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Abstract

Polish bean cultivars grown for dry seeds were characterized in respect to total nitrogen
content and protcin nitrogen content, and were compared to foreign cultivars. The effect
of two different regions of cultivation on total nitrogen content in seeds of some bean
cultivars was evaluated also. Based on the differential solubility of bean proteins, the
contents of albumins, globulins and other fractions in the seeds of six Polish bean
cultivars (Phaseolus rulgaris and Phaseolus multiflorus), cultivated for dry seeds, were
determined. It was found that the total nitrogen content in the seeds of Polish cultivars
was lower on average, by 0.3%,, in comparision to foreign cultivars. Seeds of the same
cultivar grown in 2 regions did not differ in total nitrogen content. The protein nitrogen
content in seeds makes up 82.2%, of total nitrogen and does not depend on the total
nitrogen content in each cultivar. It was found that globulins made up on average 70°,
of the proteins in the investigated bean cultivars.

INTRODUCTION

Bean seeds, because of their high protein content, are an important
component of diets in human nutrition. The protein content and its quality
are of special importance in those countries where bean foods are the basis
of human nutrition.

According to Rutger (1970) the total protein content in cultivars varies
from 19 to 31°/,. The protein content in 15 cultivars of beans grown in Latin
America was found to be on the level of 20.3°/, whereas beans in North
America were on the level of 25.5%, (Koehler and Burke, 1981). Cultivars
from India contained 27.8-35.1%, protein (Pusztai et al, 1979) and those
from England 21.3-31.3%/, protein. Representative investigations of Woolfe
and Hamblin (1974) on 336 breeding lines and cultivars from Africa have
shown a wide range of protein content in bean seeds, from 20.0 to 33.0%,,.
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Globulins are — quantitatively — the dominating protein fraction of
bean seeds (Kulka and Grzesiuk, 1978). They play the role of reserve
proteins in beans. Pusztai et al. (1979) have shown that the globulin
content in seeds oscilates from 11.4 to 19.4%,, which makes up 53.6-62.6%,
of total proteins. According to Ishino and Ortega (1975), globulins of bean
cultivars cultivated in Central America make up 75%°, of the proteins.
Globulins of beans cultivated in India compose 58.8-61.0°, of proteins
(Pant and Tulsiani, 1969), in Brazil 52.3°/, of protein (Marquez and
Lajolo, 1981).

Albumins are — quantitatively — a smaller group of proteins in bean
seeds. The albumin content in seeds of leguminous plant species is varied and
ranges from 10 to 25%, of total proteins (Basha and Beevers, 1975;
Gottschalk et al, 1976; Mironenko, 1975). According to other authors,
the albumin content in beans range from 5.5 to 7.2, (Pant and Tulsiani,
1969); from 120 to 19.9°/, (Pusztai et al, 1979); from 94 to 17.5%,
(Sgarbieri et al, 1979); from 144 to 17.1%, (Sajanova and Gofman,
1965); 31.5°, (Marquez and Lajolo, 1981).

The purpose of this study was the characterization of Polish bean
cultivars grown for dry seeds from the point of view of total nitrogen content
and protein nitrogen content. Polish cultivars were compared to American
and Dutch ones. Quantitative analysis of protein fractions of six Polish
cultivars of bean cultivated for dry seeds was conducted.

MATERIAL AND METHODS

The bean cultivars originated from the Breeding Station of Horticultural
Plants at Igolomia, Breeding Station of Horticultural Plants at Snowidza
and from the Department of Outdoor Vegetable Production of the Institute
of Vegetable Crops at Skierniewice. The field experiment with comparision of
home-grown and foreign cultivars was conducted in 1981 in the Department
of Outdoor Vegetable Production at Skierniewice.

The effect of the region of cultivation on the total nitrogen content in
beans was carried out in the Department of Outdoor Vegetable Production
at Skierniewice and in the Breeding Station of Horticultural Plants at
Igotomia, near Krakéw. Fractionation of bean proteins was done for the
seeds if five cultivars of Phaseolus vulgaris; Bomba, Stowianka, Igotomska,
Biala Wyborowa, Jubilatka and one cultivar of Phaseolus multiflorus, Pigkny
Jas. Before protein fractionation, the homogenized seeds were defatted with
petroleum benzine. Albumins, globulins, glutelins and prolamins were extrac-
ted according to Pant and Tulsiani (1969). Total nitrogen, protein nitro-
gen and nitrogen of each protein fraction were determined by the Kjeldahl
method. The protein content was analyzed according to the Official Methods
of Analysis (Gaines, 1977) and was based on the precipitation of proteins in
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a 10%, solution of TCA. The protein was also determined by another
method based on the amino acid composition of protein (K osson, unpublish-
ed data, Kosson and Bakowski, 1980).

