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The plant genus Chrysosplenium (Turn.) L. of the family 
Saxifragaceae comprises about 60 species of semi-aquatic 
perennial herbs that are natives of the north temperate 
zone. Chrysosplenium alternifolium L. (alternate-leaved 
golden saxifrage) is one of three Chrysosplenium species 
most commonly occuring in European and Polish flora 
(Tutin et al., 1964). The herb of C. alternifolium is used in 
traditional European and oriental medicines for sympto-
matic treatment of digestive disorders related to liver and 
spleen activity, dizziness and skin diseases (Arisawa et al., 
1991; Chen, 2004). Raw young spring leaves are also used 
as food ingredients and eaten in salads (Facciola, 1998).
Chemical and pharmacological surveys of the genus af-
forded several highly bioactive polymethoxylated fla-
vonols, derivatives of 5-hydroxy-3-metoxyflavone (Jay & 
Voirin, 1976), which have been reported to be potent and 
specific antiviral agents (inhibitors of the replication of 
human rhinoviruses), antitumor and antioxidant agents 
(Arisawa et al., 1991; 1995; Tsuchiya et al., 1985; Yokozawa 
et al., 1998).
In the course of phytochemical study of C. alternifolium 
herb, four flavonoids of this type (CDD, CDB, CLD and 
CLB) have been isolated in our laboratory from the pe-
troleum ether and chloroform extracts (Gudej & Czapski, 
2009), and considered as the marker compounds for the 
standardization of the herb (Olszewska & Gudej, 2009). 
In this paper we report the high yield isolation of the gly-
cosides CDD and CDB from the methanolic extract, as 
well as the identification of a trace constituent, PDL. In 
order to evaluate the extraction yield of the markers with 
different solvents, the quantitative HPLC-PDA assays of 
CDD, CDB, CLD and CLB in the petroleum ether, chloro-
form and methanolic extracts were also done. Moreover, 
a simple strategy was proposed to resolve some analytical 
problems, such as peak distortions and week resolution 
of critical bands CDD and CDB observed by differences 
in solvent strength and viscosity between the sample sol-
vent and mobile phase. Considering the previous report 
on the occurrence of arbutin in C. alternifolium (Frohne, 
1969), the methanolic extract of the herb was additionally 
investigatigated for the presence of small-molecular phe-
nolics (arbutin and phenolic acids).

Methods: The sample (aerial parts) of flowering C. alterni-
folium was collected at the end of April 2005 near Białystok, 
and next air dried and powdered. The voucher specimen, 
identified and authenticated by Professor Jan Gudej, have 
been deposited in the Herbarium of the Department of 
Pharmacognosy, Medical University of Łódź.
The methanol extract was fractionated by gel filtration over 
Sephadex LH-20 (Sigma-Aldrich, Germany/USA) using 
methanol as an eluent. The precipitated mixture of CDD 
and CDB was separated by preparative column chroma-
tography over polyamide SC6 (Macherey-Nagel, Germa-
ny) using the mixture of ethyl acetate and methanol (with 
an increasing gradient of methanol) as an eluent.
The glycosides CDD and CDB were identified co-chroma-
tographically by HPLC-PDA (Olszewska & Gudej, 2009) 
with standards isolated previously (Gudej & Czapski, 
2009) and on the basis of 1H NMR data compared with 
the literature (Gudej & Czapski, 2009; Jay & Voirin, 1976). 
The NMR spectra were recorded on Bruker 500 MHz 
spectrometer (in DMSO-d6, TMS as int. standard). Phe-
nolic acids were identified by 2D-PC (Świątek, 1970).
The RP-HPLC analyses were carried out on a Waters 600E 
Multisolvent Delivery System (Waters Co., MA, USA) 
with a PDA detector (Waters 996), a 20 μl sample injector 
(Rheodyne 7725 i) and a LC workstation equipped with 
Waters Millenium 32 version 4.0 software. A C18 Hypersil 
ODS column (5 μm, 125 × 4 mm, i.d.) (Agilent Technolo-
gies, CA, USA) guarded by a C18 Hypersil ODS pre-col-
umn (5 μm, 4 × 4 mm, i.d.) was used. The mobile phase 
consisted of solvent A (0.5% w/v aqueous solution of 
H3PO4) and solvent B (acetonitrile) with the gradient elu-
tion profile optimised previously (Olszewska & Gudej, 
2009). The detection wavelength was set at 345 nm, and 
the flow rate was 1.0 ml/min.
Results and discussion: The herb sample (490 g) was 
successively extracted with petroleum ether, chloroform 
and methanol to obtain 18.5, 11.0, and 158.5 g of the dry 
extracts, respectively. After repeated column chromatog-
raphy (Gudej & Czapski, 2009), the petroleum extract 
gave CLB (80 mg), whereas CLD (160 mg), CDB (500 mg) 
and CDD (350 mg) were isolated from the chloroform 
extract. The methanol extract was fractionated by gel fil-
tration affording several flavonoid-rich fractions, which 
gave the precipitate (10.6 g) of CDD and CDB. Finally, the 
sample (1 g) of this mixture was chromatographed over 
polyamide to give pure compounds CDD (650 mg) and 
CDB (200 mg). An additional trace flavonoid component 
PDL was found by HPLC-PDA in the eluates containing 
CDB. According to the 1H NMR data and co-chromato-
graphic HPLC-PDA studies, the isolates were identified 
as 5,3′,4′-trihydroxy-3,6,7-trimetoxyflavone 4′-O-β-glu-
copyranoside (chrysosplenoside D, CDD) and 5,4′-di-
hydroxy-3,6,7,3′-tetrametoxyflavone 4′-O-β-glucopyra-
noside (chrysosplenoside B, CDB). The trace component 
was identified as 5,4′-dihydroxy-3,6,7-trimetoxyflavone 
4′-O-β-glucopyranoside (pendulin, PDL):
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Pendulin (PDL), 1H NMR δ ppm: 12.58 (s, 1H, OH-5), 8.08 
(d, 2H, J=8.7 Hz, H-2′,6′), 7.23 (d, 2H, J=8.9 Hz, H-3′,5′), 
6.96 (s, 1H, H-8), 5.05 (d, 1H, J=7.1 Hz, H-1″), 3.94 (s, 3H, 
OMe-7), 3.84 (s, 3H, OMe-3), 3.75 (s, 3H, OMe-6).
The occurrence of six phenolic acids, such as p-hydroxy-
benzoic, protocatechuic, gentisic, vanillic, p-coumaric and 
ferrulic acid, was recognized in the methanolic extract by 
2D-PC. Arbutin was not found in the extract.
The level of the four main Chrysosplenium flavonoids in the 
dry extracts was determined by HPLC-PDA assay basing 
on the method optimised and validated previously for 
standardisation of the herb samples (Olszewska & Gudej, 
2009). As presented in Table 1, the highest total flavonoid 
content (41.8% of the dry extract weight) was observed 
for the chloroform extract, in which the glycoside CDB 
was the dominant constituent. The petroleum extract was 
indicated the best source of the most lipophilic aglycone 
CDB, which was found at the level of 2.53% dw of the 
extract. The main components of the methanolic extract 
were both glycosides CDD and CDB with the highest 
content found for CDD.
Before HPLC analysis, the extract samples were dissolved 
in 2.5 ml of of chloroform–methanol (20:80, v/v), and next 
diluted with 32.5 ml of methanol and 15 ml of water. 
Choroform was used in the solvent because of relative-
ly high hydrophobicity of the aglycones CLD and CLB. 
During optimisation of the chromatographic conditions 
(Olszewska & Gudej, 2009), the addition of water to the 
extracts before injection was found to be necessary when 
minimising viscosity differences between injections and 
the mobile phase, and thereby when minimising distor-
tions of analyte peaks and maximising the resolution of 
critical bands of the glycosides CDD and CDB. The strat-
egy recommended, with adjustment of the sample with 
water before injection, is a very simple and fast procedure 
for preventing serious peak distortions, which may occur 
when the pre-treatment of a given sample ends with the 
analytes dissolved in a solvent different from that used in 
the starting eluent.
Table 1. Content of four flavonoid analytes in the isolation 
sample of the C. alternifolium herb and in the dry extracts pre-
pared from the same sample*.

Sample CDD CDB CLD CLB

(%) (%) (%) (%)

C. alternifolium herb  
(April 2005) 2.31 1.53 0.29 0.19

Petroleum extract (EY: 0.63%) 0.33 0.13 0.19 2.53

Chloroform extract  
(EY: 2.75%) 9.03 25.7 5.29 1.81

Methanol extract (EY: 32.3%) 5.56 1.89 0.36 0.15

*Mean percentage content calculated per dry weight of the plant 
material or the extract. R.S.D. values of the measurements were 
in the range of 0.25–1.93% for n=9. EY, extraction yield of the ex-
tracts calculated per dry weight of the herb.
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Although enormous progress in healthcare has been 
achieved in recent decades by advances in modern medi-
cation, overall performance of pharmaceutical industry is 
considered to be much below expectations. This is in par-
ticular due to the lack of new, selective and effective drugs 
for major conditions related to “civilization diseases”. 
Our knowledge about drugs is, to a large extent, nega-
tive, which means that we are more comfortable and firm 
in stating what they do not do, then how exactly they per-
form. In addition, our understanding of where and how to 
look for new drugs is limited and guidelines for drug re-
search and development programs offer only a very scant 
chance of success. Nevertheless, insistence on rationality 
in drug research and discovery programs is a generally 
accepted and even mandatory requirement. Contrary to 
the scholarly expectations, modern drugs seldom emerge 
from studies designed with pre-programmed medicinal 
chemistry principles, which start from defined structure 
of macromolecular biological targets. In contrast, seren-
dipity is successful. Biological structural diversity of sec-
ondary metabolites has proven to be unbeatable source of 
new drug leads, in comparison to systematic screening of 
large libraries of synthetic compounds. Since about 60% 
of modern medicines are derived, directly or indirectly, 
from ethnopharmacological tradition or contemporary 
pharmacognosy and phytochemistry, it can be legitimate-
ly claimed, that the most rational and efficient way to new 
drugs leads through study of biological activity of natural 
products (Newman et al., 2007). Among various groups 
of secondary metabolites such as alkaloids or antibiotics, 
which bred variety of clinically useful new drugs, sapon-
ins are relatively unexplored as drug leads (Hostettmann 
& Marston, 1995). Only a few genins have been already 
profoundly exploited as intermediates for syntheses of 
pharmaceutical active substances, particularly steroid 
derivatives with hormonal activity. The reason for this 
relatively low interest in saponins as prospective lead 
compounds for medicinal chemistry is at least twofold: 
a) their molecular complexity and considerable structure 
variability render them difficult to obtain through isola-
tion from plant sources as pure chemical entities, b) they 
share certain physicochemical features, for example am-
phiphilicity, which are considered potentially harmful for 
biological cells and may cause toxic effects, such as hemo-
lysis. Considering these obvious drawbacks, we have 
decided to look at them as a rich source of structurally 
diverse templates. Saponins frequently bear interesting 
pharmacophoric properties, which are prone to further 
structural modification through chemical transforma-
tions performed on existing or easy to introduce function-

