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The aim of the research was to screen the antioxidant activity of mature seeds 
of related bean species using the collection samples of the National Center for 
Plant Genetic Resources of Ukraine: Phaseolus vulgaris L., P. multiflorus Lam., 
P.  lunatus  L. and P.  acutifolius A.  Grey which have different colouration of 
their seed shell. The determination of antioxidant activity was carried out using 
the improved method of the stable radical DPPH•: methyl alcohol in the eluting 
solution was replaced by non-toxic ethyl alcohol. The results of the analysis are 
presented as the  equivalent of a  standard antioxidant (chlorogenic acid), ex-
pressed in mg of the standard per 1 g of a sample, taking into account dilutions 
according to the calibration schedule. As a result of the Phaseolus L. collection 
screening, it was found that the  antioxidant activity of bean seeds depended 
on the  colour of the  seed coat. Regardless of the  bean type, white seeds had 
the lowest indicator (equivalent to chlorogenic acid is 0.82–0.96 mg g–1 of seed). 
Painted seeds have different antioxidant activity. In P. vulgaris L., olive seeds 
have the highest index (4.21–5.07 mg g–1 of seeds), it is 2.36–3.60 mg g–1 in wine 
red seeds and 2.72–3.21 mg g–1 in pink ones. And the tendency of the influence 
of drawing colour and the area of a seed coat is noticed. In P. lunatus L., the an-
tioxidant activity of white seeds with a motley wine-red pattern (2.27 mg g–1 of 
seeds) is more than twice as high as of white seeds without a pattern (0.94 mg g–1 
of seeds). In P. multiflorus Lam., all the coloured seeds had a very high antioxi-
dant activity regardless of the seed coat colour and its pattern (6.09–6.16 mg g–1 
of seeds). In P. acutifolius A. Gray, the change in this parameter, depending on 
the seed coat colour, was small (1.27–1.62 mg g–1 of seeds). It was found that 
the  antioxidant activity of beans depended on the  environmental conditions: 
the stress of plants because drought leads to its increase.
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INTRODUCTION

Contemporary studies (Yashin, Chernouso-
va, 2009; Lin, Tang, 2007; Nijveldt  et  al., 2001; 
Duan  et  al., 2006; Jenkins  et  al., 2002) showed 
that antioxidants consumed with plant food 
helped the person to acquire control over his/her 
organism and withstand the aggressive influence 

of the environment: reduced tissue damage, pre-
vented numerous diseases, including infectious 
ones, and increased life expectancy. Legumes, 
being powerful sources of phenolic compounds, 
rank a leading place in terms of antioxidant con-
tents in mature seeds (Tsuda  et  al., 1993; Ony-
eneho, Hettiarachchy, 1991). Bean (Phaseolus L.) 
seeds contain great amounts of phenols, starch, 
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vitamins (A, B1, B2, B3, B6, PP), micronutrients 
(K, Mg, Ca, P, Na, Fe, I) and fructooligosaccha-
rides protecting the body against oxidative stress-
es, thus preventing cardiovascular and oncologi-
cal diseases as well as diabetes (Câmara  et  al., 
2013). It was noted that the  antioxidant activity 
in legumes, including bean, varied depending on 
colouration of the  seed coat: it was significantly 
higher in red and pink seeds than in white ones 
(Oomah et al., 2010; Nyau et al., 2016).

In this study, collection accessions of related 
bean species with a  wide range of the  colour 
gamut of their seed coat were studied to reveal 
dependence of the  nutritional value of ripened 
seeds on their colouration. To do this, the  goal 
was to screen the  antioxidant activity in ripe 
seeds of four bean species, Phaseolus vulgaris L., 
P.  multiflorus  L., P.  lunatus  L. and P.  acutifolius 
A. Gray, depending on the seed coat colour.

