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Bird cherry-oat aphid, (Rhopalosiphum padi /L./ (Hemi-
ptera, Aphididae), is a holocyclic host-alternating spe-
cies in temperate climates between wooden bird cherry, 
Prunus padus L. (Rosaceae) (winter, primary host) and 
grasses (summer, secondary hosts). In the spring, the 
aphid hatches from the winter eggs on P. padus and two 
wingless generations are developed before appearance of 
winged spring migrants. The migrants fly onto the sum-
mer hosts where they give rise of several parthenogenetic 
generations and finally comeback onto the primary host 
(P. padus) in October [1, 2]. The earlier study showed that 
volatile compounds emitted by P. padus play an important 
role in behaviour of the R. padi. The methyl salicylate hast 
recently received an interest due to its repellent effect on 
receptor cells of R. padi antena. On the other hand ben-
zaldehyde was suggested as a possible plants stimulus of 
the R. padi [3, 4]. The present reports on emission P. padus 
volatile compounds during the bird cherry-oat aphid em-
igration on grasses during the spring and reemigration 
on the primary host during autumn.
Methods: The bird cherry volatiles were trapped on 65 
μm fiber (HS-SPME) and GC-MS analyses were per-
formed on a Shimadzu GC 17A equipped with split/
splitless injector and interfaced to QP-5050 Shimadzu 
Mass Spectrometer. The carrier gas was helium, and 
the separation was done on a capillary column Equity-5  
(30 m × 0.25 mm I.D. with 0.25 μm film thickness). The 
oven temperature was programmed as follows: 50°C 
(0.5 min), than from 50°C to 250°C (at 4°C/min), and 
from 250°C to 290°C (at 10°C/min), and final temperature 
was held for 4.5 min. The volatile compounds were iden-
tified on base of their mass spectra and retention times 
confirmed with standard samples. In addition, the spring 
and autumn migrations of the bird cherry-oat aphid were 
monitored in Aleksandria Park at Siedlce and feeding be-
haviour of the R. padi migrants on the primary host was 
studied using the EPG method [5]. 
Results and discussion: Obtained results showed that the 
bird cherry-oat aphid migrated from P. padus on grasses 
in the end of April and at beginning of May, instead the 
autumn recolonization of the primary host was started 
in the end of September. The spring migrants of the bird 
cherry-oat aphid were not feeding at all on the P. padus 
green shoots and leaves [6]. The performed analyses 

showed that the volatile methyl salicylate was especially 
strongly emitted by P. padus after blooming, reaching up 
to 2% of the volatiles profile. Moreover, the detailed study 
showed that volatiles of P. padus  were consisted of sev-
eral compounds and varied between the studied organs 
and during the growing season. While development of R. 
padi on the primary host the lignified shoots emitted ben-
zaldehyde (8.62%), cis-3-hexenyl acetate (3.20%), methyl 
salicylate (0.41%), α-farnesene (1.30%), benzyl alcohol 
(5.95%), phenylethyl alcohol (4.09%), instead the green 
shoots: cyclobutanol (3.95%), nonanal (2.32%), hexalde-
hyde (2.54%), undecane (4.55%) and 2,6-bis(1,1-dimeth-
ylethyl)-4-(1-oxopropyl)phenol (2.27%). When the bird 
cherry-oat migrated onto secondary hosts P. padus gener-
ated: 3-hexen-1-ol (2.80%), cis-3-hexenyl acetate (24.80%), 
methyl salicylate (1.87%) and (−)-β-caryophyllene (2.46%). 
Profile of the annual shoots during the first decade of 
September was consisted of the following compounds: 
1-ethyl-2-methylbenzene (6.37%), cumene (5.95%), 1-
bromo-3-methyl-2-butene (6.52%), [1S]-6,6-dimethyl-2-
methylen-bicyclo[3.1.1]heptane (4.82%), instead the ligni-
fied shoots of the bird cherry emitted at the same stage 
of growing season: 1-ethyl-2-methylbenzene (12.15%), 
1-ethyl-3-methylbenzene (1.80%), 1,2,3-trimethylbenzene 
(1.72%), (1-methylethyl)benzene (4.32%), 1,2,3,5-tetram-
ethylbenzene (2.31%), benzyl alcohol (9.04%), 1-bromo-3-
methyl-2-butene (5.87%) and [1S]-6,6-dimethyl-2-methyl-
en-bicyclo[3.1.1]heptane (1.42%). When the R. padi started 
to recolonize the primary host the lignified shoots emit-
ted mostly two compounds: benzaldehyde (72.98%) and 
benzyl alcohol (27.02%). In conclusion, the great variation 
in the bird cherry volatiles play a major role as signal-
ling chemicals in chemical interaction between the R. padi 
and P. padus. They might modulate life cycle of the bird 
cherry-oat aphid, and the methyl salicylate and benzalde-
hyde seems to be the most important cues that allow the 
R. padi migrants to discriminate the primary host between 
the other wooden and herbaceous plants. 
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Chard, Beta vulgaris var. cicla L. (Chenopodiaceae) is a bien-
nial plant cultivated for its edible leaves. It originates from 
Mediterranean region and is the oldest cultivate variety 
from the genus Beta. In the ancient Greece its edible roots 
were used already in IV bc. In Middle and North Europe 
Romans propagated cultivation of chard. Chard is very 
popular in USA and Western Europe due to its high di-
etetical value. In Poland another cultivar of Beta vulgaris, 
red beet (B.vulgaris var. esculenta) is cultivated for young 
leaves and chard is met only in amateur cultivation. 
In our previous studies we conducted preliminary struc-
ture elucidation of saponins from red beet using HPLC 
coupled with MS and the presence of oleanolic acid 
monoglucuronide derivatives was stated (Mroczek et al, 
2008). The oleanolic acid glycosides named betavulgaro-
sides were isolated from the other variety of beet, sug-
ar beet (B. vulgaris var. altissima), but nothing is known 
about the content of saponins in chard. Meanwhile, it was 
shown that triterpenic saponins have anti-inflammatory, 
immunomodulatory, cytotoxic, anti-tumor, antimuta-
genic, antihepatotoxic, antidiabetic, hemolytic, antiviral, 
antibacterial and trypanocidal activities (Chołuj & Jan-
iszowska, 2005). Due to the wide spectrum of activities, 
these compounds could be at last partially responsible for 
previously described hypoglycemic, anti-inflammatory 
and anticancer properties of chard.
Thus, the aim of the present study was qualitative and 
quantitative analysis of saponins in chard. The analysis 
was carried out by ultra performance reverse-phase liq-
uid chromatography coupled to electrospray ionization 
mass spectrometry (UPLC-ESI/MS). 
Materials and methods: Plant material. Chard (B. vul-
garis var. cicla cv. Vulcano) plants were collected from the 
field in central Poland in July 2008. Plants were divided 
into leaves and roots and dried at 40oC. Dried material 
was finely powdered.
Extraction. One gram of the powdered leaves and roots 
was extracted three times under reflux using 50 ml of 80% 
MeOH for 1 h. Solvent extracts were concentrated to dry-
ness under reduced pressure (Heidolph, Germany).
Purfication. Extracts were diluted in water and loaded 
onto an RP-18 SPE cartridge preconditioned with metha-
nol and water on a vacuum manifold (Merck, Germany). 
The column was washed with water, then eluted with 
40%, 80% methanol in water, and finally 100% methanol. 
80% MeOH fractions containing saponins were collected, 
evaporated and redissolved in 25% acetonitile in water 
for LC-MS analyses.

UPLC-MS. Analyses were carried out using an Acquity 
ultraperformance liquid chromatograph (Waters) cou-
pled with an Acquity TQD tandem quadrupole mass 
spectrometer with an electrospray ion source. Separation 
was made using an Acquity UPLC BEH C18 column (1.7 
μm, 50 mm × 2.1 mm). A mobile phase consisting of 0.1% 
formic acid in acetonitrile (B) and 0.1% formic acid in wa-
ter (A) was used for the separation. The gradient elution 
was linear from 25 to 60% B, 0–6 min; isocratic at 60% B, 
6–6.5 min; linear from 60 to 25% B, 65–6.6 min; isocratic 
at 25% B, 6.6–7 min. The column was maintained at 50°C 
at a constant flow rate of 0.4 ml/min. The sample injection 
volume was 5 μL. The following instrumental parameters 
were used for ESI-MS analysis of saponins: capillary volt-
age, 3500 V; cone voltage, 80 V; desolvatation gas, nitro-
gen 800 L/h; cone gas, nitrogen 100 L/h; source tempera-
ture, 120°C; desolatation temperature, 350°C; dwell time, 
0.05 sec. Detection mode was SIR (single ion respond) 
in negative ion mode. Quantitation was based on exter-
nal standardization by employing calibration curves in 
the range of 100–500 ng/mL. Quantitative analyses were 
based on the peak area calculated from selected ion chro-
matograms of the corresponding [M-H]- ion.
Statistic. For evaluation of the extraction repeatability, 
three samples of plant powder were independently ex-
tracted and purified with SPE procedure and for each 
sample three independent LC-MS runs were performed. 
Relative standard deviations for repetition of one sample 
were ≤ 4.5% and for three independent extractions ranged 
from 1.4% to 10.6%. 
Results and Discussion: In recent years hyphenated tech-
niques are widely applied in secondary metabolites anal-
ysis (Kapusta et all., 2005; Oleszek, 2002). In the present 
study UPLC-ESI/MS system was employed to provide a 
rapid, effective and convenient method for quantitation 
of saponins present in chard leaves and roots.
According to the results 8 saponins have been found in 
chard roots, which showed the following [M-H]- ions: 
631, 793, 925, 925, 955, 969, 1087, 1117. The composition of 
the saponin mixture in leaves was very similar to mixture 
in roots but some differences occurred. Two additional 
saponins have been found with ions 835 [M-H]-, and 925 
[M-H]- (second form).
The results from the quantitative determination of sapon-
ins in the analyzed samples are presented in Table 1. It 
was demonstrated, that saponins in roots and leaves of 
Table 1. Concentration of individual and total saponins in 
chard in μg/g of dry weight.

