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Introduction. The aim of this study was to highlight the
physical and physiological changes of different types of legumes
and the variation of their mineral amount during the germination
process, in order to establish the optimal germination period for
their use in consumption.

Materials and methods. Legumes types such as chickpea,
bean, lentil, lupine, and soybean were germinated in a plant growth
chamber Binder KBW/KBWF 240. To highlight the physical and
physiological changes of legumes during the germination process,
a Motic SMZ-140 Stereomicroscope was used. In order to
highlight the variation of the amount of mineral substances during
the germination process, a Shimadzu EDX-900HS was used.

Results and discussion. The protein content of the analyzed
legumes varied between 19.40 and 40.34% the highest amount
being for soy and the lowest one for chickpea sample. All the
samples presented good viability for germination, the highest one
being for lentil of 90% for which was also recorded the highest
germination energy value. The image obtained clearly showed the
development of the component parts of the germs: the radicle and
the plumule which increases during the germination process, when
the seed began to synthesize chlorophyll and when the root began
to develop. According to their development the maximum
germination time were of 10 days for lentil and lupin and of 9 days
for chickpea, bean and soybean. However, for their use in food
consumption, the optimum germination period was established for
4 days for all the analyzed legumes samples for which except the
bean sample the radicle was much higher than the legume grain
size. In general, the availability of calcium and sulf was improved
for all the samples in the four day of germination. The calcium
increases most for chickpeas with almost six times and for lentil
with three times. Reported to the ungerminated seeds the phosphor
and iron increases for lentil seeds in the four day of germinations
whereas for the rest of legumes decreases. Regarding potassium,
magnesium and zinc elements, in general, their values decreases
with the increase time of germination period.

Conclusions. By highlighting the physical and physiological
changes of legumes during germination, it is easier to determine
when the germination process should be stopped. The amount of
many nutrients increases as a result of the germination process,
and this process can have various applications in the food industry.
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Introduction

Seed germination is a complex physiological process that has as its starting point the
absorption of water by seeds, and as a final point, the appearance of the root, a component
part of the future plant [1]. It can be said that the seed germination is the first phase of the
plant development cycle [2].

Lately, there has been a lot of interest in the germination process,
regarding the food field. This is explained by several considerations. First, researchers are
studying the germination process because in some industries it is desirable to combat this
process because it makes food unfit for consumption. In this sense, the use of gamma
radiation to inhibit the germination of nuts [3] or wheat [4] can be exemplified as the results
of various studies. Secondly, the study of the germination process is of interest due to the fact
that recently there has been an increase in the consumption of germs of different seeds. This
is desirable due to the positive effects of germination on the grains subjected to this process.
Different studies show that germination leads to increase bioavailability of minerals in seeds
[5, 6, 7, 8], the amount of phenolic compounds [9, 10], flavonoids [11, 12], the amount of
amino acids (Gamma Aminobutyric Acid and essential amino acids) [13, 14, 15], vitamins
[16, 17, 18]. It has also been shown that germination contributes to the activation of
hydrolytic enzymes, which result in improved digestion of certain compounds, such as
proteins and starch [19, 20, 21]. This is of particular interest to people who are suffering of
with various diseases of the digestive system [22]. At the same time, germination is seen as
a desirable process because it has the role of decreasing the amount of antinutrients in the
grain (for eg. phytic acid, which combines with various minerals and result phytates) [23, 24,
25]. Also, the interest for seed germs today is great due to the fact that they can be
incorporated into the recipe of manufacturing various foods, in order to improve their
nutritional profile or sensory and quality characteristics [22]. In this sense, can be list: bakery
products [26, 27, 28], yogurt [29, 30, 31], biscuits [32, 33, 34], cakes [35, 36, 37] and so on.

Regardless of the purpose pursued, it is necessary to carefully monitor the parameters
of the germination process (temperature, humidity, aeration, lighting), so that the germs
obtained to be of a superior quality, to contain an optimal amount of nutrients (in this regard,
it is recommended that the germination time should not be prolonged too much, so that the
grains not to be depleted in nutrients) [9, 10, 16], the sensory characteristics (color,
appearance, smell, taste) should not be adversely affected and the microbial load should not
exceed that indicated by standards in force [26, 28], so that the health of consumers not to be
jeopardized by any microorganisms that have developed or by toxins that have been released
along the way [22, 23].

Depending on the field of use of the germs obtained, the germination parameters must
be chosen in such a way that what is desired to be obtained (optimal enzymatic activity or
inhibition of antinutritive factors, for example) to be successful [37]. In this sense, it is
necessary to carefully study the literature that indicates clear suggestions in this regard.
Highlighting the physical and physiological changes of different types of vegetables during
the germination process is desirable so that the germination process can be optimally
conducted, so that the germs obtained to be of superior quality and thus can serve with success
for the purpose for which it is intended to be used [20, 22].