MATERIALS AND METHODS

The antioxidant activity (AOA) was determined 
using the  stable radical DPPH• by S.  Arabshahi 
and A. Urooj’s (2007) method with the improve-
ment: methanol in an eluting solution was substi-
tuted for non-toxic ethanol (Bonoli  et  al., 2004; 
Zhou, Yu, 2004). The  DPPH concentration was 
chosen so that the maximum extinction of solu-
tions should not exceed 1.4 units, and the  light 
transmission of all solutions should be within 
the  linear part of the  calibration curve. To re-
duce the  effect of temperature fluctuations in 
the laboratory (from +13 to +30°C), the reaction 
time was increased from 30 min to 2 h (Poznya-
kov, Vasylenko, 2017). The analysis data are pre-
sented as chlorogenic acid equivalents in mg of 
the standard (chlorogenic acid) per g of a sample, 
adjusted for dilutions according to the calibration 
curve.

Collection bean accessions of the  National 
Center for Plant Genetic Resources of Ukraine 
(NCPGRU) with the  most common coloura-
tion of the seed coat (white, yellow, olive, isabel-
line, pink, red, brown and black) with or with-
out a  pattern were used as the  test material: 31 
P. vulgaris L. accessions, 5 P. multiflorus Lam. ac-
cessions, 6 P.  acutifolius A.  Gray accessions and 
2 P. lunatus L. accessions harvested in 2015–2017. 
The colouration of the seed coat was determined 

according to the  valid Descriptors List (Bezuh-
la et al., 2004) in accordance with the colour scale 
(Bondarev, 1954).

The collection accessions were grown in a spe-
cial crop rotation on the  experimental field of 
the Plant Production Institute named after V. Ya. 
Yuryev of NAAS (Elitnoe Village, Kharkiv Dis-
trict, Kharkiv Region, Ukraine  – the  location 
49°59’02’’  N, 36°27’51’’  E, 195  m above the  sea 
level). The  soils are represented by chernozem 
powerful weakly alkaline. The  forecrop was win-
ter wheat. Agrotechnics is generally accepted for 
the  Forest-Steppe zone of Ukraine. Sowing was 
carried out with a  manual sowing device, with-
out replications in the optimal timing for beans. 
The  sowing scheme was 30  ×  10  cm and the  ac-
counting area 1  m2. The  block of check varieties 
was placed through each 20 numbers of collec-
tion accessions. The  evaluation of the  collec-
tion accessions was carried out in accordance 
with the  existing methodological recommenda-
tions for collection samples of legumes (Koby-
zeva  et  al., 2016). The  statistical processing of 
the experimental data was carried out by the dis-
persion analysis method according to Dospehov 
(1985). The  correlation analysis was carried out 
using the  STATISTICA  6.1, SN  BXXR502C-
631824NET3.

The years of vegetation of bean plants were 
characterized by a  different ratio of the  tempera-
ture regime and precipitation: in 2015 the  ratio 
of temperature and moisture approaches the  op-
timal ratio (hydrothermal coefficient HTK was 
1.37), 2016 is characterized by waterlogging 
(HTK  =  1.88), and 2017 is characterized by high 
summer temperatures and a  moisture deficit 
(HTK = 0.28) (Fig. 1).

The  determination of the  HTK during analy-
sis of the weather conditions of the bean growing 
season was carried out according to the  formula 
proposed by Selyaninov (1930):

,

where Σ r is the sum of precipitation for the grow-
ing season, mm;

Σ t is the  sum of temperatures above 10°C for 
the same period, °C;

0.1 is the coefficient.
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RESULTS AND DISCUSSION

Legumes are a  powerful source of dietary anti-
oxidants. S. A. Marathe et al. (2011) found a high 
AOA in horse gram, common bean, cowpea 
(brown and red) and fenugreek. They showed 
a high DPPH• radical scavenging activity – more 
than 400 units/g. Lablab bean (cream and white), 
chickpea (cream and green), butter bean and pea 
(white and green) showed a low AOA – less than 
125 units/g. The intermediate position was occu-
pied by green gram, black gram, pigeon pea, len-
tils, cowpea (white) and common bean (maroon). 
Green gram, black gram, pigeon pea, lentils, cow-
pea (white) and common bean (maroon) showed 
an intermediate activity. It was proved that not 
always dark-coloured seeds had a high AOA (e.g. 
moth bean, black pea, black gram and lentils).