Sap [M-H]- Roots Leaves 
1 969 21.8 3.9 
2 

1117 109.9 369.6 
3 1087 465.0 6887.8 
4 955 5992.5 4466.9 
5 953 3996.9 1262.4 
6 925 (1) 2014.3 982.5 
7 925 (2) - 14.5 
8 835 - 1332.2 
9 793 2847.4 1254.3 
10 763 395.2 550.5 
11 631 250.1 190.0 
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chard occur in nearly 1:1 ratio and the concentration of 
total saponins equalled 1.6 and 1.7% of dry weigh, respec-
tively.
The content of individual saponins differs in both organs. 
Obtained data indicated that in roots saponin 955 [M-H]- 
dominated over other saponins with 37.2% of total and 
its relative concentrations was 30% higher than in leaves. 
The compound 953 [M-H]- was the second most domi-
nant component in roots. Its relative concentration was 
threefold higher than in leaves. The third saponin was 
793 [M-H]- (17.7% of total). The other saponins occurred 
in concentration 0.1–12.5% of total. 
Saponin 1087 [M-H]- was, in turn, dominating saponin in 
leaves (39.8% of total). Markedly less (13.7 times) of 1087 
was found in roots. The second dominating saponin was 
955 (25.8% of total). The concentration of other saponins 
was marginal: 0.02–7.3% of total.
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Phenolic acids are the most common phenolic com-
pounds of wheat, and they contribute significantly to its 
overall antioxidant properties. Only a small part of them 
occur in a free form, most of them exist as insoluble or 
soluble esters. Ferulic acid is the dominant phenolic acid 
in wheat kernels, constituting up to 90% of total polyphe-
nols [1]. Among the others, caffeic, p-coumaric, gentisic, 
p-hydroxybenzoic, salicylic, sinapic, syringic and vanillic 
acids were also reported [2]. The aim of this work was 
to compare the concentration of phenolic acids in three 
varieties of organically grown spring wheat. 
Methods: Grains of three cultivars of spring wheat: 
Bryza, Ismena, and Napola were harvested in 2007. The 
varieties were grown at the Experimental Station in Osiny 
on a grey-brown podsolic soil, using organic production 
system. 
Phenolic acids were extracted according to the modified 
method of Mpofu et al. [3]. Briefly, ground wheat samples 
(2 g) were hydrolysed with 4N NaOH for 2 h at 100°C 
(in a water bath). Then, samples were acidified using 
ice-cold 6M HCl to achieve a pH value of about 2. The 
resulting mixtures were centrifuged, and supernatants 
were extracted three times with ethyl acetate. The organic 
phase was collected, filtered and evaporated to dryness 
in a rotary evaporator. The residue was dissolved in 50% 
acetonitrile (4 ml). The phenolic acid content in wheat ex-
tracts was determined by reversed-phase HPLC, using a 
ACQUITY Ultra Performance LC Systems chromatograph 
(Waters Corporation, Milford, USA), equipped with a 
Waters ACQUITY UPLC BEH C18 column (50 × 2.1 mm, 
1.7 μm), and photodiode array detector. Phenolic acids 
were identified by comparing UV spectra and retention 
times of peaks in wheat extracts to those of the standard 
compounds. Their concentrations in wheat extracts were 
calculated using standard curves. 
Results: Five phenolic acids were detected in grains of all 
cultivars of wheat: ferulic, p-coumaric, p-hydroxybenzoic, 
sinapic, and vanillic acid. As expected, ferulic acid turned 
out to be the main component of all samples, while other 

Table 1. Phenolic acid concentration in grains of spring wheat cultivars; fer — fe-
lulic, sin — sinapic, p-cou — p-coumaric, van — vanillic, p-hb — p-hydroxyben-
zoic acid.

Cultivar Fenolic acids (μg/g) 
fer sin p-cou van p-hb 

Bryza 677.7c ± 23.6 57.7b ± 1.4 22.2b ± 0.8 11.0a ± 0.3 8.1a ± 0.2 
Ismena 565.0a ± 5.4 61.8c ± 1.9 23.5b ± 1.1 15.3c ± 0.6 8.7a ± 0.5 
Napola 614.2b ± 13.5 40.6a ± 1.5 16.3a ± 0.7 13.5b ± 1.2 10.4b ± 1.2 

aValues expressed as mean ± standard deviation; bWithin each column, means 
with the same letter are not significantly different (P<0.05) 
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phenolics were present in considerably lower amounts. 
Concentrations of the detected phenolic acids may be or-
dered as follows: ferulic >> sinapic > p-coumaric > vanillic 
> p-hydroxybenzoic acid. The examined cultivars: Bryza, 
Ismena and Napola differed significantly (p < 0.05) in re-
spect of concentration of particular compounds (Table 1). 
References: 
1. Manach C et al (2004) Am J Clin Nutr 79: 727-747. 
2. Naczk M, Shahidi F (2006) J Pharm Biomed Anal 41: 1523-1542. 
3. Mpofu A et al (2006) J Agric Food Chem 54: 1265-1270. 
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Inula ensifolia L. (Asteraceae, Inuleae) grows naturally in 
oligotrophic soils and according to previous research it is 
always mycorrhizal (Turnau et al., 2008). From the plants, 
collected from their natural habitat, monoterpenoids, 
norisoprenoids, α-tocopherol, quercetin derivatives and 
caffeoylquinic acids have been isolated (Stojakowska et 
al., 2009). Methanolic extract from shoots of I. ensifolia 
yielded, among others, phenolic compounds of known 
biological activity: quercetin-3-O-β-glucopyranoside (iso-
quercitrin, 1), quercetin-3-O-β-galactoside (hyperin, 2), 
quercetin-3-O-β-(6’’-caffeoylgalactoside) (3), chlorogenic 
acid (4), 1,5-, 3,4- and 3,5-dicaffeoylquinic acids (5–7). The 
isolated compounds were identified based on NMR and 
MS data and their comparison with literature data. The 
aim of the present study was to investigate an effect of 
inoculation with different arbuscular mycorrhizal fungi 
(AMF) on the contents of biologically active phenolics in 
aerial parts of I. ensifolia plants. 
Material and Methods: Seeds of I. ensifolia were ger-
minated on wet filter paper in Petri dishes. Two weeks 
old seedlings were transferred into containers with ster-
ile substratum and divided into five groups: I – control 
(without inoculum), II – inoculated with Glomus intraradi-
ces UNIJAG PL24-1, III – inoculated with G. intraradices 
UNIJAG PL-Kap, IV – inoculated with G. clarum UNIJAG 
PL13-2, V – inoculated with arbuscular mycorrhizal fungi 
from natural stand. After eight months of cultivation un-
der greenhouse conditions, the plants were harvested. 
Portions (0.1 g each) of dried, pulverized aerial parts were 
first defatted with hexane and then extracted twice with 
10 ml of MeOH at room temperature with shaking. The 

Table 1. Cinnamic acid derivatives contents (% dry weight) in shoots of Inula ensifolia plants cultivated under greenhouse condi-
tions: not inoculated (control –I) or inoculated (II-V) with AMF.
Experimental group of plants Chlorogenic acid Caffeic acid DCQA Total cinnamates 
I 1.36 0.06 0.12 0.04 4.09 0.36 5.57 0.36 
II 1.14 0.05* 0.10 0.01 3.22 0.32 4.46 0.32* 
III 0.94 0.17* 0.14 0.07 3.01 0.59 4.08 0.69* 

