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Varietal influence on the content of biologically valuable compounds
in selected legumes
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Summary

The present study surveyed antioxidant properties of selected legumes less utilized by our population. These were
determined spectrophotometrically by various methods, namely, using radicals 2,2-diphenyl-1-picrylhydrazyl (DPPH),
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), the ferric reducing antioxidant power (FRAP) and total
polyphenols contents (7PC) using Folin—Ciocalteu reagent. The contents of individual phenolics were determined
by high performance liquid chromatography with diode array detector in methanolic extracts from 11 varieties of
white lupin, 3 varieties of grass pea and 7 varieties chickpea. The varieties of legumes were a major source of varia-
tion in content of phenolic substances and total antioxidant activity (Z4A4). The highest content of phenolic acids had
white lupin var. Solne¢nyj with caffeic acid at 568 mg-kg-! dry weight (dw) and the lowest content of quercetin had
grass pea var. Krajova at 0.163 mg-kg! dw. TPC (expressed as gallic acid equivalent) values were in the range from
1273 mg-kg! dw (grass pea) to 8 004 mg-kg-! dw (white lupin). The results confirmed that the variety, but also the crop
species, significantly differ in the content of biologically valuable components in selected legumes. The present study
provides data on the phytochemical composition of legumes and the antioxidant properties of these compounds.
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Legumes are annual crops from family them an interesting source of biologically active

Fabaceae that represent a significant source of
proteins of plant origin for human nutrition and
livestock [1]. This large plant family includes
approximately 18 000 species with seeds of various
shapes, sizes and colours, characterized by the
content of various biologically active compounds
that are protected inside the pod [1, 2]. Seeds of
plants such as chickpea (Cicer arietinum L.), white
lupin (Lupinus albus L.) or grass pea (Lathyrus
sativus L.) can be used for human nutrition, ani-
mal feeding and for plant-based oil production [3].
Legumes have been the staple food implemented
into the nutrition of various cultures worldwide.
Their high nutrition value and low cost have made

compounds, proteins, starch and phytochemi-
cals [4].

Plant foodstuffs and legume seeds con-
tain a large number of phytochemicals, such as
phenolic acids or flavonoids [5]. Flavonoids and
phenolic acids form the most important group of
secondary metabolites and extra-nutritional con-
stituents in plants [6]. The consumption of plant
foods provides a diverse range of flavonoids,
which can act synergistically as antioxidants, anti-
cancer and anti-inflammatory agents [7]. Phenolic
acids and flavonoids are effective as reducing
agents, scavengers of free radicals and quench-
ers of singlet oxygen. Besides this, flavonoids and
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phenolic acids play a relevant role by the reduc-
tion of risk of cancer development and also other
diseases of civilization incidence. Thus, integrating
of legumes into dietary patterns is important for
promoting human health [6].

It is known that the content of phenolic com-
pounds and antioxidant activity of the plants
vary among species and cultivars. Significant
differences among wild grown and cultivated
varieties of some plants have been reported.
LAMPART-SzczAPA et al. [8] investigated the to-
tal polyphenols contents of bitter and sweet lupin
seeds, while the bitter varieties exerted higher
values when compared to sweet varieties.

Legumes contain a wide spectrum of antinu-
tritive compounds with a negative effect on hu-
man organism, which is rather limiting for using
legumes in diet [9]. Selection of cultivars with
a low content of antinutritive compounds or uti-
lization of proper processing methods and tech-
nological treatments deactivate or eliminate most
of them in seeds, which may help to increase the
use of legumes in human diet [10]. Content and
composition of biologically active and antinutritive
compounds in plant seeds is known to be affected
mainly by variety, conditions of processing, condi-
tions of storage and by climatic conditions [11].

The present study aimed to gain knowledge
that can help the consumer to make the right
choice by selecting of plant raw material in the
way to maximalize the intake of phytochemi-
cals beneficial to human organism. Due to the
possible benefit of biologically active compounds
in legumes for the health of consumer, the chosen
variety and also legume species are very impor-
tant factors. Therefore, it is relevant to describe
the composition and content of biologically active
compounds in various varieties and legume spe-
cies to increase their consumption. The aim of this
study was to determine the content of biologically
valuable compounds, polyphenols and flavonoids,
and to evaluate the influence of variety on the
content of these compounds in selected types of
legumes.

MATERIALS AND METHODS

Plant material

Samples of the plant material (seeds) were
collected at a full maturity stage from Research
Institute of Plant Production, National Agricul-
tural and Food Centre in Piestany (Slovakia).
These included 3 old regional varieties (Arida,
Krajova from Kralova, Cachticky) of grass pea
(Lathyrus sativus L.), 7 old regional varieties (Kra-

jova, Maskovsky Bagovec, Businsky, Slovak, Beta,
Alfa, Irenka) of chickpea (Cicer arietinum L.) and
11 old regional varieties (Alban, Astra, R-933,
Satmarean, Nelly, Pop I, Los Palacios, Primorskij,
Solnecnyj, Weibit, Wtd) of white lupin (Lupinus
albus L). The plants were conventionally cultivated
in Piestany, Slovakia. Seeds of the plant material
were manually separated, then dried at 105 °C to
a constant weight and finally pulverized by a knife
mill Grindomix 200 GD (Retsch, Haan, Ger-
many). Ground samples were individually packed
in paper packages and stored separately in a dry
place with good ventilation, without sun light at
laboratory temperature 22 °C for a maximum 78 h.