A. N. Maina et al. (2005) investigated depend-
ence of the AOA level on the seed coat colour and 
its inheritance in Vigna unguiculata  (L.) Walp. It 
was revealed that the  accessions with black and 
red seeds had a high AOA and the beige ones had 
a  low AOA. The  factors determining AOA were 
the  same as those responsible for the  colour of 
the seed coat with obvious pleiotropic effects.

V.  Nyau  et  al. (2016) screened bean samples 
of different seed coat colour which is most com-
mon in the  Zambian markets. It was found that 
the  AOA level was lowest in white beans, and 
further in an increasing order were brown, gray 
variegated and red seeds. The  values of FRAP 

ranged from 1.69 to 6.88 mmol Fe2+/100 g DW. 
A  positive linear dependence of AOA on total 
polyphenols and tannins was found what indi-
cates their effect on the AOA level in bean seeds. 
Similar conclusions about the positive correlation 
of total polyphenols and tannins with AOA have 
been made by other investigators (Beninger, Hos-
field, 2003; Pourmorad et al., 2006; Hajimahmoo-
di et al., 2006).

We found that the  AOA in seeds of P.  vulgar-
is L. depended on colouration of the seed coat and 
varied from 0.82 mg g–1 of seeds (chlorogenic acid 
equivalents) to 5.07  mg  g–1 of seeds. The  lowest 
AOA was recorded in seeds with white seed coats: 
UD0303351 (0.89  mg  g–1 of seeds), UD0300397 
(0.82 mg g–1 of seeds) and UD0300282 (0.96 mg g–1 
of seeds). This is relevant both to plain seeds 
and to seeds with a  peri-scar spot: UD0303961 
(0.82 mg g–1 of seeds). Yellow seeds (UD0301468 
is 0.92 mg g–1 of seeds) were similar to white ones 
in terms of this parameter (Fig. 2).

The AOA in mestizo seeds, in which half of 
the  seed is white and the  other part is vinous-
red with a  variegated pattern, was slightly 
higher than that in plain white ones. Moreo-
ver, the  regularity was observed: if a  larger 
part of the  seed surface was white, the  AOA 
was lower (UD0303789  –  1.23  mg  g–1 of seeds, 
UD0303687  –  1.24  mg  g–1 of seeds) than 
that in the  accessions with a  larger vinous-
red part (UD0301428  –  1.62  mg  g–1 of seeds, 
UD0300693 – 1.58 mg g–1 of seeds). The accessions 

Fig. 1. Characteristics of weather conditions in the vegetation period of beans in the Kharkov Region, 2015–2017
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with ocher seed coats (UD0301415 – 1.17 mg g–1 

of seeds, UD0300190  –  1.28  mg  g–1 of seeds) 
were comparable to mestizo seeds. Isabel-
line (UD0304012  –  1.37  mg  g–1 of seeds, 
UD0301412  –  1.82  mg  g–1 of seeds) and 
brown (UD0303979  –  1.81  mg  g–1 of seeds, 
UD0303616  –  1.68  mg  g–1 of seeds) seeds had 
slightly higher AOA. If there was a  pattern on 
the  isabelline seed surface, the  AOA depended 
on the pattern colour: seeds with a black pattern 
(UD0304011  –  1.42  mg  g–1 of seeds) had much 
lower values than seeds with an olive pattern 
(UD0300227 – 2.20 mg g–1 of seeds).

It is noteworthy that seeds with olive seed 
coats have the  highest AOA: UD0300152 (chlo-
rogenic acid equivalents 5.07  mg  g–1 of seeds) 
and UD0300384 (4.21 mg g–1 of seeds). The AOA 
in light-olive seeds was almost twice as little: 
UD0303578 (2.46 mg g–1 of seeds) and UD0304013 
(2.48 mg g–1 of seeds). It was comparable to that 
in the vinous-red seeds: UD0303912 (2.50 mg g–1 
of seeds) and UD03003925 (2.36 mg g–1 of seeds). 