RESULTS AND DISCUSSION

The results of the determination of the total nitrogen content in the
domestic-grown and foreign cultivars are shown in Tables 1-2.

It was found that the total nitrogen content in 13 Polish cultivars of bean
may oscilate from 3.26%, to 4.31%,, on average 3.83%/, (Table 1). Significant

Table 1

Total nitrogen content in domestic-grown cultivars of bean

Location of cultivation

Cultivar Institute of Vegetable Crops SHRO Igofomia

in Skierniewice near Krakéw
total nitrogen (g/100 g of dry matter)

Wiejska 4.204+0.18* 4.084+0.00
Biala Wyborowa 3.95+0.10 3.8840.01
Igolomska 3.31+£0.09 3.38+0.14
Stowianka 3.47+0.08 3.34140.25
Pigkny Jas 3.26+0.26 3.124+0.12
Bomba 4.3140.18

RAH-179 4.2140.05

Atut 4414+0.00

Bor 4.06+0.05

Jubilatka 3.87+0.16

Aura 3.78 +0.00

Perlowa Zottostrakowa** 3.65+0.00

Vistula** 3.59+0.10

Mean 3.83

* _ Mean value + confidence limits at p = 0.95, evaluated according to the Dean and Dixon test.
** _ Cultivars from SHRO Snowidza.

differences in total nitrogen content were found between the investigated
cultivars. The highest total nitrogen content was in cultivars Bomba and
RAH-179, the lowest in Pigkny Ja§ and Igolomska. The average total
nitrogen content in Polish cultivars was lower by 0.30°%, as compared to
foreign ones.

The field experiment with five cultivars, Wiejska, Biala Wyborowa, Igo-
lomska, Stowianka and Pigkny Ja$, grown in the Breeding Station of
Horticultural Plants at Igotomia and in the Institute of Vegetable Crops at
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Table 2
Total nitrogen content in seeds of foreign bean cultivars grown in
Skierniewice
Cultivar Country of origin (e/1 Ogogal()fngsgf;laue[)
Red Kote USA 4.7240.07
Sanilac —— 4.53+0.07
California — 4.501+0.05
Royal Red — 4.274+0.07
T-39 - 4.25+0.09
Ui-114 —— 4.20+£0.12
Red Cloud - ’ 3.87+0.04
TV-203 Netherlands 4.074+0.40
TV-206 - 4.01+0.07
TV-207 —— 4.014+0.03
TV-205 —— 3.88+0.07
VOR-RS — 3.834+0.01
Allerfritheste
Weisse France 3.58+0.08
Mean 4.13

Skierniewice, showed no significant differences in the total nitrogen content
(Table 1).

The obtained results agree with earlier studies of Tandon et al. (1957);
Rutger (1970); Koehler and Burke (1981) on the effect of the bean
cultivar on the protein content in seeds. Other authors suggest that soil-
climatic conditions of growth affect the protein content in beans (Lantz et
al, 1958; Posypanov et al, 1978; Posypanov and Bukhanova, 1980).

From the point of view of total protein content (as total nitrogen x 6.25)
domestic-grown cultivars are similar to beans cultivated in North America
and South America (Lantz et al, 1958; Koehler and Burke, 1981:
Sgarbieri et al, 1979; Marquez and Lajolo, 1981).

Only part of the total nitrogen in bean seeds comes from proteins. As
shown in Table 3, about 82%, of the total nitrogen comes from proteins.
There were no significant differences in protein nitrogen contents (expressed
as a percent of total nitrogen content) between the investigated cultivars,
irrespective of total nitrogen content. The protein nitrogen content deter-
mined by two methods, is significantly different in the analyzed cultivars
(Table 4).