Chemicals and reagents

Standard chemicals (4-hydroxybenzoic acid,
caffeic acid, p-coumaric acid, trans-ferulic acid,
kaempferol, myricetin, quercetin, genistein and
apigenin), methanol (gradient high-performance
liquid chromatography, HPLC grade), aceto-
nitrile (gradient HPLC grade), phosphoric acid
(American Chemical Society reagent grade)
were obtained from Sigma-Aldrich (St. Louis,
Missouri, USA). Deionized water (0.054 uS-cm-1)
was obtained from Simplicity 185 purification
system (Millipore SAS, Molsheim, France). Po-
tassium persulphate, acetic acid, sodium acetate,
40 mmol-1-! hydrochloric acid, ferric chloride hexa-
hydrate, Folin-Ciocalteu reagent, gallic acid, 6-hy-
droxy-2,5,7,8-tetra-methylchromane-2-carboxylic
acid (Trolox) and 2,2’-azino-bis(3-ethylbenzothia-
zoline-6-sulfonate)) (ABTS), 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH), 2,4,6-tris(2-pyridyl)-s-triazine
(TPTZ) were obtained from Merck (Darmstadt,
Germany).

Preparation of extracts

Seeds for analysis were homogenized by a labo-
ratory mixer (Kinematica, Luzern, Switzerland) for
30 s to a fine powder. An amount of 5 g of it was
weighed on an analytical balance into a cellulose
thimble and extracted in 50 ml 80% methanol for
8 h in Twisselman extractor (BehrLabor-Technik,
Diisseldorf, Germany). The extracts were filtered
using filter paper (130 grm-2; Filtrak, Thermalbad
Wiesenbad, Germany) into 50 ml centrifuge tubes
and stored for 24 h until the analyses. Before in-
jection, the standard solutions and sample extracts
were filtered through a syringe microfilter Q-Max
(cellulose acetate, pore size 0.45 wum, diameter
25 mm; Frisenette, Knebel, Denmark).

Total polyphenols content

The total polyphenols content (7PC) was
determined in methanol extracts following the
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method of LACHMAN et al. [12] by spectrophoto-
metry using the Folin-Ciocalteu assay. An aliquot
portion of the prepared extract (2 ml) was pipetted
into a volumetric flask (50 ml). The sample was di-
luted with distilled water, 2.5 ml Folin-Ciocalteu
reagent was added and thoroughly mixed. After
3 min of reacting, 7.5 ml of 20% sodium car-
bonate was added and the flask was mixed again.
Then, distilled water was added till the mark, the
sample was mixed and left to react for 2 h (forma-
tion of a blue complex took place). Calibration
curve was prepared from the solution of gallic acid
(5 pg'mll). Absorbance of blue solutions against
control at a wavelength of 765 nm was determined
using UV-1800 spectrophotometer (Shimadzu,
Kyoto, Japan). The results were calculated as
milligram per kilogram of gallic acid equivalents
(GAE) on dry weight (dw) basis.

Individual phenolics content

Phenolic compounds were determined by
a modified method of GABRIELE et al. [13] using
Agilent 1260 Infinity HPLC system G1315C (Agi-
lent Technologies, Santa Clara, California, USA).
All HPLC analyses were performed on a Puro-
sphere reverse phase C18 column (250 mm x
4 mm x 5 um; Merck). The detection wavelength
was 320 nm for 4-hydroxybenzoic acid, caffeic acid,
p-coumaric acid, trans-ferulic acid and 372 nm for
kaempferol, myricetin, quercetin, genistein and
apigenin.

Total antioxidant activity

Total antioxidant activity (74A4) was deter-
mined by three different methods using radicals
DPPH, ABTS and the ferric reducing antioxidant
power (FRAP), respectively.

DPPH radical-scavenging capacity was de-
termined by the method of BRAND-WILLIAMS
et al. [14]. Into a cuvette, 3.9 cm3 of DPPH solu-
tion was pipetted and the absorbance was deter-
mined (Ao means initial concentration of DPPH
solution). Then, 0.1 cm3 of the extract was added
(according to individual plant species). The ab-
sorbance of the mixed solution was assessed by
spectrophotometer UV-1800 in relation to value
At (in time intervals; after 1 min till 10 min) at
515.6 nm. Radical-scavenging capacity of at de-
fined time was calculated from the formula that
presents TAA. TAA was expressed as millimoles of
Trolox equivalents (TE) per kilogram dry weight.