Fig. 2. Changes in the AOA in P. vulgaris L. seeds, depending on the colouration of the seed coat (LSD005 = 0.054), 
average for 2015–2017

The AOA in vinous-red seeds with a pink variegat-
ed pattern was higher than that in seeds with plain 
vinous-red colouration: UD0300286 (3.36 mg g–1 
of seeds) and UD0303753 (3.60 mg g–1 of seeds). 
In seeds with pink seed coats, there was no de-
pendence of the AOA on patterns: in plain seeds, 
it was 3.21  mg  g–1 of seeds (UD0303921) and 
2.82 mg g–1 of seeds (UD0303987); in seeds with 
a vinous-red variegated pattern, it was 2.72 mg g–1 
of seeds (UD0300463).

A tendency was seen in the  influence of 
the  pattern colour and the  seed coat area cov-
ered by the pattern. In the accession UD0303961 
(0.82  mg  g–1 of seeds) with a  peri-scar vinous-
red pattern, the  AOA was similar to that in 
the  accessions UD0303351 (0.89  mg  g–1 of 
seeds), UD0300397 (0.82  mg  g–1 of seeds) and 
UD0300282 (0.96  mg  g–1 of seeds) with white 
seeds without a pattern. In the vinous-red acces-
sions with a  pink variegated pattern UD0303753 
(3.60  mg  g–1 of seeds) and UD0300286 
(3.36 mg g–1 of seeds) covering the entire surface 
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of the seed coat, this parameter was significantly 
higher than the values in the plain vinous-red ac-
cessions UD0303902 (2.50  mg  g–1 of seeds) and 
UD0303925 (2.36  mg  g–1 of seeds). However, in 
the  isabelline accessions with a  black variegated 
pattern UD0304011 (1.42  mg  g–1 of seeds) and 
with an olive pattern UD0300227 (2.20 mg g–1 of 
seeds), the AOA significantly differed.

The accessions with black seed coats constituted 
a  separate block. Their AOA significantly differed 
from each other: the  UD0304014’s (2.10  mg  g–1 

of seeds) surface was dull, and the  UD0303847’s 
(1.54 mg g–1 of seeds) surface was shiny.

Studying the AOA in seeds of the related bean 
species, we observed regularities in the  relation-
ship with colouration of the  seed coat that were 
similar to those in P. vulgaris L. (Table 1).

The AOA of accessions with white seeds was 
the lowest in all the bean species. It was approxi-
mately at the  same level in P.  vulgaris  L., P.  lu-
natus  L. and P.  multiflorus  Lam.: chlorogenic 
acid equivalents  =  0.95–1.05  mg  g–1 of seeds. 

Table  1 .  AOA in seeds of the related species Phaseolus L., 2015–2017

Number in the National Cata-
logue of Ukraine Colouration of the seed coat

Antioxidant activity

Chlorogenic acid 
equivalents, 

mg g–1 of seeds
АОА, %

P. vulgaris L.
UD0303351 White 0.95 14.27
UD0303753 Vinous-red with a pink pattern 4.35 65.05

P. lunatus L.
UD0303348 White 1.05 15.75
UD0303246 White with a vinous-red pattern 2.27 33.09

P. multiflorus Lam.
UD0300900 White 0.95 14.30
UD0303904 White 1.01 15.15
UD0300843 Black with a violet pattern 6.14 91.83
UD0300843 Violet with a black pattern 6.09 91.10
UD0300843 Isabelline 6.10 91.25
UD0300843 Brown 6.16 92.03
UD0300904 White 1.11 16.69
UD0300904 Brown 6.10 91.15
UD0300904 Violet 6.11 91.38
UD0300902 White 1.18 17.62
UD0300902 Black with a violet pattern 6.15 91.96
UD0300902 Violet with a black pattern 6.11 91.38

P. acutifolius A. Grey
UD0300204 White 1.27 19.01
UD0300126 White 1.28 19.16
UD0303771 Brown 1.32 19.77
UD0300133 Brown 1.34 19.96
UD0300130 Ochre 1.60 23.93
UD0300485 Ochre 1.62 24.22

LSD005 0.058 0.871
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In P.  acutifolius A.  Gray, it was slightly higher 
(1.27–1.28 mg g–1 of seeds). Pigmented seeds sig-
nificantly exceeded white ones in terms of this 
parameter, except for P.  acutifolius A.  Gray, in 
which the  difference was small: 1.32–1.34 and 
1.60–1.62  mg  g–1 of seeds in brown and ocher 
seeds, respectively. In P.  lunatus  L., the  AOA in 
white seeds with a vinous-red variegated pattern 
was more than twice as high as that in white ones 
without a pattern (2.27 mg g–1 of seeds). In P. mul-
tiflorus  Lam., this parameter in coloured seeds 
was very high (6.09–6.16 mg g–1 of seeds), regard-
less of the colour (brown, isabelline, violet, black, 
with or without a pattern). Moreover, segregation 
into groups with different colouration of the seed 
coat was conducted within individual accessions 
(UD0300843, UD0300904, UD0300902), which 
proves the prevailing dependence of the AOA in 
beans on the colouration of the seed coat.