IV 1.28 0.13 0.11 0.01 2.64 0.48* 4.03 0.58* 

V 1.25 0.07 0.11 0.03 2.46 0.19* 3.82 0.13* 

*significantly different from th control
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obtained extracts were evaporated to dryness under re-
duced pressure, redissolved in 1/1 MeOH/H2O (1 ml) and 
these solutions were used for HPLC analysis. The analysis 
was performed using an Agilent 1200 Series HPLC system 
(Agilent Technologies, USA) equipped with a Rheodyne 
manual sample injector, quaternary pump, degasser, col-
umn oven and a diode array detector. Chromatographic 
separations were carried out at 25oC, on a Zorbax Eclipse 
XDB-C18 column (4.6 × 150 mm, 5 μm particle size; Agi-
lent Technologies, USA) with a mobile phase consisting 
of H2O/HCOOH/CH3COOH 99/0.9/0.1 (solvent A) and 
MeCN/MeOH/HCOOH/CH3COOH 89/10/0.9/0.1 (sol-
vent B), at a flow rate of 1 ml/min, using 10 μl injections. 
The gradient elution conditions described by Spitaler et 
al. (2006) were used. The retention times observed were 
as follows: chlorogenic acid — 7.1 min, caffeic acid — 8.4 
min, mixture of dicaffeoylquinic acids (DCQA) — 26.7 
min. The above compounds were quantified using cali-
bration curves, based on UV detection at 325 nm. The re-
sults shown in table 1 are means of three measurements. 
A two-tailed t-test of significance for independent sam-
ples (P < 0.05) was performed for the control and each 
of the treated groups (Microsoft Excel 2007). Statistically 
significant differences are marked by asterisk.  
Results and Discussion: Flavonoids, formerly isolated 
from the aerial parts of the plant, were absent from the 
analysed samples. Their presence in the plant material 
seems to be connected with the presence of flowers. Cin-
namic acid derivatives i.e. chlorogenic and caffeic acids 
and a mixture of dicaffeoylquinic acids were detected in 
every analysed sample. All chromatograms showed the 
same set of signals. No extra peaks were observed in any 
sample, which means that inoculation with mycorrhizal 
fungi did not trigger biosynthesis of new metabolites 
detectable under the analytical conditions described. Ac-
cording to the results of the quantitative analysis (Table 1) 
caffeic acid content remained unchanged in all analysed 
groups. Shoots of the plants inoculated with Glomus intra-
radices UNIJAG PL24-1 (II) and with G. intraradices UNI-
JAG PL-Kap (III) showed decreased accumulation of chlo-
rogenic acid whereas the contents of DCQA were similar 
to those in the control. Contents of DCQA in shoots in-
oculated with G. clarum UNIJAG PL13-2 (IV) and with ar-
buscular mycorrhizal fungi from natural stand (V) were 
significantly lower in comparison with DCQA content in 
the control shoots. In these two groups accumulation of 
chlorogenic acid remained unaffected. Total contents of 
cinnamates were lowered in shoots of the plants inocu-
lated with AMF. 
Conclusion: Inoculation with AMF has no any beneficial 
effect on cinnamate production in Inula ensifolia shoots 
grown under the experimental conditions. 
References:
Spitaler R et al (2006). Phytochemistry, 67: 409-417.
Stojakowska A et al (2009). Biochem Syst Ecol (submitted).
Turnau K et al (2008) Plant and Soil 305: 267-280.
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Roses belong to the most popular medicinal plants. The 
genus Rosa contains over hundred species that are widely 
distributed in Europe, Asia, the Middle East and North 
America. Roses are known because of their beauty and 
presence of pleasant essential oil. Members of the Ro-
sacae family have been used for food, cosmetic and me-
dicinal purposes for hundreds of years. Hips and flowers 
are most commonly used, but leaves and roots are also 
present in medicine of many countries all over the world. 
Numerous studies show that different parts of roses are 
rich in biologically active compounds (e.g. phenolic acids, 
ascorbic acid, carotenoids, flavonoids) [1, 2]. The diver-
sity of biologically active compounds found in roses still 
astonishes the scientists and remains a rich source of fur-
ther investigations. 
Rosa rugosa Thunb. is potential source of pharmacologi-
cally active substances [3, 4] that is way the aim of our 
study was to examine the composition of two typical 
galenic preparations (decoctions and tinctures) obtained 
from different parts of this rose species. Leaves, roots, 
flowers, hips and nuts of Rosa rugosa Thunb. were used 
to prepare decoctions and ethanolic extracts according 
to the specific monograph from the Sixth Polish Pharma-
copeia. Both types of extracts were lyophilized and then 
dissolved in methanol in order to obtain the solutions 
of needed concentrations. Qualitative and quantitative 
analysis of phenolic acids and flavonoids and in galenic 
preparations from Rosa rugosa Thunb. was carried out 
by the use of ultra-performance liquid chromatography 
mass spectroscopy.  
UPLC analysis was performed by the use of Waters AC-
QUITY UPLC System (Waters, Milford MA, USA). For 
UPLC analysis, data acquisition was performed 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 
contained water, 0.1% formic acid (A) and acetonitrile, 
0.1% formic acid (B). In the present study UPLC-nega-
tive ion MS structural analysis of single molecular ion in 
the mass spectra from obtained extracts was performed 
by mass-selecting the ion of interest. This measurement 
method gave possibility of detection of ions present even 
in trace amounts.  
Our research shows that galenic preparations (decoc-
tions and tinctures) prepared from different parts of Rosa 
rugosa Thunb. are sources of pharmacologically active 
compounds. Phenolic acids and flavonoids were identi-
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fied and then quantitative analyzed. The presence of 6 
phenolic acids: caffeic, gallic, protocatechuic, salicylic, 
ellagic and p-coumaric acid was detected. In both types 
of galenic preparations the same active compounds were 
found, but decoctions possessed higher amounts of phe-
nolic acids (especially ellagic and gallic acid). Among the 
extracts, preparations from leaves and flowers show the 
biggest diversity and contents of phenolic acids.  
In the study the screening and quantification of flavo-
noids were carried out. As a result 11 different glycosides 
were detected, e.g. avicularin, rutin, hyperoside, isoquer-
citin, spiraeoside, tiliroside, astragalin and quercitrin. In 
most cases, higher quantities of observed glycosides were 
found in ethanolic extracts.  
References:
1. Nowak R, Gawlik-Dziki U (2006) Z Naturforsch - C J Biosci 62: 
32-38.
2. Hashidoko Y (1996) Phytochem 43: 535-549.
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Over the past years, there has been a growing interest in 
anthocyanin pigments, which are widespread in many 
species of fruit (chokeberry, European elder) and in some 
vegetables (red cabbage, aubergines). 
The reason why many researchers find these compounds 
interesting is the biological (antioxidative, anti-cancer, 
bacteriostatic) properties of anthocyanins [1]. Natural 
pigments from fruit, unlike artificial dyes, also contain 
bioelements (e.g. Ca, Mg, Zn, Fe), which are essential for 
maintaining proper functions of a human body [2]. In na-
ture, content of essential bioelements has been decreasing 
dangerously for some time now. In order to counteract 
this undesirable event, supplementation with prepara-
tions containing bioelements and anthocyanins is recom-
mended. Anthocyanin preparations are obtained through 
technological processing of fruit and vegetables. It needs 
to be added, however, that industrial processing of plant 
products causes precipitation of elements. Extraction of 
mineral substances by boiling or scalding vegetables leads 
to such losses as 30–65% potassium, 15–70% magnesium, 
20–24% zinc and other elements [3]. Thus, a question 
arises whether extracts and extract-based lyophilizates 
(anthocyanin preparations) can be both: a natural and a 
good source of bioelements. 
The objective of this paper has been to determine the con-
tent of anthocyanins and bioelements (Ca, Ng and Zn) in 
plant material (chokeberry and red cabbage) after differ-
ent technological treatments. The correlation between the 
content of particular bioelements and anthocyanins has 
been analysed in the plant material obtained from choke-
berry and red cabbage. Another aim was to look for corre-
lation between the content of Ca and Mg, Ca and Zn and 
Mg and Zn in chokeberry and red cabbage. 
Methods: The tested material consisted of chokeberry 
and red cabbage, grown in the Garden of the Experimen-
tal Station of the UWM in Olsztyn. 
The plant material was stored frozen (–18oC) until analy-
ses. Extracts (method E) from chokeberry and red cabbage 
were obtained from homogenized edible parts of the plant 
material (method P), which were submitted to maceration 
in a citric acid solution of pH 2. The extracts were purified 
in an SPE system with Bondecil C18 load and then with 
Sephadex LH-20100 gel. The eluates were concentrated 
in a vacuum evaporator and then lyophilized (method L). 
The extracts and lyophilizates were used for further in-
vestigations. The content of anthocyanins in the extracts 
and lyophilizates from chokeberry and red cabbage was 
determined according to Wrolstad’s method [4]. In order 
to assess the content of bioelements, the plant material 
(edible part, extracts and lyophilizates) was mineralised 
in Teflon bombs using microwave energy. The content of 
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bioelements was tested with the ASA method. The results 
of the determinations, obtained as three replicates, were 
processed statistically.
Results and discussion: In both chokeberry and red 
cabbage, the quantities of anthocyanins differed largely 
depending on the method applied to process the plant 
material (Table 1). Lyophilizates from chokeberry and red 
cabbage contained significantly more anthocyanins than 
extracts. Chokeberry contained twice as much anthocy-
anins as red cabbage. 
Much Ca, Mg and Zn was determined in edible part 
and extracts from chokeberry and red cabbage, whereas 
lyophilizates contained significantly less of these bioele-
ments (Table 2).
The content of the analysed bioelements in plant mate-
rial depended on the technological processing method. 
The highest amounts of Ca and Mg appeared in the ed-
ible part of the plant material, while Zn occurred in the 
highest concentration in extracts. The lowest quantities 
of all the tested elements appeared in lyophiliozates. Ir-
respective of the method, red cabbage had more Mg and 
Zn than chokeberry, which is verified by the respective 
correlation coefficients (r = 0.998, r = 0.868, significant at 
p<0.01). In contrast, the content of Ca depended on the 
method applied. In the edible part and lyophilizates 
from red cabbage, the content of Ca was higher than in 
chokeberry, but lower in the extracts. Highly significant 
positive correlation was determined in the analysed plant 
material between the content of Mg and Zn (r = 0.608, sig-
nificance at p<0.01). On the other hand, no correlation was 
found between the content of Ca and Mg or between Ca 
and Zn. In chokeberry, there was highly significant posi-
tive correlation between the content of Ca and Mg (r = 
0.998, significance at p<0.01), whereas in red cabbage no 
correlation occurred between the levels of these elements. 
Our previous studies have demonstrated that in extracts 
from berries there is correlation between the content of ca 
and Mg, which is independent from an extraction method 
[2]. In the present investigations, no correlation between 
the content of Ca and Zn or between Mg and Zn in choke-

berry or red cabbage was found. Likewise, no correlation 
occurred between the content of anthocyanins and bioele-
ments in the tested plant material. Similar findings were 
reported by other authors, who discovered that there was 
no correlation between the content of anthocyanins and 
that of bioelements (Ca, Mg, Zn and Fe) in extracts from 
berries [2]. This may prove that the analysed metals oc-
cur in such fruits not only as complex compounds with 
anthocyanins but also as other mineral salts. The edible 
part as well as extracts from chokeberry and red cab-
bage (in contrast to lyophillizates) can serve as a natural 
source of bioelements used for calcium magnesium and 
zinc supplementation, necessary for human organisms. 
Conclusions: Chokeberry contains more anthocyanins 
than red cabbage. However, red cabbage would typically 
have more bioelements than chokeberry. For the actual 
content of bioelements, technological processing of given 
plant material was vital. The analysed plant material re-
vealed highly significant positive correlation between the 
content of Mg and Zn. In chokeberry, significantly posi-
tive correlation was determine between the content of Ca 
and Mg. 
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Table 1. Content of anthocyanins in plant material

Method 

Anthocyanins 
mg/kg of plant material 

E* L* 
Plant material 
Chokeberry 1680b** 1938a 
Red cabbage 710b 795a 

*E – extracts from edible part, L – lyophilizates. **Data marked with different letters 
are significantly different at p<0.05 (Duncan’s test). 

Table 2. Content of bioelements in plant material 

Bioelement 
Ca Mg Zn 
mg/kg of plant material 

Method 
P* E* L* P E L P E L 

Plant material 
Chokeberry 187.1a** 168.6b 2.1c 113.5a 88.8b 0.1c 6.2b 12.9a 0.9c 

Red cabbage 354.8a 59.2b 11.1c 163.1a 141.0b 28.3c 6.3b 16.6a 2.7c 
*P – edible part, E – extracts from edible part, L – lyophilizates. **Data marked with different letters are significantly different at p<0.05 (Duncan’s test – separately for each ele-

ment). 
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Oleanane-type triterpene saponins are commonly found 
in higher plants. There have been numerous reports on 
their anti-inflammatory, immunomodulatory, cytotoxic, 
anti-tumor, antimutagenic, antihepatotoxic, antidiabetic, 
hemolytic, antiviral, antibacterial and trypanocidal ac-
tivities (Chołuj & Janiszowska, 2005). Due to the wide 
spectrum of pharmaceutical activities, these compounds 
appear to be promising drugs of natural origin. Therefore 
particular attention is being paid to a search for plants 
containing these biologically active compounds. Such 
plant could be red beet (Beta vulgaris var. esculenta L.), 
which is in the general cultivation worldwide and is well 
known for its edible roots, which are used as a food and 
as a source of natural dye. Roots are eaten cooked, as a 
vegetable, in salads or pickled. In addition, in Central and 
Eastern Europe this variety of beet is grown for young 
leaves, which are used as a base of soup. In our previous 
studies we conducted preliminary structure elucidation 
of saponins from red beet and the presence of oleanolic 
acid monoglucuronide derivatives was stated (Mroczek 
et al., 2008).  
The aim of present study was quantification of sapon-
ins in order to compare the saponin content in roots and 
leaves of four red beet cultivars, i.e. Red Sphere, Forono, 
Egiptian and Round Dark Red. 
Materials and methods: Plant material. Red beet plants 
were collected from the field in central Poland in October 
2008. Plants of each cultivar were divided into leaves and 
roots and dried at 40oC. Dried material was finely pow-
dered.

