essential oil content of O. vulgare subsp. hirtum and in the amounts 

of each of the 4 main oil components. The essential oil content was much lower in the autumn 

plants, ranging from 1.0 to 3.1%, as compared with those collected from the same areas in 

summer (4.8–8.2%). The most impressive difference was the increased amount of p-cymene 

in autumn, which ranged from 17.3–26.9% of the total oil content in plants from the South 

Peloponnese and Crete (versus 4.0–9.5% for the summer plants) to 37.1–51.3% of the oil 

content in plants from the Athos peninsula (versus 12.0–12.2% in the summer).83 

The essential oils of O. vulgare subsp. hirtum plants collected in late autumn from 6 

localities of 3 distinct geographic areas were studied. A high quantitative variation was found 

in the amounts of the 4 main components; γ-terpinene ranged from 0.6 to 3.6% of the total 

essential oil content, p-cymene from 17.3 to 51.3%, thymol from 0.2 to 42.8%, and carvacrol 
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from 1.7 to 69.6%. Plants collected from the northern part of Greece were rich in thymol 

(30.3–42.8% of the total oil), whereas those from the southern part of the country were rich in 

carvacrol (57.4–69.6% of the total oil). Furthermore, a comparison with the essential oils 

obtained from plants collected from the same localities in mid-summer demonstrated 

noticeable differences in total oil content and in the concentrations of the 4 main oil 

components.67,68,71,74,83 

In spite of the striking quantitative differences in the major oil components, their sum 

(γ-terpinene + p-cymene + thymol + carvacrol) was almost equal in the essential oils of plants 

of different geographical origin or those collected in different seasons, ranging from 85.0 to 

96.8%. These results suggest that the essential oils of O. vulgare subsp. hirtum are 

characterized by stability, irrespective of the season of plant collection.20 

Besides the essential oils, the plant contains phenolics, di- and triterpenes, etc.92,93 

 
3.3.3. Biological activity and use of the investigated Origanum species 

The antibacterial and fungicidal activities of oregano have been reported in many 

works.94,95 Its oil exerts bactericidal effects against many microorganisms.96-98 Its inhibitory 

effect has also been described on the growth of some plant and animal pathogens, and 

organisms causing food spoilage.99-101 As regards honeybee (Apis mellifera) pathogens, 

bactericidal and fungicidal effects of oregano extracts have been reported for Bacillus larvae 

(causing American foulbrood), Ascosphaera apis (causing chalkbrood) and Bacillus alvei (a 

secondary pathogen involved in European foulbrood). These findings, confirmed by 

Calderone et al., highlight the important role of oregano in the management of honeybee 

diseases.102  

The essential oil of O. vulgare is active against the growth of fungi and bacteria103-105 

and against Clostridium botulinum.106 The high carvacrol content of the oil was found to play 

a major role in this activity.107  

Essential oils from O. vulgare were tested for their inhibitory effect against 9 strains of 

Gram-negative and 6 strains of Gram-positive bacteria. The essential oils of O. vulgare 

appeared to be bactericidal at concentrations above 400 ppm, probably because of the high 

contents of phenolic compounds. The bacteriostatic activity was more marked against Gram-

positive bacteria; in contrast, the bactericidal activity was greatest against Gram-negative 

bacteria.58  
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The essential oils of O. vulgare subsp. hirtum exhibited antifungal properties against 

human pathogens, and at a dilution of 1/50 000 caused a 95% reduction in the number of 

metabolically active cells within 6 h of exposure. Of the 4 main components of the oil, 

carvacrol and thymol displayed the highest levels of antifungal activity. The essential oils 

mentioned above did not exhibit any mutagenic activity in the Ames test.108  

The study by Burt and Reinders indicated that the essential oils of O. vulgare possess 

significant in vitro colicidal and colistatic properties in a broad temperature range, which are 

amplified by the addition of agar as stabilizer. This could be an area of further research for 

application in the food sector to improve food safety by the partial or total elimination of 

E. coli O157:H7.109 

The antimicrobial test results showed that the essential oils of O. vulgare subsp. vulgare 

had a high antimicrobial activity against all 10 bacteria and 15 fungi and yeast species tested. 

In contrast, the MeOH extract of the aerial parts of O. vulgare plant showed no antimicrobial 

effect.77  

O. vulgare additionally has antiviral activity. Ethanolic extracts of O. vulgare proved to 

be active against ECHO9 Hill virus in cultures of monkey kidney cells, by inducing the 

production of a substance with interferon-like activity.110  

The antioxidant activity of Origanum species, has been investigated.111,112 Lagouri et al. 

demonstrated the antioxidant activities of O. vulgare subsp. hirtum, O. onites, Coridothymus 

capitatus and Satureja thymbra.113 The essential oils of O. vulgare subsp. hirtum, and its 

individual compounds carvacrol and thymol, were found to possess antioxidant activity when 

tested on TLC plates.113 Results from these studies indicated that the antioxidant effect may be 

related to the presence of carvacrol and thymol in the essential oils. Other chemical 

compounds extracted from the leaves, such as terpenoids, may also contribute to the 

antioxidant activity.114-116 

The antioxidant activities of the MeOH extract and the essential oils of O. vulgare 

subsp. vulgare were measured. The results suggested that the extract behaved as a strong free 

radical scavenger, providing IC50 at even 9.9 µg ml-1, whereas the oil showed weaker activity, 

with IC50 at 8.9 mg ml-1.77 

O. vulgare L. subsp. hirtum (Link) Ietswaart has less impressive properties; however, it 

is the most widely used spice throughout Greece. It is known as rigani, and records of its 

utilization date back to Theophrastus and Dioscorides.117 The plant parts used are the leaves 



 14 

and flowers, collected during the flowering period in summer. Literature sources have 

revealed the following uses of the essential oil: inhalation in chronic pneumonia, the relief of 

toothache, externally against rheumatism, and the preparation of soaps with antiseptic 

properties. Its infusion is used against colds, coughs and diarrhea.117 

 

4. MATERIALS AND METHODS 

4.1. PLANT MATERIAL 

The plant material was gathered from the perennial populations of H. officinalis L., 

O. vulgare subsp. vulgare L. and O. vulgare subsp. hirtum (Link) Ietswaart cultivated at the 

Experimental Station of the Faculty of Horticultural Science of Corvinus University of 

Budapest at Soroksár and at the experimental field of the Institute of Ecology and Botany of 

the Hungarian Academy of Sciences at Vácrátót, Hungary. The original seeds had been 

obtained from various botanical gardens abroad and the origin of the populations was the 

gene-bank stock of the mentioned departments. 

Sampling was performed according to a well-defined program, using both raw and dried 

plant material. Stock evaluation was carried out with mass selection, without isolation. In our 

studies for the selection of individual hyssop plants, the growth intensity, the blue colour of 

the corolla, the essential oil content and composition, and the RA content were the aspects of 

selection. This was the case for both the parent plants and their manifold selected and 

propagated offspring in each plant population. For origanum, the essential oil content and 

composition, and the RA content were the aspects of selection. 

 
4.2. MORPHOLOGICAL INVESTIGATION 

Morphological investigations were carried out: the height of the plants, length of the 

internodes, the length and width of the leaves, the compactness of the shrubs, the strength of 

the ramifications, and the colours of the leaves and petals were studied in the full flowering 

period. Twenty-five individuals of each strain were investigated. 

 
4.3. CHEMICAL ANALYSIS 

The RA and essential oil contents of the plants were investigated during the entire 

vegetation period (from April until September). The samples were taken to represent different 

phenological stages (Table 1). 
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Table 1. Samples and the corresponding phenological stages 

No. Stage 
1 shoots 

2 vegetative stage 

3 floral buds 

4 start of flowering 

5 flowers 

6 end of flowering 

7 end of flowering - start of ripening 

8 ripe fruit 

9 second growth 

10 reflorescence 

 
4.3.1. Essential oils 

The essential oils were gained by steam distillation for 2 h in a Hungarian Pharmacopoeia 

distillation apparatus,118 dried over anhydrous sodium sulfate, filtered and stored at –18 ºC 

until tested and analyzed. 

The oils were analyzed by GC and GC/MS techniques. 

GC analysis was carried out with an HP 5890 Series II gas chromatograph (FID) (Hewlett 

Packard/now Agilent Technologies/, USA), using a 30 m x 0.32 mm x 0.25 µm HP-5 fused 

silica capillary column (J&W Scientific, USA). The temperature program was from 60 °C to 

210 °C at 3 °C min-1, and from 210 °C to 250 °C (2-min hold) at 5 °C min1. The detector and 

injector temperature was 250 °C and the carrier gas was N2, with split sample introduction. 

GC/MS analysis was performed with a FINNIGAN MAT GCQ ion trap bench-top mass 

spectrometer (USA). All conditions were as above except that the carrier gas was He at a 

linear velocity of 31.9 cm s-1 and two capillary columns were used with different stationary 

phases: 1., DB-5MS (30 m x 0.25 mm x 0.25 µm; J&W Scientific, USA), 

 2. SolGel-WAX (30 m x 0.25 mm x 0.25 µm; SGE, Australia). 

The positive ion electron ionization mode was used, with a mass range of 40–400 amu. 

Identification of the compounds was based on comparisons with published MS data119 and a 

computer library search (the database was delivered together with the instrument) and also on 

comparisons of their Kovats retention indices120 with those of authentic references and with 

literature values. The identification was confirmed with the aid of authentic samples. Kovats 

retention indices were calculated mainly from the GC/MS analysis results. 
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For the stability studies air-dried plants and the distilled oil were stored for 1 year at room 

temperature and at -18 °C, respectively. 

Solvents and other chemicals used were of high purity (analytical grade).  

 
4.3.2. Rosmarinic acid 

RA contents of whole plants and of separated plant organs in several phenological phases 

were measured by TLC-densitometry. 

The powdered samples (0.5 g each) were extracted with 70% aqueous methanol (7 ml) in 

an ultrasonic extractor (SONOMATIC® 375, 40 kHz) for 10 min. This process was repeated 

3 times and the extracts were combined and made up to 25 ml. The extracts (5 µl each) were 

chromatographed with authentic samples of RA (1, 2, 4, 8 µl 0.05% of RA in MeOH) on 

Kieselgel 60 layers (10×20 cm glass plate, Merck, Germany). The developing system was 

toluene - ethyl acetate - formic acid (5:4:1). After development, chromatograms were dried at 

room temperature for 20 min and exposed to light for 20 min. The densitograms of RA were 

obtained by using a Shimadzu CS-9301PC densitometer (Japan) or LABCHROM 

densitometer (Hungary). The parameters of the densitometric determination were as follows: 

photo mode: fluorescence; scan mode: linear; wavelength: 325 nm; emission filter: I.121 

 
4.3.3. Oleanolic and ursolic acids 

Powdered samples (0.8 g) were extracted with MeOH (90 ml) for 6 h in a Soxhlet 

apparatus. Finally, the solutions obtained were diluted to 100 ml (stock solutions). For the 

clean-up procedure, solid-phase extraction (SPE), 4 ml of water was added to 1 ml of each 

stock solution to make 5 ml samples of each of the 20% aqueous MeOH mixtures. These 

solutions were transferred to Chromabond SB cartridges. For silylation, the SPE-cleaned 

extracts dried at 80 °C were dissolved in 200 µl of dry pyridine (Fluka, Germany) in vessels 

with a volume of 1.5 ml and derivatized by adding 400 µl of N,O-bis(trimethylsilyl)-

trifluoroacetamide containing 1% trimethylchlorosilane (Supelco, USA). To achieve 

silylation, the samples were heated at 80 °C for 2 h.  

GC was performed with an HP 5890 Series II instrument equipped with an FID detector. 

Other measurement parameters were as follows: column: HP-5 (30 m x 0.32 mm x 0.25 µm); 

split ratio: 1:10; carrier gas: nitrogen; injector, detector and column temperature: 300 °C; head 

pressure: 8 psi; injected volume: 1.0 µl; analysis time per sample: 22 min. 
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4.4. MEASUREMENTS OF BIOLOGICAL ACTIVITY 

4.4.1. Bacteriostatic and fungistatic activities 

The antibacterial activities of various oils and authentic individual oil components 

(α-pinene, sabinene, β-pinene, α-terpinene, p-cymene, limonene, γ-terpinene, borneol, thymol, 

carvacrol and β-caryophyllene; Extrasynthese, France) were tested on Gram-positive and 

Gram-negative (the proton pump-deleted mutant of E. coli and its wild type) bacterial strains, 

and on 2 Saccharomyces and two Candida albicans strains. 

Bacterial and fungal strains: E. coli K12 LE140, Staphylococcus epidermidis (clinical 

isolate), E. coli AG100, E. coli AG100A, Saccharomyces cerevisiae 0425 δ/1, S. cerevisiae 

0425 52C, C. albicans ATCC 10231 and C. albicans ATCC 14053. 

Bacteriostatic and fungistatic activities were determined with an agar-well diffusion 

method. The antimicrobial activity was evaluated by measuring the diameter of the 

inhibitionzone observed. 

MICs (minimal inhibitory concentrations) were also determined with the broth dilution 

assay. The MIC was defined as the lowest concentration of the test sample that resulted in 

complete inhibition of visible bacterial growth in the broth. DMSO was used as negative 

control, while penicillin, gentamycin and fluconazole were used as positive controls.  

 
4.4.2. Antioxidant activity 

The air-dried, crushed and powdered plant materials (5 g) were extracted with 70% MeOH 

in an ultrasonic extractor (SONOMATIC® 375, 40 kHz) for 10 min. The antioxidant effects of 

aqueous MeOH extracts were investigated in enzyme-dependent and enzyme- independent 

lipid peroxidation (LPO) systems. The enzyme-independent LPO was assayed on a standard 

ox-brain homogenate, and the enzyme-dependent LPO was assayed on rat liver 

microsomes.122,123 In vitro experiments were conducted in duplicate and means were 

calculated. No error was computed; the differences between the two samples were within 

approximately 1%. Saturation curves were fitted to the measurement data and IC50 values (the 

concentration at which 50% of the maximal LPO inhibition is exerted) were calculated by 

means of the computer program GraphPad Prism 2.01. 
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5. RESULTS AND DISCUSSION 

5.1. PRELIMINARY STUDIES 

The first steps in our studies were the evaluation of available plant stocks and screening of 

inhomogenous and selected plant populations grown in Hungary as a result of international 

seed exchange from various botanical gardens (Table 2).* 

Differences in genotypes, corolla colour, and essential oil content and composition were 

considered crucial. 

 

Table 2. Populations screened 

No Name (origin) Corolla colour 

 Hyssopus officinalis subsp. officinalis  

1 Magyar Kékvirágú (Medicinal Plant Research Institute, 
Budakalász) 

blue, pink, white 

2 Német hyssop, agricultural plant (Müggenburg GmbH, gene 
bank stock) 

blue 

3 Bolgár hyssop, selected type (Pharmaplant) blue, white, pink 

4 f. cyaneus (Salaspils) blue 

5 f. albus (Salaspils) blue, white 

6 f. rubra (Wroclaw) pink, white 

7 f. cyaneus (Frankfurt) pink 

8 Antwerpen (Antwerp) blue, white, pink 

9 St Gallen (St Gallen) blue, white, pink 

10. Zürich (Zürich) blue, white, pink 

11. Latvia (Latvia) blue, white, pink 

12. Halle (Halle) blue, white, pink 

13. Montrea (Montreal) blue, white, pink 

 14 Origanum vulgare L.  blue 

15 Origanum vulgare subsp. vulgare  blue 

16 Origanum vulgare subsp. hirtum white 
 

In contrast with the conclusions of Kerrola et al. and Chalchat et al., our screening studies 

of hyssop did not reveal unequivocal correlations between the genotype, corolla colour and 

essential oil content and composition.15,53  

                                                 
* Varga E, Hajdú Zs, Veres K, Máthé I, Németh É, Pluhár Zs, Bernáth J: Acta Pharm. Hung. 1998; 68: 183-188 
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For our further experiments, defined in the study plan, we used the following selected taxons:  

 • H. officinalis subsp. officinalis  

  - Magyar Kékvirágú (No. 1), and its offspring selected on the basis of the blue 

colour of the corolla 

  - Német hyssop, agricultural plant (No. 2) 

  - Bolgár hyssop (No. 3) 

 • O. vulgare L. (No. 14) 

  - subsp. vulgare (No. 15) 

  - subsp. hirtum (No. 16), selected progeny line 

  - subsp. hirtum (domestic plant population grown in Hungary as a result of 

international seed exchange) 

 

Stocks of the perennial species of various ages studied were available from the 

experimental fields in Vácrátót and Soroksár. Re-planting and cultivation of generations of 

offspring were accomplished by our fellow-workers at the Department of Medicinal and 

Aromatic Plants of Corvinus University. 