Considering the  change in AOA over the  re-
search years, it was noted that its dependence 
on the seed coat colour is preserved, but the de-
pendence on the  water-temperature balance of 
the environment is traced (Table 2).

The  positive dependence of AOA on the  air 
temperature at which seeds are formed (corre-

lation coefficient is 0.82) and the  negative de-
pendence on the amount of precipitation during 
the growing season (–0.98) are revealed. Thus, in 
2017 which was characterized by severe drought 
(the sum of precipitation during the  growing 
season is 15.4  mm) and high temperatures (av-
erage air temperature over the vegetation period 
is 25.3°C), AOA of bean samples regardless of 
the  seed coat colour was higher (equivalent to 
chlorogenic acid 2.83  mg  g–1 seed). The  small-
est AOA was in 2016 (the  equivalent of chloro-
genic acid was 2.20 mg  g–1 of seed) which was 
characterized by an overabundance of moisture 
(the amount of precipitation during the growing 
season was 94.8  mm). In 2015, the  precipitation 
was less and the  ratio of temperature and mois-
ture approached the  optimum (average air tem-
perature during the  growing season was 23.0°C, 
the  precipitation amount during the  growing 
season was 66.0  mm). Under these conditions, 
the  AOA of bean samples had an intermediate 
value (equivalent of chlorogenic acid 2.31 mg g–1 

seed). Our results are confirmed by Terzi  et  al. 
(2010) where it is proved that the activity of an-
tioxidant enzymes increases due to the  stress of 
plants as a result of drought.

Table  2 .  The AOA of Phaseolus vulgaris L. seeds depending on the weather conditions of the reproduction 
year, 2015–2017

No. in the National Cat-
alogue of Ukraine Seed coat colour

Equivalent of chlorogenic acid,
mg g–1 of seed

2015 2016 2017

UD0303351 White 0.83 0.82 1.02

UD0303912 Wine red 2.25 2.12 3.04

UD0303753 Wine red with a pink pattern 3.67 3.23 3.90

UD0303921 Pink 2.98 3.01 3.62

UD0304012 Isabella 1.31 1.24 1.56

UD0301428 Yellow 1.14 1.50 1.98

UD0300152 Olive 4.75 4.62 5.85

UD0303616 Brown 1.66 1.40 1.97

UD0303014 Black 1.95 1.79 2.55

Mean 2.31 2.20 2.83

(least significant difference) LSD005 0.51 0.51 0.62

Average air temperature over the vegetation period, °С 23.0 24.0 25.3

Amount of precipitation during the vegetation period, mm 66.0 94.8 15.4
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CONCLUSIONS

The screening results of the NCPGRU’s Phaseolus L. 
collection confirmed the  opinion that the  AOA in 
bean seeds depended on colouration of the  seed 
coat. It was revealed that, regardless of beans spe-
cies, the  lowest antioxidant activity is shown by 
white seeds (chlorogenic acid equivalents 0.82–
0.96 mg g–1 of seeds). Pigmented seeds had various 
AOA. In P.  vulgaris  L., the  highest values were re-
corded in olive (4.21–5.07 mg g–1 of seeds), vinous-
red (2.36–3.60  mg  g–1 of seeds) and pink (2.72–
3.21  mg  g–1 of seeds) seeds. A  tendency was seen 
in the influence of the pattern colour and the seed 
coat area covered by the  pattern. In the  isabelline 
accession with a  black variegated pattern covering 
the  entire surface of the  seed, the  AOA was lower 
(1.42 mg g–1 of seeds) than in the  isabelline acces-
sion with an olive pattern (2.20  mg  g–1 of seeds). 
The accession with white seeds and a peri-scar spot 
(0.82 mg g–1 of seeds) was comparable with the ac-
cessions with plain white seeds (0.82, 0.89 and 
0.96 mg g–1 of seeds). In P.  lunatus L., the AOA in 
white seeds with a  vinous-red variegated pattern 
(2.27 mg g–1 of seeds) was more than twice as high 
as that in white seeds without a pattern (0.94 mg g–1 
of seeds). In P. multiflorus Lam., all coloured seeds 
had a  very high AOA, regardless of the  seed coat 
colour and its pattern (6.09–6.16 mg g–1 of seeds). 
In P. acutifolius A. Gray, this parameter changed lit-
tle, depending on the  colouration of the  seed coat 
(1.27–1.62 mg g–1 of seeds).