Extraction. One gram of the powdered leaves and roots 
was extracted three times under reflux using 50 ml of 80% 
MeOH for 1 h. Solvent extracts were concentrated to dry-
ness under reduced pressure (Heidolph, Germany).
Purification. Obtained crude glycoside fractions were di-
luted in water and loaded onto an RP-18 SPE cartridge 
preconditioned with methanol and water on a vacuum 
manifold (Merck, Germany). The column was washed 
with water, then eluted with 40%, 80% methanol in water, 
and finally 100% methanol. 80% MeOH fractions contain-
ing saponins were collected, evaporated and redissolved 
in 25% acetonitrile in water for LC-MS analyses.
UPLC-MS. Analyses were carried out using an Acquity 
ultraperformance liquid chromatograph (Waters) cou-
pled with an Acquity TQD tandem quadrupole mass 
spectrometer with an electrospray ion source. Separa-
tion was made using an Acquity UPLC BEH C18 column 
(1.7 μm, 50 mm × 2.1 mm). A mobile phase consisting of 
0.1% formic acid in acetonitrile (B) and 0.1% formic acid 
in water (A) was used for the separation. The gradient 
elution was linear from 25 to 60% B, 0–6 min; isocratic at 
60% B, 6–6.5 min; linear from 60 to 25% B, 6.5–6.6 min; 
isocratic at 25% B, 6.6–7 min. The column was maintained 
at 50°C at a constant flow rate of 0.4 ml/min. The sample 
injection volume was 5 μL. The following instrumental 
parameters were used for ESI-MS analysis of saponins: 
capillary voltage, 3500 V; cone voltage, 80 V; desolvatation 
gas, nitrogen 800 L/h; cone gas, nitrogen 100 L/h; source 
temperature, 120°C; desolatation temperature, 350°C; 
dwell time, 0.05 sec. Detection mode was SIR (single ion 
respond) in negative ion mode. Quantitation was based 
on external standardization by employing calibration 
curves in the range of 100–500 ng/mL. Quantitative analy-
ses were based on the peak area calculated from selected 
ion chromatograms of the corresponding [M-H]- ion. 
Results and Discussion: LC-MS/MS methods are more 
often used in research on natural compounds e.g. triter-
penic saponins (Kapusta et al., 2005; Oleszek, 2002). In 
the present study UPLC-ESI/MS system was employed 
to provide a rapid, effective and convenient method for 
quantitation of saponins present in B. vulgaris cultivars. 
Compared to pervious research based on HPLC-MS anal-
ysis (Mroczek et al. 2008) with long run time (90 min) this 
method allowed accurate profiling and good separation 
of saponins in 7 min. 

Table 1. Concentration of individual and total saponins in B. vulgaris cultivars in mg/g of dry weight.
Saponin [M-H]- B.v. cv. Red Sphere B.v. cv. Forono B.v. cv. Egiptian B.v. cv. Round Dark Red 

roots leaves roots leaves roots leaves roots leaves 
631 219.2 129.5 124.3 46.9 234.9 63.6 481.6 67.9 
969 - 17.7 - 28.9 - 77.4 - 58. 8 
763 291.4 350.3 469.2 172.8 336.4 437.4 400.7 623 
793 403 820.4 557.7 343.4 595 2081.5 547.4 777.6 
835 - 932.6 - 378 - 1436.7 - 866.2 
925 (2) 157.8 1123.4 87.5 170.3 1052.8 988.8 88.8 545.1 
925 (1) 349 1126.8 189.3 563.5 753.4 1774.6 785.2 2954.4 
953 142.4 9.4 6.5 34 257 19.7 70.7 10.3 
955 9543.1 2537.7 3671.6 662.2 5045.5 4536.9 6526.2 2278.8 
1087 736.8 1987.9 750.1 1515.1 389.6 3932.5 200.6 3097.9 
1117 (2) - 166.8 - 134 - 236.2 - 63.1 
1117 (1) 172.3 632.5 49.4 60.6 58 779.8 37.6 438 
total 12015.1 9835.1 5905.6 4109.7 8722.6 16365.4 9138.7 11781 
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For evaluation of the extraction repeatability, three sam-
ples of plant powder were independently extracted and 
purified with SPE procedure and for each sample three in-
dependent LC-MS runs were performed. Relative stand-
ard deviations for repetition of one sample were ≤ 3.5% 
and for three independent extractions ranged from 1.4% 
to 13.1%.
The results from the quantitative determination of sapon-
ins in the analysed samples are presented in Table 1. It 
was stated that the red beet cultivars differ in the total 
concentration of saponins. The cultivar with the highest 
concentration turns out to be cv. Red Sphere. In com-
parison to Red Sphere, saponin concentration in Forono, 
Egyptian and Round Dark Red roots was respectively 
49%, 72% and 75% lower. In leaves the highest concentra-
tion of saponins was detected in cv. Egyptian, followed by 
concentration in cv. Round Dark Red, cv. Red Sphere and 
cv. Forono, were was 28, 40 and 75% lower.
It was demonstrated that in case of Red Sphere and 
Forono cultivars the total concentration of the saponins 
in roots dominated over concentration in leaves in the 
ratio 1:0.8 and 1:1.7, respectively. By contrast, the ratios 
of the total content in roots to total content in leaves of 
cv. Egiptian and Round Dark Red, equalling respectively 
1:1.8 and 1:1.3, indicate dominance of saponin content in 
leaves.   
Moreover, differences in the relative content of individual 
saponins were observed. Absolute quantifications were 
performed for 9 saponins in roots, and additional 3 sa-
ponins in leaves. It was observed that compound which 
showed pseudomelecular ion at m/z 955 [M-H]- was the 
dominant saponin in most of analysed samples exept 
two. Its content varied from 79.4% of total saponins in 
Red Sphere roots to 16.1% in Forono leaves and in roots 
was, depending on sample, 2.1–3.9 times higher then in 
leaves. In most of the samples the second most dominant 
compound was saponin 1087 [M-H]- and, what is more, 
dominated in Forono and Round Dark Red leaves. Gen-
erally we could observe 2.9–12 times higher level of this 
saponin in leaves than in roots.
Saponins 969 [M-H]-, 835[M-H]- and additional saponin 
1117 [M-H]- were detected only in leaves. All leaf samples 
contained medium amounts of saponin 835 [M-H]- (7.4–
9.5% of total saponin), some amounts of the second form 
of saponin 1117 [M-H] (0.5–3.3%)- and very low amounts 
of saponin 969 [M-H] -(0.2–0.7%).  
The investigation of different samples led to demonstra-
tion of some divergences in saponin content in roots and 
leaves of different red beet cultivars. 
Investigation of the saponin content in roots and leaves 
of red beet demonstrated that UPLC-ESI/MS is useful 
method for quantification of total saponin as well as in-
dividual saponin. 
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Epicuticular waxes are the major components of plant 
cuticle and play an important role in protecting aerial 
organs from biotic and abiotic stresses [1]. The epicuticu-
lar waxes are complex mixtures of long chain aliphatic 
and cyclic components including fatty acids, hydrocar-
bons, alcohols, aldehydes, ketones, β-diketones, esters, 
terpenoids and sterols. This layer may contain also sug-
ars, amino acids, and secondary plant substances such as 
glucosinolates, furanocumarins, alkaloids and phenolics 
[2, 3]. Epicuticular waxes are able to self-assemble into 
complex three-dimensional crystals, usually between 
0.2 and 100 mm. The most common types of wax crys-
tals are platelets, rodlets or tubules, often characteristic 
for specific systematic groups. Morphology and chemi-
cal composition of the wax layer depends not only on the 
plant taxon but also on geographic location, environmen-
tal conditions, and stage of plant development [4–8]. The 
plant surface with a layer of epicuticular waxes, not only 
provides a hydrophobic barrier to reduce water loss but 
also is the first line of defense against pathogenic fungi 
and bacteria. It affects a host plant selection of many her-
bivorous insects and their adhesion or attachment to the 
plant surface [9–11]. Chemical compounds occurring on 
the plant surface are also associated with resistance to the 
grain aphid, since they reduced its growth and develop-
ment [12]. The present paper reports on effect of the epi-
cuticular waxes of triticale on feeding behaviour of the 
grain aphid, Sitobion avenae (F.). 
Methods: Two winter triticale genotypes varied in wax 
layer (RAH 116 — waxy covered and RAH 325 — wax-
less) were used in the experiments. Seeds of the triticale 
genotypes were obtained from Institute of Plant Breeding 
and Acclimatization at Radzików/Błonie near Warsaw. 
Seeds of the studied genotypes were germinated in a cli-
matic chamber (25°C ± 1°C, 16h daylight and 8h of dark-
ness, and 70% humidity. The seedlings were grown in a 
medium nutrient fine structure compost with sand, in 
plastic pots (7 cm × 7 cm × 9 cm), one plant per pot. The 
plants were regularly watered and no extra fertilizer was 
added. The grain aphid, apterous female were used in the 
feeding experiments. The aphids came from a stock cul-
ture kept at the University of Podlasie at Siedlce. Parthe-
nogenetic clones of S. avenae were reared on winter wheat 
seedlings (Tonacja cv.) in insectary chambers at L 16:D 
8 and 22°C. Three various solvents of different polarity 
(dichloromethane, chloroform, ethanol) was used to re-
move the epicuticular waxes from surface of 20-day-old 
seedlings. The seedlings were immersed in dichlorometh-
ane for 5s, chloroform for 10s, or ethanol for 20s at room 
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temperature in a fume hood and control seedlings were 
not dipped in to the solvents [13]. Presence of feeding de-
terrents/stimuli in the surface extracts of the waxy triticale 
RAH 116 were conducted in acceptance tests. Two differ-
ent tests were performed, the first on RAH 116 seedlings, 
after removal of the surface compounds, in comparison 
to the control seedlings (without wax extraction) and the 
second test on seedlings of the wax-less genotype RAH 
325, previously sprayed with the RAH 116 wax extracts. 
The feeding behaviour of the grain aphid on the studied 
on waxy and wax-less genotypes of winter triticale was 
recorded using a DC-EPG system. The experiments were 
run over 1h for 10 aphids on 10 different plants. The re-
corded EPGs from the aphid probes were stored on a com-
puter hard disc, using STYLET 2.2 software and analyzed 
in terms of number and duration of the EPG waveforms, 
as classified by Tjallingii [14]: np pattern (non-probing, 
aphids cannot start probing), C pattern (pathway phase; 
penetration of peripheral tissues — epidermis and meso-
phyll), E1 pattern (salivation into sieve elements), E2 pat-
tern (ingestion of phloem sap), and G pattern (ingestion 
of xylem sap).
Results and discussion: Removal of the surface com-
pounds with the used organic solvents clearly shortened 
time of non-probing period of the grain aphid on the 
waxy genotype RAH 116. Such treatments also clearly 
prolonged penetration of the epidermis and mesophyll 
(pattern C) by the grain aphid in comparison to control 
of the heavy-waxy genotype seedlings. Among the stud-
ied solvents the most effective was dichloromethane, 
since such extracts applied on seedlings of waxy-less 
genotype (RAH 325) showed the strongest reduction in 
penetration of the peripheral plant tissues and signifi-
cantly prolonged non-probing activity of the grain aphid. 
Obtained results suggest that chemicals occurred within 
epicuticular waxes significantly changed the grain aphid 
feeding behaviour. It is particularly important since the 
sucking-piercing insects including aphids are dangerous 
insect pests on cereals in Poland. Since the epicuticular 
waxes of the triticale repel the cereal aphids they might 
also protect the triticale from viral diseases transmitted 
by aphids. Thus the waxy triticale genotypes might be 
useful in natural control of the cereal aphids and virus 
diseases as well. However, further study is needed to bet-
ter understand role of the epicuticular waxes in mecha-
nism of the triticale resistance to the cereal aphids.
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Alfalfa (Medicago sativa L., Fabaceae) is an important agri-
cultural and commercial crop with great potential as food 
and/or foodder. Unfortunately, these economically im-
portant crop has serious pests, including the pea aphid, 
Acyrthosiphon pisum Harris (Homoptera: Aphididae). 
Previous research demonstrated reduction in alfalfa yield 
as a function of the pea aphid feeding and in addition it 
was found to be a vector of more than 30 viral diseases. 
Alfalfa produce a variety of secondary metabolites, that 
are active in protection against herbivores. It has been 
shown that plant secondary metabolites can seriously 
affect the insects behaviour, physiology and metabolism 
and as a result reduced their populations on resistant 
crops. Among the secondary metabolites of alfalfa, that 
have been identified and quantified flavonoids are sug-
gested to play an important role in defense against her-
bivores, but little information on such effect of the alfalfa 
flavonoids exist. The aim of the study was identification, 
quantification and determination of an influence of the 
flavonoids content on the pea aphid feeding behavior.
Methods: Six-month-old aerial parts of the alfalfa cv. Ra-
dius (Medicago sativa L. ssp. falcata × ssp. sativa) plants, 
infested and noninfested by the pea aphid were used in 
the experiments. Seed samples were obtained from the 
Plant Breeding and Acclimatization Institute (IHAR) in 
Radzików/Błonie (near Warsaw, Poland). The seeds were 
germinated in a climate chamber, kept at 21 ± 1°C, L16:D8 
photoperiod, and 70% r.h. The plants were grown in 7 × 7 
× 9 cm plastic pots filled with fine garden soil, one plant 
per pot and were watered regularly, and no extra ferti-
lizer was added. The pea aphids used in the experiments 
came from a stock culture reared on pea, Pisum sativum 
L. (Fabaceae). Aphids were cultured in a growing cham-
ber maintained at 21 ± 1°C, an L16:D8 photoperiod, and 
70% r.h. Dynamics of the pea aphid population on the 
Radius plants was monitored and the observations were 
conducted in 10 independent replicates. The plants were 
harvested, freeze-dried, ground, and kept in a desiccator 
in darkness until analysis. The flavonoids were extracted 
for 20 min. with 70% methanol, using the ASE 200 Ac-
celerated Solvent Extractor (Dionex Corporation, Sunny-
vale, USA) and the extracts were purified on a short C18 
column (Waters, Poland) washed out with 40% MeOH. 
High-performance liquid chromatography (HPLC) was 
applied to separate the flavonoids according to Oleszek 
and Stochmal method [1]. Waters HPLC system, consist-
ed of a model 616 pump and 99 G PAD detector (Waters 
Corporation, Milford, USA). Separations were performed 
on Eurospher PD 82 column using a mobile phase of 
1% phosphoric acid in water and 40% acetonitrile in 1% 
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H3PO4 linear gradient over 60 min. The Millenium Chro-
matography Manager software (Waters Corporation) was 
applied to monitor chromatographic parameters and to 
process the data. The EPG recordings were performed as 
described earlier by Tjallingii [2]. Aphids were starved for 
2 h prior to the experiment. The considered aphid activi-
ties while probing the plant tissues were: pathways (ABC-
patterns), salivation into sieve elements (E1-pattern), 
phloem sap ingestion (E2-pattern) and xylem sap inges-
tion (G-pattern). The differences in level of the flavone 
glycosides in the studied alfalfa plants were subjected to 
one-way ANOVA followed by the post-hoc Duncan test. 
Influence of the flavone glycosides on feeding activities of 
pea aphid was analysed by using Spearman rank correla-
tion. The Statistica program for Windows v. 6.0 was used 
for all statistical analyses [3].
Results and discussion: After HPLC separation eightteen 
flavone glycosides have been identified within tissues of 
the studied alfalfa, infested and noninfested by the pea 
aphid. The identified flavonoids were glycosides of four 
flavone aglycones: apigenin, luteolin, tricin, and chrysoe-
riol. The obtained results confirmed the earlier identifica-
tion and characterization of the alfalfa flavone glycosides 
[4-6]. It was shown that the dominant compound of the 
alfalfa flavonoids was a tricin glycoside and the plants 
demonstrated significant differences in concentration of 
the individual flavone glycosides (ANOVA, P<0.001). The 
tricin glycosides made up 34.5% of total flavonoid and 
their concentration was very similar to the sum of api-
genin glycosides (33.8% of total). Luteolin and chrysoe-
riol glycosides made up 12.6 and 5.9% of total amount, 
respectively. The flavonoids concentration within alfalfa 
aerial parts was rather high as compared to other plant 
sources [7, 8]. Flavonoids are thought to affect herbivorous 
insects’ performance. Our experiments showed that the 
effect of alfalfa on the pea aphid was associated with the 
level of flavonoids. The adverse effect of plant phenolics 
on aphid species has been reported earlier [9], and abun-
dance of the pea aphid was also affected by these com-
pounds [10]. Results of the present study showed that the 
pea aphid feeeding behaviour on alfalfa cv. Radius was 
affected by the flavonoid glycosides. Negative correlation 
between pea aphid abundance on alfalfa cv. Radius and 
concentration of total acylated compounds (rs= –0.889, 
P<0.05), apigenin glycosides (rs= –0.903, P<0.05), luteolin 
glycosides (rs= –0.909, P<0.05) and chrysoeriol (rs= –0,874, 
P<0.05) in the alfalfa plants was found. Moreover, a posi-
tive correlation was found between the pea aphid abun-
dance and concentration of total nonacylated compounds 
(rs=0.452, P<0.05) and tricin glycosides (rs=0.468, P<0.05). 
Some of the phenolic and flavonoid compounds may in 
vitro repel and/or deter aphids from feeding [11, 12]. Our 
earlier study showed that peripheral tissue penetration 
by A. pisum was negatively affected by total phenolics 
[10]. The results presented here also indicated that feed-
ing behaviour of the pea aphid was dependent on level of 
the flavonoid glykosides. Statistical analysis proved that 
the level of the apigenin glycosides mostly affected inges-
tion of phloem sap by the aphid (rs= –0.681, P=0.029) and 
chrysoeriol glycosides modulated a xylem sap ingestion 
(rs= –0.644, P=0.044). In conclusion, the performed experi-
ments showed that flavonoids might be important factors 
of the alfalfa acceptance by the pea aphid. Since they are 