al groups. In such reasoning we follow general scheme 
of a structure-based drug discovery, inspired by earlier 
findings, including ethnopharmacology. Since saponins 
are glycosides, we have critically reflected upon a role of 
sugar moiety in biological activity of compounds which 
result from conjugation, biological or chemical, between a 
sugar synthon and complex aglycon molecule (Grynkie-
wicz et al., 2008; Kren et al., 2001). The literature survey of 
cases, where well defined biological or pharmacological 
effect has been studied on properly characterized glyco-
sidic material, extending from Digitalis to contemporary 
antibiotics, seems to indicate that there is no general and 
universal role ascribed to a glycon and aglycon part. In 
any given molecule of natural, biologically active mol-
ecule, there is a fair chance that splitting the glycosidic 
bond will result in two inactive compounds. In many 
cases, however, it has been demonstrated that aglycon 
molecule alone is responsible for biological action, while 
the sugar moiety plays rather auxiliary function, facilitat-
ing active transport through membranes or improving 
solubility in biological fluids. In case of oligosaccharide 
glycons, they are likely to have a more significant func-
tion, for example being a signal in molecular recognition 
process. A glycoside being a building block, like in case of 
nucleoside biochemistry, obviously constitutes a separate 
issue. This simple discussion leads to a very useful con-
clusion — that in search for new chemical entities enter-
ing drug discovery programs, it is reasonable to design 
analogs of natural glycosides, which bear modified sugar 
moieties. Numerous cases from drug development prac-
tice support this idea. Recent examples from detoxifying 
flavanolignans (sylimarin) complex (Gazak et al., 2007) 
and our own efforts from antitumor anthracycline anti-
biotics as well as new antitubulin active isoflavones also 
testify for the concept that properly designed switch in 
natural glycoside sugar moiety can lead to advantageous 
changes in drug biodistribution, selectivity of action and 
efficacy. Following such indicative results from the past, 
we intend to commence a project based on speculative in-
spirations from pharmacology of triterpene saponins and 
sapogenins. Since sapogenins such as betulinic, oleanolic 
and glycyrrethic acids have recently evoked much inter-
est as antitumor, antiviral and otherwise physiologically 
active compounds and their activity became subject of 
patent applications, we have turned our attention to mon-
odesmosidic saponins containing non-acidic polyol type 
aglycons. Looking for good commercial availability of 
the quality plant derived material for research, we chose 
escins (aescins) which are already registered as phar-
maceutically active substances in ATC category. Despite 
relatively insignificant therapeutic and market impact at 
the present time, they are attractive as new drug leads for 
numerous significant reasons. Escins are characterized 
by low toxicity expressed as hemolytic index and vaso-
protective effects which are attributed to their venocon-
strictor, antiedematous, antiinflammatory and antioxi-
dant properties (Guillaume & Padioleau, 1994). Chestnut 
(Aescula hippocastanum) saponins, known under collective 
name escin, constitute a complex mixture of glycosylated 
and acylated pentacyclic triterpenoid aglycones — penta- 
or hexa- hydoxylated oleanenes. It is generally agreed, 
that the principal aglycon is protoescigein: 3β, 16α, 21β, 
22α, 24, 28-hexahydroxyolean-12-ene. We postulate that 
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compounds like protoescigenin, barringtogenol D and 
soy sapogenols, obtainable from appropriate saponin 
material by known chemical (or enzymatic) procedures, 
can be glycosylated de novo by chemical means to obtain 
new compounds of well defined structures, with an ap-
propriate balance of lipophylicity, leading towards more 
favorable pharmacological properties, than these exhib-
ited by prototype escin mixtures. The biological proper-
ties and therapeutic potential of the new molecules will 
be assessed during in vitro and in vivo studies. A cascade 
of events leading to the remodeling of the vessel wall ob-
served in venous insufficiency is initiated by endothelial 
cells. Therefore they represent an optimal in vitro model 
for screening assays for endothelial-active substances. 
For in vivo assays we will use the rodent model, in which 
venous hypertension is produced by ligation of several 
large veins. This well established animal model of pri-
mary chronic venous disease allows the analysis of skin 
changes in the lower limb, including hyperpigmentation, 
lipodermatosclerosis and venous ulcers as well as histo-
logical evaluation of affected tissues. It is too be hoped 
that escin derivatives, aimed at reducing venous hyper-
tension and inhibiting inflammation, could minimize 
valve damage and prevent the development or worsen-
ing of venous reflux.
Selected parts of this research plan, with focus on en-
dothelial pharmacology, will be discussed during our 
presentation in details.
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Introduction: Traditionally, oils from seeds are produced 
by using extruding technology or liquid extraction one 
with organic solvents. The extruding technology is not 
so efficient for many reasons and is eagerly replaced by 
another more effective technologies. An organic solvent 
based process, using methanol, ethanol, hexane, or other 
solvents has been used for a long time as very effective 
and cheap. Although the process is very efficient, its major 
problem is represented by need of liquid solvent elimina-
tion after extraction. To remove the residual solvent from 
the extraction mixture, the distillation units in series, op-
erated under vacuum and other ancillary apparatuses 
(deodorizer, separator, etc.), have to be used. The pos-
sible thermal degradation of the oil and the incomplete 
liquid solvent elimination (from 500 to 1000 ppm residue) 
are the drawbacks of this process. Therefore, a task ap-
peared about the substitution of the traditional process 
by supercritical fluid extraction process using CO2 as sol-
vent (SFE-CO2) for production of oil from seeds. Indeed, 
triglycerides forming seed oils are easily soluble in super-
critical-CO2 at 40 °C and at pressures larger than about 
280 bar. The main parameters to be taken into account for 
this process are particle size, pressure and residence time. 
Small particles (1mm mean diameter or less) and high 
pressures (300–500 bar) can strongly reduce the extrac-
tion time. After extraction, the triglycerides solution is 
sent to a separator working at subcritical conditions. This 
operation reduces to near zero the solvent power of CO2 
and allows the recovery of oil. The complete elimination 
of gaseous CO2 from oil is also obtained in the separator. 
The SFE of several seed oils has been successfully per-
formed up to the pilot scale. An alternative process has 
also been proposed, in which the extraction is performed 
at a fixed pressure and only temperature variations are 
used to reduce the oil solubility and obtain its recovery. 
The advantage of this scheme coupled to heat exchangers 
networking is in the reduction of energy consumption in 
the overall extraction process [1, 2]. Extraction problem of 
berries seeds was initiated by a juice producers processing 
a huge amount of different fruits. It was noticed that the 
post processed pomace contains a lot of different organic 
components, some of them very valuable. Further studies 
have proved that, for instance, blackcurrant, strawberry 
or raspberry seeds contain many valuable oils and other 
components very interesting for different branches of in-
dustry e.g. pharmacy and food, and cosmetics.Linolenic 
acids have a documented wholesome influence on hu-
man organism [3]. The alpha-linolenic acid (ALA) effects 
particularly a reduction of cardiovascular diseases risk 
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and gamma-linolenic acid (GLA) increases immunology 
resistance of living organisms. ALA is an essential fatty 
acid that is metabolized to eicosapentaenoic acid (EPA), a 
precursor of eicosanoids with antiinflammatory and anti-
thrombotic activity [5]. GLA has an important role in hu-
man metabolism, particularly as a precursor of one kind 
of prostaglandin. Therefore, it has been used in several 
medical applications, such as the treatment of schizo-
phrenia, multiple sclerosis, dermatitis, pre-menstrual 
syndrome, atopic eczema, diabetes and rheumatoid ar-
thritis [4]. A good sources of the two acids are Oenothera 
L. seed, flax seed, borage (Borago officinalis L.) and black-
currant seed originated oils [5]. Polyenes acid reach oils 
of n-6 group are very labile and a special approach (mild 
process condition) is required during their processing in-
cluding oxygen free atmosphere. The needs can be met 
by the use of supercritical extraction process with carbon 
dioxide. The main aim of the work was the investigation 
of extraction yield of berry seed oils, at specified process 
conditions and the analyses of acylglycerol compositions 
and extract properties obtained at constant, one hour ex-
traction time process intervals. The more detailed data for 
blackcurrant seed oils compositions are presented as an 
example.
Materials: The blackcurrant seeds were obtained from 
dried pomace of fresh fruit processing during concentrat-
ed juice production process at Alpex company, crop 2007. 
Carbon dioxide produced by Zakłady Azotowe Puławy 
S.A. was used as a solvent. The extraction process was 
carried out at the Instytut Nawozów Sztucznych’s high 
pressure pilot plant.
Methods: The extraction process was carried out in a pi-
lot plant consisting of 20 L extractor, being able to work at 
pressure up to 400 bars at flow rate up 140 kg/h. The pilot 
plant consists of the following main parts: high pressure 
pump, pre-heater, extraction column, expansion valve, 
three separators, heat exchanger and CO2 condenser 
with storage tank. The extraction column was charged 
with crushed seeds thus forming a bed. The column was 
heated with hot water and its temperature was controlled 
by a PLC system. Liquid carbon dioxide taken from the 
storage tank was pressurized with high pressure pump, 
and then was preheated in a heat exchanger to become 
the supercritical fluid. Then the fluid was fed into the ex-
traction column to the desired operating pressure. Once 
the pressure was reached the desired level, CO2 started 
its circulation through the bed. The circulating fluid was 
able to solve oil extract from the seeds. The extract was 
precipitated in the separators and then recovered from 
the separating system. The extraction process was carried 
out at pressure range 280 – to 320 bars.
Basic values: Dry matter, fat, protein and ash were deter-
mined according to AOAC official methods.
Fatty acids determination: Fatty acids were determined 
by method described by Hein and Isengard [1] with the 
modification consisting the application of solid phase 
extraction (SPE) for extracts purification. 2 g of oil was 
accurately weighted to flask, 25 mL of 0.5 M alcoholic 
solution of potassium hydroxide was added. Flask was 
closed with air condenser and heated during 1 hour. After 
saponification step the solution was cooled, transferred 
to 50 mL volumetric flask and refilled with water. 1 mL 
of resulted hydrolysed solution was measured to 7 mL 

test tubes, 2.5 mL of water and 100 μL of 85% phosphoric 
acid were added, tubes were carefully stirred. Fatty acids 
were purified on Strata × V=3 mL columns (Phenomenex). 
The columns were conditioned with methanol, next with 
pure water, next saponified solution was applied. The col-
umns were washed with 20% methanol, next the elution 
with pure (100%) methanol was performed. The eluent 
was directly injected to HPLC. The following system was 
used for fatty acids determination: Knauer K501 pump, 
Knauer refractive index detector, Hypersil 250 mm × 4.6 
mm, 5 μm MOS column. Chromatographic separation 
was performed isocratically at room temperature with 
acetonitrile:water:phosphoric acid mixtute (500:125:0.345 
v/v/v) as a mobile phase. Flow rate was 1.2 mL/min, injec-
tion volume was 20 μl. 
Statistics: The influence of extraction on the content of 
fatty acid in oils was determined by the use of one-way 
analysis of variance and significant difference between 
fractions were determined by the Duncan’s Multiple 
Range Test. Differences were considered significant at 
P≤0.05.  
Results and discussion: Seeds subjected to extraction 
contained ca. 4.9% of water, 16.5% of fat, 19.4% of protein, 
3.4% of ash, 53.5% of total carbohydrates (Table 1).The 
yields of extracted oil were 95%, considering oil content 

in raw material (Table 1). The results of HPLC determina-
tion of acids composition summarized in Table 2 show 
the composition of polyunsaturated acids in following 
fractions. The example of chromatogram showing the 
composition of fatty acids in oil obtained according to 
method described above is shown in Fig. 1. The percent-
age of each acid can be simply calculated based on areas 
of peaks corresponding to individual acids and their con-
tribution in total area of all peaks.
Summary and conclusions: Blackcurrant seeds sepa-
rated from industrial pomace could be considered as a 
good source of oil, since its fat content reaches ca. 17%. 
The yields of supercritical CO2 oil extraction from seeds 
reached 95%, while more than 77% of obtained oil were 
collected as initial three fractions. Oil extracted from 
seeds by supercritical carbon dioxide is characterized 
by significantly higher contribution of stearidonic and 
gamma-linolenic acids in initial fractions including ca. 
50% of obtained oil. The terminal 10% of obtained oil is 
characterized by higher content of condensation products 
characterized by specific extinction. Characteristic values 
of oil obtained with up to 90% yields comply the require-
ments specified for cold-pressed oils. 
References:
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Table. 1. General characterization of blackcurrant seeds. 
Seeds

Dry matter [%] (n=3) 95.1 ± 0.4
Fat [%] (n=6) 16.5 ± 1.0
Protein [%] (n=6) 19.4 ± 0.2
Ash [%] (n=3) 3.4 ± 0.2
Total carbohydrates [%] (n=3) 53.5 ± 0.2

n – number of measurement
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Ruiz Del Castillo ML, Dobson G, Brennan R, Gordon S (2002) 
Genotypic variation in fatty acid content of blackcurrant seeds. J 
Agric Food Chem 50: 332-335.