The antioxidant activity of bean seeds depends 
on the environmental conditions. Plant stress from 
drought leads to increased AOA.
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PHASEOLUS L. GENTIES AUGALŲ RŪŠIŲ 
SĖKLŲ SU SKIRTINGOS SPALVOS LUOBELE 
ANTIOKSIDACINIS AKTYVUMAS

Tyrimo tikslas – ištirti skirtingų pupelių rūšių sėklų, be-
siskiriančių luobelės spalva, antioksidacinį aktyvumą. Tir-
tos Ukrainos nacionalinio augalų genetinių išteklių centro 
kolekcijoje saugomų rūšių Phaseolus vulgaris L., P. mul-
tiflorus Lam., P. lunatus L., P. acutifolius A. Grey sėklos. 
Antioksidanto aktyvumas buvo nustatytas naudojant DPPH 
pagalba patobulintą stabilių radikalų surišimo metodą. Me-
tilo alkoholis tirpale buvo pakeistas netoksišku etilo alko-
holiu. Analizės rezultatai pateikiami kaip standartinio anti-
oksidanto (chlorogeno rūgšties) ekvivalentas, išreiškiamas 
mg standarto 1 g mėginio, atsižvelgiant į skiedimus pagal 
kalibravimo grafiką. Nustatyta, kad pupelių sėklų antiok-
sidacinis aktyvumas priklauso nuo sėklų luobelės spalvos. 
Nepriklausomai nuo pupelių rūšies, mažiausias rodiklis 
buvo stebėtas   baltose sėklose (ekvivalentas chlorogeno 
rūgščiai 0,82–0,96 mg  g–1 sėklos). Spalvotos pupelės tu-
rėjo įvairų antioksidacinį aktyvumą. P. vulgaris L. rūšyje 
aukščiausias antioksidacinio aktyvumo rodiklis nustatytas 
alyv uogių spalvos pupelėse (4,21–5,07 mg g–1 sėklų), rau-
donojo vyno spalvos (2,36–3,60 mg  g–1 sėklų) ir rožinėse 
(2,72–3, 21 mg g–1 sėklų) . Taip pat pastebėta sėklų piešinio 
ir spalvotos zonos ploto įtaka antioksidaciniam aktyvumui. 
P. lunatus L. baltų sėklų su ryškiu vynuogių raudonumo 
raštu antioksidacinis aktyvumas (2,27 mg g–1 sėklų) buvo 
daugiau nei dvigubai didesnis, palyginti su baltų sėklų (0,94 
mg g–1 sėklos) P. multiflorus Lam. Visos spalvotos sėklos 
turėjo labai didelį antioksidacinį aktyvumą, nepriklausomai 
nuo sėklos spalvos ir raštuotumo (6,09–6,16 mg g–1 sėklų). 
P. acutifolius A. Grey šio parametro pokytis dėl sėklų spal-
vos buvo mažas (1,27–1,62 mg  g–1 sėklų). Nustatyta, kad 
pupelių antioksidacinis aktyvumas priklauso nuo aplinkos 
sąlygų, ypač streso, kurį sukelia sausra.

Raktažodžiai: antioksidacinis aktyvumas, Phaseolus 
vulgaris L., Phaseolus multiflorus Lam., Phaseolus luna-
tus L., Phaseolus acutifolius A.Grey, sėklų luobelės spalva