Determination of antioxidant activity using
ABTS radical was achieved by the method of
PauLova et al. [15]. The 0.1 mol-I'! acetate buffer
(pH 4.3) was prepared and then 3 ml of ABTS
solution was pipetted into cuvettes. Then, 50 ul
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of the extract from tested crops was added. After
20 min (reduction of radical cation ABTS), ab-
sorbance was measured at 734 nm. Trolox was
used as the standard. The results were calculated
as millimoles of Trolox per kilogram of the sample
based on the calibration curve.

FRAP was determined by the method of
PauLova et al. [15] using of TPTZ radical. Acetate
buffer (0.1 molll, pH 3.5) was prepared and
aliquots of the solutions were mixed with a FRAP
reagent followed by spectrophotometric measure-
ment of the absorbance of the reaction mixture
after incubation at 37 °C for 10 min at 593 nm
against the blank. FRAP assay has so far been
widely used to directly test the total antioxidant
potential of several foods and plant extracts based
on the reduction of complexes of TPTZ with ferric
chloride hexahydrate (FeCls-:6H20), which are
almost colourless. The solution will eventually
turn slightly brownish forming blue ferrous com-
plexes after complete reduction. 744 was ex-
pressed as millimoles of Trolox equivalents (TE)
per kilogram dw.

Statistical analysis

Each analysis was done in four replicates and
the results were as mean. For statistical evaluation
of experimental data of assessed TPC as well as
phenolic compounds and antioxidant activity, both
statistical methods of one-way analysis of variance
and two-way analysis of variance were used and
we observed the relation of more than two of
the middle values of basic files using the statisti-
cal software Statgraphics Centurion XVLI (Stat-
point Technologies, Warrenton, Virginia, USA).
Statistical differences were evaluated using least
significant difference (LSD) test at a level of sig-
nificance of 0.05. These calculations were per-
formed with MS Excel 2016 (Microsoft, Redmond,
Washington, USA) and XLSTAT 2014 (Addinsoft,
New York, New York, USA).

RESULTS AND DISCUSSION

In Tab. 1A, average values of TPC (expressed
as GAE) and TAA (expressed as TE) in seeds of
lupin varieties are presented. The TPC ranged
from 6522 mg-kg! dw (Nelly) to 8004 mg-kg! dw
(Alban). Values of varieties were similar to each
other. Statistically significant differences were
identified for TPC values among varieties of lupin
in 5 content values, i.e. R-933/Satmarean; Sat-
marean/Nelly; Satmarean/Primorskij; Satmarean/
Solnecnyj; Satmarean/Wtd. The varieties could be
ranked in the following order on the basis of TPC:
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Alban > Weibit > Satmarean > Pop I > Astra >
Los Palacios > Primorskij > Solne¢nyj] > Wtd >
R-933 > Nelly.

The highest average 7A4A4 value deter-
mined by the DPPH method in tested varieties
of lupin was determined for Solnec¢nyj variety
(17.8 mmol-kg! dw). On the contrary, the lowest
value was determined for Wtd variety, which was
by 41.8 % lower in comparison with Solnec¢ny;j va-
riety. Our assessments were in accordance with
the results of Boupjou et al. [16] who reported
the T4A value (DPPH method) for white lupin of
16.7 mmol-kg1 dw. The TAA values determined by
the FRAP method were relatively similar to each
other, in a range from 1.82 mmol-kg! dw (Astra)
to 2.44 mmolkg! dw (Solne¢nyj). Antioxidant
activity assessed by the ABTS method was the
highest (9.27 mmol-kg! dw) in variety Weibit and
the lowest in variety Alban (7.14 mmol-kg! dw).

Statistically significant differences among
TAA values of varieties were found only for the
DPPH method, specifically, for pairs of varie-
ties Alban/Wtd, Astra/Primorskij, Astra/Wtd,
R-933/Primorskij, R-933/Wtd, Satmarean/Wtd,
POP I/Wtd, Los Palacio/Wtd, Primorskij/Sol-
necnyj, Weibit/Wtd and Solnec¢nyj/Wtd.

Tab. 1B presents average values of TPC
and TAA for chickpea. TPC values ranged
from 1273 mgkg! dw (variety Krajova) to
1763 mgkg!l dw (variety Irenka). No statistically
significant differences in the contents of polyphe-
nols among varieties of chickpea were determined.
The varieties could be ranked on the basis of 7PC
values in the order Krajova > Maskovsky Bago-
vec > Alfa > Beta > Businsky > Slovak > Irenka.
TPC values in chickpea determined in this study
were considerably higher than those reported pre-
viously by MAHBUB et al. [17].