Table 2. Contribution of fatty acids in extracts obtained in succeeding fractions.  
Fraction F.C NN STD ALA GLA LA PAL OL1 OL2 STE C20:0
1 26 0.4 ± 0.0a 3.6 ± 0.0b 14.7 ± 0.1a 16.4 ± 0.3b 45.3 ± 0.6a,b 6.1± 0.3d 11.3 ± 0.0a 0.2 ±0.0a,b 1.2 ±0.0a,b0.8 ± 0.0a
2 27 0.3 ± 0.0b 3.7 ± 0.1b 15.2 ± 0.1b 16.7 ± 0.3b 45.4 ± 0.1a,b 5.7 ± 0.1c 11.1 ± 0.0a 0.2 ±0.1b 1.2 ±0.0a 0.8 ± 0.2a
3 24 0.4 ± 0.0a 3.2 ± 0.1c 15.1 ± 0.2a,b 15.2 ±0.5a 46.3 ± 0.2c 4.9 ± 0.1a 11.8 ± 0.1c 0.2 ±0.1a,b 1.3 ±0.1a,b1.0 ± 0.0a,b
4 14 0.8 ± 0.0c 3.2 ± 0.1a 15.0 ± 0.2a,b 14.7 ± 0.1a 46.0 ± 0.1b,c 4.7 ± 0.0a 12.6 ± 0.0b 0.3 ±0.0a 1.4 ±0.1c,d1.3 ± 0.1b,c
5 5 1.3 ± 0.0d 3.1 ± 0.0a 15.0 ± 0.3a,b 14.5± 0.2a 45.5 ± 0.3a,b,c 4.9 ± 0.1a 12.6 ± 0.1b 0.3 ±0.0a 1.5 ±0.1d 1.4 ± 0.2c
6 4 1.4 ± 0.1e 3.2 ± 0.0a 15.2 ± 0.1a,b 15.0 ± 0.1a 45.2 ± 0.1a 5.2 ± 0.0b 12.1 ± 0.1d 0.3 ±0.0a 1.4 ±0.0b,c1.3± 0.0b,c
The values in columns marked with the same letters do not differ statistically at p≤0.05; F.C – the ratio of contribution of oil in individual fraction to total obtained extract [%]; NN 
– not identified; STD– stearidonic acid (C18:4n3); ALA – alpha linolenic acid (C18:3); GLA – gamma linolenic acid (C18:3); LA – linoleic acid (C18:2); PAL – palmitic acid (C16:0); 
OL1 – oleic acid (C18:1cis9); OL2 – oleic acid (C18:1cis11); STE – stearic acid (C18:0).

Figrue 1. The example of chromatogram of fatty acid in black currant seeds oil.
NN – not identified; STD– stearidonic acid (C18:4n3); ALA – alpha linolenic acid (C18:3); GLA – gamma linolenic acid (C18:3); LA – li-
noleic acid (C18:2); PAL – palmitic acid (C16:0); OL1 – oleic acid (C18:1cis9); OL2 – oleic acid (C18:1cis11); STE – stearic acid (C18:0) 
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1.4
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Kapusta2, Bogdan Janda2, Wiesław Oleszek2

1 Chair and Departament of Pharmaceutical Botany, Medical 
University of Lublin, Poland; 2Department of Biochemistry, 
Institute of Soil Science and Plant Cultivation, State Research 
Institute, Puławy, Poland
e-mail: Marta Cybul <renata.nowak@am.lublin.pl>

Phenolic acids are group of compounds that occurs natu-
rally in plant material and is found in numerous plants. 
Herbal remedies containing phenolic acids have been 
used in folk medicine around the world. This group of 
wide spectrum of pharmacological value possess an in-
fluence on biological action of particular plant material 
and determines its activities.  Among this properties anti-
inflammatory, immunostimulating, anticancer, antioxida-
tive action could be mentioned. According to the previ-
ous researches Rosa species is potential source of phenolic 
acids [1,2]. The aim of a study was identify and quantify 
the contents of this secondary metabolites in extracts ob-
tained from Rosa rugosa Thunb. For this purpose UPLC 
MS analysis of methanolic, ethyl acetate, diethyl ether ex-
tracts from different parts of plant was performed. UPLC 
analysis, data acquisition was carried out using negative 
ion mode. Separation was achieved using an ACQUITY 
UPLC BEH C18 column (1.7 μm particle size; 50 mm, 
2.1 mm i.d.; Waters) maintained at 50oC, with a mobile 
phase flow rate of 0.40 mL/min. The mobile phase con-
tained water, 0.1% formic acid (A) and acetonitrile, 0.1% 
formic acid (B). In the present study UPLC-negative ion 
MS structural analysis of single molecular ion in the mass 
spectra from obtained extracts was performed by mass-
selecting the ion of interest. 
The authors identified 9 phenolic acids: caffeic, gallic, 
ferulic, protocatechuic, synapic, salicylic, ellagic, gentisic 
and p-coumaric. The biggest diversity and the highest 
contents of examined compounds was observed in diethyl 
ether fractions and the lowest in methanolic extracts. 
Among examined acids ellagic, gallic and protocatechuic 
were present in all extracts in the highest amounts. The 
biggest diversification of phenolic acids was found in 
Rosa rugosa leaves and pseudofruits extracts. 
References:
1. Nowak R, Gawlik-Dziki U (2006) Z Naturforsch, C J Biosci, 62: 
32-38.
2. Hashidoko Y (1996) Phytochemistry 43: 535-549.
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Both lipophilic (non-polar) and hydrophilic (polar) com-
ponents of Radix S. miltiorrhiza Bunge (Labiatae) exhibit-
ing highly potent and well documented antioxidant and 
free radicals scavenging activity [1]. Recently have been 
demonstrated that major lipophilic constituents of S. 
miltiorrhiza roots as the diterpenoid quinines (tashinones) 
are possible to exert their effects in preventing aging and 
Alzheimer’s disease via an anti-oxidant pathway [2] as 
well as decreasing matrix metalloproteinases activity on 
diet induced atherosclerosis [3]. However, in traditional 
Chinese medicine is preferred the Radix S. miltiorrhiza 
aqueous extract, comprising the pharmacologically active 
and water-soluble (hydrophilic) phenolic components 
as protocatechuic aldehyde, protocatechuic acid (PTA), 
3,4-dihydroxyphenyl lactic acid (DPLA, danshensu) and 
salvianolic acids A and B (SLA and SLB), which is com-
monly used for treating different cardiovascular and cer-
ebrovascular diseases for centuries in most of Asia coun-
tries [1]. The antioxidant effect of this aqueous extract on 
the rat aortic smooth muscle cells under homocysteine 
provoked oxidative damage has been recently reported 
by using proteomic and redox-proteomic analyses [4]. 
Some representative data on the average content of the 
three main bioactive phenolic acids in the aqueous or wa-
ter-soluble extracts of S. miltiorrhiza roots, as determined 
by variety of HPLC and capillary electrophoresis (CE) 
protocols, were summarized in Table 1. These data indi-
cates that, especially in case of PTA, the reliable and ac-
curate determination of such polar compounds in aque-
ous S. miltiorrhiza roots extracts depends on the region 
of herbal origin, details of reflux or ultrasonic extraction 
method and performance of used HPLC or CE procedure 
for their simultaneous analysis. Thus, the efficient HPLC 
procedure for most sensitive and high-throughput de-
termination of mentioned three polar phenolic acids has 
been developed and evaluated in our study.   
Materials and methods: The cultivated, air-dried roots 
of S. miltiorrhiza were purchased from a Traditional Chi-
nese Medicine dispensary in Taiwan. The authentication 
procedure was made according to recommendations of 
Chinese Pharmacopoeia [5] by the local pharmacognosy 
experts. Next, the 400 g of roots were cut to be 0.5 cm 
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in length and boiled for 1 hour under reflux condition in 
0.5 L of freshly deionized water. The extract solution was 
filtered through 0.45 μm PTFE Omunipore-JH membrane 
filter. Next, 0.5 L water was added to the residue and 
reflux extraction was continued for 1 hour. The second 
filtrate was collected and combined with the previous 
filtrate sample and cooled to ambient temperature. The 
powdered form of the aqueous extract of S. miltiorrhiza 
root (SMAE) was obtained by freeze-drying at –40oC to a 
light brownish residue with an approximate yield of ca. 
19.0%. The SMAE was stored at –20 oC. 
The standard of DPLA (i.e. D(+)-beta-3,4-dihydroxy-
phenyl lactic acid) with 99.0% purity was supplied by 
Chengdu Biopurify Phytochemicals (Chengdu, Sichuan, 
China). The standards of PTA (i.e. 3,4-dihydroxybenzoic 
acid) and SLB with 97.0 and 98.0% purity, respectively, 
were obtained from Ivy Fine Chemicals (Cherry Hill, NJ, 
USA). Methanol and acetonitrile (gradient HPLC grade) 
were supplied from Merck and concentrated ortho-phos-
phoric acid (85.0%) from POCH. The high-grade quality 
water (18.2 MΩ) was obtained by use of a Synergy filtra-

tion system. Ten microliters of methanol-water (1:1,% v/
v) solution of SMAE (1 mg/mL) was analyzed in triplicate 
using Shimadzu LC-20AD/Prominence gradient HPLC 
system equipped with UV-VIS photodiode-array detec-
tor SPD-M20A/Prominence. The narrow-bore HPLC col-
umn used for the analyses was Gemini C18 (3 μm, 150 
× 2.0 mm i.d.) supplied by Phenomenex (Torrance, CA, 
USA). The gradient HPLC elution was made using the 
mobile phase composed with water-ortho-phosphoric 
acid (100:0.05,%v/v) as solvent A and acetonitrile-metha-
nol (1:1,%v/v) as solvent B. The gradient was as follows: 
from 15.0% solvent B (0 min), rising to 20.0% B on 5 min, 
then to 32.0% B on 5 min, next rising to 33.0% on 13 min 
and increasing to 65.0% by 7 min reaching the total analy-
sis time of 40 min. The 15 min of re-equilibration time 
for HPLC column was applied before next analysis using 
15.0% solvent B. The flow rate was 0.8 mL/min at room 
temperature. All chromatograms were monitored at 280 
nm. 
Results and discussion: The mean amount of PTA (pro-
tocatechuic acid) determined here by proposed narrow-

Table 1. Examples of reported average contents (mg/g) of protocatechuic acid (TPA), danshensu (DPLA) and salvianolic acid B 
(SLB) in aqueous or water-soluble extracts of cultivated Radix Salvia miltiorrhiza as determined by HPLC and CE procedures  

No Extraction procedure or 
extract formulation Separation and detection system TPA(mg/g) DPLA(mg/g) SLB(mg/g) References

1 Boiled water for 8 h 
with refluxing, filtra-
tion, centrifugation, 
freeze-drying 

HPLC, PartiSphere 2 C18 column 
(100 × 4.6 mm, 5 μm), binary gradi-
ent elution, solvent A: water-acetic 
acid, 100:0.25; solvent B: MeOH-
water-acetic acid, 70:30:0.25; 1.0 
mL/min; UV 281 nm

N.D. 1.15 z N.D. Liu et al., 
1999 [6] 

2 Boiled water for 2 × 1 h 
with refluxing, freeze-
drying

HPLC, Alltech Alltima C18 column 
(250 × 4.6 mm, 5 μm), binary gradi-
ent elution, solvent A: water-AcN-
formic acid, 90:10:0.4; solvent B: 
AcN; 0.7 mL/min; DAD 280 nm 

N.D. 3.28 z 39.0 Lam et al., 
2006 [7]; 
Lam et al. 
2007 [8]

3 Boiled water for 2 h 
with refluxing, cen-
trifugation

HPLC, ODS Hypersil C18 column 
(250 × 4.6 mm, 5 μm), binary 
gradient elution, solvent A: 50 mM 
sodium acetate-0.1% TFA, pH 2.5; 
solvent B: AcN; 0.8 mL/min; elec-
trochemical detection

0.06 9.54 z 14.13 Ma et al., 
2006 [9]

4 Water-ethanol (4:1) 
for 24 h at room temp. 
shaking, filtration 

HPLC, 5C18 column (250 × 4.6 mm, 
5 μm), binary gradient elution, 
solvent A: water-MeOH-acetic acid, 
75:25:0.1; solvent B: MeOH; 1.0 
mL/min; 290 nm 

N.D. N.D. z 44.0 Wu et al., 
1998 [11]

5 Methanol at 75oC for 1 
h, refluxing

HPLC, Zorbax SB-C18 column (250 
× 4.6 mm, 5 μm), binary gradient 
elution, solvent A : 0.05% aqueous 
phosphoric acid; solvent B: MeOH-
AcN, 1:1; 1.0 mL/min; UV 280 nm

0.070.08 2.53 c2.32 f 38.3735.99 Ma et al., 
2007 [10] 

6 70% Methanol, ultra-
sonic bath for 1 h 

HPLC, Agilent Zorbax Extend 
C18 column (250 × 4.6 mm, 5 μm), 
binary gradient elution, solvent A : 
0.1% aqueous formic acid ; solvent 
B : AcN; 1.0 mL/min; 281 nm, ESI-
TOF/MS

0.07 0.37 c0.31 d 34.4 Cao et al., 
2008 [12]

7 Ready-for-use Radix S. 
miltiorrhiza injections 

HPLC, Agilent Zorbax Extend 
C18 column (250 × 4.6 mm, 5 μm), 
binary gradient elution, solvent A : 
0.026% aqueous phosphoric acid ; 
solvent B : AcN; 1.0 mL/min ; DAD 
288 nm