Studied chemicals are biologically active it is possible to 
use them in natural control of the pea aphid.
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Potato (Solanum tuberosum) is a member of the Solanaceae 
plant family and serves as major, inexpensive low-fat 
food source providing for energy, protein, fibre, vita-
mins and other nutrients. This crop produces biologically 
active secondary metabolites, including polyphenols, 
phenolcarboxylic acids, carotenoids and steroidal glyco-
alkaloids [1]. Glycoalkaloids are naturally occurring com-
pounds present in solanaceous plants; they are reported 
to be toxic to animals and humans [2]. The most abundant 
potato glycoalkaloids, α-chaconine and α-solanine, serve 
as natural defences against insects and other pests. In 
some varieties and under certain storage conditions, the 
concentration of these steroidal glycosides can be toxic. 
As α-chaconine is more toxic than α-solanine, a high ratio 
of α-solanine to α-chaconine is desired, the ratio being 
dependent on the cultivar. Potato tubers typically contain 
about 20–60 mg/100 g of freeze-dried matter (FDM) [3], 
equivalent to 4–12 mg/100 g fresh weight (FW). At these 
concentrations, glycoalkaloids are considered to enhance 
the flavour of potatoes. However, at concentrations in ex-
cess of 20 mg/100 g FW they impart a bitter taste and can 
cause gastroenteritic symptoms, coma, and even death 
[4]. The total glycoalkaloid content of potato varieties 
is then limited by guidelines to 20 mg/100 g tuber fresh 
weight [5]. Because most of the glycoalkaloids in tubers 
are located in the skin or just under the skin, they can be 
removed to a large extent by peeling. Furthermore, the 
relative concentration of glycoalkaloids falls with increas-
ing tuber size and maturation. Glycoalkaloids accumu-
late in cytoplasm and in the vacuoles and are not diffused 
from the site where they accumulate. However, informa-
tion from the damaged part of a tuber or from leaves to 
tubers is transferred, leading to increased glycoalkaloid 
synthesis [6]. 
Materials and methods: Potato tubers of three potato cul-
tivars (Lord, Irga and Mila) have been obtained from a 
local market. A 1 g sample of freeze-dried potato tuber 
flesh was extracted twice by homogenizing in 12 ml of 
5% acetic acid (v/v) for 30 s using an Ultra Turrax T25 
homogenizer, and subsequently ultrasound sonification 
for 10 min. After each extraction, the sample was centri-
fuged using a Sigma 2–16 centrifuge at 8 000 rpm for 20 
min. The supernatants from each of the two extractions 
were then combined in volume flask and topped to 25 ml 

with 5% acetic acid (v/v). A 3-ml aliquot was applied to 
preconditioned solid phase extraction (SPE) cartridges 
(360 mg, C18, Waters) and the glycoalkaloids were eluted 
with 3 ml of methanol. The solvent was evaporated un-
der vacuum to dryness, and the residue was dissolved in 
1.0 ml of 50% acetonitrile (v/v) to obtain an LC sample. 
Each sample was analysed in triplicate. The glycoalka-
loids were then analysed using ultra performance liquid 
chromatography (UPLC, Acquity Waters) coupled to tan-
dem mass spectrometry (Acquity Waters, TQ Detector) 
in selected ion recording mode. An electrospray interface 
was used in the detection of glycoalkaloids in positive ion 
mode. The following instrumental parameters were used 
for ESI-MS analysis of glycoalkaloids: capillary voltage, 
3 kV; cone voltage, 100 V; desolvation gas, nitrogen 800 
l/h; cone gas, nitrogen 100 l/h; source temp. 120°C, desol-
vation temp. 350°C, dwell time 0.05 s. Waters MassLynx 
software v.4.1 was used for acquisition and data process-
ing. The sample extracts were separated on an Acquity 
UPLC BEH C18 (1.7 μm) column (2.1 × 50 mm). Column 
was maintained at 50°C. The flow rate was adjusted to 0.4 
ml/min. The following solvent system: A (99% H2O and 
1% HCOOH, v/v) and B (99% MeCN and 1% HCOOH, 
v/v) was applied. A linear gradient from 100% A to 100% 
B within 4 min was applied, followed by 0.5 min isocratic 
elution (100% B) and 0.5 min linear gradient from 100% B 
to 100% A. The injection volume of the sample was 5 μl. 
The separation was completed in 5 min. Quantification of 
glycoalkaloids was carried out using an external standard 
calibration method. Varying concentrations of α-solanine, 
α-chaconine and β-chaconine standards were injected 
separately to obtain the calibration curves. The peak areas 
in these curves were then plotted against the concentra-
tion of each compound. 
Conclusions: Glycoalkaloids content and α-solanine to 
α-chaconine ratio are given in Table 1. Ultra performance 
liquid chromatography technique occurred to be efficient, 
sensitive and fast method for determining glycoalkaloids 
in potatoes. 
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Table 1. Content of glycoalkaloids and α-solanine to α-chaconine ratio
α-solanine mg/100 g FW α-chaconine mg/100 g FW β-chaconine mg/100 g FW α-solanine/α-chaconine ratio 