 

5.2. HYSSOP 

5.2.1. Morphological studies 

Variety breeding started in Soroksár in 1993 and included multiple selections of hyssop 

populations of various origins and their offspring, resulting in the appearance of promising 

basic material. The scheme of morphological studies of selected progeny lines of variety 

breeding is summarized in Table 3. 

 
Table 3. Scheme of the hyssop studies 

1998 1999 2000 

Parent species 
F1 generation 
1-year-old 

F2 generation 
1-year-old 

F2 generation 
2-year-old 

Német, 2-year-old → 143 →  143  143 

 144 →  144  144 

Magyar, 2-year-old → K 17 →  K17  K17 

   K 17 st.  K 17 st. 

 → K 19 →  K 19  K 19 

   K 19 st.  K 19 st. 
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Our extensive morphological studies of hyssop starting in 1998 were followed by the 

screening of plant height, inflorescence length, corolla colour and earliness of flowering of the 

offspring during the next 2 years. Comparison of the data on selected stocks of the parent 

plants (Table 4) and those of the offspring (Tables 5/A and 5/B) revealed that the selected 

characteristics of the 2- and 3-year-old offspring were as good as or even better than those of 

the parent plant. The appearance of the purple colour of the corolla was consistent, whereas 

the earliness of flowering was only modest among the offspring. 

 

Table 4. Characteristics of the 4-year-old parent plants of hyssop (2000) 

Type 
Parent 
plant no. 

Plant 
height (cm) 

Inflorescence 
length (cm) 

Essential oil 
content (ml/100 g) 

Earliness* 
Corolla 
colour 

143 70.00 18.20 0.65 early purple Német 
hyssop 144 66.00 15.40 0.68 early purple 

K17 59.00 17.30 1.14 late purple Magyar 
hyssop K19 61.00 15.60 1.26 modest purple 

*start of flowering 
 
 

 

Table 5/A. Characteristics of F1 progeny generations (1999→2-year-old, 2000→3-year-old) 

Plant height (cm) 
Inflorescence length 

(cm) 
Essential oil content 

(ml/100 g) Type 
Progeny 
plant no. 

1999 2000 1999 2000 1999 2000 

143 40.40 62.20 11.56 14.20 0.74 1.06 Német hyssop 
offspring 144 37.80 62.50 11.32 11.75 0.43 1.08 

K17 46.40 67.80 17.80 18.24 0.63 1.32 

K17st 37.60 58.60 19.82 17.12 0.76 1.75 

K19 37.80 62.75 12.00 14.28 0.84 1.30 

Magyar hyssop 
offspring 

K19st 38.40 49.75 14.28 13.58 1.24 1.66 

Német 
hyssop 

42.80 64.60 11.20 13.92 0.57 0.80 
Non-selected 
basic stocks Magyar 

hyssop 
38.00 59.40 10.16 9.96 0.81 1.39 
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Table 5/B. Characteristics of F1 progeny generations (1999→2-year-old, 2000→3-year-old) 

Earliness* Corolla colour 
Type Progeny plant no. 

1999 2000 1999 2000 

143 modest early purple dark-purple Német hyssop 
offspring  144 early early light-purple purple 

K17 modest modest purple purple 

K17st early late purple purple 

K19 modest early purple purple 

Magyar hyssop 
offspring  

K19st early early purple purple 

Német hyssop modest early purple purple Non-selected basic 
stocks Magyar hyssop late late purple purple 

*start of flowering 
 

Comparison of the basic stocks of domestic Magyar and Német hyssop types suggests that 

the different patterns of the beginning of flowering is a phenological mark (Tables 4 and 5/B). 

During the 3 years of our experiments (1998–2000), the Német hyssop type was observed to 

flower 1 or 2 weeks earlier than the Magyar type. This characteristic changed in the progeny 

generations. It seems that, unlike the blue colour of the corolla, the earliness of flowering is 

more difficult to inherit.  

 

5.2.2. Studies of the essential oils 

5.2.2.1. Quantitative studies 

For the accumulation of essential oils, the proportional weights of the leaves, the stem and 

the inflorescence are crucial factors. Therefore, besides measuring the total weight, we also 

measured the proportional weight of each plant organ in the various phenological states 

studied. As the stem, which constitutes a substantial percentage of the total weight, contains 

no essential oil, its precise proportion within the drug is of particular importance. In 1999 and 

in 2000, almost identical results were gained. The correlations revealed are summarized in 

Table 6.  
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Table 6. Correlations between the proportional weights of the plant organs and the essential 
oil content of hyssop (full flowering) 

Plant organ Proportional weight (%) 
Essential oil content 

(ml/100 g dry plant organ) 
 1999 2000 1999 2000 

Leaves 27 25 0.41 0.63 

Stem 44 40 0.00 0.00 

Inflorescence 30 35 1.32 1.78 

Total sprout 100 100 0.57 0.74 
 

Hyssop stocks used for the measurements of the essential oil content are shown in Table 7. 

 
Table 7. Hyssop stocks used for the measurements of the essential oil content 

1998 1999 2000 2001 2002 
Magyar hyssop, 
2-year-old 

Magyar hyssop, 
3-year-old 

Magyar hyssop, 
4-year-old 

Magyar hyssop, F2 
(K 17) 3-year-old 

Magyar hyssop, F3 
(K 17) 2-year-old 

Német hyssop,  
2-year-old 

Német hyssop,  
3-year-old  

Német hyssop,  
4-year-old 

Német hyssop, F2  
(144) 3-year-old 

 

 Bolgár hyssop,  
3-year-old 

Bolgár hyssop,  
4-year-old 

  

 
The series of studies (1998–2000) using average samples of hyssop revealed the variations 

in essential oil content as a function of the phenological stage (Figure 1). In contrast with the 

common view that the essential oil content reaches its maximum at full flowering, our results 

showed that this maximum appears as early as at the beginning of the differentiation of the 

inflorescences. This holds true for all the 3 hyssop types examined. The essential oil content 

decreases dramatically in the ripe fruit, whereas it increases again in the plants of the second 

growth. In the event of reflorescence, the essential oil content of the plant reached the level 

measured at the time of the first florescence. From a comparison of the 3 types of hyssop 

studied (Magyar, Német, Bolgár), it can be concluded that the Magyar type contains the 

highest amount of essential oils. As concerns the generations, the plants in 1998–1999 had a 

low essential oil content, while a significant increase was observed in 2000–2001 (Figure 1). 

As hyssop is a xerophyte species that prefers a dry and hot habitat, the low essential oil 

content can be related to the higher rainfall in 1998–1999.13,14 According to the literature, the 

effect of the water supply on the essential oil accumulation results from the combination of 

numerous processes. In general, rainy periods have an indirect effect via less sunlight and a 

lower temperature, which that result in a lower level of essential oil accumulation. However, 
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the optimal level of water supply for a particular plant is basically dependent on the ecological 

demands of the particular species. The amount of essential oil is also modified by the loss 

induced by the wash-out effect of the rainfall, as the species of the family Lamiaceae mainly 

contain essential oils in their surface oil glands, making the plant susceptible to oil loss.124 
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Figure 1. Alterations in the essential oil content of hyssop in the vegetation period 
 

We extended our measurements to the progeny generations of variety breedings. In 2002, 

we examined the 2-year-old F3 progeny generation of the selected progeny line of Magyar 

hyssop and compared it with the 3-year-old F2 progeny generation of the same hyssop type 

(Figure 2). The tendency of the essential oil to accumulate did not change. Additionally, we 

measured the essential oil content of the average sample collected at the time of full 

flowering. From the appearance of the floral buds until the end of flowering, the essential oil 

content ranged from 1.55 to 2%. The essential oil content of the average sample was 1.96% in 

2002 (versus 1.35% in 2001). The slight increase in the essential oil content between 2001 

and 2002 presumably results from year-specific effects, but may also be related to the age of 
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the plant-stocks examined. According to the literature the essential oil content of hyssop may 

vary by as much as 50% from year to year.124 
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Figure 2. Alterations in the essential oil content of hyssop in the progeny generations. 

 

5.2.2.2. Essential oil composition 

The qualitative composition of the essential oil content is a significant chemical hallmark. 

Besides the uniform blue colour of the corolla and the high essential oil content, the 

qualitative composition of the essential oil was another important criterion of selection. Our 

previous studies identifies 4 characteristic chemotypes on the basis of the qualitative 

variations of the main constituents of the essential oils of hyssop: chemotype A, 

isopinocamphone >50%; B, pinocamphone >50%; A+B, isopinocamphone and 

pinocamphone 20–50% each; E, any other component (e.g. limonene) present in a substantial 

quantity (>30%) (Figure 3).† The presence of limonene as one of the major constituents is a 

novum literature finding. 
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Figure 3. Proportions of the major constituents in several hyssop strains 

                                                 
† Veres K, Varga E, Dobos Á, Hajdú Zs, Máthé I, Pluhár Zs, Bernáth J: Investigation on Essential Oils of 
Hyssopus officinalis L. populations In: Franz Ch, Máthé Á, Buchbaner G, eds. Essential Oils: Basic and Applied 
Research Allured Publishing Comparation, 1997, pp 217-220. 
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With regard to the information mentioned above, the ISO standard and the former 

Hungarian standards, we consider isopinocamphone and pinocamphone (50% together) and 

β-pinene to be significant constituents of the essential oil. Limonene is considered another 

characteristic hallmark (Figure 4, Annex I and Annex II). Thus, for control of the qualitative 

composition of the essential oil, we examined the presence of these 4 constituents and 

measured their absolute and relative quantities.  

 

 
 
 

 
 

O

 

O

 

a: β-pinen b: limonen c: pinocamphone d: isopinocamphone 
 

Figure 4. Total ion chromatogram of the essential oil isolated from hyssop No. 9 (Table 2)  
 

We found isopinocamphone to be the major constituent of the Magyar hyssop sample 

throughout the 3 years of our experiments (1998–2000), and its amount showed no substantial 

alterations in the vegetation period. In the Német hyssop isopinocamphone, whereas in the 

Bolgár hyssop pinocamphone was the main component. The sum of the quantities of 

isopinocamphone and pinocamphone met the standard requirements in all cases (Figure 5). 
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 Magyar hyssop Német hyssop Bolgár hyssop 
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a: β-pinene; b: limonene; c: pinocamphone; d: isopinocamphone 

 

Figure 5. The relative proportions of the main components in the essential oil isolated from 
hyssop in the vegetation period (1999) 

 

The composition of the essential oil content as regards the 4 main components 

(isopinocamphone, pinocamphone, β-pinene and limonene) considered as characteristic 

chemical hallmarks was the same in the progeny generation as in the parental generation 

described above. From the comparision of the 2-year-old F3 progeny generation and the 

3-year-old F2 progeny generation of the Magyar hyssop, it is unequivocal that the 

characteristics chosen for selection (stable essential oil composition and dynamics of essential 

oil accumulation) remain stable in the F3 progeny generation (Figure 6). 
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Figure 6. The relative proportions of the main components in the essential oil isolated from 
the progeny generations of the selected Magyar hyssop in the vegetation period 
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Table 8. Composition of the essential oil isolated from Hyssopus officinalis (average samples 
from 2001 and 2003; the essential oils were distilled from fresh plant material) 

% 
RI* Component 

2001 2003 
931 α-thujene 0.31 0.25 
939 α-pinene 1.05 0.62 
953 camphene 0.14 0.13 
978 sabinene 2.08 2.01 
980 β-pinene 21.81 11.91 

1005 α-phellandrene 1.67 1.74 
1018 α-terpinene 0.05 0.11 
1031 limonene 1.65 
1031 β-felladrene 0.21 

4.28 

1050 E-β-ocimene 1.17  
1062 γ-tepinene 0.20 1.11 
1068 E-sabinene hydrate 0.08 0.25 
1088 terpinolene 0.08 0.62 
1098 linalool 0.76 0.68 
1102 α-thujone 0.04 0.26 
1160 pinocamphone 26.06 39.20 
1173 isopinocamphone 26.93 27.67 
1189 α-terpineol 0.25 0.26 
1194 myrtenol 3.11 2.84 
1384 β-bourbonene 0.18 0.52 
1401 methyl eugenol 0.25 0.25 
1418 β-caryophyllene 2.32 0.39 
1460 seychellene 0.84 0.38 
1480 germacrene D 2.27 1.13 
1500 α-chamigrene 1.93  
1513 γ-cadinene 0.12  
1556 germacrene B 0.65  
1576 spathulenol 0.11 0.25 
1581 caryophyllene oxide 0.16 0.25 
1630 γ-eudesmol 0.18  
1640 epi-α-cadinol 0.29 0.27 
1652 α-eudesmol 0.15  

 Total: 97.10 97.38 
 *Kovats retention indices measured by our team 
 

The comparison of these 3 types of hyssop furnishes evidence of a differing 

chemosyndrome line. We can conclude that the chemical fingerprints determined at the same 

periods of time reflect different genetics manifesting as different phenotypes. This is 

supported by the fact that the experimental samples of all three types of hyssop were collected 

from plants harvested in parallel to one another. Thus, the factors inducing or influencing 
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chemosyndrome lines were the same for all the plants studied. The fingerprint of the Magyar 

hyssop is uniform in the selected plants and in their offspring, and no phenological 

correlations were revealed. All samples had isopinocamphone as the main constituent. In 

contrast, the ratio of pinocamphone/isopinocamphone changed over time in the vegetation 

period in the Német hyssop. The Bolgár hyssop is characterized by a predominance of 

pinocamphone. A novel finding of our team is that the increase in pinocamphone content is 

accompanied by a decrease in a relative amount of isopinocamphone during vegetation. This 

change is most pronounced in those plants that have pinocamphone as the main constituent. In 

our case this was the most marked in the Bolgár hyssop sample (Figures 5 and 6). 

As concerns the harvests in the 2 years, the proportions of the main constituents of the 

average sample changed somewhat (Table 8). However, the presence of one of the main 

constituents, isopinocamphone, was relatively stable, and the sum of the proportions of 

isopinocamphone and pinocamphone was 50%, meeting the quality requirements of the ISO 

standard. 

 
5.2.3. Quantitative determination of rosmarinic acid 

As for the essential oil content, differentiation according to plant organs is a substantial 

factor for the determination of RA content.  

Our measurements of the RA content in different plant organs revealed a significant 

accumulation of this component in the leaves and the flowers together (0.3–0.4%). In contrast, 

the stem had a very low RA content (<0.1%) (Figure 7). 
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Figure 7. RA content in various parts of the hyssop plant during full flowering 
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We extended our studies to the whole vegetation period of the plants to determine when 

the RA content reaches its maximum. Our measurements between 1998 and 2000 did not 

answer this question unequivocally. The dynamics of accumulation described in the first 3 

years of our experiments indicates a trend toward the RA content reaching its non-outstanding 

maximum by the time of flowering. An occasional increase was also detected in the spring 

and autumn sprouts. 

Our 3-year experience required us to further specify our experiments and findings in 2001. 

Besides examining average samples, we gathered individual plants in the main phenological 

stages to investigate a potential individual variance of the RA content. These results supported 

our previous findings.  

Table 9 lists the average RA content per type and phenological stage. Comparison of the 

RA content of Magyar hyssop at the beginning and at the end of flowering yielded a 

statistically significant difference (SSD), which disappeared when we compared the stage at 

the end of flowering and that at ripening. 