The highest TAA value determined by
the DPPH method was in variety Irenka
(16.9 mmol-kg! dw) and the lowest value in variety
Beta (8.6 mmol-kg1 dw). No statistically significant
differences in TAA values determined by this meth-
od among chickpea varieties were found. Simi-
larly, no statistically significant differences were
found among chickpea varieties in T4A values de-
termined by the FRAP method, while their inter-
val was in a range 1.57-2.03 mmol-kg! dw. Rela-
tively similar conclusions were observed also by
evaluation of TAA values determined by the ABTS
method, where the differences were very small.
The highest 744 value was determined in varie-
ties Businsky and Slovak (9.62 mmol-kg-! dw) and
the lowest in variety Beta (8.78 mmol-kg! dw).
Also here, no statistically significant differences in
the values were found. HARLEN and Jatr [18] re-

ferred an average TAA value determined by the
ABTS method for chickpea 6.48 mmol-kgl dw,
which was a lower value than our average TAA
value (9.35 mmolkg! dw). In addition, lower
values (6.0 mmol-kg! dw) were reported also by
MARATHE et al. [19] for chickpea (ABTS method).

TPC values determined in this study in
seeds of grass pea (Tab. 1C) were in range
1475-1578 mg'kg! dw, while the highest value

Tab. 1. Total polyphenols content and antioxidant
activity in seeds of selected legumes varieties.

A. White lupin
Variety TPC TAA [mmol-kg-]
[mg-kg'] | DPPH ABTS FRAP
Alban 8004 2b 17.0bc 7142 2.002
Astra 74952b 16.7¢ 8.082 1.822
R-933 66532 15.8¢ 8.312 1.932
Satmarean 78160 14.5bc 8.102 2.322
Nelly 65223 15.2abc | 7.282 1.952
Pop | 7502ab | 14.4bc 8.263 1.97a
Los Palacios | 70302ab 14.5bc 7.392 2.29a
Primorskij 67782 11.7ab 7.952 2,282
Solnecnyj 67062 17.8¢ 8.362 2.44a
Weibit 7838ab | 16.4bc 9.272 1.84a
Wid 66922 9.9a 8.812a 1.892
B. Chickpea
Variety TPC TAA [mmol-kg]
[mgkg'] | DPPH | ABTS FRAP
Krajova 1273a 14.8a 9.11a 1.682
'\B":;gf/’;’iky 14112 | 101a | 9382 | 1.652
Businsky 16032 13.52 9.622 1.77a
Slovak 16862 1452 9.622 1.992
Beta 15342 8.62 8.782 1.802
Alfa 14472 13.52 9.322 1.57a
Irenka 17632 16.92 9.59a 2.032
C. Grass pea
Variety TPC TAA [mmol-kg]
[mg-kg-1] | DPPH FRAP ABTS
Arida 14802 14.6a 2.21a 10.7a
E:g{gxg fom| 44752 | 1162 | 2112 | 1082
Cachticky 15782 9.2a 2502 10.72

Values represent mean. Different letters in superscript show
statistically significant differences (p < 0.05) between varie-
ties.