Lord 5.66 6.70 0.39 1:0.85 
Irga 3.44 4.08 0.29 1:0.84 
Mila 8.86 6.89 0.52 1:1.29 
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Tocopherols are a group of natural lipophilic antioxi-
dants (α, β, γ, δ) which occur in plants mainly in leaves 
and seeds. This compounds offer a lot of health ben-
efits and is essential for mitochondrial electron-trans-
port function in physiological systems. The structural 
complexity and variation in antioxidative activity of 
this compounds contribute to apply an adequate tech-
niques for the isolation, separation and quantification 
of individual components in mixtures from different 
plant matrices. Development of analytical methods 
which are more simple and reliable is one of the objec-
tivs of analytical chemistry. If we define the objectiv 
of analysis, the next step is to know the sample matrix 
and complications related with it and the analytes. 
Sample preparation is a basic step in the analytical 
process. This stage is time consuming, expensive and 
is the main source of errors. During extraction of vi-
tamin E from plant sample the important fact is that 
other non-vitamin E compounds (e.g. carotenoids) are 
in extracted mixture. The aim of our study was elabo-
ration the simple method extraction of tocopherols 
from plant material and isolation other compounds 
like carotenoids and chlorophylls without saponifica-
tion from the same extract. Research material was the 
leaves of lettuce var. Omega. The fresh material (10 g) 
was homogenized with acetone as extracting solvent. 
Homogenized material was filtered. Petroleum ether 
was then added to the filtrate and the whole mixture 
was transferred into funnel to remove acetone by 
water. Obtained ether extract was poured into flask 
with the anhydrous sodium sulphate to remove trac-
es amount of water, and next put into refrigerator at 
4±1oC. The ether extract was evaporated to dryness in 
N2 flux in rotary vaccum evaporator at 35±1oC. Dry 
residue was solved in methanol. This methanolic ex-
tract was analyzed by HPLC method, with RP-18 col-
umn (Eurosil Bioselect – 300, 300 × 4 mm, 5 μm) and 
gradient elution – A: 66% MeCN, 6% MeOH, 28% H2O 
and 0.05% triethylamine, B: ethyl acetate and 0.05% 
triethylamine, by UV-Vis detection λ=290 nm, at the 
flow rate 1.2 ml/min. This method doesn’t require 
complicated and multiple steps connected with sam-
ple treatment (without saponification). The purpose 
of this study was to determine the α, β+γ and σ toco-
pherols (λ=290 nm) and other compounds e.g. caro-
tenoids and chlorophylls (λ=450 nm) using the same 
RP-18 column with some modifications of mobile 
phase and gradient profile. There was achieved good 
separation of δ-tocopherol and α-tocopherol from β 
and γ isomers, β — and γ-tocopherols were eluted in 
the same peak. The recommended method allowed to 

determine the main compounds of raw vegetables by 
usage of the same extract. 
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Introduction: Phenolic acids are widely found as the pri-
mary phenolic components in many food plants such as 
fruits, vegetables, spices and herbs. They demonstrate a 
variety of biological activities such as radical-scavenging, 
antioxidant, ant-inflammatory, anti-HIV and antihepa-
totoxic characteristic, inhibit mutagenesis and carcino-
genesis, slow the aging process and are considered to be 
beneficial to human health [1-5]. They received particular 
attention in the past 10 years due to their putative role 
in the prevention of several human diseases particularly 
artherosclerosis and cancer. The free forms of phenolic 
acid are very rarely present in plants. More often they 
occur as esters glycosides and bound complexes. Despite 
extensive literature describing the content of phenolic 
acid in plant material and food our knowledge is still not 
sufficient. One major reason is lack of suitable procedures 
to quantitatively detect of these compounds. Most of the 
procedures described in the literature to detect phenolic 
acid take advantage of HPLC analysis with diode array 
detection. Carefully targeted studies using liquid chro-
matography required appropriate standards or reference 
compounds for the identification; however, some of the 
isomers still cannot be positively identified. This is due to 
the abundance of different classes of phenolic acids and 
their diverse chemical properties. In general, this method 
is useful for identification but do not provide information 
on specific chemical composition. In the present study 
new applications have been noted and been proposed by 
using UPLC-MS with a tandem quadrupole mass detec-
tor.
Material and methods: Stock solutions of elagic acid, sal-
icylic acid, sinapic acid, ferulic acid, 4-hydroxycynamic, 

3-hydrohybenzoic acid, caffeic acid, protocatechuic acid 
and gentisic acid (Sigma-Aldrich, Steinheim, Germany) 
were prepared in 1 mL of 80% MeOH solution at concen-
tration of 100 ppm. Analytes were separated using Wa-
ters Acquity UPLC system (Waters Corporation, Milford, 
USA) coupled to an Acquity TQD tandem quadrupole 
mass spectrometer with an electrospray ion source. Sepa-
ration was made using an Acquity UPLC BEH C18 col-
umn (1.7 μm, 50 mm × 2.1 mm). A mobile phase consist-
ing of 0.1% formic acid in acetonitrile (B) and 0.1% formic 
acid in water (A) was used for the separation. The gradi-
ent elution was linear from 0 to 100% B in 5 minutes. The 
column was maintained at 50°C at a constant flow rate of 
0.4 ml/min. The sample injection volume was 5 μL. The 
following instrumental parameters were used for ESI-MS 
analysis of saponins: capillary voltage, 2 kV; cone voltage, 
30 V; desolvatation gas, nitrogen 800 L/h; cone gas, ni-
trogen 100 L/h; source temperature, 250°C; desolvatation 
temperature, 350°C; dwell time, 0.05 sec. Detection mode 
was MRM (multiple reaction monitoring) in negative ion 
mode. Waters MassLynx software v4.1 was used for ac-
quisition and data processing.
Results: In this application note there are two methods 
described: one using UV and the other a MRM experi-
ment, where ions indicative of the targeted compounds of 
interest have been selected. Seven compounds were sepa-
rated successfully and figure 1 shows the UV chromato-
gram for all compounds. In the case of ferulic acid and 
elagic acid separation was not successfully. On the basis 
of UV method quantification of both compounds is not 
possible. The list of the MRM transitions along with the 
retention times, dwell times, cone voltages and collision 
energy for the method are shown in Table 1. Two MRM 
transitions were monitored for each compound. The pri-
mary transition can be used for quantification and the 
secondary transition is used for confirmation purposes. 
Confirmation is achieved by the calculating the ion ratio 
between the primary and secondary transition. All other 
injection must have ratio that lies within 20 percent of the 
standard for them to be positively confirmed by this tech-
nique. The data show that the signal intensity remains 
consistent over the range of dwell times. As the dwell 
time decreases the number of points per peak increases 

Table 1. Acquity TQD MRM parameters. 
Phenolic acid Rt (min) MRM transitions Dwell time (s) Cone voltage (V) Collision energy (eV) 

Protocatechuic 1.61 152.8>81 152.8>109.1 0.05  
0.05 

30  
30 

20  
15 

Gentisic 2.11 152.8>108 152.8>81 0.05  
0.05 

30  
30 

20  
20 

Caffeic 2.64 178.9>107.1 
178.9>135.1 

0.05  
0.05 

30  
30 

20  
15 

3-OH benzoic 2.68 136.9>64.9 
136.9>93.1 

0.05  
0.05 

30  
30 

20  
10 

4-OH cynamic 3.35 162.9>93.1 
162.9>119.1 

0.05  
0.05 

30  
30 

30  
20 

Ferulic 3.90 193.1>133.9 
193.1>178.1 

0.05  
0.05 

20  
15 

35  
35 

Elagic 3.90 300.9>145 300.9>173 0.05  
0.05 

30  
30 

35  
35 

Synapic 4.06 222.9>164.1 
222.9>193.1 

0.05  
0.05 

30  
30 

15  
20 

Salicylic 4.46 136.8>65.1 
136.8>93.1 

0.05  
0.05 

30  
30 

30  
15 
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from 8 points for the dwell time of 500 milliseconds to 220 
points for the shortest dwell time of 5 milliseconds. 
Conclusion: A fast and simple UPLC method involving 
MRM transitions has been successfully applied for the 
determination of 9 phenolic acid. This method offers a 
better sensitivity and more proper identification of phe-
nolic acid in comparison to HPLC-PDA methods. It can 
be use for determination of phenolic acid in plant mate-
rial and food. 
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Some species of Graminae such as rye, wheat, corn, and 
triticale produce secondary metabolites with high herbi-
cidal activity. Phenolics and hydroxamic acids have been 
recognised as a major active principles in these plants. 
Their contribution to resistance of some other Gramieae 
species to pathogens and insects have also been docu-
mented [1–3]. Green aerial parts of rye (Secale cereale) 
contain also a wide spectrum of other phenolic second-
ary metabolites, especially phenolic acids and flavo-
noids. While phenolic acids have been fully documented, 
much less has been known on flavonoids. Thus the aim 
of present work was characterize flavonoids and isolate 
these compounds from aerial parts of rye and develop 
analytical procedure UPLC.
Plant material: The fifteen varieties of rye: Adar, Agricolo, 
Amilo, Bosmo, Caroass, Dańkowskie Nowe, Dańkowskie 
Złote, Hegro, Kier, Picasso, Rostockie, Skat, Słowiańskie 
and Walet were grown in fields for three consecutive sea-
sons and sampled in three plant development stages. The 
rye varieties were planted at an experimental field of the 
Institute of Soil Science and Plant Cultivation-State Re-
search Institute in Puławy. Green plant material was col-
lected, lyophilized and powdered. 
Methods: The extract of total phenolic compounds from 
the aerial parts of rye was isolated according to the pro-
cedure described by Stochmal et al. [4]. The new ultra-
performance liquid chromatography (UPLC) method 
was worked out simultaneous marking flavonoids and 
hydroxamic acids contents in the extract of aerial parts. 
The UPLC analysis was performed on a BEH C18 column 
(1.7 mm, 50 mm × 2.1 mm), utilising a gradient elution 
profile and a mobile phase consisting of 0.1% CH3COOH 
in water and 40% AcN. The separation was completed in 
8 min at flow rate of 0.35 ml/min.
Results and discussion: Eight individual flavonoids were 
obtained and their structures were elucidated with spec-
troscopic FAB-MS, ESI-HRMS, NMR, COSY, ROE, HSQC, 
HMBC, TOCSY techniques. It turned out that they were 
glycosides of three aglicones: 6-C-glucopyranosyl-2’-O-
arabinopyranoside luteolin (1), 6-C-glucopyranosyl-2’-
O-rhamnopyranoside luteolin (2), 6-C-glucopyranosyl 
luteolin (3), 6-C-glucopyranosyl apigenin (4), 6-C-glucop-
yranosyl-2’-O-glucopyranoside apigenin (5), 6-C-glucop-
yranosyl-2’-O-arabinopyranoside apigenin (6), 6-C-glu-
copyranosyl-2’-O-galactopyranoside chrysoeriol (7) and 
6-C-glucopyranosyl-2’-O-rhamnopyranoside apigenin 
(8). The hydroxamic acids were analysed by means of the 
same chromatographic method. From the five benoxazi-
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nones occurred in the roots of rye, only two were found in 
the aerial parts: DIBOA (A) and Glc-DIBOA (B). As stand-
ards for hydroxamic acids analysis were used substances 
received during execution of EC project “Fate and toxicity 
of allelochemicals/natural plant toxins/ in relation to en-
vironment and consumer” (FATEALLCHEM). The model 
separation of hydroxamic acids and flavonoids in extract 
of aerial part is shown in Fig. 1. The flavonoids and hy-
droxamic acids content was estimated in two-leaf stage, 
four-leaf stage and spring tillering in three vegetation 
seasons. Average concentration of individual compounds 
for fifteen varieties of rye is shown in table 1. From among 
eight structures of flavonoids of aerial parts of rye two 
main flavon were found in considerable quantities: 6-C-
glucopyranosyl-2’-O-glucopyranoside apigenin (5) as 
well as 6-C-glucopyranosyl-2’-O-arabinopyranoside api-
genin (6). In the aerial parts of rye were presented only 
two hydroxamic acids. As compared the aerial parts of 
rye, plants were contained much higher concentration of 
DIBOA and DIBOA-glucoside than roots, suitably fifth 
and twice as much. The correlation among stages and 
compound concentration in consecutive years was not af-
firmed. 
The total concentration of flavonoids and hydroxamic ac-
ids was determined for the fifteen varieties of rye in three 
vegetation seasons (Table 2). 
The highest amount of flavonoids contained varieties 
Kier, Bosmo and Walet, but the lowest variety was Pi-