N.D. N.D. 1.89 a2.26 b 1.97 0.34 Liu et al., 
2006 [13]

8 Ready-for-use Radix S. 
miltiorrhiza injections

CE, fused silica capillary (61 cm × 
75 μm I.D.), BGE: boric acid and 
1M NaOH in water with pH 8.11, 
temp. 30oC, hydrodynamic injec-
tion; UV 214 nm 

0.07 1.61 e N.D Zhang et 
al., 1999 
[14]

Notes: N.D, not determined. Province of collected place: a Guangdong, b Shanghai, cHenan, dSichuan, eHebei, f Jiangsu, z not defined
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bore HPLC procedure in the crude S. miltiorrhiza roots 
and its SMAE fraction was 0.15 ± 0.18 mg/g (0.015%) and 
0.98 ± 0.31 mg/g (0.1%), respectively. In case of DPLA 
(danshensu) determined mean amount was, respectively, 
0.59 ± 0.12 mg/g (0.060%) and 3.85 ± 0.25 mg/g (0.38%). For 
SLB the average content was, respectively, 6.50 ± 0.03 mg/g 
(0.65%) and 42.05 ± 0.09 mg/g (4.1%). These values fit per-
fectly with a mean content of mentioned three phenolic 
acids in the aqueous or the water-soluble extracts of Ra-
dix S. miltiorrhiza as reported previously by using various 
normal- and wide-bore HPLC or CE protocols and pre-
sented in Table 1. Determined here profile of the ratio of 
mean content values of these three phenolic compounds: 
PTA/ DPLA/ SLB (see Scheme 1) fitting well with the com-
monly observed pattern as 0.1: 2: 20 which was described 
previously in variety of aqueous extracts of Radix S. milti-
orrhiza [6-14]. The standard calibration lines in proposed 
here narrow-bore HPLC procedure were linear in range 
of 0.4 to 40 μg/mL of PTA, from 1.0 to 60 μg/mL for DPLA, 
and from 10.0 to 420 μg/mL of SLB. The limit of detec-
tion (ng/mL; S/N = 3) for each phenolic acid was highly 
increased by use of developed here narrow-bore HPLC 
procedure and was as follows: 0.004, 0.02, and 0.35 in case 
of, respectively, PTA, DPLA, and SLB. The satisfactory 
relative standard deviation of the intra- and inter-day as-
says for determined average values (n = 6) of these three 
phenolic acids were obtained, i.e. below 3.5 and 4.5%, re-
spectively. The mean recovery (%, n = 3), as obtained from 
SMAE spiked with known amounts of each studied here 
phenolic acid, was 96.8 ± 1.95, 97.2 ± 2.35, and 99.2 ± 1.35, 
respectively, in case of PTA, DPLA, and SLB. Proposed 
here HPLC method offers also superior alternative to the 
recently reported microsphere resin chromatography [15] 
and counter-current chromatography [16] for sensitive 
monitoring of the rosmarinic acid biotransformation to 
DPLA or the progress of SLB hydrolysis to tashinol under 
reflux or ultrasound assisted extraction used for SMAE 
production [17].
References:
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1.6
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The genus Trifolium is one of the most important taxon 
of the Fabaceae (alt. Leguminoseae) family. The centre of 
origin of this genus is the Mediterranean area, and later 
waves of colonisation spread the genus to the Americas 
and Africa, and now is broadly distributed as it extends 
throughout the temperature and subtropical regions of 
both hemispheres. The genus Trifolium includes about 240 
species and 80 infraspecific taxa [1, 2]. Some of them in-
cluding Trifolim pratense L. (red clover), T. repens L. (white 
clover), T. resupinatum L. (persian clover), T. incarnatum L. 
(crimson clover), T. hybridum L. (alsike clover), T. pannoni-
cum Jacq., (Hungarian clover), T. subterraneum L. (subter-
ranean clover), T. fragiferum L. (strawberry clover) and 
T. medium (zigzag clover) are important cultivated plants 
[3]. Among naturally occurring species are those which 
are useful of pasture and meadows and/or are important 
honey plants [1]. Over a long time studies for the occur-
rence of secondary metabolites such as: saponins, cyano-
genic glycosides, and phenolics have been done only on 
species with agricultural significance, but recently scien-
tist had started research on other clovers also those which 
are growing wildly [4]. 
Trifolium pallidum Waldst. et Kit. is a species of clover na-
tive to Europe: Belgium, Hungary, Albania, Former Yu-
goslavia, Greece, Italy, Romania, France and Spain, West-
ern Asia: Turkey and Northern Africa: Algeria, Morocco 
and Tunisia [5]. This species was chosen for the present 
research because of the sizeable amount of phenolics, 
mainly clovamides [4]. Clovamide was described for the 
first time by Yoshiharaet et al. (1974), as constituent of red 
clover stems and leaves. Its structure is very similar to 
that of rosmarinic acid, an ester analogue occurring in 
various plants from the Lamiaceae family, and especially 
in rosemary, Rosmarinus officinalis L. Whereas several 
studies were conducted on rosmarinic acid, the literature 
is still lacking information about clovamide. Till now the 
presence clovamide was confirmed in the polyphenolic 
fraction of cocoa (Theobroma cacao L.) as a naturally oc-
curring caffeoyl conjugate. The clovamide has been an in-
teresting antiradical/antioxidant molecule. Moreover, it is 
important to note that clovamide is structurally similar to 
some beta 2-adrenoreceptors (doputamine, denopamine) 
capable of inhibiting platelet aggregation via a cAMP me-
diated process. Taken together, these observations qualify 
clovamide as an interesting bioactive compound for nu-
tritional purposes [6].
Plant material: Seeds of authenticated material of Trifolium 
pallidum Waldst. et Kit. were obtained from Genebank, 
Zentralinstitute für Pflanzengenetik und Kulturpflanzen-
forschung (Gatersleben, Germany). The origin of this spe-
cies of genus Trifolium is Italy, and its herbarium voucher 

number is TRIF 253/95. Plant was cultivated (1 m × 1 m 
plot) in an experimental field of the Institute of Soil Sci-
ence and Plant Cultivation in Puławy, Poland. It was har-
vested at the beginning of flowering, lyophilised, finely 
powdered, and used for the successive extraction.
Sample preparation and analysis: The dried and finely 
powdered Trifolium tops were extracted with 80% MeOH 
at room temperature for 24 hours. The extract was filtered 
and the residues were additionally extracted twice by re-
fluxing with 80% MeOH for 1 h. The extracts were com-
bined, and the solvent was removed under reduced pres-
sure. The crude extract was suspended in water and the 
solution was applied to a C18 preparative column (60 × 100 
mm; 40–63 μm, Merck) previously preconditioned with 
water. The column was washed first with water to remove 
carbohydrates and then with 40% MeOH to elute phenolics. 
Saponins were eluted with 75% MeOH. The 40% MeOH 
fraction was condensed nearly to the dryness in vacuo, re-
dissolved in distilled water, and loaded onto a C18 column 
(40 × 500 mm; 40–63 μm, Merck). The column was washed 
with water and then with increasing concentrations of 
MeOH in water (linear gradient 0–40% MeOH). Ten mil-
lilitre fractions were collected, checked by TLC (Cellulose, 
Merck) developed in 15% acetic acid, and observed under 
UV (366 nm). Fractions showing similar TLC patterns were 
further analysed by HPLC. The fractions possessing one 
compound (clovamide) were combined and evaporated to 
dryness. Fractions containing additional compounds be-
sides clovamide were further purified on C18 glass column 
using an isocratic system (MeOH-1% H3PO4) optimised for 
each fraction on the basis of the analytical separation. This 
yielded pure clovamide. 
High Performance Liquid Chromatography analyses were 
performed using a Waters system on HPLC Eurospher-
100 C18 column (4 × 250 mm; 5 μm, Knauer) using a gradi-
ent elution (mobile phase consisting of 1% H3PO4 in water 
and 60% MeOH in 1% H3PO4. Column was maintained 
at 50oC. The separation was completed in 70 min. at flow 
rate of 1 ml/min. Additionally, spectroscopic analysis us-
ing LC ESI-MS/MS was performed on a Thermo Finnigan 
LCQ Advantage Max ion-trap mass spectrometer with 
an electrospray ion source. Compounds were analysed 
by direct injection by a syringe pump at a flow rate of 

Figure 1. Characteristic absorption spectra and basic structure 
of clovamide identified in Trifolium pallidum.
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5 μl/min. The spray voltage was set to 4.2 kV and a cap-
illary offset voltage of –60 V. All spectra were acquired 
at a capillary temperature o 220°C. The calibration of the 
mass range (400–2000 Da) was performed in negative ion 
mode. Nitrogen was used as sheath gas, and the flow rate 
was 0.9 l/min. The maximum ion injection time was set 
to 200 ms.
Result and discussion: The methanol extract of the aerial 
parts of Trifolium pallidum contained phenolics, which af-
ter preparative separation provided pure cloveamid. Its 
identity was confirmed by HPLC and MS spectrometry. 
During the preparative separation some fractions con-
taining various izoforms of clovamide were obtained and 
these will be studied in details in the future. It was found 
that aerial parts of Trifolium pallidum are rich in polyphe-
nols, mostly clovamides the concentration of which was 
about 13 mg/g of dry matter [3]. This shows that in this 
clover is the richest with clovamide species of any known 
plant until now. In recent years an attempt was made to 
synthesize clovamide from commercial components and 
several syntheses have been reported, but clovamide still 
is not available commercially. 
The clovamide, an amidic analogue of rosmarinic acid 
and good natural antioxidant, at present is an interesting 
compound for nutritional research, but not yet widely in-
vestigated. So far a lot of studies, about clovamide, have 
been done on cocoa beans. Sanbogi et al. (1998), have 
firstly identified clovamide in cocoa liquor and they have 
elicited good properties against lipid peroxidation. Marco 
Allorio et al. (2008), demonstrated, that high temperature 
have affect the content of clovamide in fermented cocoa 
beans and their industrially-roasted nibs. The higher clo-
vamide content was in powder from fermented beans — 
2.637 μg/g, of dry matter than in the powder from roasted 
nibs — 1.264 μg/g of dry matter [5]. 
Our present result shows that isolation of clovamide from 
Trifolium pallidum is easier and quicker and is performed 
without any loosing of its activity and this species can be 
a good commercial source of the compound.
References:
1. Bulińska-Radomska Z (2000). Genetic Resources and Crop Evolu-
tion 47: 267-272. 
2. Lange O, Shifino-Wittmann MT (2000). Annals of Botany 86: 
339-345. 
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Proanthocyanidins are oligomers or polymers of poly-
hydroxy flavan-3-ol units, also referred to as condensed 
tannins, which are present in a wide variety of food prod-
ucts. Proanthocyanidins can be divided into several sub-
classes, of which the procyanidin, exclusively consisting 
of (epi)catechin units and their galloyl derivatives, is the 
most abundant. The monomeric units of proanthocyani-
dins are linked through a C4-C8 or C4-C6 bond (B-type), 
which can coexist with an additional C2-O-C7 or the less 
abundant C2-O-C5 bond (A-type).Proanthocyanidins are 
important components of many foods and beverages due 
to their bitter and astringent properties, and there is an 
increasing interest in this class of compounds because of 
their potential impact on human health (Santos-Buelga 
et al., 2000). Two most common sources of proanthocya-
nidins are grape seeds (Vitis vinifera) and white pine (Pi-
nus maritima, Pinus pinaster). Hawthorn (Crataegus oxya-
cantha), as well as in apples, berries, barley, bean hulls, 
cacao beans, rhubarb, rose hips and sorghum are also 
abundant in OPCs. In recent years, proanthocyanidins 
have increasingly attracted attention due to their prob-
able biological activities. Many in vitro tests have shown 
a strong radical scavenging ability and a high antioxidant 
capacity. According to in vivo and in vitro tests proanto-
cyanidin rich extracts are able to reduce LDL oxidation 
and hence reduce the risk for arteriosclerosis. Further-
more, proanthocyanidins are thought to have protective 
effects against different forms of cancer (Strek et al., 2007).
Quince is the fruit of a deciduous tree of the Rosaceae 
family, Cydonia oblonga Miller. Although quince fruit is 
not edible raw because of its hardness, bitterness, and as-
tringency, it is very appreciated in Portugal in the form of 
jam and jelly (Silva et al., 2005). In the past decade, several 
studies about quince fruit and leaves, and its derivatives 
have been performed by our research group. First, several 
analytical methods were developed to determine phe-
nolic compounds, organic acids, and free amino acids in 
quince fruit. Among these chemical parameters, phenolic 
profile determination seemed to be the most useful in the 
discrimination of different parts of quince fruit (pulp, 
peel, and seed) (Oliveira et al., 2007). However, still little 
information is known about the dimeric and oligomeric 
proanthocyanidins composition and content of quince 
(fruits and leaves). Therefore the aim of this study was to 
evaluate the content and antioxidant activity of dimeric 
and oligomeric proanthocyanidins from quince leaves.
Methods and Materials: Leaves (1 kg) of quince (Cy-
donia oblonga Miller, Rosaceae) was collected from three 

