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Summary. The paper presents the results of studies on
the percentage variation in protein and fat content in bean seed
covers Phaseolus vulgaris L. of Pigkny Jas variety, during the
germination process at a temperature of 20 °C £ 1 °C. The first
samples were collected for analysis the next day from the start
of the experiment while the others were taken every 24 hours
during 5 consecutive days. The experiment showed an increase
in fat content in seed covers (0.94 g-100g"! dm —1.35 g-100g™
dm) and simultaneous reduction in the protein content from
4.5 g'100g! dm to 3.8 g'100g! dm along with the increase in
germination intensity. The analytical tests were terminated after
144 hours when the majority of seeds had germinated.
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INTRODUCTION

Leguminous plants are considered as a source of pro-
tein with very high nutritional value. Peas, beans, broad
beans and lentils contain more than 20% of proteins, while
soybeans even 35-40%. Apart from the protein, legumes
are the source of carbohydrates and fat rich in unsaturated
fatty acids. Their presence makes beans recommended in
the low cholesterol diet. Pulses are also rich in vitamins
from the B group, particularly thiamine and niacin. In
the fresh form, legumes are also considered as a good
source of vitamin C and carotene. Both, dry and fresh
pulses, provide significant amounts of such minerals as
iron, copper, magnesium, calcium, potassium and sulfur
[20]. Bean seed flour is also used as an additive to wheat
flour in the production of instant noodles [24].

From a chemical point of view, fats are the natural
organic compounds with varied structure, built from
a carbon, oxygen and hydrogen. Fat content in leguminous
seeds depends on their variety while it presence ensures
the highest nutritional value [26]. Plant after drying (dry
mass — dm) contains up to 98% of organic compounds.
From the thousands of different substances, some are
present in significant quantities in all tissues and cells,

but most could be detected only by sensitive analytical
methods. The variability of the individual substances is
due to the metabolic processes testifying a given tissue
vitality [5, 22].

Recent years require that plants resistant to drought
should be grown, due to the fact that the effects of climate
change are beginning to be felt around the world and
drought starts to become a rising problem in a number
of countries. Study on proteins commonly found in living
organisms that belong to the large family of membrane
integral proteins (MIP) and take part in the collection
of water, demonstrated that three of them appeared in
the germinating seeds after 60 hours since the process
starts, i.c. after the main phase of water intake called
the physical stage. What is more, a very high level of
protein in the cell membrane, which could lead to gain
an actual knowledge of the mechanism regulating water
intake in the seeds growth and germination processes,
was observed [6, 21].

Bean (Phaselous vulgaris L.) belongs to the species
that in Poland plays an important role for nutritional and
commercial reasons in crop production [13, 16]. Beans
are consumed in various forms (canned, cooked, dried,
frozen) being an important source of vitamins and min-
erals in the human diet.

The seeds quality and the possibility of a detailed
assessment of the germination process are of great im-
portance for agriculture, and for those industries that are
closely related to it. The seeds are used for both, ground
and greenhouse, production and require considerable
financial and labour resources. Under these conditions,
seed germination control is essential due to the fact that
too low germination rate may lead to significant financial
losses [10]. Studies have shown that germinating seeds
are very rich in vitamins, thanks to the active enzymes
that additionally resolve proteins, carbohydrates and fats
on the simple compounds easily assimilated by the body.
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Therefore, sprouts are not only healthy, but also easily
digestible. It was also found that the sprouts are large
reserves of minerals, mineral salts and other nutrients
which make them far less caloric than the same seed [19,
23] and what is more are also an element of nutritional
products for animals [25].

It is believed that the germination process, espe-
cially the first phase of water intake and seeds swelling
as well as the biochemical processes during the seeds
respiration are the source of energy that appears just
after swelling process starts. Respiratory substrates are
substances accumulated in them, among other things,
fats and proteins [3]. Seed cover is the tissue covering
the seed and protecting it that is why its structure and
chemical composition play an important physiological
role in germination process due to the different water
and gas permeability [2, 3].