casso. Among varieties of rye wasn’t affirm significant 
differences in the average concentration of both analysed 
kind of compounds. The maximum concentration of hy-
droxamic acids was 11 mg/g of dry matter and flavonoids 
178 mg/g of dry matter. The obtained data show varieties 
of rye which are rich in allelopathy activity naturally sec-
ondary metabolites. 
References:
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1039.
3. Niemeyer HM (1988) Phytochemistry 27: 3349-3358. 
4. Stochmal A et al (2008) J Agric Food Chem 54: 1016-1022.
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Table 1. The concentration of hydroxamic acids and flavonoid compounds in the aerial parts of rye [mg/g d.m].
I year II year III year 

Stage Stage Stage

Compound I II III I II III I II III

A 1.61 1.99 5.12 1.38 1.03 1.27 0.71 1.59 1.81

B 0.82 0.81 2.80 3.33 1.32 0.82 0.84 0.51 0.54

1 0.21 0.17 7.18 1.09 1.77 2.05 1.82 1.11 2.44

2 0.12 0.11 0.08 0.02 0.02 0.03 0.02 0.01 0.05

3 0.73 0.71 0.23 0.06 0.09 0.09 0.08 0.05 0.09

4 3.82 3.42 2.59 1.33 1.29 0.95 0.87 1.13 0.60

5 1.20 1.11 1.46 6.11 6.31 4.11 4.23 5.40 3.68

6 0.91 0.86 0.54 0.45 0.35 0.18 0.20 0.14 0.18

7 0.28 0.28 0.20 0.08 0.07 0.06 0.07 0.09 0.07

8 0.19 0.20 1.46 0.30 0.52 0.53 0.52 0.65 0.54

Table 2. The average concentration of hydroxamic acids and 
flavonoids in the rye varieties [mg/g d.m]. 
Variety Flavonoids Hydroxamic acids

Adar 81.99 3.07

Agricolo 90.75 3.28

Amilo 79.22 3.36

Bosmo 93.82 3.40

Caroass 78.67 3.26

D.Nowe 90.26 2.94

D.Złote 86.16 2.54

Hegro 83.23 3.21

Kier 95.48 3.10

Motto 87.39 3.51

Picasso 77.11 3.09

Rostockie 92.29 2.95

Skat 86.74 3.43

Słowiańskie 90.58 2.78

Walet 93.07 3.25

Figure 1. UPLC profile of hydroxamic acids and flavonoids of 
aerial parts of rye.
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The Leguminosae family is of great agronomic interest 
since cultivated legumes represent the major source of 
protein-rich food and forage plants which can be grown 
independently of exogenous nitrogen supply, due to their 
ability to form nitrogen-fixing root nodules in symbiosis 
with Rhizobium. Understanding the molecular basis of 
Rhizobium-legume symbiosis may have a direct impact 
on ecology and agriculture [1]. Medicago truncatula is a 
rapid model for the study of legume biology, and is an 
excellent species for fundamental studies on the unique 
secondary metabolism of legumes [2]. Two classes of sec-
ondary metabolites are of particular interest, flavonoids 
and triterpene saponins. They are interest due to a wide 
range of biological activities. Flavonoids are a diverse 
class of metabolites with a colourful array of functions 
in plants, ranging from plant pigments to antioxidants 
and auxin transport inhibitors [3]. Legume roots exude 
specific flavonoids into the surrounding soil, which act 
as chemotactic signals for symbiotic nitrogen-fixing bac-
teria. Plant flavonoids secreted by the roots trigger Nod 
factor production by the bacteria. Another important 
class of secondary metabolites from Medicago truncatula 
are the triterpene saponins. They posses anti-microbial, 
anti-insect activity, mainly against plant patogens and 
some yeasts pathogenic to humans. These compounds 
can also be toxic to monogastric animals and may reduce 
the digestibility of protein in ruminants [4]. Although 
saponins have significant biological importance, very lit-
tle is known about their distribution or biosynthesis in 
plants. The aim of our present work was determination of 
flavonoids and saponins present in M. truncatula roots.
Plant material: M. truncatula Gaertn. var. truncatula, 
M.  truncatula Gaertn. var. longispina Urb. and Medicago 
truncatula cv. Jemalong A-17 were cultivated in an experi-
mental field of the Institute of Soil Science and Plant Cul-
tivation in Puławy in 2006. Roots of Medicago truncatula 
were collected, freeze-dried, powdered, and used for the 
extraction. 
Methods: Powdered roots (1 g) of three subspecies of 
M. truncatula were extracted with 50 ml of 70% MeOH 
by boiling for 1 h. The solvent from the extracts was re-
moved under reduced pressure. The crude extracts were 
suspended in water, and the solutions were applied to 
Sep-Pak C-18 cartridge (Waters Associates), precondi-
tioned with water. The micro-columns were washed with 
5 ml of distilled water to remove sugars, then with 5 ml 
of 40% MeOH to elute phenolics, and next with 5 ml of 
70% MeOH to elute total saponins. The 40% MeOH and 
70% MeOH fractions were condensed nearly to dryness 
in vacuo, redissolved in 1 ml of, respectively, 40% MeOH 
and 100% MeOH. Extraction of each sample was made in 
three replications. The received flavonoid extracts were 

analyzed by ultra performance liquid chromatography 
(UPLC, Waters). The BEH C18 column (50 × 2.1 mm, 1.7 
μm, Waters) at 50oC was applied. The solvents 0.1% acetic 
acid in water and 40% MeCN were used in gradient elu-
tion over 16.5 min and flow 0.35 ml/min. The saponins 
fractions were analysed by reverse-phase liquid chroma-
tography with on-line photodiode array detection and 
electrospray ionization mass spectrometry (LC-PAD/ESI/
MS/MS). The separations were performed on Eurospher 
100 C18 column (250 × 4 mm, 5 μm, Knauer) using gra-
dient program of 0.05% acetic acid in water and 0.05% 
acetic acid in acetonitrile. The flow rate was kept at 0.5 
ml/min for 90 min. 
Results and discussion: Determination of the quantity 
contents of individual compounds was based on standard 
curves obtained for the seven flavonoids and ten sapon-
ins, which were previously isolated and identified from 
roots of M. truncatula Jemalong A17 in the Department of 
Biochemistry. Compounds isolated from the roots: 3-O-
[β-D-glucopyranosyl-(1→3)-β-D-glucopyranosyl]-28-O-
[α-rhamnopyranosyl-(1→2)-α-arabinopyranoside] zanhic 
acid (1), 3-O-[β-D-glucopyranosyl-(1→3)-β-glucopyrano-
syl]-28-O-{β-xylopyranosyl-(1→4)-[α-arabinopyrano-
syl-(1→3)]-α-rhamnopyranosyl-(1→2)-α-arabinopyra-
noside} zanhic acid (2), 3-O-[β-glucopyranosyl-(1→
3)-β-glucopyranosyl]-28-O-[α-rhamnopyranosyl-(1→
2)-α-arabinopyranoside] medicagenic acid (3), 3-O-[β-
glucopyranosyl-(1→3)-β-glucopyranosyl]-28-O-{β-xy-
lopyranosyl-(1→4)-[α-arabinopyranosyl-(1→3)]-α-rham-
nopyranosyl-(1→2)-α-arabinopyranoside} medicagenic 
acid (4), 3-O-[β-glucopyranosyl-(1→3)-β-glucopyranosyl]-
28-O-[β-xylopyranosyl-(1→4)-α-rhamnopyranosyl-(1→
2)-α-abinopyranoside] medicagenic acid (5), 3-O-[β-glu-
copyranosyl-(1→3)-β-glucopyranosyl]-28-O-{β-xylopyran-
osyl-(1→4)-[β-apiofuranosyl-(1→3)]-α-rhamnopyrano-
syl-(1→2)-α-arabinopyranoside} medicagenic acid (6), 
3-O-β-glucopyranosyl-28-O-[β-xylopyranosyl-(1→4)-α-
rhamnopyranosyl-(1→2)-α-arabinopyranoside] medi-
cagenic acid (7), 3-O-α-rhamnopyranosyl-(1→2)-β-ga-
lactopyranosyl-(1→2)-β-glucopyranoside soyasapogenol 
B (8), 3-O-α-rhamnopyranosyl-(1→2)-β-galactopyrano-
syl-(1→2)-β-glucopyranoside soyasapogenol E (9) and 
3-O-α-rhamnopyranosyl-(1→2)-β-xylopyranosyl-(1→
2)-β-glucopyranoside soyasapogenol B (10) had the same 
structures like these isolated from the aerial parts. The 
flavonoids of aerial parts of M. truncatula were glycosides 
of apigenin, luteolin, tricin and chrysoeriol and they com-
pletely differed from phenolic compounds found in roots: 
5-O-{[5’’-O-E-(4’’’-O-threo-guaiacylglycerol)-feruloyl]-

Table 1. The individual and total concentration of phenolic 
compounds in three subspecies Medicago truncatula roots 
[mg/g d.m.]