TPC - total polyphenols content expressed as milligrams
of gallic acid equivalents per kilogram of dry weight, TAA —
total antioxidant activity expressed as micromoles of Trolox
equivalents per gram of dry weight determined by methods
using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) and as ferric
reducing antioxidant power (FRAP).
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was determined for variety Cachticky and the
lowest value for variety Krajova from Kralova.
The results showed that there were no significant
differences in TPC values among grass pea varie-
ties. The order of tested varieties based on TPC
was Cachticky > Arida > Krajova from Kralova.
Variety Arida exerted the highest 7A4A4
value determined by the DPPH method
(14.6 mmol'kg! dw) and, on contrary, the
lowest value of TAA was determined for variety
Cachticky (9.1 mmol-kg! dw). The range of TAA
values determined by the FRAP method was
from 2.1 mmol'kg! dw (Krajova form Kralovd)
to 2.5 mmolkg! dw (Cachticky). Varieties of
grass pea Arida and Cachticky exerted the same
TAA values determined by the ABTS method
(10.7 mmol'kg! dw), while TAA value was
slightly higher in variety Krajova from Kralova
(10.8 mmol'kg! dw). No statistically significant
differences were found among varieties in TAA
values determined by any of the used methods.
Tab. 2A presents the contents of phenolic acids
in tested varieties of white lupin. The highest con-
tent of 4-hydroxybenzoic acid was determined in
variety Solne¢nyj with a value of 12.32 mg-kg! dw.
On the contrary, the lowest value was determined
for R-933 variety (3.679 mgkg! dw). Similar re-
sults were obtained also for caffeic acid, where
the highest value was determined again in seeds
of variety Solne¢nyj (568.3 mg'kg! dw), but the
lowest value of caffeic acid was determined for
variety Pop 1 (370.2 mgkg! dw). Alban variety
had the highest content of trans-p-coumaric acid
with a value of 2.147 mgkg! dw. This acid was
found in small amounts in variety Primorskij
(0.891 mg-kg! dw). Variety Alban had the highest
content of trans-ferulic acid (11.84 mgkg! dw)
and the lowest content of this compound was de-
termined for variety Primorskij (3.819 mg-kg! dw).
Summarizing the contents of phenolic acids
in selected varieties of white lupin, the orders
could be assembled: 4-hydroxybenzoic acid -
Solne¢nyj > Los Palacios > Nelly > Alban > Pri-
morskij > Weibit > Pop I > Wtd > Satmarean >
Astra > R-933; caffeic acid — Solne¢nyj > Los Pa-
lacios > Alban > Satmarean > Weibit > R-933 >
Primorskij > Wtd > Astra > Nelly > Pop I; trans-
p-coumaric acid — Alban > Weibit > Nelly >
Satmarean > Wtd > Astra > Solne¢nyj > Los
Palacios > Pop I > Primorskij; trans-ferulic acid —
Alban > Solneényj > Astra > Los Palacios >
Satmarean > Nelly > Wtd > R-933 > Pop I >
Weibit > Primorskij.
Statistically significant differences in contents
of 4-hydroxybenzoic acid were found between
the following varieties: Solne¢nyj/R-933, Solnec-
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nyj/Astra, Solnec¢nyj/Satmarean, Solnec¢nyj/Wtd,
Solnecnyj/Pop 1, Solnecnyj/Weibit, Solnecnyj/Pri-
morskij, Solne¢nyj/Alban, Solnecnyj/Nelly, Los Pa-
lacios/R-933 and Los Palacios/Astra. Statisti-
cally significant differences in contents of caffeic
acid were found between the following varieties:
Solnecnyj/Pop I, Solnecnyj/Nelly, Solnecnyj/Astra,
Los Palacios/Pop I, Los Palacios/Nelly, Los Pala-
cios/Astra, Alban/Pop I, Alban/Nelly and Sat-
marean/Pop 1. Statistically significant differ-
ences in contents of trans-ferulic acid were found
between the following varieties: Alban/Primor-
skij, Alban/Weibit, Alban/Pop I, Alban/R-933,
Alban/Wtd, Alban/Nelly, Alban/Satmarean, Al-
ban/Los Palacios, Solnecnyj/Primorskij, Solnec-
nyj/Weibit, Solnecnyj/Pop I, Solnec¢nyj/R-933,
Solne¢nyj/Wtd, Astra/Primorskij, Astra/Weibit,
Astra/Pop 1, Astra/R-933, Astra/Wtd, Los Pala-
cios/Primorskij, Los Palacios/Weibit, Satma-
rean/Primorskij and Nelly/Primorskij. No signifi-
cant differences in the content of trans-p-coumaric
acid among varieties were found.

Ruiz-Lopez et al. [20] found out higher
contents of 4-hydroxybenzoic acid in seeds
of white lupin, while our results were lower
(22.770 mg'kg! dw). Also, the contents of caffeic
acid and trans-p-coumaric acid were also consider-
ably lower (0.580 mg-kg! dw and 0.110 mg-kg! dw,
respectively).

In Tab. 2B, the content values of phenol-
ic acids in varieties of chickpea are reported.
The highest content of 4-hydroxybenzoic acid
was determined in seeds of variety Krajova
(40.90 mgkg! dw) and the lowest value was de-
termined in variety Businsky (14.32 mgkg1 dw).
Variety Irenka had the highest content of caffeic
acid (3.336 mgkg! dw and the lowest content of
caffeic acid was determined for variety Maskovsky
Bagovec (0.873 mg-kg-! dw). Only in two varieties,
Krajova and Irenka, trans-p-coumaric acid was de-
tected (at 1.800 mg'kg! dw and 4.179 mgkg! dw,
respectively). Only in variety Irenka, trans-ferulic
acid was detected (at 0.672 mg-kg1 dw).

The tested chickpea varieties could be ranked
on the basis of the content of phenolic acids in
the following order: 4-hydroxybenzoic acid — Kra-
jova > Beta > Alfa > Slovak > Irenka > Maskov-
sky Bagovec > Businsky; caffeic acid — Irenka >
Slovak > Krajova > Alfa > Beta > Businsky >
Maskovsky Bagovec; trans-p-coumaric acid — Iren-
ka > Krajova.

Statistically significant differences in contents
of 4-hydroxybenzoic acid were found between the
following varieties: Krajova/Businsky, Beta/Bu-
sinsky, Alfa/Businsky and Slovak/Businsky. Statis-
tically significant differences in contents of caffeic
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Tab. 2. Average contents of selected polyphenols in seeds of selected legumes varieties.