 

Table 9. RA contents of average hyssop samples (2001) 
 

Phenological stage 
Magyar 
hyssop 

Német 
hyssop 

Undeveloped, vegetative stage 0.20 0.20 

Developed sprout, pre- budding 0.18 0.18 

Start of flowering - budding 0.18 0.18 

Start of flowering 0.19 0.22 

Full flowering 0.17 0.21 

End of flowering - July 0.18 0.15 

End of flowering - August 0.12 0.10 

Ripening 0.10 0.06 

Second growth 0.23 0.26 

Total average 0.17 0.17 

SD 0.04 0.06 

SSD 5% 0.05 0.06 
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Table 10. Studies for the selection of individual hyssop plants according to RA content (2001) 
 

Magyar hyssop 

Phenological stage 
Individual plants 

Average of 
individual 
values 

SD 
SSD 
5% 

  1 2 3 4 5    
Start of flowering - budding 0.23 0.15 0.17 0.19 0.19 0.18 0.03 0.01 
Start of flowering 0.17 0.30 0.11   0.19 0.10 0.02 
Full flowering 0.17 0.23 0.16 0.18 0.08 0.17 0.05 0.02 
End of flowering - July 0.13 0.10 0.23 0.13 0.30 0.18 0.08 0.01 
Német hyssop 

Phenological stage 
Individual plants 

Average of 
individual 
values 

SD 
SSD 
5% 

  1 2 3 4 5    
Start of flowering - budding 0.26 0.15 0.14   0.18 0.07 0.01 
Start of flowering 0.18 0.24 0.24 0.21  0.22 0.03 0.01 
Full flowering 0.36 0.15 0.23 0.18 0.11 0.21 0.10 0.01 
End of flowering - July 0.12 0.15 0.15 0.22 0.10 0.15 0.04 0.01 
 

Table 10 outlines the differences between the individual plants in the phenological stages 

examined. When the RA contents of 3–5 plants were compared the differences reached 

statistical significance in almost every case, and thus there is a SSD between individual plants 

in every phenological stage. It seems reasonable to replicate these studies with a larger 

numbers of plants. 

Similarly to our previous findings (1998–2000), we detected a slight increase in RA 

content in the spring and autumn sprouts of the progeny generations (Figure 8).  

 

0

0.1

0.2

0.3

0.4

0.5

3 4 5 6 7 8 9

2001 (F2)

2002 (F3)

%

vegetation period
 

Figure 8. Changes in RA content of hyssop throughout ontogenesis in the progeny 
generations 
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5.3. ORIGANUM 

For Origanum, the morphological evaluations and botanical classifications of various 

heterogenous stocks were carried out at the Department of Medicinal and Aromatic Plants at 

Corvinus University.125 This is not discussed in details here. Evaluation of the selected 

populations and the inhomogenous stocks was at the focus of my chemical and analytical 

studies. 

 

5.3.1. Studies of the essential oils 

5.3.1.1. Quantitative studies 

The two subspecies of Origanum studied, namely O. vulgare subsp. vulgare and 

O. vulgare subsp. hirtum, exhibited a striking difference in essential oil content. While 

O. vulgare subsp. vulgare had an essential oil content of only approximately 0.2%, the 

selected O. vulgare subsp. hirtum displayed a high essential oil content throughout the period 

of our measurements (4.3% in 2000, and 5.3% in 2001) (Figure 9). These findings are 

consistent with the literature data.63,66 This indicates that selection of the genotype of 

O. vulgare subsp. hirtum and introduction of its cultivation in Hungary would be successful, 

as the high essential oil content of the Mediterranean plant remains characteristic even under 

the circumstances present in Hungary. 

Unlike the hyssop, the origanum populations demonstrated their maximum essential oil 

content at the time of full flowering, though its minimum was also observed in ripe fruits. 
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Figure 9. Changes in the essential oil content of O. vulgare subsp. hirtum in the vegetation 
period 
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5.3.1.2. Essential oil composition 

The composition of the essential oil isolated from O. vulgare subsp. vulgare differed 

from that isolated from the subspecies hirtum. While p-cymene (approximately 13–21% of the 

total essential oil content) and the sesquiterpenes (approximately 22–24% of the total essential 

oil content) predominated in the former case, the subspecies hirtum proved to be a 

carvacrol-type subspecies16 with 64–76% carvacrol content (Figures 10 and 11, Annex III). 

For the subspecies hirtum, we found a change in the essential oil composition as a function of 

the phenological stage only at the time of ripening. Consistent with the literature, not only 

quantitative, but also qualitative changes were detected, with the carvacrol content decreasing 

dramatically.83 
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Figure 10. Essential oil composition of Origanum vulgare subsp. vulgare 
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Figure 11. Essential oil composition of Origanum vulgare subsp. hirtum 
 

 

5.3.1.3. Stability studies of the essential oils 

As in many other areas of everyday life, quality aspects (and thus issues of stability) are of 

increasing concern in the case of herbal remedies. In examinations of the essential oil content, 

it is crucial to consider the artificial effects that may modify the quantitative and/or qualitative 

composition of the essential oils, such as those resulting from improper temperature and 

improper storage. Thus, we studied the compositions of various forms of the essential oils 

isolated from O. vulgare subsp. vulgare: oils distilled from the fresh drug, oils distilled from 

the plant after 1 year of storage at room temperature, and oils distilled from the fresh plant 

and stored frozen for 1 year. 

In comparison with the essential oil distilled from the fresh drug, the essential oil distilled 

from the plant after 1 year of storage at room temperature was more stable than the oil 

distilled from the fresh plant and stored frozen for 1 year. The phase of monoterpenes showed 

a significant change in the latter case, while the composition of the sesquiterpene phase 

remained relatively stable (Table 11). This information is of practical importance for the 

determination of essential oil quality.‡ 

 
 

                                                 
‡ Veres K, Varga E, Dobos Á, Hajdú Zs, Máthé I, Németh É, Szabó K: Chromatographia 2003; 57: 95-98 
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Table 11. Comparison of various forms of the essential oils of Origanum vulgare subsp. 
vulgare 

   A B C 
RI* RI** Compounds % % % 
931 926-930 α-thujene 0.28 0.82 - 
939 935-938 α-pinene 0.28 1.77 - 
953 950-951 camphene 0.09 0.30 - 
976 973-974 sabinene 4.33 5.14 0.69 
980 978-980 β-pinene 0.60 1.03 1.90 
991 987-989 β-myrcene 0.94 0.49 0.29 
1018 1015-1018 α-terpinene 0.90 0.78 - 
1026 1024-1025 p-cymene 12.41 25.33 6.62 
1031 1030-1033 limonene 0.55 0.59 0.45 
1040 1037-1038 Z-β-ocimene 6.27 0.71 0.24 
1050 1047-1049 E-β-ocimene 6.88 1.51 0.10 
1062 1058-1060 γ-terpinene 10.18 4.53 - 
1098 1097-1102 linalool 0.36 0.60 0.80 
1160 1161-1162 pinocamphone 0.22 - 2.19 
1167 1168-1169 borneol - 0.28 0.37 
1173 1174-1175 isopinocamphone 0.86 - 4.23 
1177 1178-1180 terpin-4-ol 0.15 0.81 1.24 
1189 1187-1190 α-terpineol 0.63 0.68 1.18 
1242 1238-1241 carvacrol methyl ether - 0.32 0.41 
 1285-1289 unknown 1.59 - - 
1290 1291-1293 thymol 0.34 0.90 2.14 
1298 1297-1302 carvacrol - 0.12 0.13 
1384 1380-1384 β-bourbonene 1.60 1.75 3.07 
1418 1417-1420 β-caryophyllene 5.28 2.53 5.62 
1480 1477-1480 germacrene D 7.79 2.16 1.23 
1576 1576 spathulenol 2.69 5.98 7.06 
1581 1579-1582 caryophyllene oxide 5.53 12.83 14.30 

 

A: Essential oil distilled from air-dried plants 
B: Essential oil distilled from dried plants stored at room temperature for 1 year  
C: Essential oil stored at –18 ºC for 1 year  
RI* : Kovats retention indices according to literature data119 
RI**: Kovats retention indices measured by our team 
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5.3.2. Quantitative studies of rosmarinic acid 

Both origanum subspecies had their highest RA content at the time of flowering, with a 

significant decrease at the time of ripening (Table 12). 

 
Table 12. Rosmarinic acid content in 2001 

Origanum vulgare 

Phenological stage subsp. hirtum subsp. vulgare 

Vegetative phase 0.36   

Green + white buds 0.66   

Budding 0.58   

Full flowering 0.62 0.77 

End of flowering 0.57   

Defloration 0.59 0.56 

Start of ripening 0.24   

Ripe fruit 0.29 0.28 

 
Similarly as for hyssop, we examined the correlations between the RA content and the 

differentiation according to the plant organs of origanum. The proportional RA contents of the 

organs studied (aerial parts, leaves and stem) were found to be similar to those of hyssop. The 

most pronounced accumulation of this component was characteristic of the leaves, while the 

stem had a very low RA content. 

 
5.3.3. Stock evaluation for selection of chemotypes 

Within the scope of our basic studies serving variety breeding, we screened the essential 

oil and RA contents of individual plants of a population of O. vulgare grown in Hungary as a 

result of seed exchange from a gene bank and some previously unstudied inhomogenous 

stocks of O. vulgare subsp. hirtum. The large-scale selection of 50 and 10 individual plants, 

respectively, was performed according to the aspects described in the Materials and Methods 

section. 

Individual plants of O. vulgare gathered in the same time frame had a low essential oil 

content, ranging from 0.07 to 0.3%. The RA content ranged from 0.3 to 0.95%. Individual 

plants of O. vulgare subsp. hirtum had a substantially higher essential oil content, ranging 
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from 1.42 to 6.35%, and their RA content ranged from 1.41 to 2.06% (Tables 13 and 14). The 

individual plants differed significantly in terms of essential oil and RA contents. 

 
Table 13. Essential oil and RA contents (%) of samples of Origanum vulgare L. 

 

Sample 
No. 

Essential oil 
content 

RA content 
Sample 
No. 

Essential oil 
content 

RA content 

1/1 0.27 0.93 2/2 0.12 0.39 
1/2 0.13 0.62 2/3 0.19 0.55 
1/3 0.16 0.74 2/4 0.04 0.64 
1/4 0.17 0.62 2/5 0.10 0.85 
1/5 0.20 0.78 2/8 0.09 0.58 
1/6 0.23 0.44 2/10 0.07 0.80 
1/7 0.16 0.66 2/13 0.13 0.84 
1/8 0.07 0.31 2/15 0.27 0.92 
1/10 0.14 0.94 2/17 0.18 0.52 
1/11 0.13 0.74 2/18 0.22 0.78 
1/12 0.27 0.89 2/19 0.10 0.63 
1/16 0.11 0.6 2/20 0.14 0.47 
1/19 0.28 0.42 2/21 0.13 0.72 
1/20 0.11 0.88 3/13 0.17 0.49 
1/21 0.21 0.43 3/14 0.33 0.65 
1/22 0.19 0.61 3/15 0.06 0.81 
1/23 0.13 0.95 4/12 0.14 0.65 
1/24 0.23 0.47 4/13 0.30 0.69 
1/25 0.28 0.72 4/15 0.30 0.48 
1/26 0.10 0.86 4/19 0.25 0.81 
1/27 0.13 0.61 4/21 0.21 0.47 
1/29 0.07 0.72 5/12 0.14 0.95 
1/30 0.16 0.84 5/14 0.16 0.54 
1/31 0.08 0.77 5/16 0.15 0.34 
1/32 0.07 0.91 5/17 0.24 0.64 

 

 
Essential oil 
content 

RA content 

Average 0.17 0.67 
SD 0.07 0.17 
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Table 14. Essential oil and RA contents (%) of samples of Origanum vulgare subsp. hirtum 

Sample 
No. 

Essential oil 
content 

Rosmarinic 
acid content 

1/1 3.43 1.41 
1/2 1.42 1.97 
1/3 5.09 1.86 
1/7 4.05 1.50 
1/8 2.58 2.06 
1/12 4.39 1.52 
1/22 6.35 1.76 
2/9 5.14 1.46 
2/11 5.14 1.41 
2/18 5.22 1.98 

average 4.28 0.69 
SD 1.46 0.26 

 

The data on the RA contents of the individual plants of O. vulgare throughout the 3-year 

period of our experiments provided an interesting picture (Figure 13). In the second year 

(2003), the RA content was substantially higher in almost every plant examined, which is 

presumably a result of year-specific effects. Such a relationship was not observed for the 

essential oil content in the same period. 
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Figure 13. RA contents of several samples of Origanum vulgare L. (2002-2004) 
 

As regards the composition of the essential oils isolated, all the individual plants of 

O. vulgare subsp. hirtum were characterized by a predominance of carvacrol, which belongs 

in the chemical group described by Pasquier16 (Figure 14). The contents of carvacrol (low, 



 38 

intermediate or high) and of other major constituents (p-cymene and γ-terpinene) were 

considered as criteria for selection (Figure 15, Annex IV and Annex V). 
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Figure 14. Compositions of the essential oils isolated from samples of Origanum vulgare 

subsp. hirtum (2002) 
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Figure 15. Compositions of the essential oils isolated from 4 selected samples of Origanum 

vulgare subsp. hirtum (2002) 
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The compositions of the essential oils isolated from the plants selected in 2002 only 

partially met our expectations in the following 2 years. Although the predominance of the 

main components remained consistent, the proportional quantities of the individual 

components did not meet the expectations on several occasions (Figure 16, Annex VI). This 

deviation was especially striking for the essential oils isolated from plants with a low 

carvacrol content. In contrast with what we had expected, the carvacrol content rose in these 

cases, while the amount of γ-terpinene (its precursor) decreased. This phenomenon may 

reflect the changes in the climatic conditions.  
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Figure 16. Compositions of the essential oils isolated from 4 selected samples of Origanum 
vulgare subsp. hirtum (2003) 

 

Similarly as in the case of O. vulgare subsp. hirtum, we strived to select individual plants 

of O. vulgare with as diversified an essential oil composition as possible for microbiological 

studies. Criteria of selection were the contents of sabinene, p-cymene, β-phellandrene, 

Z-β-ocimene, γ-terpinene, caryophyllene oxide and germacrene D in the essential oil isolated 

from the individual plants (Figure 17, Annex VII). 

 



 40 

 

α-
th

uj
en

e

α-
pi

ne
ne

ca
m

ph
en

e

sa
bi

m
en

e

β-
pi

ne
ne

β-
m

yr
ce

ne

α-
te

rp
in

én

p-
cy

m
en

e

li
m

on
en

e

β-
ph

el
la

nd
re

ne

Z
-β

-o
ci

m
en

e

γ-
te

rp
in

en
e

Z
-s

ab
in

en
e 

hy
dr

at
e

te
rp

in
en

-4
-o

l

α-
te

rp
in

eo
l

β 
-b

ou
rb

on
en

e

β 
-g

ur
je

ne
ne

β 
-c

ar
yo

ph
yl

le
ne

al
lo

-a
ro

m
ad

en
dr

en
e

ge
rm

ac
re

ne
 D

sp
at

hu
le

no
l

ca
ry

op
hy

ll
en

e 
ox

id
e

α-
ca

di
no

l

1/1

1/2

1/16

1/19

1/22

1/25

1/26
2/5

0

5

10

15

20

25

30

%

sample No.

 

Figure 17. Compositions of the essential oils isolated from several samples of Origanum 
vulgare (2002) 

 

5.4. ELABORATING A METHOD FOR THE PARALLEL MEASUREMENT OF OLEANOLIC 

ACID/URSOLIC ACID CONTENTS 

UA and OA are present in most of the genera belonging in the subfamily Nepetoideae. 

However, there is a scarcity of literature data on their typical quantities or their quantities 

relative to each other. As these triterpene carboxylic acids exert valuable physiological 

effects, filling this gap is a priority. In view of their similar chemical structures, they can not 

be measured by TLC-densitometry. We therefore elaborated a novel method to measure the 

UA and OA contents in parallel. After the preparation of derivatives of the original 

compounds, GC analysis with an internal standard allows the selective measurement of each 

compound (Figure 18, Annex VIII).§ We screened a large number of samples by using this 

method, including measurement of the OA/UA contents of samples of the Hyssopus and 

Origanum species discussed in the present thesis (Table 15). 