Figure 2. Direct injection ESI/MS of clovamide isolated from 
Trifolium pallidum.
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bushes planted in a yard from the Garden of Medicinal 
Academy in Wroclaw. Quince leaves extract was obtained 
according to the procedure of Oszmianski (1992). This 
extract was analysis by HPLC for quantification of phe-
nolic compounds (Oszmiański et al., 2007), and for oligo-
meric proanthocyanidins by phloroglucinolysis method 
(Kenedy et al., 2001). Fractionation of proanthocyanidins 
from quince leaves extract was performed by column 
chromatography on Toyopearl HW-40 support (Tosoh 
Corp., Tokyo, Japan) using methanol as an eluent (frac-
tions I-V). The fractions were concentrated till dryness 
and lyophilized. Each of the fractions were also analyzed 
using high-performance liquid chromatography (HPLC) 
and by LC-MSn (Pawlowska et al., 2008). The phenolics 
were divided into three groups on the basis of the wave-
length at which the maximum of UV-vis absorption was 
observed. Flavan-3-ols were quantified at 280 nm and 
expressed as (+)-catechin equivalents, hydroxycinnamic 
acid derivatives at 320 nm as chlorogenic acid equivalents, 
and flavonols at 360 nm as quercetin 3-O-rutinoside. The 
obtained fractions were analyzed by measured as cation 
radicals ABTS+ scavenging efficiency (Re et al., 1999).
Results and Discussion: As unfractionated quince leaves 
extract proved to be the richest in phenolic compounds 
(Fig. 1). Some of the most abundant polyphenols found 
in quince leaves extracts are flavan-3-ols: (-)-epicatechin 
and (+)-catechin, which also serve as building blocks for 
the polymeric procyanidins. This extracts contain large 
amounts of polymeric and oligomeric procyanidins, 
which cannot be separated by reversed phase chroma-
tography and always occur in the chromatograms as un-
resolved broad peaks. It was estimated that the extract 
contained 686.70 mg of total polyphenols/g and that fla-
vanols constituted 86% of the preparation. LC-MS analy-
sis showed that the molecular weight distribution of the 
extract components ranged from at m/z 289 to m/z 1176. 
These data indicate that the extract contains procyanidin 
monomers and oligomers.One tool to provide more in-
formation about the properties of procyanidin containing 
extracts is the mean degree of polymerization (nDP) that 

can be determined by phloroglucinolysis 
methods. The nDP obtained for the present 
quince leaves extract by phloroglucinolysis 
was more than 30 indicating a high content 
of high molecular oligomeric procyanidins. 
(−)-Epicatechin as the extension unit was 
the dominant flavan-3-ol in the group of 
high molecular oligomeric procyanidins (up 
to 60%). The composition obtained for the 
quince leaves extract by phloroglucinolysis 
was inconsistent with the data published for 
grape seed (Kohler et al., 2008) and was in 
accordance with the data published for ci-
der apple (Sanoner et al., 1999). 
The rest of phenolic fraction of these leaves 
extracts was hydoroxycinnamic acid (frac-
tion 2) and flavonols (fraction 3). 3-O-Caffe-
oylquinic acid and 5-O-caffeoylquinic acid 
was a major contributor to the total phenolic 
acids in extracts of quince leaves. The main 
flavonols was quercetin-3-O-rutinoside and 
kaempferol-3-O-glycoside and -glucoside. 
The antioxidant properties of the fractions 

were measured as cation radicals ABTS+ scavenging ef-
ficiency, and the results indicate that fractions IV, VII-
VIII exhibited slightly higher antioxidant activity than 
the others. In this mixture, the oligomeric procyanidins 
(dimmers and trimers) were the most reactive, and mono-
meric (+)-catechin and (-)-epcatechin were the least reac-
tive antioxidants. This result is consistent with reports in 
previous work described by Calderon et al. (in press) on 
proanthocyanidins isolated from cocoa. The order of re-
activity of the antioxidant activity of cocoa powders was 
epigallocatechin > procyanidin B2 > procyanidin B1 > cat-
echin ≈ epicatechin. In conclusion, Cydonia oblonga leaves 
are presented as a possible source of phenolic compounds, 
especially procyanidin compounds. These leaves can be 
used as a great and cheap source of bioactive compounds 
and may be of relevance in the prevention of diseases in 
which free radicals are implicated. However, further in-
vestigation of in vivo activity is expected  to confirm these 
promising results of in vitro antioxidant activity. 
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Erigeron canadensis L. (horsweed) is a common plant of 
Asteraceae family, widely distributed in rural and urban 
areas of Poland. This annual weed has been reported to 
be resistant to almost all pesticides [1]. Folk medicine has 
used Erigeron canadensis for the treatment of diarrhoea, 
haemorrhages and as a hemostatic agent. Erigerontis herba 
exhibits anti-inflammatory, diuretic and antiseptic activ-
ity [2]. Also antiagreggatory and antioxidant activity has 
been reported [3].The plant is said to contain: phenolic 
acids, tannins, flavonoids, essential oil and sphingolipids 
[4]. Erigeronis candensis herba has been collected in June 
in The Garden of Medicinal Plants in Cracow. The plant 
material has been exhaustively extracted with methanol. 
The amount of different classes of glycolipids has been 
determined by means of TLC densitometric method.
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Lysimachia vulgaris L. — yellow loosestrife is one of the 
five representatives of this genus found in Poland, grow-
ing wild near river banks, on moist mountainous grass-
lands and in wet forests. The plant has been used in folk 
medicine as an analgesic, antiinflammatory, antidiarrhoe-
ic agent. Phytochemical studies on this species report the 
presence of flavonoids, tannins, phenolic acids, triterpene 
saponins and benzoquinones [1-3]. The latter include em-
belin and rapanone, quinone pigments with an interesting 
pharmacological activity. Both compounds were reported 
to be potent central analgesic, cytotoxic, wound healing 
and contraceptive agents [4-7]. HPLC analysis (Hypersil 
BDS C-18 column; mobile phase: water containing 0.1% 
v/v H3PO4 and acetonitrile (10:90); flow rate 1.0 ml/min, 
UV detection at 286 nm) of different organs of yellow loos-
estrife revealed the presence of another benzoquinone, 
which was most abundant in flowers. The compound, de-
noted LVF (retention time 7.2 min ± 0.2), was isolated from 
the chloroform extract of L. vulgaris flowers by means of 
MPLC (silanized silica gel; acetone). Quinone fractions 
were further separated by CC on silica gel impregnated 
with 3% oxalic acid and using benzene-ethyl acetate 10:2 
as mobile phase. 1D and 2D NMR analysis of LVF con-
firmed that the compound is a 2,5-dihydroxy-p-benzo-
quinone with an unsaturated side chain attached at C3, 
very similar in structure to embelin and other quinone 
pigments characteristic of the Myrsinaceae family. Their 
presence may have chemotaxonomic importance. Myrsi-
naceae is a family characteristic of tropical and subtropical 
regions. Genus Lysimachia, which has always been placed 
within family Primulaceae was shifted to the Myrsinaceae 
based on the results of recent botanical investigations [8]. 
Data on cytotoxic activity of quinones prompted us to 
evaluate LVF against human prostate carcinoma Du-145 
using Trypan blue viability test. Although a time-depend-
ent activity was seen, it was very weak (70% dead cells at 
concentration as high as 100 μg/ml). 
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Trifolium pratense (red clover) is a common perennial herb 
of Fabaceae family widely distributed in Europe, North 
America, Asia and Australia. Red clover is reported to 
posses expectorant properties. Folk medicine has used 
Trifolium pratense for the treatment of eczema, psoriasis 
and menorrhagia (excessively profuse menstruation). 
The medical properties of the plant are mainly due to 
the presence of polyphenols with estrogenic properties 
— isoflavones (biochanin A, daidzein, formononetin, 
genistein) [1-3]. Nowadays there are many preparations 
containing red clover phytoestrogenes used to alleviate 
menopausal symptoms. Studies indicate that red clover 
phytoestrogens may play an important role in the pre-
vention of cancer, menopausal osteoporosis and cardio-
vascular diseases [4,5].
The aim of this study was a qualitative analysis of polyphe-
nols in extracts obtained from fresh and dried red clover 
flowers. The plant material was collected in summer 2008 
and 2009 in different regions of Poland, Slovakia and 
Hungary. Red clover flowers were exhaustively extracted 
with methanol. Such obtained extracts were analyzed by 
means of chromatography (TLC, HPLC).
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Introduction: Belamcandae rhizoma is a traditional Chi-
nese herbal drug obtained from underground parts of Iris 
domestica Goldblatt & Mabb. (syn. Belamcanda chinensis L 
(DC). It has been renowned for its healing potential in 
respiratory tract diseases, including asthma, as well as 
for its phytoestrogenic properties. Among the active con-
stituents, a variety of isoflavonoids are described, as well 
as stilbenes, triterpenoids, and xanthones. Mangiferin is 
a xanthone C-glucoside, present in several taxonomically 
unrelated plants such as Gentiana sp., Mangifera indica 
(mango tree), Cyclopia sp. (honeybush tea), Hypericum sp. 
(St John’s wort), and in some monocots from Iridaceae and 
Xanthorrhoeaceae families [6, 7, 13]. Numerous biological 
activities, determined mostly with in vitro studies include: 
antioxidant, iron-chelating, antiviral, antiinflammatory, 
and anti-diabetic, and anti-allergic. This compound has 
been also used in skin-protecting and rejuvenating cos-
metics. The primary sources of this compound are bark 
and leaves of Mangifera indica, a tropical fruit tree. In this 
paper we report a method of extraction, isolation, and 
purification of mangiferin from Belamcandae rhizoma from 
plants cultivated in Poland, using common extraction 
and chromatographic techniques, as well as confirmation 
of its antioxidant properties in two assays – free radical 
scavenging and reducing power towards transition metal 
ions.
Material and Methods: Plant material. Iris domestica, 
plants were cultivated in the Botanical Garden of Medici-
nal Plants, at the Medical University in Wroclaw, Poland. 
The underground parts were harvested in October, cut 
into pieces and dried at 36°C.
Extraction and purification of extracts. The dried ma-
terial (500 g) was ground, defatted in n-hexane and ex-
tracted with 2 liters of MeOH under reflux for 24 hours. 
The extraction was repeated six times. The solvent was 
evaporated in rotary vacuum evaporator and the thick, 
sticky residue was suspended in 10% MeOH, and sub-
jected to sequential liquid-liquid extraction with diethyl 
ether and butanol. The extraction was monitored with 
RP-TLC. The butanol fraction (B) was further purified 
using SPE with C-18 silica gel, for preliminary method 
development, the J.T.Baker SPE instrument was used, 
equipped with Supelco Discovery C18 cartridges, while 
for final preparative work, a glass column was applied, 
filled with 250 g of C-18 silica gel (Fluka) operating in low 
pressure mode. The elution was performed with water, 
40% MeOH, and pure MeOH, using RP-TLC for monitor-
ing the elution. The fraction obtained with 40% MeOH 
contained mangiferin. To purify the compound of inter-
est, we used reversed-phase Flash Chromatography in 