A. White lupin
Variety Content [mg-kg ]
4- Hydroxybenzoic acid Caffeic acid trans-p-Coumaric acid trans-Ferulic acid
Alban 6.180bc 543.82ab 2.1472 11.8402
Astra 3.713¢ 432.8 bed 1.1462 9.034ab
R-933 3.679¢ 452.6abed 1.0952 4.812cde
Satmarean 4.464 bc 524.9abc 1.5832 6.866 bcd
Nelly 6.782bc 417.9¢d 1.8742 6.834 bed
Pop | 5.192bc 370.2d 0.9792 4.775¢cde
Los Palacios 9.415ab 566.62 1.1092 7.730bc
Primorskij 5.596 bc 451.5abcd 0.8912 3.819¢
Solnecnyj 12.3202 568.32 1.123a 9.350ab
Weibit 5.404 be 456.5 abcd 2.1182 4.267de
Wid 5.136bc 446.2 abcd 1.2982 5.273 cde
B. Chickpea
Variety . . . F)ontent mg-kg1] . . . .
4- Hydroxybenzoic acid Caffeic acid trans-p-Coumaric acid trans-Ferulic acid
Krajova 40.902 1.9542b 1.800P <LOD
Maskovsky Bagovec 27.51ab 0.873P <LOD <LOD
Businsky 14.32b 1.026P <LOD <LOD
Slovak 40.022 2.181ab <LOD <LOD
Beta 40.042 1.530ab <LOD <LOD
Alfa 40.032 1.681ab <LOD <LOD
Irenka 36.56 2 3.3362 4.1792a 0.672a
C. Grass pea
Variety Content [mg-kg ]
4- Hydroxybenzoic acid Caffeic acid trans-p-Coumaric acid trans-Ferulic acid
Arida 7.1392 14.582 4.184b 1.791a
Krajova from Kralova 5.4322 28.752 4.,023b 1.5432
Cachticky 1.6532 52.25a 8.2312 2.6302

Values are given per kilogram of dry weight. Different letters in superscript show statistically significant differences (p < 0.05)

between varieties.
LOD - limit of detection.

acid were found between Irenka/Maskovsky Ba-
govec and Irenka/Businsky. A statistically signifi-
cant difference in contents of frans-p-coumaric
acid was also found between varieties Irenka/Kra-
jova, which were the only varieties with content
of this acid greater than the detection limit of the
analysis.

Authors  DOMINGUEZ-ARISPURO et al.
[21] reported the content of trans-ferulic acid
(1.16 mgkg! dw) and trans-p-coumaric acid
(1.18 mgkg! dw) in seeds of chickpea. Those
values were higher at trans-ferulic and lower at
trans-p-coumaric than the values obtained in this
study.

In Tab. 2C, the results of determination of
phenolic acids contents in selected varieties of
grass pea are presented. The highest content of

4-hydroxybenzoic acid was assessed in variety
Arida (7.139 mg'kg! dw) and the lowest content
had the variety Cachticky (1.653 mgkg! dw).
The dominating phenolic acid in variety Arida
was caffeic acid (52.25 mg'kg! dw). Contents of
trans-p-coumaric acid ranged from 4.023 mg-kg!
dw (Krajova from Kralovd) to 8.231 mgkg! dw
(Cachticky). The highest content of trans-ferulic
acid was determined in variety Cachticky (2.630
mg-kg! dw) and similar values were determined
in varieties Arida (1.791 mgkg! dw) and Kra-
jova from Krajovd (1.543 mgkg! dw), respec-
tively. On the basis of contents of phenolic acids,
the tested grass pea varieties could be ranked in
the order: 4-hydroxybenzoic acid — Arida > Kra-
jova from Kralovd > Cachticky; caffeic acid —
Cachticky > Krajova from Kralovd > Arida;
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trans-p-coumaric acid — Cachticky > Arida > Kra-
jova from Kralovd; frans-ferulic acid — Cachticky
> Arida > Krajova from Kralovd. Statistically
significant differences among varieties were con-
firmed only for content of trans-p-coumaric acid
in varieties Cachticky/Krajova from Kralovd and
Cachticky/Arida.

In Tab. 3A, contents of flavonoids in white lu-
pin varieties are given. The highest content of
myricetin was determined for variety Solnecnyj
(16.45 mgkg! dw) and the lowest content was
determined for variety Weibit (8.923 mg-kg1 dw).
The highest content of quercetin was determined
for variety Solne¢nyj (1.202 mgkg! dw) and
the lowest content was determined for variety
Weibit (0.215 mgkg! dw). The highest content
of apigenin was determined for variety Alban

(3.786 mgkgl dw) and the lowest content was
determined for variety R-933 (0.900 mg-kg! dw).
Genistein content ranged from 0.711mgkg1dw
(Primorskij) to 0.870 mgkg! dw (Nelly). The
highest content of kaempferol was determined for
variety Solne¢nyj (0.915 mg-kg! dw) and the lowest
content for variety Pop I (0.340 mg-kg! dw).

On the basis of results on flavonoids content
in varieties of white lupin, these could be ranked
in the following order: myricetin — Solne¢nyj >
Alban > Los Palacios > Satmarean > Primor-
skij > Astra > Nelly > Wtd > R-933 > Pop I >
Weibit; kvercetin — Solnecnyj > Los Palacios >
Wtd > Pop I > Alban > Astra > Primorskij >
Satmarean > Nelly > R-933 > Weibit; api-
genin — Alban > Los Palacios > Solne¢nyj >
Weibit > Wtd > Primorskij > Satmarean >

Tab. 3. Average contents of selected flavonoids in seeds of selected legumes varieties.