According to our acknowledgment, no comparative study has been made on so many
types of legumes seeds during the entire germination period on their physical and
physiological changes on modern device such as Stereomicroscope one. Also, no other study
has been made on a comparative analysis of minerals availability during the 0, 2 and 4
germination days between chickpea, bean, lentil, lupine, and soybean type.
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The aim of this study was to highlight the physical and physiological changes of
different types of legumes during the germination process, changes that are correlated with
the determination of the size of the developed parts during germination (plumule and radicle)
and to highlight the variation of mineral content during the germination process, of which
amount was compared to those of the ungerminated seeds. Thus, will be highlighted the
optimal germination time, so that the germs to present superior quality for consumption.

Materials and methods
Materials

The grain legumes seeds used were: chickpea (Cicer arietinium L.), bean (Phaseolus
vulgaris), lentil (Lens culinaris Merr.), lupine (Lupinus albus) and soybean (Glycine max L.).
All the grain legumes seeds were cultivated in Romania and were not genetically modified.

Grain legumes seeds analysis

The grain legumes seeds were analyzed for its physical-chemical properties according
to the International standard methods as follows: the hectoliter weight was determined
according to the ISO 7971-1:2009, the moisture content of legumes seeds were determined
according to ISO 7700-1:2008, the seeds viability was determined by usual inspection of cut
seeds through tetrazolium staining [38], the seeds germination capacity was determined
according to ISTA (2006) standard [39], and the protein content was determined according
to EN ISO 20483:2006.

Grain legumes seeds germination process

For legumes seeds germination, a Binder KBW/KBWF germination chamber was used.
The germination process was carried out to a maximum germination period of 9 days for
soybeans, beans and chickpeas and for 10 days for lupine and lentils in accordance with the
conditions provided by the ISTA (2006) standard [39]. The germination was made on dark
conditions to a temperature which varied between 20 and 25 °C and to a constant humidity
value of 80%. The germination layer used was the filter paper.

Grain legumes seeds analysis during the germination process

In order to highlight the physical and physiological legumes seeds changes during the
germination process was measured every day the size of the radicle and plumule of legumes
seeds by using a Modelcraft Vernier Calliper of 125 mm [40]. Also, it was captured the
physical and physiological changes that occur in legumes seeds during the germination
process by using a Motic SMZ-140 Stereomicroscope device [41]. This allowed us to obtain
detailed images that highlight the essential changes: increasing the volume of the grain due
to the water absorption, degradation of the protective coating of the grain, the development
of the component parts of the germs, etc.
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Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using XLSTAT statistical package (free trial version,
Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05 [42].

Results and discussion
Physical-chemical characteristics of the ungerminated legumes seeds

The data for the physical-chemical analysis are shown in Table 1. As it may be seen,
the soybean presented the highest protein content value, whereas the chickpea the lowest one.
From the hectolitre point of view this value varied between 70.0 and 84.5 kg/hl with the
highest value for lentil and the lowest one for lupine seeds. The humidity value for the seeds
sample was not higher than 10.9% whereas the legumes seeds capacity to germinate
determined through viability and germination energy indicated the fact that lentil presented
the highest capacity to germinate whereas the lupine and chickpea the lowest one.

Table 1
Physical-chemical characteristics of legumes seeds
Hect‘o litre | Humidity Viability | Germination Protein
Legumes seeds weight [%] [%] energy [%] | content [%]
[kg/hl]
Soy 70.520.03 9.8+0.01 7710.47 74+0.81 40.3440.01
Lupine 70.0£0.02 7.7£0.02 | 5240.81 51+0.47 39.904+0.03
Chickpea 73.510.01 10.3+0.01 | 50+0.81 52+0.47 19.40+0.04
Bean 70.8+0.04 10.9+0.01 | 73+0.47 70+0.81 22.6040.02
Lentil 84.5+0.02 7.610.01 90+0.47 88+0.81 28.69+0.03

Physical, physiological and minerals changes during the germination process of
different types of legumes seeds

The physical and physiological changes of different types of legumes were presented
below, during every day of germination process (from day 1 to 9, respectively to 10 days of
germination process depending on the legumes type). For 0, 2 and 4 days of germination
process it was determined the amount of mineral elements such as calcium, iron, phosphorus,
sulfur, zinc, manganese, and potassium from the legumes seeds by using a spectrometer
Shimadzu EDX-900HS (Shimadzu Corporation, Kyoto, Japan) device. It was established the
variation of legumes types during the 4 days of germination due to the fact that according to
the physical changes during the germination process was the optimum day for their use in
food consumption. Also different studies has been reported that at this time of germination
process the enzymatic activity of legumes are in a high amounts [43, 44, 45] and if the
germination period exceeded too much the amount of nutrients begin to decreases which is
not a desirable fact [8, 46, 47, 48].
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Physical and physiological changes of the lentil during germination