                                                 
§ Janicsák G, Veres K, Kállai M, Máthé I: Chromatographia 2003; 58: 295-299 
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Figure 18. Example of a GC chromatogram for the measurement of OA and UA. Internal 
standard: CA 

 

Table 15. Quantities of the triterpene carboxylic acids studied (%) 
 

Sample Oleanolic acid Ursolic acid 
H. officinalis L.  0.16 0.39 
H. officinalis L. f. ruber  0.15 0.35 
H. officinalis L. f. cyanus  0.15 0.38 
H. officinalis L. f. albus  0.20 0.55 
O. vulgare subsp. hirtum  0.04 0.11 
O. heracleiticum L.  0.06 0.13 
 

Both hyssop and origanum samples typically contain UA in an amount much higher than 

that of OA. A substantial difference between the two species is that hyssop contains higher 

amounts of both triterpene carboxylic acids. Studies of numerous Lamiaceae species revealed 

that these two triterpenoid acids are present in all of the taxa investigated. However, there are 

significant quantitative differences between the two subfamilies. The subfamily Lamioideae 

appears to be poorer in both OA and UA than the subfamily Nepetoideae. Mean values for the 

Lamioideae were OA: 0.012% and UA: 0.023%, while those for the Nepetoideae were OA: 

0.263% and UA: 0.638%.** 

                                                 
** Janicsák G, Veres K, Kakasy AZ, Máthé I: Biochem. Syst. Ecol. 2006; 34: 392-396 
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5.5. STUDIES OF PHYSIOLOGICAL EFFECTS 

5.5.1. Correlations between essential oil composition and antimicrobial activity 

Four samples of essential oils of different composition isolated from O. vulgare subsp. 

hirtum in 2004 were used for microbiological studies.†† Approximately 97.26–99.35% of the 

constituents of these 4 samples were identified. The components present in the highest 

concentrations were carvacrol (61.72–84.21%) γ-terpinene (1.35–15.98%) and p-cymene 

(4.17–9.50%). The essential oil of sample 1/8 also contained an appreciable quantity of 

thymol (3.11%) (Table 16). 

 

Table 16. Compositions of the essential oils isolated from several samples of Origanum 
vulgare subsp. hirtum (2004) 

 

% Compounda 
1/1 1/2 1/8 9/11 

KIb KIc 

α-thujene 1.75 1.79 1.65 1.49 930 1018 
α-pinene 0.87 0.90 0.80 0.75 938 1015 
camphene 0.26 0.30 0.31 0.16 951 1048 
sabinene 0.50 0.44 0.13 0.29 974 1114 
β-pinene 2.13 2.14 2.13 1.41 980 1102 
α-phellandrene 0.14 0.20 0.21 0.14 1006 1162 
α-terpinene 0.89 0.96 2.06 0.36 1018 1170 
p-cymene 9.50 6.30 6.12 4.17 1025 1259 
limonene 0.40 0.41 0.41 0.32 1030 1191 
γ-terpinene 7.18 5.49 15.98 1.35 1060 1236 
Z-sabinene hydrate 0.52 0.52 0.42 0.16 1071 1451 
terpinolene 0.25 0.33 0.20 0.25 1087 1282 
borneol 0.35 0.46 0.55 0.20 1168 1679 
terpin-4-ol 0.34 0.38 0.23 0.31 1178 1615 
carvacrol methyl ether - - - 0.72 1242  
thymol 0.27 0.33 3.11 0.27 1291 2154 
carvacrol 70.77 73.68 61.72 84.21 1297 2180 
β-caryophyllene 1.36 2.63 3.32 1.52 1420 1583 
germacren D 0.27 - - - 1480 1703 
Total 97.75 97.26 99.35 98.08     

aIn the order of elution using a DB-5 MS column. 
bKovats retention indices (using a DB-5 MS column) 
cKovats retention indices (using a SolGel-WAX column) 

 

Antimicrobial activity was tested on Gram-positive and Gram-negative (proton 

pump-positive and negative) bacterial strains and C. albicans strains, using antibiotics as 

positive controls. At the same time, we separately analyzed the antimicrobial activities of the 

isolated conpounds (α-pinene, sabinene, β-pinene, α-terpinene, p-cymene, limonene, 

                                                 
†† Veres K, Varga E, Schelz Zs, Molnár J, Bernáth J, Máthé I: Natural Product Communications in press 
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γ-terpinene, borneol, thymol, carvacrol and β-caryophyllene). All these experiments were 

carried out at the Department of Medical Microbiology and Immunobiology at the University 

of Szeged. 

With an agar diffusion method and a positive control, the MIC values revealed that the 

presence of carvacrol is always essential for the antimicrobial effect, although other 

compounds also exerted minor antimicrobial activity (Tables 17 and 18). As regards bacteria, 

the sensitivity of various strains of E. coli should be emphasized. An outstanding sensitivity 

of the proton pump-deleted mutant of E. coli suggests that the antimicrobial effect of the 

essential oils studied is mediated via a proton pump-dependent mechanism.  

The low essential oil contents of selected samples of Origanum vulgare L. did not allow 

us to study their antimicrobial properties with the methods described above. A future solution 

to this problem could be the use of other methods, such as bioautography or increase of the 

essential oil content via the vegetative propagation of selected plants.  
 

Table 17. Bacteriostatic and fungistatic activities of various plant oils  
Samples 

Conc. 
(v/v%) 

E. coli 
F’lac 

E. coli 
AG100 

E. coli 
AG100A 

S. 

epidermidis 

S .cerevisiae 
δ/1 

S. cerevisiae 
52C 

C. albicans 

10231 
C. albicans 
14053 

1/1 5 36 28 44 25 40 35 38 35 
1/2 5 30 27 46 23 42 38 35 32 
1/8 5 35 25 45 17 40 43 30 36 
9/11 5 45 31 58 27 42 45 40 43 
Penicillin 1 mg/ml 24 24 24 23 - - - - 
Gentamycin 1 mg/ml 32 32 32 33 - - - - 
Fluconazole 2 mg/ml - - - - 19 27 31 40 
DMSO 100 0 0 0 0 0 0 0 0 
 

Zones of growth inhibition (in mm) of microorganisms on nutrient agar plates 
 

Table 18. IC determination of selected plant oils and authentic/individual oil components on various 
bacterial and fungal strains 

Samples 
E. coli 
F’lac 

E. coli 
AG100 

E. coli 
AG100A 

S. 

epidermidis 

S. cerevisiae 
δ/1 

S. cerevisiae 
52C 

C. albicans 
10231 

C. albicans 
14053 

1/1a 0.20 0.20 0.12 < 0.04 0.12 0.12 0.16 0.20 
1/2a 0.16 0.20 0.08 0.08 0.12 0.12 0.16 0.16 
1/8a 0.16 0.24 0.08 < 0.04 0.12 0.12 0.16 0.20 
9/11a 0.16 0.20 0.08 0.08 0.08 0.12 0.16 0.16 
α-pinenea 0.62 0.62 0.31 1.25 0.16 0.16 1.25 0.63 
sabinenea 2.50 > 5 1.25 2.50 0.31 0.16 2.50 2.50 
β-pinenea 1.25 3.75 0.62 1.25 0.31 0.08 0.62 0.62 
α-terpinenea 2.50 3.75 1.25 1.25 0.62 1.25 > 5 5.00 
p-cymenea 20.0 7.50 5.00 2.50 0.62 1.25 2.50 2.50 
limonenea 0.62 0.62 0.31 1.25 0.16 0.16 1.25 0.62 
γ-terpinenea 10.0 > 20 7.50 5.00 1.25 5.00 15.0 8.75 
borneola 5.00 2.50 1.25 25.0 2.50 5.00 2.50 5.00 
thymola 1.25 2.50 0.33 0.31 0.16 0.08 0.08 0.16 
carvacrola 0.16 0.16 0.16 2.50 0.31 0.31 1.25 1.25 
β-caryophyllenea > 20 20.0 1.25 20.0 > 20 > 20 > 20 > 20 
Penicillinb  8.0 8.0 1.6 4.0 - - - - 
Gentamycinb  1.2 4.0 2.0 0.8 - - - - 
Fluconazoleb  - - - - 56.0 64.0 16.0 0.8 
DMSO > 20 > 20 > 20 > 20 > 20 > 20 > 20 > 20 
The tabulated numbers indicated MICs as the volumes of oils and components resulting in complete inhibition  a µl/ml, b µg/ml 
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5.5.2. Correlations between rosmarinic acid content and antioxidant activity 

Using TLC and a DPPH reagent to detect the extracts of hyssop and origanum mass 

samples, we found that the extracts had antioxidant properties. After some preliminary 

experiments, we carried out pharmacological studies in cooperation with the Department of 

Pharmacodynamics and Biopharmacy at the University of Szeged, using 70% MeOH extracts 

of several hyssop and origanum plants to evaluate the relationship between their RA content 

and antioxidant activity. All extracts of origanum inhibited lipid peroxidation in a 

concentration-dependent manner. Sample No. 1/1 of O. vulgare subsp. hirtum with the 

highest RA content was found to exert the highest activity against lipid peroxidation 

(Figure 19). 
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*OH: O. vulgare subsp. hirtum; OV: O. vulgare subsp. vulgare 

Figure 19. Antioxidant activities of several samples of Origanum species 

 

To depict the efficiency of the extracts, we plotted the RA content against the reciprocal of 

IC50 (Figure 20). The correlation coefficient strongly suggests that RA contributes 

substantially to the antioxidant activity of the extracts studied.  

 

 

 



 45 

R2= 0.6734

0.4

0.6

0.8

1.0

1.2

1.4

1.6

100 150 200 250 300 350 400

Efficiency (1/IC50 mL/mg) 

R
os

m
ar

in
ic

 a
ci

d 
co

nt
en

t (
%

)
R2= 0.6734

0.4

0.6

0.8

1.0

1.2

1.4

1.6

100 150 200 250 300 350 400

Efficiency (1/IC50 mL/mg) 

R
os

m
ar

in
ic

 a
ci

d 
co

nt
en

t (
%

)

 

Figure 20. Relationship between RA content and antioxidant activity 
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Figure 21. Antioxidant activities of extracts of hyssop samples 

 

Despite its substantially lower RA content (0.3–0.4%), the antioxidant activity of the 

hyssop extract is similar to that of the origanum extract, which contains a relatively high 

amount of RA (0.93–1.41%) (Figure 21). This suggests that, besides RA, other constituents of 

hyssop also contribute to the antioxidant activity. A possible explanation could be the higher 

OA/UA content of hyssop, as the literature data support the antioxidant properties of these 

two compounds.38,39 It is also obvious that the 70% MeOH extracts of hyssop are more 

efficient than those prepared with concentrated MeOH (Figure 21). This suggests that other, 

presumably more polar compounds may also contribute to the antioxidant activity. 

� 70% MeOH 
� MeOH extract 
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6. SUMMARY 

Hyssop and origanum, discussed in the present thesis, are members of the family 

Lamiaceae and are gaining increasing importance as herbs and spices. Both species share the 

characteristics of diverse appearance and chemical constitution, and both have numerous 

intraspecific taxons. Thus, in addition to the difficulties of classification, ensuring a drug 

quality that meets the increasingly strict requirements is often challenging. These issues 

furnished the background for the experiments on the variety breeding of both species and for 

the associated basic studies. 

Studies of selected progeny generations of hyssop populations made it clear that the 

predisposition to earlier flowering is more difficult to inherit than the colour of the corolla as 

selection progresses. The typical main components of hyssop essential oil are 

isopinocamphone, pinocamphone, β-pinene and limonene among other constituents. Based on 

the quantitative variation in these components, we described 4 characteristic chemovariants. 

The chemotype containing a substantial amount (>30%) of limonene is a novum in the 

literature. Another novel finding of our team is that the pinocamphone content increases 

throughout ontogenesis, while the relative amount of isopinocamphone decreases. This 

change is most marked in plants that have pinocamphone as the main constituent. As a result 

of this complex selection research, we have a candidate variant of Hyssopus officinalis that 

has a uniform appearance and essential oil content, and additionally has a uniquely high 

essential oil production among Europe plants. 

We also studied the characteristics of Origanum species and subspecies cultivated in 

Hungary. Our experiments demonstrated that the cultivated Mediterranean plant O. vulgare 

subsp. hirtum retained its original characteristics (essential oil content and composition) under 

temperate climate conditions. We have selected several individual plants from inhomogenous 

populations of origanum that have an essential oil yield and composition, and also a RA 

content that make them promising candidates for variety breeding.  

Studies of whether the RA content depends on the stage of vegetation revealed only slight 

changes, without striking maxima. Year-specific differences were observed for the RA 

contents of both species studied. 
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Our stability studies provide information of value for quality assurance. As compared with 

the distilled oil, the composition of the essential oils of these species remains stable in the 

drug form for a longer period of time. 

We have elaborated a novel method to measure the UA and OA contents of Lamiaceae 

species in parallel. On the basis of these results, we have drawn chemotaxonomic conclusions 

concerning the subfamilies Nepetoideae and Lamioideae. 

Studies of physiological effects revealed that in our samples of Origanum species 

carvacrol played an essential role in the antimicrobial activity of the volatile oils, irrespective 

of the presence and quantities of the other constituents.  

Despite a difference in their RA contents, hyssop and origanum exerted almost identical 

antioxidant effects. Apart from the crucial role of RA other compounds also contribute to this 

antioxidant activity, and these need to be explored in future complex studies. 
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Total ion chromatogram of the essential oil isolated from hyssop No 9  

(a: β-pinene, b: limonene, c: pinocamphone, d: isopinocamphone) 
 

 

 

 
 

Total ion chromatogram of the essential oil isolated from hyssop No 12  

(a: β-pinene, b: limonene) 
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MS spectra of ββββ-pinene (A: in sample; B: in own database) 

 

   
 

MS spectra of limonene (A: in sample; B: in own database) 

 

   
 

MS spectra of pinocamphone (A: in sample; B: in database) 

 

   
 

MS spectra of isopinocamphone (A: in sample; B: in database) 
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Composition of the essential oils of Origanum subspecies examined 

(oils were distilled from flowering plants) 
 

    O. vulgare subsp. 

hirtum 

O. vulgare subsp. 

vulgare 

RI* RI** Compounds % % 

931 926-930 α-thujene 0.86 0.40 

939 935-938 α-pinene 0.72 0.31 

953 950-951 camphene 0.27 0.04 

976 973-974 sabinene - 7.93 

980 978-980 β-pinene 0.69 0.45 

991 987-989 β-myrcene 1.73 0.61 

1018 1015-1018 α-terpinene 1.24 0.63 

1026 1024-1025 p-cymene 4.67 22.31 

1031 1030-1033 limonene 0.39 0.62 

1040 1037-1038 Z-β-ocimene  - 3.76 

1050 1047-1049 E-β-ocimene - 3.56 

1062 1058-1060 γ-terpinene 6.63 5.11 

1098 1097-1102 linalool - 0.28 

1160 1161-1162 pinocamphone - 0.18 

1167 1168-1169 borneol 0.57 - 

1173 1174-1175 isopinocamphone - 1.32 

1177 1178-1180 terpin-4-ol 0.49 0.44 

1189 1187-1190 α-terpineol - 0.83 

 1285-1289 unknown - 0.13 

1290 1291-1293 thymol 0.30 0.34 

1298 1297-1302 carvacrol 76.44 - 

1384 1380-1384 β-bourbonene - 1.44 

1418 1417-1420 β-caryophyllene 1.60 4.09 

1480 1477-1480 germacrene D - 4.18 

1576 1576 spathulenol - 4.86 

1581 1579-1582 caryophyllene oxide - 10.26 
 

RI* : Kovats retention indices according to literature data  

RI**: Kovats retention indices mesured by our team 
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Total ion chromatogram of the essential of O. vulgare subsp. hirtum No 1/1 (2002) 

(a: p-cymene, b: γ-terpinene, c: thymol, d: carvacrol) 

 
 

 
 

Total ion chromatogram of the essential of O. vulgare subsp. hirtum No 1/2 (2002) 

(a: p-cymene, b: γ-terpinene, d: carvacrol) 
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MS spectra of p-cymene (A: in sample; B: in database) 

 

   
 