A. White lupin
Variety _ . Conten? [mg-kg-1] _
Myricetin Quercetin Apigenin Genistein Kaempferol
Alban 16.432 0.3600c 3.7862 0.822a 0.582a
Astra 11.87bc 0.3600c 1.128bed 0.8552 0.6172
R-933 10.24bc 0.216¢ 0.9004 0.7472 0.4182
Satmarean 12.92abc 0.312¢ 1.350bcd 0.7552 0.5732
Nelly 10.98bc 0.263¢ 1.225bcd 0.8702 0.3842
Pop | 8.96¢ 0.398bc 1.036¢d 0.764a 0.3402
Los Palacios 14.272b 0.997a 2.717ab 0.7542 0.5892
Primorskij 12.19abc 0.330bc 1.624 bed 0.711a 0.844a
Solnecnyj 16.452 1.2022 2.563abc 0.8092 0.915a
Weibit 8.92¢ 0.215¢ 1.951 bed 0.7262 0.7572
Wid 10.78bc 0.871ab 1.885 bed 0.7972 0.8542
B. Chickpea
Variety _ . Conten? [mg~kg-1] _
Myricetin Quercetin Apigenin Genistein Kaempferol
Krajova <LOD 1.9892b 3.6042 1.1752 <LOD
Maskovsky Bagovec <LOD 1.972ab 3.3152 1.050a <LOD
Businsky <LOD 3.091a 4.6272 1.1132 <LOD
Slovak <LOD 2.6762p 4.3652 0.9922 <LOD
Beta <LOD 1.246P 2.021a 1.2182 <LOD
Alfa <LOD 1.399b 2.1982 1.3892 <LOD
Irenka <LOD 1.276b 3.0952 0.8462 <LOD
C. Grass pea
Variety _ . Conten? [mg-kg-1] _
Myricetin Quercetin Apigenin Genistein Kaempferol
Arida 1.1752 <LOD 1.971a 0.164a <LOD
Krajova from Kralova 1.3862 <LOD 2.031a 0.1632 <LOD
Cachticky 1.5632 <LOD 2.0202 0.1962 <LOD

Values are given per kilogram of dry weight. Different letters in superscript show statistically significant differences (o < 0.05)

between varieties.
LOD - limit of detection.

152



Biologically valuable compounds in selected legumes

Nelly > Astra > Pop I > R-933; genistein —
Nelly > Astra > Alban > Solne¢ny; > Wtd >
Pop I > Satmarean > Los Palacios > R-933 >
Weibit >Primorskij and kaempferol — Solne¢nyj >
Wtd > Primorskij > Weibit > Astra > Los Pala-
cios > Alban > Satmarean > R-933 > Nelly >
Pop L.

Statistically significant differences in content
of myricetin were found between varieties Solnec-
nyj/Weibit, Solnecnyj/Pop 1, Solnecnyj/R-933,
Solnecnyj/Wtd, Solnecnyj/Nelly, Solnecnyj/As-
tra, Alban/Weibit, Alban/Pop 1, Alban/R-933,
Alban/Wtd, Alban/Nelly, Alban/Astra, Los Pala-
cios/Weibit and Los Palacios/Pop 1. Statistically
significant differences in content of quercetin
were found between varieties Solnecnyj/Weibit,
Solneényj/R-933, Solnecnyj/Nelly, Solneényj/Sat-
marean, Solnec¢nyj/Primorskij, Solnecnyj/Astra,
Solnecnyj/Alban, Solnecnyj/Pop I; Los Palacios/
Weibit, Los Palacios/R-933, Los Palacios/Nelly,
Los Palacios/Satmarean, Los Palacios/Primorskij,
Los Palacios/Astra, Los Palacios/Alban, Los Pala-
cios/Pop I, Wtd/Weibit, Wtd/R-933, Wtd/Nelly
and Wtd/Satmarean. Statistically significant differ-
ences in content of apigenin were found between
varieties Alban/R-933, Alban/Pop I, Alban/Astra,
Alban/Nelly, Alban/Satmarean, Alban/Primorskij,
Alban/Wtd, Alban/Weibit, Los Palacios/R-933,
Los Palacios/Pop I and Solne¢nyj/R-933. There
were no significant differences in the contents of
genistein and kaempferol among the tested varie-
ties.

Our obtained values of genistein content were
higher than those reported by VALENTINUZZI
et al. [22], who reported the genistein content of
0.170 mg-kgl dw. MAGALHAES et al. [23] reported
the apigenin content in seeds of white lupin in the
range from 0.63 mgkg! dw to 1.96 mgkg! dw,
which is consistent with our determined values.
Ruiz-LopEz et al. [20] determined the apigenin
content of 1.190 mg-kg! dw in seeds of white lu-
pin, which is consistent with our determined
values. D’AGOSTINA et al. [24] investigated also
the content of genistein in seeds of lupin, but their
values (0.2113 mgkg! dw) are lower than those
obtained in the present study.