The aim of this study was to examine changes in
the crude protein and fat content in bean seed covers,
formed from the seedbud cover which genetic material
is only of the stem origin, during Phaseolus vulgaris L.
of Pigkny Jas variety germination.

GERMINATION PROCESS

Biological issues of seeds growth, development and
germination in define environmental conditions are
closely linked and controlled at the molecular, subcel-
lular and cellular level as well as on the level of whole
seed. Gradual reduction in the intensity of physiological
processes during seed maturation could be observed
while throughout the rest period latent life is maintained.
Seeds are also able to resume rapidly the physiological
processes during swelling and germination. Preserving
vitality viable seeds might remain at latent stage for
a long period of time. The standstill period (anabiosis)
depends both on the genetic properties and environmental
conditions. Dry seeds at latent stage are usually resistant
to external factors, despite the biological preparation for
further development, which is possible at any time, if only
the access to water, proper temperature, oxygen and, for
some species to light, are provided [11].

Germination is therefore perceived as a complex
process built with partial phases that result in anatomi-
cal and morphological changes, observable without the
use of a microscope [2]. It is assumed that germination
process contains: water uptake, the cells elongation re-
sumption, increase in the number of enzymes and re-
serve substances decomposition and mixing, increase in
respiratory rate and in the intensity of cell division for
different tissues [12].

The presence of proteins that are involved in regu-
lating, among other things seed covers elasticity was
detected in the seeds cell walls. Their modification is
possible by deposition on their surfaces various types of
organic compounds that include fats. Polymerized fatty
acids coat the cell surfaces, leading to changes in the
water conductivity during germination [3, 4].

MATERIAL PREPARATION
FOR THE EXAMINATION, ACQUISITION
OF THE EXPERIMENTAL DATA

For the tests bean seeds (Phaselous vulgaris L.) of
Piekny Jas cultivars were selected. In the experiment
1000 seeds were subjected to observation. Seeds were
sown in trays on several layers of filter paper to ensure
proper germination conditions by continuous supply of
deionized water [17]. Before the experiment seeds, along
with the tissue paper, were sterilized for 30 min at 70
°C and then cooled to the room temperature. Bean seeds
germinated in a dark thermostatic chamber maintaining
the temperature at a level of 20 °C £ 1 °C. On the basis
of 300 seeds fundamental parameters characterizing their
vitality were calculated: germination capacity Z, and one
seed germination time, so called Pieper time t . Remained
seeds were used for analytical tests on protein and fat
content. The use of deionized water prevented providing
the seeds with macro- and microelements that could af-
fect or change the content of the analyzed variables [7].

It is believed that the germination process, especially
the first phase of water uptake and seed swelling as well
as the biochemical processes during the respiration are the
source of energy that appears early after the seeds swell-
ing initiation. Respiratory substrates are accumulated
backup substances, among other things, fats and proteins
found in various parts of the seed, including the shell [3].

The germination capacity of seeds is usually de-
termined by physiological methods which are used to
observe the germination process under laboratory condi-
tions. Germination capacity Z,_ can be expressed as the
percentage of seeds which germinate normally under
given conditions over a sufficient period of time:

Z, =1.100%, )

nL’
where: n is the number of sprouted seeds, 7, is the
total number of seeds. Germination rate £, i.e. the per-
centage of seeds which germinated normally under the
set conditions and in a given period of time, usually the
moment of the first recalculation of germinating seeds,

is described by the following equation:

= %’1)-100%, ®)

c

E

where: n(t,) is the number of sprouted seeds during
the first recalculation; n_ is the total number of sown
seeds. Seed viability may also be expressed by Pieper’s
coefficient t [11], i.e. the average time required for one
seed to germinate:

PR — 3)

i=1

where: #,is the number of seeds germinating within
a given time interval: i=1,2,3,...,n; ¢, is the seed germi-
nation time.
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Figure 1 shows the experimental and calculated curve
drawn for the bean seeds germination process, along
with the marked time of seed cover collection for the
analysis. Pieper time 1, [11, 15, 18] calculated on the
basis of the obtained germs accounted for 212.8 hours.
Germination curve is characterized by typical shape
with a well-defined saturation after about 340 hours.
The calculated germination capacity Z, reached 87.8%.
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Fig. 1. Experimental (0) and calculated (solid line) germination
curves for bean seeds at the temperature of 20°C.