Figure 1 shows the changes that occur during germination process in the lentil seeds,
during the 10 days of germination. At the same time, it can be seen the variation of the size
of the component parts (radicle and plumule) during the ten days of germination. Thus, on
the first day of germination there is an increase in the volume of the lentil seed, as a result of
the absorption of water needed in the subsequent germination process; the absorption of water
being done through free pores and capillaries. Water absorption is done to hydrate the grain,
in order to stop the grain dormancy [49]. In the literature, it is considered that the optimum
moisture content for germination is 75-80 g of water per 100 g of dry matter [50]. During
the other 9 days of germination, it can be seen the changes that occur: on the second day the
radicle begins to develop, and from the third day, it can be seen the plumule. The dimensions
of these components increase from day to day.

Day1 Day 2 Day 3 Day 4 Day5

* ARV N

Increase in grain ~ Radicle: 2.5 mm Radicle: 4 mm Radicle: 6 mm Radicle: 7 mm
size (water Plumule: 3 mm Plumule: 5 mm Plumule: 19 mm
absortion)

Day 6 Day 7 Day 8 Day9 Day 10
s
—\ - ~ y - }

L) ® f &

Radicle: 14 mm  Radicle: 15 mm Radicle: 29 mm Radicle: 32 mm Radicle: 52 mm
Plumule: 23 Plumule: 29 mm Plumule: 41 mm Plumule: 45 mm  Plumule: 70 mm

Figure 1. Physical and physiological changes of the lentil seeds during the germination process

Images captured and presented in Figure 2 with the Motic SMZ-140 stereomicroscope
showed the grain in a dorsal, facial, transverse, and cross-sectional position. In the literature,
the stereomicroscope has been used successfully to study the germination phenotype [51].
From these images, it can be seen that the development of the root begins from day one. The
chlorophyll is found in cellular organs called chloroplasts and has an important role in the
process of photosynthesis. It helps to capture the light needed in the photolysis of water
molecules, in order to assimilate carbon in the other stages of photosynthesis [52, 53]. In the
other stages, on days 7-10, it is observed that the root of the future plant grows more and
more, so that the plant can be prepared for the absorption of nutrients and water from the soil,
a process in which the root has an essential role [54, 55].
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Day 2 Day 3 Day 4 Day 5

Day 6 Day 7

Figure 2. Physical and physiological changes of the lentil,
captured with the Motic SMZ-140 Stereomicroscope

Physical and physiological changes of the bean, during germination

Figures 3 and 4 showed the changes that occur during germination process in the bean
seed, during the 9 days of germination.

Day 1 Day 2 Day 3 Day 4 Day5
£
B

Increase in grain Radicle: 3.5 mm; Radicle: 7 mm Radicle: 13 mm  Radicle: 27 mm
size (water
absortion)

Day 6 Day 7 Day 8 Day 9

@ 7] o

Radicle: 68 mm Radicle: 153 mm Radicle: 167 mm Radicle: 178 mm

Figure 3. Physical and physiological changes of the bean seeds during the germination process
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It can be seen that on day 1 of germination, as in the case of lentils, the grain increased
in volume due to the absorption of water needed for the next steps. Water plays an important
role in the germination process. During germination, it is very important to keep the humidity
constant because a water deficit will cause the degradation of the germ membrane and their
integrity [62]. As studies suggested, the presence of water is necessary to initiate the
germination process [63]. In the next stages of germination, days 2-5, the development of the
radicle is observed. Starting with the sixth day, the appearance of the root of the future plant
is observed. It is also observed, starting with the fifth day, the synthesis of chlorophyll, a
pigment of significant importance in the subsequent process of photosynthesis, a process that
ensures the correct development of the plant.

Figure 4 highlights in more detail the physical and physiological changes that occurred
during the germination process. Images captured using the Motic SMZ-140 stereomicroscope
showed the grain in a dorsal, facial, transverse, and cross-sectional position.

Day 1 Day 2 Day 3 Day 4 Day5

Day 8

Figure 4. Physical and physiological changes of the beans, captured
with the Motic SMZ-140 Stereomicroscope

Physical and physiological changes of lupine during germination

Figures 5 and 6 showed the changes that occur during germination in the lupine grain
during the 10 days of germination period. In the case of lupine, it can be seen that on days 2,
3 and 4 takes place the development of the radicle, up to a size of 11 mm. From the 5th day
onwards, chlorophyll is synthesized. From the 8th day, the appearance of the root of the future
plant is observed.