Vol.	 56	 	 	 	 	 	 	 15Bioactive Plant Compounds — Structural and Applicative Aspects

an isocratic system eluted with 25% ACN in 1% acetic 
acid. A pressurized elution with compressed N2 yielded 
12 fractions which were again monitored with RP-TLC. 
Mangiferin was eluted within the first four fractions. The 
mangiferin fractions were recrystallized three times from 
dioxane:water mixture (1:1).
Qualitative and quantitative evaluation: RP-TLC was 
performed on pre-coated Merck RP-18 TLC aluminum 
plates using 25% ACN in 1% acetic acid. Authentic man-
giferin standard (Sigma) from Mangifera indica, was used 
for co-chromatography. The chromatograms were ob-
served in UV and visible light. UV-VIS identification was 
performed on a Shimadzu 1601 UV-VIS spectrophotom-
eter in spectrum mode for obtaining absorption spectra, 
and in photometric mode for quantitation according to 
the authentic mangiferin calibration curve. Melting tem-
perature was determined with a Boetius PHMK 05 micro-
scopic apparatus. 1H-NMR spectra were recorded with a 
Bruker 300 MHz NMR spectrometer by dissolving man-
giferin crystals in D6-DMSO.
Antioxidant activity: Free radical scavenging assay 
(FRS). The modified method of Brand-Williams et al. [2] 
was used. The 0.2 mmol/l methanolic solution of the sta-
ble free radical DPPH (1,1-diphenyl-2-picrylhydrazyl, 
Sigma) was mixed with an equal volume of the man-
giferin solution and a decrease of absorbance at 517 nm 
was observed during 30 minutes of incubation. EC50 was 
calculated from the dose-response curve using a dilution 
series from 1 to 50 μg/ml. Reducing power assay with 
phosphomolybdenum (P-Mo assay). The method of Pri-
eto et al. [9] was used, and the results were expressed as 
ascorbic acid equivalents.
Results and discussion: The summary of the results is 
provided in Tables 1 and 2. The qualitative analysis al-
lowed a positive identification according to all applied 
methods, compared to available literature data [3, 11]. RP-
TLC – RF=0.49 (identical to authentic standard), melting 
temperature — 263-264°C, UV λmax= 258, 316, 368 (identi-
cal to authentic standard), H1 NMR — δ 13.739 (s, 1H, 
1-OH), 10.560 (s, 2H, 6,7-OH), 9.86 (s, 1H, 3-OH), 4.850 (s, 
2H, 3’,4’-OH), 4.472 (s, 1H, 6’-OH), 3.891 (d, 1H, 2’-OH), 
7. 361 (s, 1H, 8-H), 6.847 (s, 1H, 5-H), 6.353 (s, 1H, 4-H, 4.588 
(d, 3JH1’/H2’ = 9.90 Hz, 1H, 1’H), 4.005 (t, 3JH2’/H3’ = 9.23 Hz, 
1H, 2’-H), 3.65 (d 3JH6’/H5’ = 4.55 Hz, 1H, 6’-H), 3.396 (dd, 
3JH’’/H5’ = 5.40 Hz, 1H, 6’’-H), 3.18 (m, 3JH3’/H4’ = 8.70 Hz, 
JH4’/H5’ = 6.90 Hz, 3H, 3’, 4’, 5’-H). Briefly, from 500 g of 
crude drug, the minimum yield of crystalline mangiferin 
was 256 mg. This makes up about 0.35% of crude MeOH 
extract. The yield is not remarkable, compared to some 
other sources such as Mangifera indica, where it constitutes 

more than 5% of the crude drug [10]. However, the pre-
sented here isolation method allows to obtain over 0.5 mg 
from a gram of crude drug, whereas the reported mangif-
erin content in Chinese samples varies between 0.44 up to 
1.29 [8]. Therefore, a major part of the compound could 
be recovered from the sample. The detailed efficiency of 
this procedure has to be further studied, with quantita-
tive determination of mangiferin during each step. This 
would allow a further optimization of our method. Espe-
cially, the purity of the compound could be improved, to 
exceed the currently obtained 76%, as measured by the 
photometric analysis.
For obtaining mangiferin, various methods have been 
used, including solvent extraction, column chromatog-
raphy on different stationary phases, such as silica gel, 
polyamide, octadecylsilyl, or Spehadex LH-20, or other 
chromatographic techniques like centrifugal partition 
chromatography [1, 4–6, 11, 12]
The antioxidant activity of the obtained product is re-
markably high, exceeding that of both quercetin and 
ascorbic acid. In the P-Mo assay, the ability of the isolated 
mangiferin was 2.58 times higher than of ascorbic acid in 
molar units, or 1.08 times higher in weight units. Moreo-
ver, the dose response of both reducing and anti-radical 
efficiency was stronger in lower concentrations than that 
of the reference antioxidants.
In conclusion, the reported method can be useful for ob-
taining bioactive mangiferin from an alternative plant 
source, capable of growing in moderate climates.
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Table 1. Results of extraction and purification of mangiferin 
from Belamcandae rhizoma.

Extraction step Dry weight 
[g] 

Efficiency of extraction 
% of the crude drug 

crude MeOH 150.3 30.07 
BuOH fraction 44.1 18.01 
40% MeOH SPE 
fraction 

8.12 3.32 

combined RP-
FC fractions 
I-IV 

2.22 0.91 

mangiferin 
powder 76.3% 

0.522 0.11 

Table 2. Anti-radical activity of mangiferin from Belamcandae 
rhzoma, assayed by DPPH test, compared to quercetin stand-
ard, after selected incubation times. The results are presented 
as EC50 [μM] ± SE, all differences are statistically significant at 
p<0.01 (One way ANOVA, followed by post-hoc analysis by 
Tukey HSD test.)

Incubation time Mangiferin Quercetin 
1 min 19.48±4.64 24.42±1.06 
5 min 11.83±2.01 18.68±0.96 
10 min 10.52±2.01 16.93±1.19 
20 min 9.89±2.20 15.25±1.16 
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Hot pepper fruits are a source of a variety nutrients. There 
are vitamins, carotenoids, as well as secondary metaboli-
ties, mainly diversity of phenolic compounds. Phenolics 
found in peppers are derivatives of ferulic and sinapic 
acids and derivatives of flavonoids: quercetin and luteo-
lin. It was proven, that secondary metabolites are active 
antioxidants in many redox reactions. Activity of com-
pound depends on it chemical structure, lyphophility 
of medium reaction and chemical character of radicals. 
Many investigations on the biochemical activity of phe-
nolic compounds derivatives was made, but until now 
this knowledge is still incomplete. 
The first step to the looking for plant constituents show-
ing promising biochemical properties is their isolation, 
purification and identification. Next the chemical activity 
of analyzed compound may be investigated. The aim of 
presented work was isolation and structure elucidation 
of flavonoid derivatives from hot pepper fruit Capsicum 
annuum L.
Phenolic compounds fraction was isolated from ethanol-
ic (80% v/v) homogenate of pericarp of hot pepper, var. 
Capel Hot. Isolation was made by solid phase extraction 
on silica gel C18 (40–65 mm, Merck) by elution of the frac-
tion with 40% methanol solution (v/v). Methanolic frac-
tion was then evaporated, redissolved in water and puted 
on the preparative chromatographic column, filled wit 
silica gel C18 25–40 mm (Merck). The column was con-
nected with Sepacore system for medium pressure chro-
matography. Phenolic compounds fraction was eluted 
from the column by solution of water-methanol in linear 
gradient starting from 0% to 100% of methanol. Frac-
tions were collected on fraction collector connected with 
detector UV (l=330nm) and next combined according to 
the signal from detector. The profile of obtained fractions 
was checked by HPLC method. HPLC analysis was made 
on chromatograf WellChrom (Knauer) with the UV detec-
tor and column RP-18 (Vertex Eurosil Bioselect 300 Å, Æ 
5mm, 4x30 mm, endcapped), in a gradient solvents system 
A (1% H3PO4 in water) and B (40% acetonitrile (CH3CN) in 
solution A), in such a proportion that the CH3CN concen-
tration was: to 10 min — 8%, in the 40th min — 20% and 
in the 55th min — 40%; the flow speed was 1 cm3/min, 
and the detection was at 330 nm. Multicomponent frac-
tions were purified on a small preparative column filled 

with silica gel C18 5–25 mm (Merck). Methanol-water so-
lution in linear gradient from 0% to 100% of methanol, 
as eluent was used. The purity of obtained subfractions 
were checked by HPLC method, in the same conditions of 
separation. Pure compounds were dryied under nitrogen 
atmosphere, weighed and analyzed by mass spectrom-
etry. MS analyzis was made on Thermo Finningan LCQ 
Adventage Max Ion trap mass spectrometer with electro-
spray ion source. The spray voltage was 4.2 kV, capillary 
offset voltage 60 V and capillary temperature 220oC.
During separation of phenolic compounds fraction on 
preparative chromatographic comlumn twenty frac-
tions was obtained. HPLC analysis of obtained fractions 
showed, that three fractions were almost pure, six were 
two or three component and remaining fractions were 
multicomponent. Three fractions were chosen to the re-
purification step on the smaller column with smaller sili-
ca gel granules. Finally ten compounds were identificated 
by MS analysis. According to the obtained results by MS 
method, three compounds were described as lutenolin 
derivatives (1,2,3) (Table 1), two as quercetin glycosides 
(4,5), one as sinapic acid derivative (6) and one as C-hexo-
side of unidentified aglycone (7), remaining compounds 
were unidentified.
Table 1. ESI-MS analysis of compounds isolated from hot pep-
per fruits.
Com-
pound 
number 

ESI-MS ESI-MS/MS 

1
2
3
 
4
 
5
6
7 

621[M-H]-

579[M-H]-

741[M-H]-  
 
609[M-H]-  
 
447[M-H]- 
547[M-H]- 
609[M-H]- 

489[M-H-Pen]-; 285[M-H-Pen-204]- 
447[M-H-Pen]-;285[M-H-Pen-Hex]- 
579[M-H-Hex]-; 447[M-H-Hex-Pen]-; 
285[M-H-Hex-Pen-Hex]-  
463[M-H-Rha]-; 447[M-H-Hex]-; 
301[M-H-Rha-Hex]-  
301[M-H-Rha]-  
385[M-H-Hex]-; 223[M-H-Hex-Hex]- 
519[M-H-90]-; 489[M-H-120]- 
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Researching the sources of biologically 
active stilbene derivatives

Barbara Bochenek, Zbigniew Janeczko

Jagiellonian University, Department of Pharmacognosy, 
Medical College, Medyczna 9, Cracow, Poland
e-mail: Barbara Bochenek <bochenekb@gmail.com>