MS spectra of γγγγ-terpinene (A: in sample; B: in own database) 

 

   
 

MS spectra of thymol (A: in sample; B: in own database) 

 

   
 

MS spectra of carvacrol (A: in sample; B: in own database) 
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1. Total ion chromatogram of the essential of O. vulgare subsp. hirtum No 1/8 (2002) 

 

 

 
2. Total ion chromatogram of the essential of O. vulgare subsp. hirtum No 1/8 (2004) 

 
 

 
3. Total ion chromatogram of the essential of O. vulgare subsp. hirtum No 1/8 (2004) 

(a: p-cymene, b: γ-terpinene, c: thymol, d: carvacrol)  

(1 and 2: use DB-5 MS and, 3: SolGel-WAX column) 
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Gas-chromatogram of Origanum vulgare ssp. vulgare oil 
 

Peaks: 1 = α-thujene 2 = α-pinene, 3 = sabinene, 4 = β-pinene 5 = p-cymene, 

6 = limonene 7 = β-phellandrene 8 = (Z)-β-ocimene 9 = γ-terpinene, 

10 = β-bourbonene 11 = β-caryophyllene, 12 = germacrene D, 13 = spathulenol, 

14 = caryophyllene oxide 
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Gas chromatogram of a mixture of authentic compounds  

 

 

 
 

Gas chromatogram of a mixture of a Hyssopus officinalis L. f. albus sample 

(legends: CA: cholesteryl acetate , OA: oleanolic acid, UA: ursolic acid 
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Summary 
The essential oils of Origanum vulgare L. ssp. hirtum (Link) letswaart and Origanum vulgare L 
ssp. vulgare (Fam. Lamiaceae), cultivated in Hungary, have been studied byGC and GC-MS 
and the qualitative and quantitative chemical composition of the essential oils in the f,,vo spe- 
cies have been compared. O. vulgare ssp. hirtum oil was found to contain carvacrol (76.4%), ?- 
terpinene (6.6%), thymol (0.23%), and p-cymene (4.7%) as the main constituents whereas the 
major compounds in O. vulgare ssp. vulgare oil were p-cymene (22.3%), caryophyllene oxide 
(10.2%), sabinene (Z9%), 7-terpinene (5.1%), thymol (0.34%), and spathulenol (4.8%). The sta- 
bility of content and composition of the oils during the flowering period (economically benefi- 
cial period) were observed. The effect of long-term storage on the composition of the oil was 
also investigated for both the crude and distilled oil of Origanum vulgate ssp. vulgate. 

Introduction 

Origanum is used throughout the world as 
a very popular spice, under the vernacular 
name oregano. Although the name 'ore- 
gano' is given to many species of a variety 
of genera, most oregano spice products 
originate from species of the genus Origa- 
hum (Family Lamiaceae). This species is 
of great economic importance, not only as 
a spice but also in many other ways, be- 

* Presented at Balaton Symposium '01 on 
High-Performance Separation Methods, Si6- 
fok, Hungary, September 2 4, 2001 

cause its essential oils have antimicrobial, 
cytotoxic, and antioxidant activity [1 4]. 
These essential oil-containing species are 
also used in folk medicine in many coun- 
tries. 

The genus Origanum is very diverse 
both morphologically and chemically and 
many transitional forms occur world- 
wide. Until 1980 there was no satisfactory 
classification of the genus, but since then 
the Ietswaart system has become widely 
accepted [5]. This postulates that Origa- 
hum vulgate L. has six subspecies with dif- 
ferences in the indumentum, the number 
of sessile glands on the leaves, bracts, and 

calyces, and the size and colour of the 
bracts and flowers. The most widely used 
and consumed subspecies Origanum vul- 
gate ssp. vulgate L., is native throughout 
Europe, Iran, India, and China and Ori- 
ganum vulgare ssp. hirtum (Link) Iets- 
waart is indigenous to Albania, Greece, 
and Turkey [5], but alien in Central Eur- 
opean Hungary. Ecologically these spe- 
cies prefer warm, sunny habitats and 
loose, often rocky, calcareous soils, low in 
moisture content. 

Our work has focused on qualitative 
and quantitative investigation of the es- 
sential oils of the O. vulgate ssp. vulgate 
and O. vulgare ssp. hirtum populations 
cultivated in Hungary under Central Eur- 
opean (continental) climatic conditions. It 
is a part of a series of wide-ranging investi- 
gations into O. vulgate ssp. vulgate and O. 
vulgate ssp. hirtum conducted in Hungary 
for several years [6]. The main question to 
be answered here was how well the quality 
of the crops of the two subspecies, grow- 
ing under relatively strange environmen- 
tal conditions in Hungary could be char- 
acterized by GC and GC-MS analysis of 
their essential oils. 

Experimental 

The plant material was gathered from per- 
ennial populations of Origanum vulgare 
ssp. vulgate L. and Origanum vulgate ssp. 
hirtum (Link) Ietswaart cultivated in the 
Experimental Station of the 'Szent Istvfin' 
University, Budapest. The essential oil 
content was investigated throughout the 
generative phases of the vegetative period 
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Table I. Composition of the essential oils of the subspecies examined (oils were distilled from flow- 
ering plants). 

RI* RI** Compound Origanum vulgare Origanum vulgare 
ssp. hirtum (%) ssp. vulgare (%) 

931 926 930 e-Thujene 0.86 0.40 
939 935 938 e-Pinene 0.72 0.31 
953 950 951 Camphene 0.27 0.04 
976 973 974 Sabinene 7.93 
980 978 980 fi-Pinene 0.69 0.45 
991 987 989 fi-Myrcene 1.73 0.61 

1018 1015 1018 e-Terpinene 1.24 0.63 
1026 1024 1025 p-Cymene 4.67 22.31 
1031 1030 1 0 3 3  Limonene 0.39 0.62 
1040 1037 1038 c~-Ocimene 3.76 
1050 1047 1049 tran~Ocirnene 3.56 
1062 1058 1060 7-Terpinene 6.63 5.11 
1098 1097 1102 Linalool 0.28 
1160 1161 1162 Pinocamphone 0.18 
1167 1168 1169 Borneol 0.57 
1173 1174 1175 Isopinocamphone 1.32 
1177 1178 1180 Terpin-4-ol 0.49 0.44 
1189 1187 1190 e-Terpineol 0.83 

1285 1289 Unknown 0.13 
1290 1291 1 2 9 3  Thymol 0.30 0.34 
1298 1297 1302 Carvacrol 76.44 
1384 1380 1384 fi-Bourbonene 1.44 
1418 1417 1420 fi-Caryophyllene 1.60 4.09 
1480 1477 1480 Germacrene-D 4.18 
1576 1576 Spathulenol 4.86 
1581 1579 1582 Caryophyllene oxide 10.26 

Kovats retention indices according to published data [8]. ** Kovats retention indices measured in 
this work. 

of  bo th  species f rom May  to Augus t  in 
2000. The flowering shoots  were detached 

and  the dried in air  (approx. 2 weeks at  

r oom temperature) ;  the p lant  mater ia l  

(30 g) was then g round  and  steam distilled 

for 2 h in accordance with Ph. Hg. VII  [7]. 
The composi t ion  of  the oil ob ta ined  was 

studied by G C  and  GC-MS.  

G C  was performed with an  H P  5890 
Series II gas c h r o m a t o g r a p h  (FID)  

equipped wi th  a 30 m x 0.35 m m  x 

0.25 ixm HP-5 fused silica capillary col- 

umn.  The oven tempera ture  was pro- 
g rammed  at  3 ~ min  1 f rom 60 to 210 ~ 

and  then  at  5 ~ min  1 to 250 ~ which was 

held for 2 min. The detector  and  injector 

tempera tures  were 250 ~ the carrier  gas 
ni t rogen,  and  split sample inject ion was 

used. 

G C - M S  was per formed with a Finni-  
gan G C Q  ion- t rap bench- top  mass spec- 

t rometer .  All condi t ions  were as for G C  
except the carr ier  gas was He at a l inear 
velocity at  31.9 cm s 1 and  compounds  

were separated o n a  3 0 m  x 0 . 2 5 m  x 

0.25 ixm DB-5 MS column. Posi t ive-ion 
electron impact  ionizat ion was used; the 

mass  range was 40 400 amu. The consti- 

tuents  were identified by compar ing  their  

Kova ts  indices with  those of au thent ic  re- 
ference compounds  (Table I), by compari-  

son of their  mass spectra with  publ ished 

MS da ta  [8], and  by computer  l ibrary 

search (database  supplied wi th  the instru- 
ment) .  The equivalence was always 

> 85%. The reproducibi l i ty of  G C  mea-  

surements  is i l lustrated in Table II, in 

which the Kova ts  indices of  some oregano 
oil componen t s  are listed. Kova ts  indices 

were calculated by use of  the equa t ion  

publ ished by Kova ts  [9]. Coefficients of 
var ia t ion  were never  outside the range 

CV% = 0.04 0.24. The identities of  com- 

pounds  in samples (listed in Table  II) were 

also conf i rmed by observing the increase 
in the sizes of  par t icular  peaks in the chro- 

ma tograms  on  addi t ion  of  au thent ic  com- 

pounds  to the samples. 
For  stability studies the air-dried p lant  

mater ia l  was stored at  room temperature;  

the oil distilled f rom it was stored at  

18 ~ each was stored for one year. For  
reference, analyt ical  da ta  obta ined  f rom 

freshly distilled oil f rom the same oregano 

popula t ion  are given in Table III. The oil 

was obta ined  f rom an  air-dried sample ta- 
ken f rom the same popula t ion  but  dis- 

tilled within two weeks of  collection of  the 

plant.  

Solvents and  other  chemicals used were 
analytical  grade. 

Results and Discussion 

Our  studies revealed significant differ- 

ences between the essential oil conten t  of 

the two subspecies. The oil conten t  of  O. 
vulgare ssp. vulgare was m u c h  lower (max. 

0.2%) t han  tha t  of O. vulgare ssp. hirtum 
(max. 4.3%). Similar results were obta ined  

f rom Origanum popula t ions  growing in 
their  na tura l  Medi t e r ranean  habi ta t s  in 

Greece [10]. 

The essential oil conten t  of  Origanum 
vulgare ssp. hirtum in the pre-flowering ve- 
getative and  flowering stages was high 

(2.4 4.3%); dur ing seed r ipening it de- 

creased significantly (to 1.1%). N o  devel- 
opmenta l  s tage-dependent  var ia t ion  was 

observed for O. vulgare ssp. vulgare f rom 

the late vegetative to the post-f lowering 

periods. It  was, therefore,  established tha t  
dur ing the flowering, economical ly im- 

por tant ,  per iod the oil conten t  of  the two 

subspecies was markedly  quant i ta t ively  

different. Dur ing  this per iod the oil con- 
tent  of  b o t h  subspecies remained quite 

stable bu t  at  a level an  order  of magni tude  

lower in O. vulgare ssp. vulgare t han  in O. 

vulgare ssp. hirtum. Consequent ly,  the 
samples ga thered  f rom the same popula-  

Table II. Examples of the reproducibility of measured Kovats retention indices (RI) in GC. 

Compounds Individual tests Distilled oils 

1 st injection 2 nd injection 3 rd injection Sample 1 Sample 2 

Mean 
(n  = 5) 

-ks 

fi-Pinene 980 978 978 980 980 979 1.1 
Limonene 1031 1030 1030 1033 1033 1031 1.5 
Linalool 1097 1098 1097 1102 1102 1099 2.6 
Borneol 1168 1168 1168 1169 1169 1168 0.5 
Carvacrol 1299 1297 1302 1299 1299 1299 1.4 
fi-Caryophyllene 1419 1417 1418 1420 1420 1419 1.3 
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tions of  each species at slightly different 
times of  the flowering period could statis- 
tically be regarded as duplicates. The 
composit ion of  the essential oils was de- 
termined by GC and GC-MS.  

Table I shows the Kovats  indices and 
the ratios (percentages of  total volatile 
fractions) of  the components.  Kovats  in- 
dices were calculated mainly on the basis 
of  GC-MS analysis [9] and were compared 
with published data [8]. Identification of  
the compounds was confirmed by chro- 
matography of  authentic samples of  thy- 
mol, fl-pinene, limonene, linalool, and fl- 
caryophyllene, and comparison of mass 
spectra with those in databases. 

Table I includes only those compo- 
nents present at a level of 0.01%, or more, 
of  the total oil content. In Origanum vul- 
gate ssp. vulgate oil 23 of  26 components 
from the two subspecies could be identi- 
fied, whereas in O. vulgare ssp hirtum oil 
only 14 were identified. Thirteen compo- 
nents were found in one of  the two subspe- 
cies only. 

The main components of  the oils were 
different for the two subspecies. O. vul- 
gare ssp. hirtum oil contained carvacrol 
(76.4%), 7-terpinene (6.6%), andp-cymene 
(4.7%) as main constituents whereas the 
major  compounds in O. vulgare ssp. vul- 
gate oil were p-cymene (22.3%), caryo- 
phyllene oxide (10.2%), sabinene (7.9%), 
7-terpinene (5.1%), and spathulenol 
(4.8%); no carvacrol was found. Differ- 
ences between the minor  components 
from the two subspecies were also found 
(Table I); this means that they differ not  
only in their oil content but in their chemi- 
cal character also, al though the main con- 
stituents of both subspecies are aromatic 
compounds carvacrol andp-cymene,  re- 
spectively. 

Variations in the composit ion of the 
oils are apparent from the average values 
and their variances. For  the main compo- 
nents the variance was less than 10%, 
which is indicative of  rather stable compo- 
sition. Because the samples were har- 
vested at different times, this stability also 
reflects the stability of  the composit ion of  
the oil throughout  the flowering period. 
We were interested in the effect of  the type 
of  storage on the composit ion of  the oil of  
O. vulgate ssp. vulgate. The plant and its 
essential oil were stored for one year and 
thereafter another oil sample was distilled 
from the plant and the fresh and stored 
oils were compared. Table III shows there 
were relatively few differences between 
the sesquiterpene fractions of  the freshly 

Table III. Comparison of samples of Origanum vulgare ssp. vulgare oil. 

RI* RI** Compound A (%) B (%) C (%) 

931 926 930 c~-Thujene 0.28 0.82 
939 935 938 c~-Pinene 0.28 1.77 
953 950 951 Camphene 0.09 0.30 
976 973 974 Sabinene 4.33 5.14 0.69 
980 978 98 fi-Pinene 0.60 1.03 1.90 
991 987 989 fi-Myrcene 0.94 0.49 0.29 

1018 1015 1 0 1 8  c~-Terpinene 0.90 0.78 
1026 1024 1 0 2 5  p-Cymene 12.41 25.33 6.62 
1031 1030 1 0 3 3  Limonene 0.55 0.59 0.45 
1040 1037 1 0 3 8  cis-Ocimene 6.27 0.71 0.24 
1050 1047 1 0 4 9  trans-Ocimene 6.88 1.51 0.10 
1062 1058 1 0 6 0  7-Terpinene 10.18 4.53 
1098 1097 1 1 0 2  Linalool 0.36 0.60 0.80 
1160 1161 1 1 6 2  Pinocamphone 0.22 2.19 
1167 1168 1 1 6 9  Borneol 0.28 0.37 
1173 1174 1 1 7 5  Isopinocamphone 0.86 4.23 
1177 1178 1 1 8 0  Terpin-4-ol 0.15 0.81 1.24 
1189 1187 1 1 9 0  c~-Terpineol 0.63 0.68 1.18 
1242 1238 1 2 4 1  Carvacrol methyl ether 0.32 0.41 

1285 1 2 8 9  Unknown 1.59 
1290 1291 1 2 9 3  Thymol 0.34 0.90 2.14 
1298 1297 1 3 0 2  Carvacrol 0.12 0.13 
1384 1380 1 3 8 4  fi-Bourbonene 1.60 1.75 3.07 
1418 1417 1 4 2 0  fi-Caryophyllene 5.28 2.53 5.62 
1480 1477 1 4 8 0  Germacrene-D 7.79 2.16 1.23 
1576 1576 Spathulenol 2.69 5.98 7.06 
1581 1579 1 5 8 2  Caryophyllene oxide 5.53 12.83 14.30 

Kovats retention indices according to published data [8]. ** Kovats retention indices measured in 
this work. A: Essential oil distilled from air-dried plant. B: Essential oil distilled from dried plants 
stored for one year. C: Essential oil stored for one year at 18 ~ 

distilled and the stored oils, al though the 
monoterpene content has changed mark- 
edly (Table III  and Figure 1). These 
changes mean that the characteristic com- 
ponents of  the distilled oil, e.g. p-cymene, 
~-terpinene and others, decreased in con- 
centration (to less than 0.01%) or disap- 
peared from the oil. This implies that dis- 
tillation of  the plant close to the time of 
utilization is preferable if essential oils of 
natural composit ion are required. 