Black arrows indicate the time when seed covers
were collected for the analysis:
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The germination process can be described mathemati-
cally with the use of a simulation model [8,9] based on the
assumption that germination has three distinctive stages:
physical, biochemical and physiological. It has been as-
sumed that the germination process involves gradual
evolution through the successive stages at a given level
of probability. In its analytical form, the model can be
expressed [9] by the equation (4), where:

a=72 2 (h=2), ®)
B=2 2 (h=4), (6)
y=h Ao (4 =14). @)

Parameters A » /12, 13 indicate the probability of the
seed’s transition from one stage to another; n(?) is the
number of seeds sprouted at a given time; #, is the final
number of sprouted seeds; ¢ — is the germination time;
t,— is the time required for the seed to emerge from the
latent development stage and to enter the sprout forma-
tion stage. For the analyzed germination curve the best
fit has been obtained with the following parameters: 4,=
A,=2,=10"s",¢,=130 h, n,=281. The fact that probabil-
ity parameters are equal indicates that each stage of the
seeds evolution is also equally present in the germina-
tion process.

CRUDE PROTEIN AND FAT CONTENT
DETERMINATION

Protein content was determined with the Kjeldahl
method application in the Kjel-Foss Automatic (A / S Foss
Electric, Denmark) device according to AOAC 976.05
while the fat content determined by extraction- gravi-
metric method with the Soxtec HT-6 use in the Central
Analytical Laboratory of the University of Life Sciences
in Lublin.

The analytical investigation was carried out in parallel
with studies on germination in the subsequent days of
the experiment which were marked with black arrows in
Figure 1. Examined seeds were randomly selected and its
cover was removed and next dried for 3 h in thermostatic
oven until dry mass was obtained. Then dried material
was placed in a mortar, covered with liquid nitrogen at
about -186 °C and grinded to a fine dust. Then three
dust samples of 0,5g were weighed with an accuracy
of = 0.01 g on the analytical balance WAS 160/C/2.
Prepared samples were then poured into a specially-
marked 1.5 ml eppendorfs. Each sample was subjected to3
measurements.

Table 1. Fat (a) and protein (b) content in bean seeds dur-
ing germination in 20°C, marked in three tests

a)
Fat content (g-100 g' dm)
Time
(hours)
I test II test III test Average
24 0.89 0.82 0.85 0.85
48 1.05 0.87 0.88 0.93
72 0.80 0.89 0.89 0.86
96 0.89 0.84 0.87 0.87
120 1.12 1.01 1.06 1.06
144 1.89 1.82 1.88 1.86
b)
Time Protein content (g-100 g dm)
(hours) | test II test I1I test Average
24 7.10 7.40 7.44 7.31
48 6.94 6.83 7.00 6.93
72 6.64 6.81 7.20 6.88
96 6.45 6.16 6.35 6.32
120 5.86 5.67 5.58 5.70
144 5.64 5.78 5.69 5.70
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RESULTS AND DISSCUSSION

The protein content in whole seeds dry mass for
dwarf varieties of common bean: Toffi, Tip Top, Nigeria
and Augusta marked by many researchers ranged from
23.96 to 29.85 g'100g"' dm. The fat content in seeds of
these varieties was lower and changed from 1.54 to 1.78
g100g"' dm [1, 4, 10, 14].

Whereas protein content in seed covers is usually
much lower. Bean seeds are characterized by protein
content values in the range of 5 g'100g"' dm [23], which
was confirmed in the presented work.

Table 1 shows numerical values of measured vari-
ables for consecutive days of experiment as well as their
average value. In table 1 mean difference between the
maximum and minimum values at three tests for fat (a)
and protein (b) in germinated bean seed covers subjected
to germination at the 20 ° C are presented. The fat content
in beans covers during germination in deionized water
was twice lower than in the whole seeds (0.85 to 1.86
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g:100g' dm), while protein content was considerably
lower (7.31- 5.70 g-100g" dm).