The stilbenes are aromatic compounds, diphenyloethen 
derivatives. The most representative compounds are: 
resveratrol, piceatannol, rhapontigenin, pinosilvin and 
astringenin. The stilbenes are found in the bark of trees 
from Pinaceae family and the other families such as Vitace-
ae, Polygonaceae, Fabaceae, Moraceae, Gnetaceae, Orchidaceae, 
Dipterocarpaceae, Myrtaceae, etc. [1, 2]. Recently resvera-
trol was found in hop and also in dark chocolate [3]. The 
silbenes are phytoalexins, the substances, which protect 
plants against fungal infections. Environmental stress, 
such as UV light or heavy metals or injury increases the 
level of stilbenes in plants [4]. The stilbenes exhibit estro-
genic, antioxidant, antiaggregatory, antilipidemic, anti-
inflammatory and anticancer properties [4–6]. 
The aim of this work was to find a new plant genus rich in 
biologically active stilbenes. The plant material consisted 
of different species mainly from Pinaceae and Polygonaceae 
families. Methanol extracts were prepared and analysed 
by means of thin layer chromatography. 
References:
1. Aggarwal BB et al (2004) Anticancer Res 24: 2783-2840.
2. Makowska-Wąs J, Janeczko Z (2008) Rośliny Lecznicze w Polsce i 
na Świecie 2: 7-15 (in Polish).
3. Counet Ch, Callemien D, Collin S (2006) Food Chem 98: 649–
657.
4. Shakibaei M, Harikumar KB, Aggarwal BB (2009) Mol Nutr 
Food Res 53: 115–128.
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Lichens are widely used in folk medicine as antibiotics, 
especially in skin infections and pulmonary diseases but 
also as immunostimulants [1]. One of the characteristic 
lichen products is usnic acid, which has been discovered 
to have strong antibacterial [2], antifungal [3] and antimi-
totic activity [4]. 
Our previous work concerned cytotoxic activity of usnic 
acid, isolated from Cladonia arbuscula. Usnic acid revealed 
high cytotoxic activity against XC than B16 cells, in time 
dependent manner [5]. On the basis of this study we de-
cided to investigate the activity of the extracts from dif-
ferent Cladonia species in the context of the presence or 
absence of the lichen secondary metabolites.
Six Cladonia species: Cladonia arbuscula, C. gracilis, C. fur-
cata, C. macilenta ssp.floerkeana, C. subulata and C. uncialis 
were collected in summer 2008 in Bory Tucholskie, Po-
land. Dried plant material was exhaustively extracted 
subsequently with hexan, chloroform, acetone and meth-
anol. The presence of atranorin, fumarprotocetraric acid 
and usnic acid in the obtained extracts was analysed by 
means of TLC and HPLC.  
Cytotoxic examination of the extracts were conducted 
against human melanoma HTB-140 cells and human skin 
fibroblasts HSF by trypan blue exclusion dye test. 
References:
1. Sawicka T et al (1994) Herba Pol 15: 21-6.
2. Ghione P et al (1988) Chemioterapia 7: 302-5.
3. Ingolfsdottir K (2002) Phytochemistry 6: 729-36.
4. Cardarelli M et al (1997) Cell Mol Life Sci 53: 667-72.
5. Galanty A et al (2003) 3rd International Symposium on Natural 
Drugs Proceedings 245-47.
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Cuticular waxes form the outer layer of plant cuticles 
[1-3]. They are composed mainly of very-long-chain 
aliphatic compounds and terpenoids. Surface waxes limit 
uncontrolled water loss due to transpiration and provide 
protection from diseases and insects. A great deal of plant 
waxes has been studied thoroughly but there are limited 
data on the wax composition of plants belonging to the 
Asteraceae family. 
Tagetes patula L. (French marigold) belongs to the Tagetes 
genus (Asteraceae). It is an annual species native to Cen-
tral America but is found throughout the world as an im-
portant ornamental plant. The plant is also used in com-
panion planting for vegetable crops. French marigold is 
known for its essential oil used in perfumery. 
The aim of this study was to analyze the leaf cuticular 
waxes of Tagetes patula. To our knowledge there are no 
previous reports on their composition.
Methods: Leaf cuticular waxes from Tagetes patula were 
extracted by dipping the leaves (90 g) in CH2Cl2 for 40 
s. HPLC separations of the waxes were performed on a 
silica gel column (250 × 10 mm i.d., Alltech) attached to 
a Shimadzu chromatograph equipped with a light-scat-
tering detector (LSD). Details of the instrumentation and 
chromatographic conditions are given elsewhere [4]. 
The HPLC-separated fractions were analyzed by GC-MS 
and GC-FID. Internal standards representing compound 
classes (n-eicosane, n-heneicosanol, ethyl nonadecanoate) 
were added to the fractions for the quantitative analyses. 
GC-FID quantitative analyses were performed in three 
replicates (RSD ca. 5%). GC-FID analyses were carried 
out on a Clarus 500 (Perkin Elmer) gas chromatograph 
equipped with an FID detector; the carrier gas was ar-
gon. GC-MS analyses (EI, 70 eV) were performed on an 
SSQ710 quadrupole mass spectrometer (Finnigan MAT) 
with a Hewlett-Packard 5890 gas chromatograph; the car-
rier gas was helium. The compounds were identified by 
comparing their mass spectra and retention times with 
published data and commercial standards as described 
previously [5]. Details of the chromatographic analysis 
are also given elsewhere [5]. The alkanes, metyl esters 
and aldehydes were analysed directly, whereas the polar 
compounds were analysed as TMSi derivatives. The wax 
esters, triterpenoid and sterol esters were transesterified 
in a solution of 2% (v/v) concentrated sulphuric acid in 
methanol. 
Results and discussion: The HPLC-LSD separation of 
marigold cuticular waxes resulted in 6 fractions (Fig. 1). 
Applying HPLC with light-scattering detection enabled 
the cuticular waxes to be analysed in a single run. The 
lipid classes were identified by a comparison of their re-

tention times with those of commercial standards. The 
HPLC-separated fractions were then GC-FID and GC-
MS analyzed. The only disadvantage of the LSD detec-
tor is that quantitative analysis of lipids requires the use 
of standard curves for practically every lipid group [6]. 
Separation of lipid classes on a semipreparative column 
with their collection for further qualitative and quantita-
tive analyses is more convenient with this detector. 
The components of marigold waxes were fatty alcohols, 
alkanes, fatty acids, wax esters, triterpenoid esters, sterol 
esters, methyl esters, aldehydes and triterpene alcohols.
The principal components of marigold waxes were very-
long-chain primary alcohols (1.6 μg/cm2). They ranged in 
length from C22 to C30, with even-numbered compounds 
predominating, but traces of C23, C25, C27 and C29 alcohols 
were detected as well (Table 1). The most abundant al-
cohols were n-tetracosanol (C24), n-hexacosanol (C26) and 
n-octacosanol (C28). The triterpene alcohols consisted of 
only three compounds, β-amyrin (0.16 μg/cm2), α-amyrin 
(0.05 μg/cm2) and lupeol (0.01 μg/cm2). 
The second major class of wax compounds consisted of 
very-long-chain n-alkanes (0.59 μg/cm2) with even and 
odd numbers of carbon atoms from C23 to C34 (Table 1). 
The most abundant of these were hentriacontane (C31), 
nonacosane (C29) and heptacosane (C27).  
Marigold waxes also contained free fatty acids (0.15 μg/
cm2) with even carbon atom numbers from C16 to C30. The 
most abundant acids were tetracosanoic (C24), hexacosa-
noic (C26), octacosanoic (C28) and hexadecanoic (C16) acid 
(Table 1). Besides free fatty acids, we found also methyl 
esters of the even-carbon-numbered acids from C16 to C28 
with total yield 0.06 μg/cm2

. The most prominent methyl 
esters were those of high molecular weight fatty acids 
(C24, C22 and C26) (Table 1). 
The cuticular waxes comprised detectable levels of very-
long-chain aldehydes (0.07 μg/cm2) with carbon atom 
numbers from C22 to C32 (Table 1). The most abundant of 
these were triacontanal (C30), octacosanal (C28) and dotri-
acontanal (C32).
The HPLC-separated fraction no. 2 (0.22 μg/cm2) was 
transesterified and then analysed. The results of the anal-
yses are shown in Table 2. The fraction was composed of 
three classes of esters: wax esters (49% of the fraction), 
triterpenoid esters (34%) and sterol esters (17%). The fatty 
acid profile consists of saturated straight-chain fatty acids 
from C16 to C28. The main esters were those of tetracosa-

Figure 1. HPLC-LSD chromatogram of marigold cuticular wax-
es.
(1) Alkanes; (2) wax esters, triterpenoid esters and sterol esters; 
(3) fatty acid methyl esters and aldehydes; (4) unknown; (5) pri-
mary alcohols, free fatty acids and triterpene alcohols; (6) un-
known.
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noic (28%), hexadecanoic (18%) and octadecanoic (16%) 
acids. The wax ester constituents were primary alcohols 
from C16 to C30. Besides wax esters we found also esters 
of sterols (cholesterol and β-sitosterol) and triterpene al-
cohols (β-amyrin, α-amyrin and lupeol).  
The composition of marigold waxes was generally com-
mon for plant cuticular waxes [1]. The distribution pat-
terns of fatty alcohols, alkanes, fatty acids, and aldehydes 
from marigold waxes were quite typical of plants in gen-
eral. In plant surface waxes, the most widely distributed 
triterpenoids are amyrins and their esters such as isolated 
from marigold. Rather uncommon components found in 
the studied waxes were fatty acid methyl esters. In con-
clusion, our analyses of marigold cuticular waxes provide 
new insights into the chemical variability of these com-
pounds in plant species.
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Table 1. The relative composition of lipid classes (as% individual class) in marigold cuticular waxes.
Carbon number* Alcohols Alkanes Fatty acids Aldehydes Fatty acid methyl esters 
16 - - 13.9 - 3.2 
18:1 - - - - 3.7 
18 - - 6.0 - 2.8 
20 - - 4.0 - 0.9 
22 2.0 - 4.6 0.7 18.5 
23 0.4 0.3 - - - 
24 47.2 - 31.1 9.3 51.4 
25 1.4 1.0 - - 2.0 
26 22.6 0.5 17.2 7.2 17.0 
27 0.8 8.0 - 1.5 - 
28 21.2 0.5 12.6 20.7 0.6 
29 0.6 27.0 - 2.9 - 
30 3.9 2.4 10.6 36.4 - 
31 - 52.9 - 1.7 - 
32 - 1.5 - 19.5 - 
33 - 5.3 - - - 
34 - 0.5 - - - 

*The number of carbon atoms in the main chain

Table 2. The relative composition (%) of fatty acid moieties and 
alcohol moieties liberated from the fraction of wax esters. trit-
erpenoid esters and sterol esters.

Alcohol 
moiety 

Acid moiety 

long-chain aliphatics * 
16 1.6 17.9 
18 4.9 16.4 
20 1.6 10.4 
22 5.7 11.9 
24 11.4 28.4 
26 7.3 9.0 
28 11.4 6.0 
30 4.9 - 
sterols 
cholesterol 8.9 - 
β-sitosterol 8.1 - 
terpenoids 
β-amyrin 21.1 - 
α-amyrin 9.8 - 
lupeol 3.3 - 