Tab. 3B presents data on the contents of
flavonoids in chickpea varieties. The highest
value was determined for wvariety Busin-
sky (3.091 mgkg! dw), and the lowest value
for variety Beta (1.246 mgkg! dw). Con-
tent of apigenin in individual varieties was
in the range from 2.021 mgkg! dw (Beta) to
4.627 mg'kg! dw (Businsky). The highest value
of genistein was determined for variety Alfa
(1.389 mg'kg! dw) and the lowest value for va-

riety Irenka (0.846 mgkg! dw). Myricetin and
kaempferol were not detected in seeds of chick-
pea. On the basis of gained data on the content
of flavonoids in chickpea varieties, these could be
ranked in the following order: quercetin — Busin-
sky > Slovak > Krajova > Maskovsky Bagovec
> Alfa > Irenka > Beta; apigenin — Businsky >
Slovak > Krajova > Maskovsky Bagovec > Irenka
> Alfa > Beta; genistein — Alfa > Beta > Kra-
jova > Businsky > Maskovsky Bagovec > Slo-
vak > Irenka. Statistically significant differences
between varieties were found only for quercetin
content in the case of Businsky/Beta, Businsky/
Irenka and Businsky/Alfa. DOMINGUEZ-ARISPURO
et al. [21] carried out quercetin determination in
chickpea and reported contents in the range from
1.849 mg-kg-! dw to 3.005 mg-kg! dw, which is con-
sistent with our determined values.

Flavonoids contents in tested varieties of grass
pea are presented in Tab. 3C. The highest content
of myricetin was determined for variety Cachticky
(1.563 mg'kg! dw) and the lowest content for va-
riety Krajova from Kralovd (1.386 mgkg! dw).
Content values of apigenin were in the range from
1.971 mgkg! dw (Arida) to 2.031 mgkg! dw
(Krajova from Kralovd). The highest content of
genistein was determined for variety Cachticky
(0.196 mgkg!l dw) and the lowest content was
determined for variety Krajova from Kralova
(0.163 mgkg! dw). Quercetin and kaempferol
were not detected in seeds of grass pea. No sig-
nificant differences in contents of flavonoids
were found among varieties. Based on the ob-
tained values, varieties could be ranked in the
following order: myricetin — Cachticky > Krajova
from Kralovd > Arida; apigenin — Krajova from
Kralovd > Cachticky > Arida.

CONCLUSIONS

The highest values of TPC (expressed as GAE)
were in Alban variety — 8 004 mg-kg1 dw (white lu-
pin), Irenka variety — 1763 mg-kg! dw (chickpea)
and Cachticky variety — 1578 mg'kg! dw (grass
pea). The highest 744 value (based on DPPH
and FRAP) was determined for Solne¢nyj variety
(white lupin) and Irenka (chickpea). By ABTS,
the highest values were determined for varieties
Weibit (white lupin), Businsky (chickpea), Slo-
vak (chickpea) and Krajova from Kralovd (grass
pea). The highest T4A values were determined
for three grass pea varieties by the three methods.
Regarding phenolic acids contents, the varieties
of white lupin Solne¢nyj (the highest contents of
4-hydroxybenzoic and caffeic acids) and Alban
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(with the highest contents of trans-p-coumaric and
trans-ferulic acids) might be considered as their
most valuable sources. Chickpea variety Krajova
had the highest content of 4-hydroxybenzoic acid,
while Irenka variety had the highest contents of
caffeic, trans-p-coumaric and trans-ferulic acids.
Grass pea variety Arida had the highest content of
4-hydroxybenzoic acid and variety Cachticky had
the highest contents of caffeic, trans-p-coumaric
and trans-ferulic acids. Regarding flavonoids, it
could be stated that the most valuable varieties
were those of white lupin Solne¢nyj (the highest
contents of myricetin, quercetin and kaempferol),
Alban (the highest content of apigenin) and Nelly
(the highest content of genistein). Chickpea va-
riety Businsky had high contents of quercetin and
apigenin, while the variety Alfa had the highest
content of genistein. Grass pea variety Cachticky
had the highest contents of myricetin and geni-
stein and variety Krajova from Kralovd had the
highest content of apigenin. Based on these facts,
we could suggest varieties of white lupin Solnecny;j
and Alban, variety of chickpea Irenka and variety
of grass pea Cachticky as perspective crops re-
garding their high contents of antioxidants. The
obtained results confirmed that contents of bio-
logically valuable compounds differ between crop
types and varieties. They also demonstrate that
the less popular legumes can be a valuable source
of biologically active substances in human nutri-
tion. Utilization of these legumes has good pros-
pects particularly in the production of so-called
functional foodstuffs with high content of chemo-
protective components that could have a positive
inmpact on consumers’ health.
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