To summarize the results of our experi- 
ments, we conclude that the two subspe- 
cies can be well-characterized by their es- 
sential oil content. The oil content of  O. 
vulgate ssp. hirtum is significantly higher 

than that of  O. vulgate ssp. vulgate. The 
oil composit ion reflects the genetically 
fixed chemical character of  the plants. For  
plants grown in Hungary and crops har- 
vested during the generative stage of de- 
velopment,  only one oil analysis of  each 
subspecies seems to be sufficient to make 
a rather good estimate of  the expected oil 
content (CV% = 0.11 or 0.25 respectively) 
and composition. Because the character 
of  the oils of  the two subspecies was differ- 
ent throughout  the flowering period a sin- 
gle measurement should be sufficient to 
distinguish between the subspecies. Com- 
parison with the differences observed in 
Greece, where both subspecies are native, 

showed that chemical differences between 
the two subspecies have not changed un- 
der Hungar ian environmental conditions. 

Gas chromatograms obtained on DB-5 
or HP-5 columns (Agilent Technologies), 
GC-MS data (Finnigan GCQ), and Ko- 
vats indices also proved very suitable for 
determination of  the composit ion of  Ori- 
ganum oils. In routine measurements re- 
tention times for the main components 
can also furnish comparable and reprodu- 
cible results. These results will be used in 
our continuing selection work on orega- 
no. 
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Figure 1. Gas chromatogram obtained from Origanum vulgare ssp. vulgare oil: A. Origanum vulgare 
ssp. vulgate oil distilled from air dried plant; B. Origanum vulgate ssp. vulgate oil of distilled from 
dried plants stored for one year. C. Origanum vulgate ssp. vulgate oil stored for one year at 18 ~ 
Peaks: 1 = a-pinene, 2 = sabinene, 3 = p-cymene, 4 = 7-terpinene, 5 = isopinocamphone, 6 =/3-car- 
yophyllene, 7 = germacrene-D, 8 = spathulenol, 9 = caryophyllene oxide. 

98 C h r o m a t o g r a p h i a  2003, 57, January  (No. 1/2) Original  



Gas Chromatographic Method for Routine
Determination of Oleanolic and Ursolic Acids
in Medicinal Plants

G. Janicsák1* / K. Veres2 / M. Kállai3 / I. Máthé1,2

1 Institute of Ecology and Botany of the Hungarian Academy of Sciences, Alkotmány út 2–4., 2163 Vácrátót, Hungary;
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Summary

A rapid and simple gas chromatographic method has been established for routine analysis of
free oleanolic and ursolic acids in dried samples of medicinal herbs. Soxhlet extraction of
triterpenes was followed by solid-phase extraction (SPE). Amounts of the compounds were
measured by gas chromatography after silylation of the purified samples. Experiments were
performed to establish the optimum conditions (e.g. solvent, and mode and duration of
extraction) for calibration curve linearity, sensitivity, reproducibility, and recovery. The condi-
tions used for derivatization and gas chromatographic analysis resulted in an improvement on
literature data. The method devised enables accurate routine measurement of many samples in
quite a short time (e.g. for chemotaxonomical screening, or quality control of herbal drugs). The
practical application of the method was illustrated on five Lamiaceae species.

Introduction

Oleanolic acid (OA) and ursolic acid

(UA) (Figure 1) occur widely in the

plant kingdom in the form of free acids

or aglycones of triterpenoid saponins.

These compounds have numerous simi-

larities in chemical and pharmacological

character. Their main medicinal proper-

ties are reported to include hepatopro-

tective, anti-inflammatory, antitumour,

adaptogenic, and antihyperlipidaemic

effects [1].

Surprisingly, the literature contains

relatively little information on the distri-

bution of these triterpenic acids (TA) in

the plant kingdom, despite their wide-

ranging and pharmacological impor-

tance. The lack of a simple and accurate

routine method seems an obvious reason.

It seems inconsistent that publications

dealing with quantification of OA and

UA cover a wide spectrum of analytical

methods [2–7]. Because the subjects of the

investigations were generally a few spe-

cies only, earlier authors have not con-

centrated on introduction of simple and

rapid methods [8, 9].

Many publications report the isolation

of OA and/or UA from plant material

[10–12]. Such data cannot characterize

exactly the amounts of active compo-

nents in the plants because of losses that

might occur during long isolation proce-

dures.

Gas chromatography (GC) was the

first method enabling parallel determina-

tion of OA and UA in samples deriva-

tized by methylation, acetylation [13], or

silylation [4, 13–15]. There are many

examples of similar investigations of

plants containing either OA or UA alone

[8, 16–20].

In comparison with the most recent

methods [6, 7, 21, 22], the lower cost of

instrumentation and its general use in

routine laboratory work are the main

advantages of GC. On attempting to re-

peat the only English-language report of

the successful partition of OA and UA

[5], we achieved only partial separation.

Accordingly, we chose GC because of its

precision, high speed, and ability to

achieve baseline separation of the two

TA. When many samples are to be anal-

ysed these are essential requirements.

Methods described in articles dealing

with a similar problem could be adopted

only with limitations, because of compli-

cated extraction and purification proce-

dures [4, 13, 14] or the different samples

studied (e.g. olive oil) [15]. For this rea-

son, special efforts were made to devise a

procedure which ensures simple and

quantitative extraction.
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Experimental

The plant material (herb) was gathered in

July 1999 from the experimental field of

the Vácrátót Institute, dried at 30 �C, and
powdered. All the organic solvents used

were of analytical grade (Merck, Ger-

many). During the optimization proce-

dure authentic OA and UA (Roth,

Germany) were used. The internal stan-

dard was cholesteryl acetate (CA; Sigma,

USA). Two stock solutions of different

composition were used: solution A con-

tained 1.086 mg OA and 1.003 mg UA,

and solution B contained 4.289 mg CA;

both were dissolved in 10 mL methanol.

SPE was performed with Chromabond

cartridges containing 500 mg adsorbent

(Macherey–Nagel, Germany) and a

Chromabond vacuum manifold (Mache-

rey–Nagel). For silylation the prepurified

samples (0.4–0.8 mg) dried at 80 �C were

dissolved in 200 lL dry pyridine (Fluka,

Germany) in 1.5-mL vessels (La Pha Pack,

Germany) and derivatized by adding

400 lL N,O-bis-(trimethylsilyl)trifluoro-

acetamide containing 1% trimethylchlo-

rosilane (BSTFA/1% TMCS) (Supelco,

USA). Aluminium-backed silica gel plates

(Merck, Germany) with chloroform–

methanol, 19:1, as mobile phase were used

for TLCmonitoring. The spots of OA/UA

and CA were visualized by spraying the

plates with anisaldehyde–sulfuric acid re-

agent and subsequent heating (105 �C,
5 min). The two TA (OA/UA) were de-

tected together.

Gas chromatography was performed

with a Shimadzu (Japan) GC-2010

instrument equipped with flame ioniza-

tion detection (FID) and fitted with a

12 m · 0.15 mm · 0.25 lm BP1 column.

Nitrogen was used as carrier gas at a

linear velocity of 40 cm s)1, head pres-

sure 210 kPa. The volume injected was

always 1.0 lL, the split ratio was 1:50,

and the instrument was used in flow-

control mode. The injector, detector, and

column temperatures were 300 �C. These
conditions, established as the first step of

the optimization procedure, were used

during subsequent experiments for

quantification of the OA and UA content

of samples.

To check the need for heating to

achieve derivatization, solutions A

(400 lL) and B (100 lL) were placed in

vessels, solvent was removed by evapo-

ration, and the samples were heated at

room temperature for 30 min (S1) or at

80 �C for 30, 60, 120, 180, or 300 min

(S2–S6, respectively).

When the optimum silylation condi-

tions had been determined calibration

plots were drawn. Five solutions were

prepared, T1 (20 lL solutionA + 100 lL
solution B); T2 (100 lL solution

A + 100 lL solution B); T3 (400 lL
solution A + 100 lL solution B);

T4 (750 lL solutionA + 100 lL solution

B); andT5 (1000 lLsolutionA + 100 lL
solution B), and used to determine the

linear correlation ranges and the smallest

detectable amount.

To study conditions for SPE, solution

A (400 lL) and solution B (100 lL) were
placed in measuring flasks (5 mL), the

methanol was removed by evaporation at

60 �C in an oven, and the residues were

re-dissolved in 5 mL 20% aqueous

methanol. These solutions were trans-

ferred to Chromabond C18, Florisil, and

SB cartridges previously conditioned with

5 mL methanol and 5 mL water. Each

column was then washed with 5 mL wa-

ter. To determine the appropriate com-

position for elution 5-mL portions of 40,

50, 60, 70, 80, 90, and 100% aqueous

methanol were passed successively

through the cartridges and the TA and

CA content of the eluates was checked by

TLC as described above.

Recovery from SPE was studied by

applying the established clean-up proce-

dure to three solutions prepared in the

same way as described above. The

amounts of OA and UA were determined

by GC analysis of the dried and silylated

samples.

The next stage of the work was opti-

mization of the extraction procedure.

Melissa officinalis L., Salvia officinalis L.,

and Hyssopus officinalis L. were used as

model plants during these experiments.

Two parallel extractions were performed

for each sample.

To choose the optimum extraction

solvent, benzene, ethyl acetate, acetone,

pure methanol, and 70% aqueous meth-

anol were compared. Powdered plant

material (0.5 g) was extracted for 60 min

with the organic solvent (45 mL) in a

Promax 2020 shaker (Heidolph, Ger-

many). The fractions were then combined

and diluted to 50 mL. Portions (1 mL) of

Figure 1. The chemical structures of oleanolic acid (OA) and ursolic acid (UA).

Figure 2. Gas chromatogram obtained from a mixture of authentic oleanolic acid (OA), ursolic
acid (UA), and cholesteryl acetate (CA).
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these samples were then dried and the

residues were re-dissolved in 5 mL 20%

aqueous methanol. The amounts of OA

and UA extracted were determined by

using the optimized GC and SPE proce-

dures described above.

The best solvent was then used to se-

lect the most effective method of extrac-

tion by comparison of results obtained

use of a shaker, an ultrasonic bath, and a

Soxhlet apparatus. Because shaking had

already been evaluated (see above) this

was not repeated – the earlier results were

accepted. To test the effect of ultrasound,

drug powder (0.5 g) in organic solvent

(45 mL) was placed in an ultrasonic bath

(Tesla, Czechoslovakia) for 60 min. The

final volume was again diluted to 50 mL.

Finally, plant material (1.0 g) was placed

in a Soxhlet apparatus, extracted with

90 mL solvent for 1 h, and the solutions

obtained were diluted to 100 mL.

To determine the optimum duration

of extraction the powdered samples were

extracted in a Soxhlet apparatus for 2, 3,

4, 5, 6, 7, or 8 h. (The 1-h treatment was

not repeated – the results obtained earlier

were accepted.)

To evaluate the repeatability of

instrumental measurement of each com-

pound gas chromatographic analysis of

plant extract and a test mixture (T3) were

repeated five times. When reproducibility

was studied, the overall method was

considered. Samples (12 · 0.8 g) of

powdered Salvia officinalis were subjected

to the overall process, and the results

were compared statistically.

In addition to the model plants men-

tioned above, the species Marrubium

vulgare L. and Satureja montana L. (also

belonging in the Lamiaceae family) were

also examined by this procedure to dem-

onstrate its practical application.

Results and Discussion

The chemicals used for silylation (pyri-

dine and BSTFA/1% TMCS) and the

internal standard (CA) were identical

with those described elsewhere [14]. The

pyridine is not merely a simple solvent,

because it can facilitate the derivatiza-

tion, similarly to TMCS. The application

of CA is advantageous because it has not

yet been demonstrated to occur in plants.

During selection of the GC condi-

tions, the results of earlier reports [4, 15]

were also taken into consideration. In our

work, however, isothermal conditions

were satisfactory, rather than a tempera-

ture programme. A gas chromatogram

obtained from a mixture of authentic

compounds can be seen in Figure 2.

Study of the effect of heating for dif-

ferent times showed that the silylation

procedure needs 5 days at room temper-

ature (sample S1), accepted by other au-

thors [14, 15]. There are also many

examples in the literature of heating of the

reaction mixture [4, 17]. The results of our

experiments indicated that heating at

80 �C for 2 h was sufficient (sample S4) –

further increasing the reaction time did

not effect the measured data (samples S5

and S6). In contrast with our expecta-

tions, the derivatized samples remained

stable for as long as 1 week.

The calibration data and the limits of

detection are listed in Table I. The

Table I. Performance data for the gas chromatographic method for oleanolic and ursolic acids.

Oleanolic acid Ursolic acid

Slope and intercept of calibration
plot (Y = CX + D)

C = 0.733;
D = 0.009

C = 0.727;
D = 0.011

Number of data points 5 5
R2 value 0.9999 0.9995
Limit of detection (ng) 2 2
SPE recovery (%) 98.90 99.50
Repeatability (C.V., %)
Test mixture 3.49 1.55
Plant sample 4.86 1.03

Reproducibility (C.V., %) 5.52 6.48

Figure 3. Amounts of oleanolic and ursolic acids extracted by different organic solvents.

Figure 4. Amounts of oleanolic and ursolic acids extracted by use of different extraction
techniques.
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relationships between the amounts pres-

ent and the peak areas measured were

found to be linear in the ranges 0.0–

181.0 ng for OA and 0.0–167.2 ng for

UA. This was confirmed by the R2 values.

The smallest detectable quantity of the

compounds was 2 ng.

Only the Chromabond SB cartridges,

which contain silica modified with qua-

ternary ammonium groups, were found

suitable for SPE of OA and UA; those

used for determination TA in olive oil

[15] were packed with a bonded amino-

propyl phase. Both adsorbents have

anion exchanger character but that of

Chromabond SB is much stronger. The

Chromabond C18 and Florisil columns

did not retain the compounds. When el-

uents containing increasing concentra-

tions of methanol were tested, elution of

OA and UA began at 50% aqueous

methanol, so even 40% aqueous metha-

nol can be used to wash the samples on

the cartridges.

The data in Table I clearly show that

the SPE recovery is > 98% for both OA

and UA, a level similar to that reported

in the literature [15].

Figure 3 shows that the best extrac-

tion was achieved with methanol. The

results obtained for 70% aqueous meth-

anol show that increasing the polarity

further reduced the amounts of TA ex-

tracted. (For simplicity, Figures 3–5 de-

pict the combined amounts of OA and

UA.)

The different efficacies of the various

extraction techniques are illustrated in

Figure 4. The benefits of Soxhlet extrac-

tion are obvious. Shaking, which had

been used to select the optimum extrac-

tion solvent, was the least successful

technique. Soxhlet extraction for 6 h

proved optimum. Figure 5 shows that

extraction for longer does not enhance

the yield of TA. In earlier works on the

determination of free OA and UA the

extraction was more complicated because

of the lack of SPE [4, 13]. Hydrolysis of

the glycosides also made the process more

complex [8, 14, 16, 17].

Table I shows that the repeatability is

better for UA than for OA in both

studies. The reproducibility was satisfac-

tory – the values for OA were between

0.673 and 0.820, and those for UA were

between 1.729 and 2.122. Because bio-

logical samples were involved, the coeffi-

cients of variation were also acceptable

(OA 5.52% and UA 6.48%).