*The number of carbon atoms in the aliphatic moiety
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Pelargonium citrosum L. is a small shrub of family Gera-
niaceae. Chemical analysis of essential oil obtained from 
this plant have been reported [1,2]. A wide range of 
compounds, including esters, monoterpene alcohols, 
mono- and sesquiterpenes has been identified. Essential 
oils from a Pelargonium citrosum have been also found to 
exhibit good repellent activities against mosquitoes. The 
objective of this study was to develop a method which 
combines headspace solid-phase microextraction (SPME) 
and gas chromatography-mass spectrometry (GC-MS) for 
analyses of volatiles from Pelargonium citrosum L. leaves. 
Solid phase microextraction is fast, solventless alternative 
to conventional sample extraction techniques. In SPME, 
analytes are concentrated on the fiber, and they are rap-
idly transferred to the column, minimum detection limits 
are improved and resolution is maintained. In our work, 
the optimization and comparison of commercial solid-
phase microextraction fibers for the extraction of volatile 
compounds were performed. The extraction conditions 
including fiber type, extraction time, extraction tempera-
ture were optimized. The following fibers: 100 μm PDMS 
65 μm PDMS/DVB and 85 μm PA were tested for their 
ability to extract volatiles from Pelargonium citrosum L. 
leaves efficiently. The volatiles extracted by solid phase 
microextraction were analyzed by GC-MS. Compounds 
were identified by comparison of mass spectra to compu-
ter library and comparison of GC retention indices calcu-
lated by linear interpolation to retention times of a series 
of n-alkanes (C10-C25), to those reported in the literature 
[3]. Quantification was performed on the basis of GC pro-
files using relative area (%). Chemical analysis showed 
the presence of at least 40 compounds. A higher content 
of geraniol, citronellol, isomenthone and linalool and the 
lower levels of menthol, α-gurjunene, α-copaene, β-bour-
bonene and α-muurolene were determined.  
References:
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The cuticle covers all aerial parts of higher plants, i.e., 
stems, leaves, petals, and fruits. It’s a barrier protecting 
plant from environment. Epicuticular lipids provide the 
primary passive barrier to evaporate water loss, they may 
prevent desiccation and reduce penetration of chemicals 
and toxins. The composition of the epicuticular waxes of 
apple fruit (Malus domestica) has been studied by high-
performance liquid chromatography (HPLC-LLSD), gas 
chromatography (GC) and gas chromatography com-
bined with mass spectrometry (GC-MS). HPLC-LLSD 
was used to separate groups of waxes, and GC-MS to 
identify components. GC analysis (quantitatively de-
termined) was performed with an internal standards of 
each groups. The epicuticular waxes were separated into 
several classes of compounds using high performance 
liquid chromatography (HPLC) in the normal phase us-
ing a Shimadzu LP-6A binary pump in gradient mode 
equipped with a 250 × 4.6 mm i.d. analytical column 
filled with Econosil Silica (particle size — 5μm). Laser 
light scattering detection (LLSD) was used as the detec-
tion system. The GC-MS analyses of each fraction were 
carried out on a Finnigan Mat SSQ 710 mass spectrom-
eter connected to a Hewlett Packard 5890 gas chroma-
tograph, using HP-5 capillary column (30 m × 0.25 mm 
I.D., film thickness 0.25 μm). Chromatographic analy-
sis was conducted on an GC 8000 gas chromatograph 
(Top CE Instruments) equipped with a RTX-5 (Restek) 
capillary column (30 m × 0.25 mm I.D., film thickness 
0.25 μm). Hydrocarbons and wax esters were identified 
on the basis of mass spectra obtained for native com-
pounds. Free fatty acids were identified on the basis of 
the characteristic ions of their silyl derivatives and as 
the fatty acid methyl esters obtained in the reaction with 
diazomethane. Alcohols were identified only on the ba-
sis of their silyl derivatives. The epicuticular waxes also 
contained α-farnesene. This identification was done on 
the basis of mass spectra and comparison of literature 
Kovat’s retention index for this compound (1508) [1] to 
the index obtained in our study (1507). Hydrocarbons 
and fatty acids were most abundant wax components. 
Minor quantities of wax esters, and aliphatic alcohols 
were also found on the apple surface. The hydrocarbons 
present at the highest concentrations were n-nonacosane 
and n-heptacosane. Fatty acid fraction was composed 
of homologue series of C16–C30 compounds. The pre-
dominant unsaturated acids were octadecadienoic acid 
(C18:2), octadecenoic acid (C18:1) and also the saturated 
hexadecanoic acid (C16:0). The other compounds were 
three alcohols: tetracosanol, heksacosanol, octacosanol. 
The hexacosanol was the major compound representing 
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70.3% of the total alcohols. Also esters of long-chain pri-
mary alcohols and fatty acids (wax esters) were the least 
numerous group: three compounds were detected. 
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1. Adams RP (1995) Allured Publishing Corporation Carol 
Stream, Illinois USA.
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Fruits seeds are waste products from raw material proc-
essed into products such as puree, jams, juices or wines. 
However, often in waste parts there are valuable sub-
stances, like for example fatty acids. Linoleic (18:2 n-6), li-
nolenic (18:3 n-3), oleic (18:1 n-9) and palmitic (16:0) acids 
were typically the most abundant fatty acids from seed 
oil of common edible berries [1, 2].
The fruits of cornelian cherry (Cornus mas L.) are stone 
fruits with shape from spherical to oval. Share of seed in 
the fruit is large from 8% to 15%. The fruits can be con-
sumed directly, or processed into products such as pu-
ree, jam, juice, wine. As a result of the processing, the 
cornelian cherry seeds are byproducts. Investigations of 
contents of fat in stones and flesh were performed before 
in Slovak cornelian cherry [3]. However, among cornelian 
cherry fruits there is a large differentiation as far as phys-
ico-chemical characteristics are concerned. Therefore, the 
aim of this research was to assess the contents of oil in 
seeds and in flesh, as well as to investigate the contents of 
fatty acids in seeds of Polish cornelian cherry.
Methods: Ripe cornelian cherry fruits from six varie-
ties were harvested in September 2008. Four varieties 
(Bolestraszycki, Florianka, Słowianin, Szafer) were from 
Arboretum and Institute of Physiography in Bolestraszyce, 
one (Golden Glory) — from Warsaw University Botanic 
Garden and one (Macrocarpa) — from Botanical Garden 
of Wrocław University. The seeds were removed from 
the fruits. The seeds and flesh of 6 varieties of cornelian 
cherry were evaluated for they oil content. To the grinded 
fresh seeds (approx. 5 g) of cornelian cherry 50 mL of dis-
till hexane was added. After 1 day of extraction organic 
phase was collected and evaporated. Obtained oil was 
analyzed directly by 13C, 1H and HSQC Nuclear Magnet-
ic Resonance Spectroscopy. To prove obtained results we 
performed also typical procedure for fatty acid analysis. 
To the hexane solution of obtained oil 5% KOH solution 
was added. After 2 min reflux methanolic solution of BF3 
was added and next extracted by hexane. Formed fatty 
acid methyl esters were injected into GC-MS and GC with 
FAME column. 
Results and discussion: The oil content of the seeds and 
flesh ranged from 1.77% (Szafer) to 3.57% (Golden Glory) 
and from 0.32 (Florianka) to 0.72% (Bolestraszycki), re-
spectively. The oil content in analyzed cornelian cherry 
seeds was lower then the oil content reported for Slovak 
cornelian cherry seeds (4.6%) [3]. In all 6 varieties, chemi-
cal composition of fatty acids was similar. Five fatty acids 
were determined by used methodologies. In all cases, to-
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tal amounts of unsaturated fatty acids were about 90%, 
with linoleic acid as the predominant compound (av. 
71%). Its contents was on the level from 75.0% (Florianka, 
Szafer) to 70.7% (Bolestraszycki). Remaining four fatty 
acids were oleic acid (15.0–16.7%), stearic acid (3.5–6.2%), 
palmitic acid (3.5–4.6%) and linolenic acid (1.3–2.1%). We 
presumed also that NMR identification of fatty acids in 
oil could be used as a rapid methodology in fats analysis. 
Oils from seeds of Polish cornelian cherry showed higher 
concentrations of linoleic acid than from Slovak cornelian 
cherry [3]. 
It shows that cornelian cherry seeds, up to now treated as 
a technological waste, could be used as a source of dietary 
supplement, because of very high level of unsaturated 
fatty acids.
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Fruits constitute one of the important sources of potential 
health promoting phytochemicals. These fruits are rich 
sources of phenolic compounds such as phenolic acids 
as well as anthocyanins, proanthocyanidins, and other 
flavonoids, which display potential health promoting 
effects (Shahidi et al., 2004). The content of phenolics in 
berries is affected by the degree of maturity at harvest, 
genetic differences (cultivar), preharvest environmental 
conditions, postharvest storage conditions, and process-
ing (Prior et al., 1998). Sorbus domestica fruits (rowanberry) 
are traditionally used as an antioxidant agent, as well as 
a remedy against long term diabetic complications (Ter-
mentzi et al., 2006). It is known from oral depositions that 
the fruit is only consumed as traditional medicine in a 
well matured. Previous information showed that gener-
ally this fruits are rich in flavonols (aglycons, glycosides 
and esters), mainly quercetin and secondary kaempferol 
derivatives, and phenolic acids, such as neo and chloro-
genic acid. Rowanberry is a good source of vitamin C 
(490 mg kg–1) (Häkkinen et al., 1999). Flowering quince 
is know that this fruits had distinctive aroma (Lesinska 
et al., 1988) and the acid juice are the primary products 
after processing of the fruits, however, the comparatively 
large amount of dietary fibre and soluble polysaccha-
rides in the fruits (4) also makes this crop a promising 
candidate for the manufacture of dietary fibre-containing 
food products and pectins. Previously work show that 
this fruits rich on flavan-3-ols, especially (-)-epicatechin 
and was very rich in procyanidin oligomers, from trimer 
to hexamer. The flavonols of flowering quince consisted 
mainly of quercetin, kaempferol, and trace of isoquercitin 
(Wojdylo et al., 2009). Very little is by far known about the 
phenolic content of the fruits and antioxidant activity es-
pecially during fruit ripening, and this data is still incom-
plete. Therefore in this study, we followed the evolution 
of polyphenols and antioxidants activity during ripening 
of rowanberry and Japanese quince. 
Materials and methods: Plant materials: flowering 
quince (Chaenomeles japonica) and rowanberry (Sorbus au-
cuparia L.) were collected from the Garden of Medicinal 
Academy in Wroclaw and harvested on June to October 
(6-05; 23-06; 30-07; 21-08; 7-10). After harvest the whole 
fruits were cut directly in liquid nitrogen, and freeze-
dried (24 h). The homogeneous powders were obtained 
by crushing the dried tissues using a closed laboratory 
mill to avoid hydration, and then analysis. This powder 
was analysis by HPLC for quantification of phenolic com-
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pounds (Oszmiański et al., 2007), and antioxidant activity 
by DPPH method (Yen et al., 1996). 
Results and discussions: Contents of polyphenols dur-
ing fruit ripening are shown in Fig. 1. For content of total 
polyphenols in this fruits, flowering quince was much 
higher than that in rowanberry fruits. The concentration 
on rowanberry and flowering quince phenolics was high-
est early in the season and decreased during fruit devel-
opment. Among the five group analyzed polyphenols, the 
flavanols predominated in flowering quince and phenolic 
acid in rowanberry. The amount of polyphenol during 
fruits ripening decreased about two times. All polyphe-
nols in rowanberry decreased with one exception, during 
fruit ripening a small content of anthocyanins was meas-
ured. Similar trends were also observed in most fruits 
(apples, red currants, sour cherries, plums and blueber-
ries) where total flavonol content decreases during fruit 
maturation, but there are a few exceptions (blackcurrant 
and grape) in which opposite trend has been observed 
(Macheix et al., 1990). During ripening the antioxidant ac-
tivity showed a gradual decrease in all fruits measured 
by DPPH methods. This difference for the first time of 
unripe fruits was about 3.6–4.7 times higher than for ripe 
fruits.The results indicate that, unripe fruits are very good 
raw material for polyphenol nutraceutical production. 
This investigation clearly shows that flowering quince 
could be a very important raw material for production 
of polyphenols preparations. All this information may be 
useful for the promotion of use of unripe fruits extracts as 
natural antioxidant in food with beneficial health proper-
ties and medicinal products. 
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Hop (Humulus lupulus L) is widely cultivated plant spe-
cies rich in secondary metabolites. By now, from among 
secondary compounds mostly bitter acids and essential 
oils are used in brewing industry to add aroma and bit-
terness to beer. Although, there is an increasing interest 
in other hops substances, among them prenylflavonoids, 
for their beneficial effects on health, applications as a food 
additive or for pharmaceutical products. The most impor-
tant hop prenylflavonoids are: xanthohumol, desmethyl-
xanthohumol, izoxanthohumol, 6-prenylnaringenin and 
8-prenylnaringenin. Xanthohumol and other prenylated 
chalcones have attracted a lot of attention in recent years 
in the scientific community as cancer chemopreventive 
agents - it is probably connected with antioxidant proper-
ties, while 8-prenylnaringenin is said to be the most po-
tent phytoestrogen isolated to date [1]. Xanthohumol is a 
yellow pigment and the main prenyl flavonoid occurring 
in inflorences. Dried hop cones contain xanthohumol in 
an amount of 0.1–1% by weight. It is concentrated in the 
lupulin glands, together with the resins of inflorences. 
Xanthohumol is structurally a simple prenylated chal-
cone that exists only in the hop plant [1]. It has received 
much attention, since it is said to have pharmaceutical ef-
fects according to many scientific research papers. These 
beneficial and the “health-promoting” effects include: a 
broad spectrum of cancer-inhibiting activity, inhibition 
of bone resorption, inhibition of diacylglycerol acyl-
transferase and antimicrobial activity [2]. Xanthohumol 
exhibits solubility in aqueous organic solvents (ethanol, 
methanol), but not in supercritical CO2 and, in addition, 
is only very slightly soluble in hot water. Hop extracts for 
brewing are predominantly produced by extraction with 
supercritical CO2, but xanthohumol can be extracted in 
traces with CO2. Therefore, spent hop material from CO2 
extraction contains majority of xanthohumol, which can 
be extracted virtually completely with subsequent alco-
hol (ethanol, methanol) extraction.
Methods: Extraction of xanthohumol was performed 
from milled spent hop pellets from CO2 extraction by 
boiling with 90% methanol over 1 hour. At the next step, 
the crude extract was condensed and on standing, owing 
to the water, it underwent phase separation into a polar 
fraction and a non-polar fraction containing xanthohumol. 
The phase separation was accelerated by centrifuging the 
extract (5 000 × g, 10 min). The precipitation i.e. non-polar 
fraction containing xanthohumol after phase separation 
had a viscous pasty consistency and tawny colour. At this 
stage fraction obtained, after being freeze-dried, had a 
xanthohumol content of about 20% by weight. Xantho-

Figure 1.
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humol has been quantified by high-performance liquid 
chromatography (HPLC) with UV detection at 370 nm. 
The analyses were performed using a Waters system on 
Eurospher-100 C18 column (4 × 250 mm; 5μm Knauer), us-
ing a linear gradient of 1% H3PO4 in water — 95% ACN in 
water. The flow rate was 1 ml/min and time of separation 
was completed in 50 min. In the next step crude xantho-
humol was suspended in 50% methanol and the solution 
was applied to a C18 preparative column (60 × 100 mm) 
previously preconditioned with 20% MeOH. Xanthohu-
mol fraction was then washed with 85% methanol, freeze-
dried and quantified by HPLC, as described above. At this 
stage the purity of xanthohumol amounted to about 80%. 
Dried 85% MeOH fraction was suspended in 50% MeOH 
and loaded onto a C18 column (32 × 500 mm, Millipore) 
previously preconditioned with 40% MeOH. The column 
was washed with increasing concentrations of MeOH in 
water, started at 40% MeOH. Five millilitre fractions were 
collected and checked by HPLC. The fractions possessing 
almost pure xanthohumol were combined, freeze-dried 
and quantified by HPLC. This yielded 97% pure xantho-
humol.
Results: By means of this simple and fast procedure xan-
thohumol can be produced at a purity of at least 97% by 
weight. 
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