Figure 2 shows the fat content determined by ex-
traction- gravimetric method for dry bean seed covers
naturally moistened during the germination process and
the maximum deviation from the average values. First
marking for seed samples was performed after 24 hours
of the beans were sowed in trays on the constantly hu-
midified filter paper. Average fat content determined in
three repetitions reached 0.85 g100g! dm. Successive
days of the research indicated a systematic increase in
the fat content. The highest increase occurred between
5th and 6th germination day, when the fat content raised
from 1.06 g'100g" dm to 1.86 g'100g" dm.

Average protein content value in samples taken from
seeds at the same time intervals determined by the Kjel-
dahl method decreased steadily from 7.31 g-100g! dm
on the first day to 5.7 g'100g" dm on the last day of
analysis (see Fig.3). Recent determination of the protein
in experiment 144th hour indicated the same value as in
the previous day (120 hrs.).
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Fig. 2. Fat contents in bean seed cover during germination process. Error bars indicate the average difference between results and

the average calculated for three samples
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Fig. 3. The protein content in bean seed cover during germination process. Error bars indicate the average difference between

results and the average calculated for three samples
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In the 72th germination hour, when almost all seeds
had completed the swelling stage, protein content in the
cover decreased steadily from 6.88 g-100g' dm (72th
hour) to 6.32 g'100g" dm in the 120th hour An identical
value was obtained for seed cover samples on the last
day of measurement (144th germination hour). Observed
decrease in the protein content was consistent with the
highest intensity of germination (Pieper time 1=140.8
hours).

Although the germination process took more than
300 hours, chemical analyzes were completed in 144
hours, as most seeds sprout achieving the final effect of
the germination process.

CONCLUSIONS

1. The fat content determined with the use of extraction-
gravimetric method in seed cover remained steady
during first 96 hours at the level of 0.9 g'100g' dm
-1.14 g'100g! dm. In the next two days (48 hours) fat
content increase up to 1.86 g'100g"' dm was observed.
The fat content in seeds with visible sprout was doubled
in relation to the value determined on the first day of
germination.

2. Crude protein content, set with the use of the Kjeldahl
method, decreased from 7.31 g'100g" dm in 24th hour
of germination to 5.70 g'100g"' dm — the value defined in
120th experiment hour. This value was maintained for
another day which was proved by the protein content
measurement in 144th germination hour.

3. Starting from 72th hour of germination a significant
increase in fat content could be observed while the
protein content strongly decreased (6.88 g'100g"' dm
- 570 g'100g! dm). It may indicate that the backup
substances causing the seed embryo’s growth, cover
breakdown and seedling emergence were depleted.
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ZMIANA ZAWARTOSCI BIALKA I TLUSZCZU
W OKRYWIE NASIENNEJ FASOLI
PODCZAS KIELKOWANIA

Streszczenie. W pracy przedstawiono wyniki badan
procentowej zmiennosci zawartosci biatka ogdtem i thuszczu
w okrywach nasion fasoli Phaseolus vulgaris L. odmiany
Pigkny Jas, w trakcie procesu kietkowania przebiegajacego

w temperaturze 20°C £1°C. Pierwsze probki do analizy po-
brano nastgpnego dnia od chwili rozpoczg¢cia eksperymentu,
nastepne pobierano co 24 godziny przez 5 kolejnych dni. Ba-
dania wykazaty zwigkszenie zawartosci ttuszczu (0,89 g-100g™!
s.m. — 1,86 g'100g" s.m.) oraz zmniejszenie zawartosci biatka
w okrywach z 7,31 g'100g! s.m. do 5,70 g'100g! s.m. wraz ze
wzrostem intensywnosci kietkowania. Badania analityczne za-
konczono po 144 godzinach, gdy wigkszos¢ nasion zakonczyta
juz kietkowanie.

Stowa kluczowe: nasiona fasoli, kietkowanie, biatko
surowe, thuszcz.