The globulin content of beans, expressed as globulin nitrogen, fluctuated
in the total nitrogen ratio from 51.97°/, (Jubilatka cv.) to 65.72%, (Igotom-
ska cv.) (Table 5). Similar results were obtained by Ishino and Ortega
(1975) for beans cultivated in Central America, and Pant and Tulsiani
(1969) for beans cultivated in India.
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Table 3

Total nitrogen and protein nitrogen contens in bean seeds according to the AOAC method
(Gaines, 1977)

Total nitrogen Protein nitrogen % of protein

Cultivar (g/100 g of dry (g/100 g of dry ° o pro
nitrogen |

matter) matter)

Bomba 4.28 . 3.53+£0.12 82.55+2.73
Stowianka 3.40 2.80+0.04 8235+ 1.16
Igotomska 348 2.83+0.04 81.32+1.13
Pigkny Ja$ 3.22 2.66+0.00 82.61+0.00
Biata Wyborowa 3.88 3.25+0.04 83.76 +1.00
Jubilatka 3.95 3.20+0.04 81.02+0.99

Mean 3.70 3.05 82.27

Table 4

Protein nitrogen content determined by the amino acid composition
method and by the AOAC method

Protein nitrogen

according to amino
Cultivar acid composition
method

according to AOAC
method

g of protein nitrogen/100 g of dry matter

Bomba 3.48 +0.06 3.53+0.12
Stowianka 2.80+0.01 2.80+0.04
Igotomska 2.94+0.06 2.83+0.04
Pigkny Jas 2.70+0.06 2.66+0.00
Biala Wyborowa 3.05+0.12 3.25+0.04

The second group of proteins present in bean seeds is albumins. Their
highest content was found in Jubilatka — 26.19°/,, Piekny Jas — 19.70%,,
Bomba — 18.06%/, and the lowest content was found in Igotomska —
12.83%,. Considerable differentiation of albumin content can be observed
among the investigated cultivars. The above results confirm earlier investiga-
tions of Sgarbieri et al. (1979), Pusztai et al. (1979), Marquez and
Lajolo (1981), Pant and Tulsiani (1969).

Because of their insigificant contribution, the content of glutelins, prola-
mins and conjugated proteins is given in Table 5 as a sum of these fractions.
The non-protein nitrogen content in the investigated bean seeds fluctuated
from 13.9%, to 23.1%,, depending on the cultivar.
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Table 5

. . L. nitrogen of faction
Protein fraction composition of bean seeds 100

total nitrogen

Bean cultivar

Fraction . ) ) Biata )
Bomba Stowianka Igolomska Pigkny Jas wyborowa Jubilatka

Globulins 58.734223*% 63.324+4.03 65724240 56.38+0.59 54.40+1.30 S51.97+1.18
Albumins 1806+ 128 1665+2.73 12.83+216 19.70+3.60 17204000 26.19+0.29
Glutelins
Prolamins 9654007 4354065 558+0.10 11.65+043 6804000 598+0.00
Conjugated

proteins
V(I’l'l‘tr";g;‘“ 13.884+0.61 1602+1.21 17.73+0.66 18.00+036 23.13+3.71 1587+2.08

* Mean value + confidence limits at p = 0.95 evaluated according to the Dean and Dixon test.

<
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Zawarto$¢ azotu w odmianach fasoli uprawianej na suche nasiona
Streszczenie

Scharakteryzowano polskie odmiany fasoli uprawiane na suche nasiona pod wzgledem
zawartosdci azotu ogdlnego i bialkowego na tle odmian zagranicznych. Stwierdzono, ze Srednia
zawarto§é azotu ogdlnego w polskich odmianach fasoli jest nieznacznie nizsza — okolo 0,3%, —
w pordéwnaniu z odmianami zagranicznymi. Nasiona tych samych odmian uprawianych w 2
‘roznych. rejonach nie réznia si¢ zawartoscia azotu ogdlnego. Procentowa zawarto§é azotu
biatlkowego w nasionach nie zalezy od zawartosci azotu ogélnego w poszczegolnych odmianach
i stanowi $rednio 82.2%, azotu ogdlnego.

Na podstawie zroznicowanej rozpuszczalnosci bialek fasoli oznaczano zawartos¢ albumin,
globulin, i innych frakcji w nasionach szesciu odmian fasoli uprawianej na suche nasiona.
Stwierdzono, ze globuliny stanowia dominujaca frakcje bialek - S$rednio okolo 60%, azotu
ogdlnego.
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