Compound M. truncatula 
var truncatula

M. truncatula 
var longispina

M. truncatula 
Jemalong A17

1 0.614 0.540 0.893
2 0.062 0.080 0.126
3 0.035 0.037 0.043
4 0.159 0.289 0.456
5 0.119 0.446 0.435
6 0.118 0.117 0.000
7 0.071 0.051 0.104
Total 1.178 1.561 2.058
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b-apiofuranosyl-(1→2)-β-xylopyranosyl} gentisic acid 
(1), 5-O-[(5’’’-O-vanilloyl)-β-apiofuranosyl-(1 → 2)-β-xy-
lopyranosyl] gentisic acid (2), 1-O-[E-(4’’’-O-threo-guaia-
cylglycerol)-feruloyl]-3-O-β-galacturonopyranosyl glyc-
erol (3), 5-O-β-xylopyranosyl gentisic acid (4), vicenin-2 
(5), hovetrichoside C (6) and pterosupin (7). The concen-
tration of phenolic compounds and saponins showed in 
table 1 and 2, respectively.
Compound 5-O-{[5’’-O-E-(4’’’-O-threo-guaiacylglycer-
ol)-feruloyl]-β-apiofuranosyl-(1 → 2)-β-xylopyranosyl} 
gentisic acid (1), 5-O-β-xylopyranosyl gentisic acid (4) 
and vicenin-2 (5) were the dominant flavonoids in all 
tested subspecies of Medicago truncatula. The highest fla-
vonoids concentration was found in roots of M. trunca-
tula Jemalong A-17 (2.06 mg/g d.m.). Among isolated and 
identified saponins from roots of all subspecies of Medi-
cago truncatula the dominant were 3-O-[β-glucopyrano-
syl-(1→3)-β-glucopyranosyl]-28-O-[α-rhamnopyrano-
syl-(1→2)-α-arabinopyranoside] medicagenic acid (3), 
3-O-α-rhamnopyranosyl-(1→2)-β-galactopyranosyl-(1→
2)-β-glucopyranoside soyasapogenol B (8) and 3-O-α-
rhamnopyranosyl-(1→2)-β-galactopyranosyl-(1→2)-β-
glucopyranoside soyasapogenol E (9). The highest sapon-
ins concentration was characteristic for M. truncatula var. 
truncatula. Any significant differences haven’t been affirm 
in total concentration of two kinds secondary metabolites 
between the three subspecies of Medicago truncatula (to-
tal concentration of phenolic compounds and triterpene 
saponins in M. truncatula Gaertn. var. truncatula, M. trun-
catula Gaertn. var. longispina Urb. and Medicago truncatula 
cv. Jemalong A-17 was 3.36, 3.42 and 3.67 mg/g d.m. re-
spectively).
References:
1. Long SR (1996) Plant Cell 8: 1885-1898. 
2. Dixon RA, Sumner LW (2003) Plant Physiol 131: 878-885. 
3. Winkel-Shirley B (2001) Plant Physiol 126: 485-493. 
4. Kapusta I et al (2005) J Agric Food Chem 53: 7654-7660.
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The legumes are second only to the grasses in importance 
to humans as a source of food, feed for livestock, soil im-
prover, and raw materials for industry. They are unique 
in their ability to fix atmospheric nitrogen through sym-
biosis with bacteria known as Rhizobia and they contain 
high levels of protein. Among legumes, Medicago trunca-
tula (commonly called barrel medic or simply Medicago), 
a species closely related to alfalfa, is widely considered the 
preeminent model for genomic and functional genomic 
research, because of the relatively small, diploid genome, 
autogamous genetics, ease of transformation, short life cy-
cle, and rapid generation time [1, 2]. Medicago truncatula 
is a rich source of natural products, some of which have 
beneficial nutritive properties, while others are important 
defences against pathogens. Their content in plant is de-
pendent on biotic stress caused by plant pathogens, and 
a variety of distinct abiotic stresses, such as availability of 
water (drought, flooding), extreme temperature (chilling, 
freezing, heat), heavy metals (ion toxicity), photon irradi-
ance (UV-B), and soil structure. Apart from environmental 
stresses, level of genetic variation within populations of 
Medicago truncatula has the most important influence on the 
profile of secondary metabolites. Previous research carried 
out at the Department of Biochemistry, the Institute of Soil 
Science and Plant Cultivation enabled us to obtain better 
knowledge about the phenomenon of biochemical poly-
morphism. The subject of these studies was to describe the 
biochemical polymorphism of cyangenesis in white clover 
(Trifolium respens L.). The main goal of the present study 
was to describe polymorphism of flavonoids in aerial parts 
of three M. truncatula subspecies: M. truncatula Gaertn. 
var. truncatula, M. truncatula Gaertn. var. longispina Urb. 
and Medicago truncatula cv. Jemalong A17. 
Plant material: The leaves and stems of 25 plants of each 
subspecies were used as plant material. The plants were 
harvested at the beginning of flowering. The plant ma-
terial was liophilised, powdered, kept at the refrigerator 
and used for the successive extraction according to previ-
ously developed techniques [3, 4]. 
Methods: Flavonoid fractions were separated by SEP-
PAK C18. Flavonoids were analyzed by Ultra Performance 
Liquid Chromatography (UPLC, Waters). The separation 
was performed on a 1.7 mm UPLC BEH C18 column (50 
mm × 2.1 mm, Knauer). Chromatographic run was car-
ried out using a gradient elution profile and a mobile 
phase consisting of 0.1% acetic acid in water and 40% 
acetonitrile. The column temperature was a 50°C. The 
analysis was completed in 16.50 min at a flow rate of 0.350 
ml/min.
Results and discussion: The three subspecies of M. trunca-
tula included different mean content of flavone glycosides 

Table 2. The individual and total concentration of saponins in 
three subspecies Medicago truncatula roots [mg/g d.m.]

Compound M. truncatula 
var truncatula

M. truncatula 
var longispina

M. truncatula 
Jemalong A17

1 0.015 0.018 0.010
2 0.000 0.000 0.005
3 1.432 1.067 0.998
4+6 0.000 0.000 0.001
5 0.000 0.000 0.006
7 0.000 0.000 0.001
8 0.526 0.526 0.428
9 0.207 0.244 0.156
10 0.002 0.001 0.012
Total 2.181 1.856 1.616
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in leaves than stems (Figs. 1 and 2). The mean flavonoids 
concentration in leaves was: 22.07 mg/g d.m. for M. trun-
catula Gaertn. var. truncatula, 27.04 mg/g d.m. for M. trun-
catula Gaertn. var. longispina Urb and 34.84 mg/g d.m. for 
Medicago truncatula cv. Jemalong A17. Whereas in stems 
respectively: 8.17, 11.14 and 14.72 mg/g d.m. In the popula-
tion of M. truncatula Gaertn. var. truncatula and M. trunca-
tula Gaertn. var. longispina Urb both the plants with low 
as well as high concentrations of flavone glycosides in the 
leaves could be found (standard deviation was 7.67 and 
7.56, respectively for the subspecies). In the case of leaves of 
Medicago truncatula cv. Jemalong A17 much less differences 
in the content of examined compounds (standard devia-
tion 4.51) were found. The same situation as in leaves was 
also observed in the case of stems. The population variabil-
ity of flavonoids content in leaves was oscillated between 
0.6% and 4.6% of dry matter and in stems between 0.1% 
and 2.0% of dry matter. The presented data show that there 
are considerable differences in flavonoids content among 
plants in subspecies M. truncatula Gaertn. var. truncatula 
and M. truncatula Gaertn. var. longispina Urb. The line Med-
icago truncatula cv. Jemalong A17, breed from the one seed, 
is uniform as regards flavonoids concentration, and it is 
good source to creation new variety with high content of 
flavonoids, specially tricin glycosides. 
References:
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2. Trieu AT et al (2000) Plant J 22: 531-541.
3. Stochmal A et al (2001) J Agric Food Chem 49: 5310-5314.
4. Kowalska I et al (2007) J Agric Food Chem 55: 2645-2652.
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Anthocyanins are very interesting and intriguing group 
of water soluble pigments present in plants. These com-
pounds are responsible for the red, orange, blue colours 
of fruit and vegetables. Daily consumption of anthocy-
anins has been estimated at around 200 mg per day and 
conducted research showed that this value is much high-
er than the intake of other flavonoids such as flavanones 
and flavonols [1, 2]. Thus, as ingredients of fruits and 
vegetables anthocyanins are consumed by humans in the 
amounts which may be significant from the physiological 
point of view.
Previous studies have shown that food anthocyanins 
may have influence on human health [3, 4]. However, to 
exhibit positive effects, anthocyanins have to enter the 
human systemic circulation. The factors that determine 
the content and bioaccessibility, and thus the bioavail-
ability of anthocyanins are species, varieties, technologi-
cal processes and manner of preparing the meals. The 
anthocyanidin backbone, the presence or lack of glyc-
osylation flavylium structure, the number and type of 
bounded sugar molecules, and acylation of sugar mole-
cule are also agents that influence the anthocyanins bio-
logical fate. Moreover, storage and post-harvest process-
ing not only have impact on the content and composition 
of anthocyanins in foodstuffs, but also can modify their 
chemical forms. 
In Poland, red cabbage is a good source of anthocyanins, 
with acylated forms as predominant ones. Red cabbages 
are not always consumed in fresh forms. It is often sub-
jected to technological and culinary processing, which 
may result in a partial changes of anthocyanins profile of 
the final products. 
The objective of this study was connected with quanti-
tative and qualitative determination of anthocyanins in 
fresh red cabbage varieties cultivated in Poland. More-
over, evaluation of impact of fermentation process 
and storage on anthocyanins profile as well as content 
was observed. In investigated varieties of red cabbage, 
twenty derivatives of cyanidin have been identified us-
ing HPLC-DAD-MS method. The core of the identified 
compounds was cyanidin 3-diglucoside-5-glucoside 
which sugar substituents were differently acylated. Re-
sults confirmed that red cabbage contain large amount 
of anthocyanins (1.13–2.14 mg/g d.m.). Moreover the 
investigations have shown that fermentation process 
change red cabbage anthocyanins profile and led to 
decrease in 25% of anthocyanins concentration. During 
the storage of fermented red cabbage, the contents of 
anthocyanins were gradually decreasing and a loss in 
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Figure 1. Normal distribution of flavonoids concentration in 
leaves of three Medicago  truncatula subspecies.
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Figure 2. Normal distribution of flavonoids concentration in 
stems of three Medicago truncatula subspecies.
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their contents after 180 days of storage amounted to 
56% was noted.
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