The results obtained from GC deter-

mination of OA and UA in five Lamia-

ceae species are presented in Table II. Of

these species, Salvia officinalis contained

the largest amounts of both the acids

studied; amounts of OA and UA were

lowest in Marrubium vulgare. A gas

chromatogram obtained from an extract

of sage is depicted in Figure 6.
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Table II. Oleanolic acid (OA) and ursolic acid (UA) content of different Lamiaceae species, de-
termined by use of the gas chromatographic method.

No. Lamiaceae
species

OA content
(% dry weight)

UA content
(% dry weight)

1 Hyssopus officinalis L. 0.143 0.407
2 Marrubium vulgare L. 0.016 0.032
3 Melissa officinalis L. 0.170 0.612
4 Salvia officinalis L. 0.653 1.861
5 Satureja montana L. 0.138 0.507

Figure 5. Amounts of oleanolic and ursolic acids extracted by use of the Soxhlet procedure for
different periods of time.

Figure 6. Gas chromatogram obtained from an extract of Salvia officinalis L. herb. OA ¼ oleanolic
acid, UA ¼ ursolic acid, CA ¼ cholesteryl acetate.
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Abstract

The oleanolic and ursolic acid contents from 88 taxa of Lamiaceae (19 genera, 66 species, 8 subspecies, 9 varieties and 5 hy-
brids) were investigated using gas chromatography. Both triterpenoid acids were present in all of the investigated taxa, but the plants
belonging in the subfamily Nepetoideae produced significantly higher amounts than those in the subfamily Lamioideae. The ole-
anolic acid content ranged from traces to 1.840% dry weight, and that of ursolic acid from traces to 4.019% dry weight.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Lamiaceae; Subfamily Lamioideae; Subfamily Nepetoideae; Triterpenoids; Oleanolic acid; Ursolic acid; Chemotaxonomy; Gas

chromatography

1. Introduction

Oleanolic acid (OA) and ursolic acid (UA) are common constituents of plants. These two triterpenes may occur as
aglycones of saponins and as free acids. Reports on their wide-ranging occurrence in one of the most important groups
of medicinal plants, the family Lamiaceae, usually also describe the isolation of free OA and UA besides other com-
pounds (Mendes et al., 1989; Bruno and Ciriminna, 1993; Kuo et al., 2000; Ryu et al., 2000; Tezuka et al., 2000; Tan
et al., 2002). Both OA and UA have many important pharmacological effects, which are rather similar because of the
closeness of their chemical structures. The literature furnishes numerous data on their anti-inflammatory (Safayhi and
Sailer, 1997; Baricevic et al., 2001), hepatoprotective (Liu et al., 1995), antitumour (Ovesna et al., 2004), anti-HIV
(Kashiwada et al., 1998), antimicrobial (Mallavadhani et al., 2004.), antifungal (Rocha et al., 2004), gastroprotective
(Rodriguez et al., 2003), hypoglycemic (Perez et al., 1998) and antihyperlipidemic (Ma, 1982) properties. They are
relatively non-toxic and have been used in cosmetics and health products (Liu et al., 1995). Unfortunately, insufficient
information is available concerning the distributions of OA and UA in the Lamiaceae, because the published quanti-
tative investigations generally extended to only a few species, and mainly qualitative data are to be found on the
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presence of these compounds. Erdtman (1945) divided the family Lamiaceae into two subfamilies on the basis of the
pollen morphology, the Lamioideae and the Nepetoideae. The Lamioideae were subdivided into several separate sub-
families by subsequent authors, e.g. into Ajugoideae, Chloanthoideae, Lamioideae, Pogostemonoideae, Scutellarioi-
deae, Teucrioideae and Viticoideae by Cantino et al. (1992). The chemistry of the Nepetoideae and Lamioideae sensu
Erdtman (1945) is very different, such as the contents of volatile oils, rosmarinic and caffeic acids, phenylethanoid
glycosides and betaines (Cantino and Sanders, 1986; Máthé et al., 1993; Blunden et al., 1996; Máthé, 1997; Janicsák
et al., 1999; Pedersen, 2000; Grayer et al., 2003; Hohmann et al., 2003).

Previous TLC densitometric results revealed that there are also significant quantitative differences in the amounts
of OA/UA between the subfamilies Lamioideae and Nepetoideae sensu Erdtman. Therefore we decided to determine
the presence and quantities of OA and UA in representative species of both subfamilies.

The closeness of the chemical structures of these two triterpenoid acids makes their TLC separation very difficult,
and we therefore applied a recently developed GC method (Janicsák et al., 2003) for their quantitative estimation. We
report here on the contents of OA and UA in 88 taxa of Lamiaceae.

2. Materials and methods

2.1. Plant material

Herbs of the species of Lamiaceae studied (in the case of the 4 species of Dracocephalum, only leaves) were col-
lected in July, 1999 from the experimental field of the Institute of Ecology and Botany, Vácrátót, Hungary. The ex-
perimental field is approximately 30 km north of Budapest. Its climate is continental, with a mean annual
temperature of 10.3 �C, and a mean annual precipitation of 525 mm. The plants were mainly grown from seeds ob-
tained via a botanical garden seed exchange programme. They were identified by the botanist of our research group.
Voucher samples of each species have been deposited in the herbarium of the Institute. Samples were dried at 40 �C.

2.2. Extraction and analysis

Powdered samples (0.8 g) were extracted with methanol (90 ml) for 6 h in a Soxhlet apparatus. Finally, the solu-
tions obtained were diluted to 100 ml (stock solutions).

For the clean-up procedure (SPE), 4 ml of water was added to 1 ml of each stock solution to make 5 ml samples of
each of the 20% aqueous methanolic mixtures. These solutions were transferred to Chromabond SB cartridges. The
exact parameters of the SPE have been described by Janicsák et al. (2003).

For silylation, the SPE-cleaned extracts dried at 80 �C were dissolved in 200 ml of dry pyridine (Fluka, Germany)
in vessels with a volume of 1.5 ml (La Pha Pack, Germany) and derivatized by adding 400 ml of N,O-bis(trimethylsi-
lyl)trifluoroacetamide containing 1% trimethylchlorosilane (Supelco, USA). To achieve silylation, the samples were
heated at 80 �C for 2 h.

Gas chromatography was performed with an HP 5890 Series II instrument (Hewlett Packard/now Agilent Technol-
ogies/, USA) equipped with an FID detector. The other measurement parameters were as follows: column: HP 5
(30 m� 0.32 mm� 0.25 mm); split ratio: 1:10; carrier gas: nitrogen; injector, detector and column temperature:
300 �C; head pressure: 8 psi; injected volume: 1.0 ml; analysis time per sample: 22 min.

3. Results and discussion

Fourteen representative species of the Lamioideae sensu Cantino et al. (1992) and 57 species of the Nepetoideae
were studied, but no representatives of Cantino’s other six subfamilies which are part of the Lamioideae sensu Erdt-
man (1945). The investigated taxa, together with their OA and UA contents, are listed in Table 1. As expected on the
basis of our earlier results (Máthé, 1997), the OA and UA contents were significantly lower in the species belonging to
the Lamioideae than in the Nepetoideae. In comparison with previous data on the rosmarinic and caffeic acid contents
of species of Lamiaceae (Janicsák et al., 1999), smaller differences in OA and UA contents were observed among
different subspecies and genera, e.g. Salvia nemorosa (OA: 0.265e0.441%; UA: 0.925e1.306%) and Dracocephalum
species (OA: 0.051e0.269%; UA: 0.260e0.817%).
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Table 1

Oleanolic and ursolic acid contents of Lamiaceae taxa (% dry weight)

Lamiaceae taxa Voucher OA UA

Subfamily Lamioideae

Ballota nigra L. 9446 0.013 0.039

Leonurus cardiaca L. 9779 * 0.016

Marrubium alysson L. 8201 0.009 0.014

M. incanum Desr. 8676 * 0.008

M. peregrinum L. 8570 0.036 0.040

M. supinum L. L1336 * *

M. thessalum Boiss. Et Heldr. 8202 0.009 0.017

M. vulgare L. 9960 * 0.030

Phlomis tuberosa L. T/020 * 0.027

Physostegia virginiana (L.) Benth. ÜL418 * 0.009

Sideritis syriaca L. 8253 0.059 0.068

Stachys grandiflora (Stev.) Benth. L918 * *

S. sylvatica L. T046 0.031 0.036

S. officinalis (L.) Trevis. 9446 0.013 0.014

Subfamily Nepetoideae

Calamintha nepeta (L.) Savi 8254 0.075 0.263

Dracocephalum bipinnatum Rupr.a DP99 0.166 0.494

D. diversifolium Rupr.a DD99 0.254 0.817

D. moldavica L.a DM99 0.051 0.260

D. peregrinum L. 7053 0.269 0.722

D. rupestre Hancea DRP99 0.127 0.502

D. ruyschiana L. 6535 0.246 0.674

Elsholtzia strauntonii Benth. L676 0.118 0.398

Hyssopus officinalis L. 8697 0.139 0.314

H. officinalis L. l. ruber (Mill.) Gams 9747 0.150 0.350

H. officinalis L. l. cyaneus Alef. 8272 0.154 0.378

H. officinalis L. l. albus Alef. 8273 0.202 0.547

H. officinalis L. ssp. montanus (Jordan et Fourr.) Briq. 1347 0.352 0.719

Lavandula angustifolia Mill. L775 0.479 1.397

Lavandula angustifolia Mill. ‘Munstead’ L1030 0.334 0.911

L. angustifolia Mill. ssp. pyrenaica (DC.) Guinea L979 0.409 1.279

Melissa officinalis L. L570 0.140 0.581

Melissa officinalis L. cultivar 9181 0.142 0.531

M. officinalis L. cv. Lemon Balm. 9285 0.114 0.411

M. officinalis L. ssp. altissima (Sibth. & Sm.) Arc. L981 0.063 0.218

Monarda citriodora Cerv. L561 0.120 0.175

M. didyma L. 8225 0.069 0.187

M. fistulosa L. 8227 0.038 0.071

Nepeta cataria L. 9062 0.213 0.516

N. grandiflora M.B. 9065 0.529 0.935

N. mussinii Spreng. 6547 0.051 0.104

N. pannonica L. L828 0.080 0.182

Nepeta� faassenii Berg. 9163 1.416 2.923

Origanum heracleoticum L. L588 0.060 0.129

Origanum kopetdaghense A. Boriss. L592 0.145 0.482

O. tyttanthum Gautsch. L587 0.059 0.147

Salvia aethiopis L. 10627 0.017 0.054

S. amplexicaulis Lam. 8070 0.328 1.055

S. argentea L. 8305 0.116 0.218

S. austriaca Jacq. 8164 0.025 0.049

S. candidissima Vahl 1262 0.041 0.064

S. deserta Schang. ÜL29 0.333 0.637

S. dumetorum Andrz 8001 0.129 0.450

S. dumetorum Andrz fl. Rosea 8582 0.065 0.154

S. fugax Pobed. 8003 0.192 0.434

S. glutinosa L. T044 0.056 0.120
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The OA contents varied from traces (Leonurus cardiaca, Marrubium incanum, Marrubium supinum, Marrubium
vulgare, Phlomis tuberosa, Physostegia virginiana and Stachys grandiflora) to 1.840% (Salvia lavandulifolia). Other
species with high OA levels were Salvia officinalis (1.559%) and Nepeta� faassenii (1.416%). Low OA contents were
found in Marrubium alysson (0.009%) and Marrubium thessalum (0.009%). As indicated above, all the lowest OA-
producing taxa belong to the subfamily Lamioideae.

With the exceptions of 3 species of Salvia (Salvia jurisicii, Salvia staminea and Salvia verbenaca), the levels of UA
were always higher than those of OA in the samples tested. The UA contents ranged between traces and 4.019%. In the
Lamioideae, the lowest UA contents were recorded for M. supinum and S. grandiflora (traces) and the highest for Side-
ritis syriaca (0.068%), whereas in the Nepetoideae, Salvia austriaca exhibited the lowest level (0.049%) and S. lav-
andulifolia the highest (4.019%).

High concentrations (over 2.5%) of UA were detected in Nepeta� faassenii and S. officinalis. Relatively high con-
centrations of UA were also found in the subfamily Nepetoideae in Lavandula angustifolia (1.397%), L. angustifolia
ssp. pyrenaica (1.279%), Salvia amplexicaulis (1.055%) S. nemorosa ssp. illuminata (1.261%), S. nemorosa ssp. tes-
quicola (1.306%), S. tomentosa (1.047%) and Thymus serpyllum (1.398%), whereas low levels were observed in Mo-
narda fistulosa (0.071%), Salvia aethiopis (0.054%), Salvia candidissima (0.064%) and S. staminea (0.066%).

The two triterpenoid acids were present in all of the taxa investigated. However, there are significant quantitative
differences between the two subfamilies, similarly as for other chemotaxonomic markers, such as rosmarinic and caf-
feic acids, betaines, volatile oil components and phenylethanoid glycosides (Máthé et al., 1993; Blunden et al., 1996;

Table 1 (continued)

Lamiaceae taxa Voucher OA UA

S. hians Royle 1221 0.220 0.597

S. jurisicii Kos. 8948 0.627 0.117

S. kuznetzovii Sosn. ÜL309 0.111 0.216

S. lavandulifolia Vahl. 6302 1.840 4.019

S. nemorosa L. 8146 0.441 0.925

S. nemorosa L. l. albiflora Schur. T040 0.292 0.950

S. nemorosa L. l. coerulea Priszter T042 0.150 0.507

S. nemorosa L. ssp. illuminata (Klokov) Soó ÜL307 0.328 1.261

S. nemorosa L. ssp. moldavica (Klokov) Soó 8037 0.265 0.943

S. nemorosa L. ssp. tesquicola (Klokov et Pobed.) Soó 7006 0.415 1.306

S. nubicola Wall. T059 0.128 0.387

S. nutans L. 10142 0.148 0.364

S. officinalis L. 5676 1.559 3.825

S. pratensis L. 8156 0.120 0.256

S. pratensis L. ssp. bertolonii (Vis.) Soó 6899 0.339 0.533

S. przewalskii Maxim. L747 0.140 0.391

S. sclarea L. 10622 0.045 0.145

S.� simonkaiana Borb. 6617 0.201 0.567

S. staminea Benth. L1518 0.165 0.066

S.� sylvestris L. 6999 0.186 0.558

S. tomentosa Mill. 8007 0.362 1.047

S. transsylvanica (Schur) Schur 7008 0.320 0.758

S. verbenaca L. L1716 0.393 0.313

S. verticillata L. 8182 0.579 0.594

S. verticillata L. ssp. amasiaca (Freyn et Bornm.) Bornm. ÜL175 0.392 0.998

S. virgata Jacq. 6319 0.293 0.354

S. viscosa Jacq. 1077 0.101 0.137

Satureja coerulea Janka 6558 0.176 0.644

S. montana L. 6562 0.131 0.490

Thymus serpyllum L. L1646b 0.368 1.398

T. vulgaris L. L1645a 0.265 0.643

T.� citriodorus (Pers.) Schreb. T061 0.174 0.517

T.� citriodorus (Pers.) Schreb. ‘Variegata’ T062 0.214 0.526

*In trace amounts.
a Only the leaves were investigated.
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Máthé, 1997; Janicsák et al., 1999; Hohmann et al., 2003). The subfamily Lamioideae appears to be poorer in both OA
and UA than the subfamily Nepetoideae. The mean values for the Lamioideae were OA: 0.012% and UA: 0.023%,
while those for the Nepetoideae were OA: 0.263% and UA: 0.638%.
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Janicsák, G., Veres, K., Kállai, M., Máthé, I., 2003. Gas chromatographic method for routine determination of oleanolic and ursolic acids in me-

dicinal plants. Chromatographia 58, 295e299.

Kashiwada, Y., Wang, H.K., Nagao, T., Kitanaka, S., Yasuda, I., Fujioka, T., Yamagishi, T., Cosentino, L.M., Kozuka, M., Okabe, K., Ikeshiro, Y.,

Hu, C.Q., Yeh, E., Lee, K.H., 1998. Anti-AIDS agents. 30. Anti-HIV activity of oleanolic acid, pomolic acid, and structurally related triter-

penoids. J. Nat. Prod. 61, 1090e1095.

Kuo, Y.H., Lee, S.M., Lai, J.S., 2000. Constituents of the whole herb of Clinopodium laxiflorum. J. Chin. Chem. Soc. 47, 241e246.

Liu, J., Liu, Y.P., Klaassen, C.D., 1995. Protective effect of oleanolic acid against chemical-induced acute necrotic liver-injury in mice. Acta

Pharm. Sin. 16, 97e102.

Ma, B.L., 1982. Hypolipidemic effects of oleanolic acid. Trad. Med. Pharmacol. 2, 28e29.

Mallavadhani, U.V., Mahapatra, A., Jamil, K., Reddy, P.S., 2004. Antimicrobial activity of some pentacyclic triterpenes and their synthesized 3-O-

lipophilic chains. Biol. Pharm. Bull. 27, 1576e1579.
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The essential oils of four lines of Origanum vulgare L. subsp. hirtum (Link) Ietswaart cultivated in Hungary were analysed by 

GC and GC-MS methods. These oils were found to contain carvacrol,  -terpinene and p-cymene as main constituents. The 

antimicrobial activities of the various oils and their authentic individual components were tested on Gram-positive and Gram-

negative bacterial strains, two Saccharomyces cerevisiae strains and two Candida albicans strains. No difference in sensitivity 

was found between Escherichia coli, Staphylococcus epidermidis and the yeast strains tested, but there were marked 

differences in sensitivity between the proton pump-deficient mutant of E. coli and its wild type as regards the growth inhibition 

and MIC values. 

 

Keywords: Origanum vulgare subsp. hirtum (Link) Ietswaart, essential oil, GC-MS, antibacterial activity. 

 

 
 
Origanum is used throughout the world as a very 

popular spice, under the vernacular name oregano. 

Oregano, one of the most important Mediterranean 

spices, exhibits rather high diversity from both 

taxonomical and chemical aspects [1]. Though the 

name ‘oregano’ is devoted to many species of various 

genera, most oregano spice products originate from 

Origanum species (Family Lamiaceae). It is of great 

economic importance, not only as a spice, but also 

since its essential oil exerts antimicrobial, cytotoxic 

and antioxidant activities [2-4].  
 

Until 1980, there was no satisfactory classification of 

the Origanum genus, but since then the Ietswaart’s 

system has become widely accepted [5]. This 

postulates that O. vulgare L. has six subspecies with 

differences in the indumentum, the number of sessile 

glands on the leaves, bracts and calyces, and the size 

and color of the bracts and flowers. O. vulgare subsp.  

hirtum (Link) Ietswaart is native to Albania, Greece 
and Turkey [6], but alien to Hungary. Ecologically, 

this species prefers warm, sunny habitats, and loose, 

often rocky, calcareous soils, low in moisture 

content. 

 

Our present study focused on the quantity and nature 

of the essential oils in O. vulgare subsp. hirtum 

populations cultivated in Hungary, i.e. under 

continental climatic conditions. It forms part of a 

series of wide-ranging investigations into O. vulgare 

subsp. hirtum that have been conducted in Hungary 

for several years [1]. The antibacterial activity of 

essential oils and their main constituents was 

recognized long ago [4,7]. In the present work, the 

antibacterial properties of the essential oils from the 

aerial parts of four lines  of  O. vulgare subsp. hirtum 
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Table 1: Comparison of the Origanum vulgare subsp. hirtum oils (2004).  
 

% in samples 
Compounds

a
 RI

b
 

A B C D 

Identifi- 

cation 

!-Thujene   930 1.7 1.8 1.6 1.5 c 

!-Pinene   938 0.9 0.8 0.8 0.7 c, d 

Camphene   951 0.3 0.3 0.3 0.2 c 

Sabinene   974 0.5 0.4 0.1 0.3 c, d 

"-Pinene   980 2.1 2.1 2.1 1.4 c, d 

!-Phellacrene 1006 0.1 0.2 0.2 0.1 c 

!-Terpinene 1018 0.9 1.0 2.1 0.4 c, d 

p-Cymene 1025 9.5 6.3 6.1 4.2 c, d 

Limonene 1030 0.4 0.4 0.4 0.3 c, d 

 -Terpinene 1060 7.2 5.5   16.0 1.3 c, d 

cis-Sabinene hycrate 1071 0.5 0.5 0.4 0.2 c 

Terpinolene 1087 0.2 0.3 0.2 0.2 c 

Borneol 1168 0.3 0.5 0.5 0.2 c, d 

Terpinen-4-ol 1178 0.3 0.4 0.2 0.3 c 

Carvacrol methyl 

ether 
1242 - - - 0.7 c 

Thymol 1291 0.3 0.3 3.1 0.3 c, d 

Carvacrol 1297   70.8   73.7   61.7   84.2 c, d 

"-Caryophyllene 1420 1.4 2.6 3.3 1.5 c, d 

Germacrene-D 1480 0.3 - - - c 

Total    97.7   97.1   99.1   98.0  
aCompounds listed in sequence of elution from a CB-5 MS column. 
bKovats retention indices calculated against C9 to C24 n-alkanes on a CB-5  

MS column 
cComparison of mass spectra with MS libraries and retention indices. 
dComparison with authentic compound. 

 

were evaluated. These lines were obtained from seeds 

of a previously selected strain so they should be 

regarded as offspring of the same population. Our 

comparative study shows that, though the oil content 

may vary significantly, the oil composition and the 

antimicrobial activities of the lines remained similar, 

and proved to be rather stable. 
 

The oil contents of the O. vulgare subsp. hirtum lines 

were high (3.8-7.0%, v/w). Similar results were 

earlier published on Origanum populations growing 

in their natural Mediterranean environment [8]. The 

compositions of the essential oils were determined by 

GC and GC-MS techniques. Table 1 presents the 

results of the qualitative and quantitative analyses. 
The nineteen identified constituents accounted        

for 97.1-99.1% of the oils. These oils were found     

to contain carvacrol (61.7-84.2%),  -terpinene     

(1.3-16.0%) and p-cymene (4.2-9.5%) as main 

constituents. The essential oil of sample C also 

contained an appreciable quantity of thymol (3.1%). 

The compositional characteristics indicated that all 

these lines belong to the “carvacrol group” described 

by Pasquier [9]. The concentrations of the minor 

components in the four samples varied, but the 

differences were not significant. 
 

All of the O. vulgare subsp. hirtum oils exerted broad 

antimicrobial effects on the tested bacterial and 

fungal strains. The agar diffusion method furnished 

semiquantitative data on the bacteriostatic and 

fungistatic effects of the oils (Table 2). The zones of 

inhibition revealed that the oils had similar activities 

against bacteria and yeasts. The most sensitive strain 

among the tested bacteria was the proton pump-

deficient Escherichia coli AG100A. The MIC values 

varied from 0.04 μL/mL to 0.24 μL/mL for the 

bacterial strains, and from 0.08 μL/mL to 0.20 μL/mL 

for the fungal strains tested. The MIC values 

demonstrated a difference in sensitivity between the 

two E. coli AG strains. The proton pump-containing 

E. coli AG100 displayed MIC values that were 2-3 

times as high as those for the proton pump-deficient 

mutant E. coli AG100A. These results suggest that 

the antimicrobial effects of the tested oils are 

probably based on proton pump-related mechanisms. 

The different compositions of the four samples of    

O. vulgare subsp. hirtum did not appear to have any 

appreciable influence on the antimicrobial effects 

tested. The antimicrobial activity of the oil is clearly 

due to the high activity of carvacrol, as described 

earlier [7]. 
 

Eleven different components of those commonly 

found in O. vulgare subs. hirtum essential oils were 

investigated with regard to their antimicrobial 

activity (Table 3). The most pronounced effects   

were shown by thymol and carvacrol (MIC values: 

0.31-2.50 μL/mL), but the sensitivities of the bacteria 

and fungi differed. In the case of carvacrol, E. coli 

AG100 and AG100A (a proton pump-deficient 

mutant of E. coli AG100) did not differ in 

susceptibility, whereas when they were treated with 

the other compounds, E. coli AG 100A was the more 

likely to be inhibited. This suggests that carvacrol has 

a different effect on this bacterial strain: binding to 

the proton pump may not occur. Limonene and        

α-terpinene are efficient antimicrobial agents. 
 

The sensitivities of the bacteria and fungi to the oil 

components were similar, though the effects on the 

Saccharomyces strains were more explicit than those 

on the Candida strains. The mitochondrium-

containing Saccharomyces strain (S. cerevisiae 0425 

52C, Grand) was not more susceptible than its 

mitochondrium-less mutant (S. cerevisiae 0425 δ/1). 

 

Experimental 

Plant material: The plant material was gathered from 

the perennial populations of Origanum vulgare 

subsp. hirtum cultivated at the Experimental Station 

of the Faculty of Horticultural Science, Corvinus 

University  of  Budapest,   Hungary.    In   open  field 
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Table 2: Bacteriostatic and fungistatic activities of various plant oils. 
 

Samples 
Concentration 

(v/v%) 

E. coli 

F’lac 

E. coli 

AG100 

E. coli 

AG100A 

S. 

epidermidis 

S. 

cerevisiae 

!/1 

S. 

cerevisiae 

52C 

C. albicans 

10231 

C. albicans 

14053 

A 5 36 28 44 25 40 35 38 35 

B 5 30 27 46 23 42 38 35 32 

C 5 35 25 45 17 40 43 30 36 

D 5 45 31 58 27 42 45 40 43 

Penicillin 1 mg/mL 24 24 24 23 - - - - 

Gentamycin 1 mg/mL 32 32 32 33 - - - - 

Fluconazole 2 mg/mL - - - - 19 27 31 40 

DMSO 100 0 0 0 0 0 0 0 0 

Zones of growth inhibition (in mm) of microorganisms on nutrient agar plates 

 

Table 3: MIC determination of selected plant oils and individual oil components on various bacterial and fungal strains. 
 

Samples 
E. coli 

 F’lac 

E. coli 

AG100 

E. coli 

AG100A 

S. 

epidermidis 

S. cerevisiae 

!/1 

S. cerevisiae 

52C 

C. albicans 

10231 

C. albicans 

14053 

A
a
 0.20 0.20 0.12 < 0.04 0.12 0.12 0.16 0.20 

B
a
 0.16 0.20 0.08 0.08 0.12 0.12 0.16 0.16 

C
a
 0.16 0.24 0.08 < 0.04 0.12 0.12 0.16 0.20 

D
a
 0.16 0.20 0.08 0.08 0.08 0.12 0.16 0.16 

!-Pinene
a
 0.62 0.62 0.31 1.25 0.16 0.16 1.25 0.63 

Sabinene
a
 2.50 > 5 1.25 2.50 0.31 0.16 2.50 2.50 

"-Pinene
a
 1.25 3.75 0.62 1.25 0.31 0.08 0.62 0.62 

!-Terpinene
a
 2.50 3.75 1.25 1.25 0.62 1.25 > 5 5.00 

p-Cymene
a
 20.0 7.50 5.00 2.50 0.62 1.25 2.50 2.50 

Limonene
a
 0.62 0.62 0.31 1.25 0.16 0.16 1.25 0.62 

 -Terpinene
a
 10.0 > 20 7.50 5.00 1.25 5.00 15.0 8.75 

Borneol
a
 5.00 2.50 1.25 25.0 2.50 5.00 2.50 5.00 

Thymol
a
 1.25 2.50 0.33 0.31 0.16 0.08 0.08 0.16 

Carvacrol
a
 0.16 0.16 0.16 2.50 0.31 0.31 1.25 1.25 

"-Caryophyllene
a
 > 20 20.0 1.25 20.0 > 20 > 20 > 20 > 20 

Penicillin
b
  8.0 8.0 1.6 4.0 - - - - 

Gentamycin
b
  1.2 4.0 2.0 0.8 - - - - 

Fluconazole
b
  - - - - 56.0 64.0 16.0 0.8 

DMSO > 20 > 20 > 20 > 20 > 20 > 20 > 20 > 20 

The tabulated numbers indicate MICs as the volumes of oils and components resulting in complete inhibition 
a μL/mL 
b μg/mL 

 

experiments, several individuals from a non- 

homogeneous line were investigated. The aerial parts 

of the plants were collected during the flowering 

stage in July 2004. Voucher specimens have been 

deposited in the Genbank reserved living material, 

Department of Medicinal and Aromatic Plants, 

Corvinus University of Budapest, under the   

numbers OH-1/1 (A); OH-1/2 (B); OH-1/8 (C) and 

OH-9/11 (D). 

 

Isolation of the essential oil: The flowering shoots 

were cut off and steam-distilled for 2 h, according to 

the method in the Pharmacopoea Hungarica VII #10$. 

The essential oils obtained were dried over anhydrous 

sodium sulfate, filtered and stored at –18ºC until 

tested and analyzed. The yields were calculated based 

on the dry weight of the plant materials.  

 

Gas chromatography: The GC analysis was carried 

out with an HP 5890 Series II gas chromatograph 

(FID), using a 30 m x 0.35 mm x 0.25 %m HP-5 

fused silica capillary column. The temperature 

program was from 60&C to 210&C at 3&C min-1, and 

from 210&C to 250&C (2 min hold) at 5&C min-1. The 

detector and injector temperature was 250&C and the 

carrier gas was N2, with split sample introduction.  

 

Gas chromatography-mass spectrometry: GC-MS 

analysis was performed with a FINNIGAN GCQ ion 

trap bench-top mass spectrometer. All conditions 

were as above except that the carrier gas was He at a 

linear velocity of 31.9 cm sec-1 and two capillary 

columns were used with different stationery phases 

(DB-5MS and SolGel-WAX; 30 m x 0.25 mm x 0.25 

%m). The positive ion electron ionization mode was 

used, with a mass range of 40-400 amu. Identification 

of the compounds was based on comparisons with 

published MS data [11] and a computer library search 

(the database was delivered together with the 

instrument), and also by comparison of their Kovats 
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‘indices with those of authentic compounds and with 

literature values. The identification was confirmed 

with the aid of authentic samples. Kovats indices 

were calculated mainly from the GC-MS analysis 

results [12]. 

 

Bacteriostatic and fungistatic activities: Bacterial 

and fungal strains: Escherichia coli K12 LE140, 

Staphylococcus epidermidis (clinical isolate), 

Escherichia coli AG100, E. coli AG100A, 

Saccharomyces cerevisiae 0425 δ/1, S. cerevisiae 

0425 52C, Candida albicans ATCC 10231, and       

C. albicans ATCC 14053. 

 

The bacteriostatic and fungistatic activities were 

determined using an agar-well diffusion method. The 

essential oils were dissolved in DMSO at 

concentrations of 2-10 v/v%, depending on the 

quantity of the oil. Different nutrient agars were used: 

MTY (minimal-trypton-yeast) for the E. coli F’lac 

and S. epidermidis strains, LB (Luria-Bertani) for the 

E. coli AG 100 and AG 100A strains, and 2xYPD 

(yeast extract-peptone-dextrose) for the yeast strains. 

The culture broth was inoculated with the bacterial 

and yeast strains and incubated overnight either at 

37&C (bacteria) or at room temperature for 48 h 

(fungi). Each preculture was diluted 10-100-fold in 

physiological saline solution (0.9% w/v) before 

plating on the nutrient agar. Wells 10 mm in diameter 

were punched into the agar and filled with 50 μL of 

either the oil solutions or DMSO solvent blank. After 

incubation, the antimicrobial activity was evaluated 

by measuring the diameter of the inhibition-zone 

observed (Table 2). 

 

The MIC (minimal inhibitory concentration) values 

were determined with the broth dilution assay. The 

overnight cultures of bacteria and the 24 h cultured 

yeast strains were diluted 100-fold in physiological 

saline solution and 50 μL inocula was added to the 

appropriate nutrient broth. The solutions of the 

essential oils (dissolved in DMSO at 1%, v/v) were 

added to the cultures in increasing concentration, and 

the samples were then incubated for 24 h at 37&C for 

the bacteria, and for 48 h at room temperature for the 

yeasts. The MIC was defined as the lowest 

concentration of the test sample that resulted in 

complete inhibition of visible growth in the broth 

(Table 3). DMSO was used as a negative control, 

while penicillin, gentamycin and fluconasol were 

used as a positive control. 
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