850 —— Ukrainian Food Journal. 2020. Volume 9. Issue 4



—— Food Technology ——

Day 1 Day 2 Day 3 Day 4 Day 5
p "
) \
- -
Increase in grain Radicle: 3 mm Radicle: 8.5 mm Radicle: 11 mm Radicle: 30 mm
size (water
absortion)
Day 6 Day 7 Day 8 Day 9

-

: -
w ~ 7 O (

A -

o Day 1
Radicle: 55 mm  Radicle: 72 mm Radicle: 89 mm Radicle: 117 mm Radicle: 126 mm

Figure 5. Physical and physiological changes of the lupine seeds during the germination process

Figure 6. Physical and physiological changes of the lupine, captured with the Motic SMZ-140
Stereomicroscope

Physical and physiological changes of chickpeas during germination

The changes that occur during germination in the chickpea, during the 9 days of
germination, can be seen in Figures 7 and in Figures 8. Thus, the development of the radicle
in the case of chickpea begins on the second day. Starting with the sixth day, the appearance
and development of the plumule and the synthesis of chlorophyll are observed. On the ninth
day, the radicle has a length of 130 mm and the plumule, 58 mm. The images from figure 8
captured to the dorsal, facial and transverse seed position, facilities the observing in detail
the development of the leaves and the root (days 6-9).
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Figure 7. Physical and physiological changes of the chickpeas seeds during the germination
process

Day 1 Day 2 Day 3 Day 4 Day5

Figure 8. Physical and physiological changes of the chickpea, captured with the Motic SMZ-140
Stereomicroscope

Physical and physiological changes of the soybean during germination

Figures 9 and 10 show how the soybean evolved during the 9 days of germination.
Thus, it can be seen that the radicle has reached the size of 24 mm at the end of the fourth
day of germination. Starting with the fourth day, the seed began to synthesize chlorophyll,
and the root began to be more pronounced starting with the eighth day.
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Figure 9. Physical and physiological changes of the soybean seeds during the germination
process

Day1 Day 3

Day 6

Figure 10. Physical and physiological changes of the soybean, captured with the Motic SMZ-140
Stereomicroscope
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Mineral changes of the legumes seeds during the 4 days of germination period

Figures 11-16 showed how the mineral content varies with the germination time, during
day 0, 2 and 4 for all five types of legumes considered in this study (lentil, bean, lupine,
chickpea and soybean). It was observed that the amount of most minerals decreases with
increasing germination time. From Figure 11, it can be noticed that the amount of calcium
increases with increasing germination time. This is probably due to the fact that, during
germination, the amount of phytic acid decreases. This is a desirable thing because phytic
acid forms phytates with the minerals. At the same time, the minerals that are in bound form
are released during germination [11, 56, 57]. Another reason would be that, during
germination, amylases are activated. Amylases are metalloenzymes with calcium in the
composition. Studies show that calcium is sometimes found bound to a-amylases [58]. If
calcium is completely lost from the structure of the enzyme, then the enzymatic activity is
stopped [59]. Therefore, if the germs obtained are to be used for their enzymatic activity, the
variation of the amount of calcium must be followed carefully. In the case of the enzyme,
calcium has an important role in supporting the structure of a-amylase because it interacts
with negatively charged amino acid residues (aspartic and glutamic) and thus stabilizes the
structure of the enzyme [60]. Calcium also plays an important role in stopping the proteolytic
degradation of a-amylase [61].
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Germination time of vegetables, [days]
Figure 11. Variation in calcium concentration during the germination time

o

In Figure 12, it can be noticed, for example, that the sulfur content increases for almost
all legumes types on the fourth day of germination compared to the control sample.
Increasing the amount of sulfur could be attributed to the fact that plants need sulfur to grow
properly [64]. Increasing the amount of sulfur in seed germs is desirable, as shown by various
studies in the field [65, 66] because sulfur is an essential mineral in the human body and has
been shown to act as an antioxidant and help fight atherosclerosis and cancerous tumors [67].
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Figure 12. Variation in sulfur concentration during the germination time

The variation of the potassium content during the germination process of legumes can
be seen in figure 13. Hence, it is observed that the potassium content decreases for the sample
in the four day of germination compared to the control sample. This process occurs because
potassium is a very important element used to develop the component parts of the future plant
[68].
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Soy Chickpeas Lupine Lentil Beans
Germination time of vegetables, [days]
Figure 13. Variation in potassium concentration during the germination time
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In general, during the germination process, compared to the control sample the amount
of phosphorus decreased. This may be due to the fact that in the germination process
phosphorus is consumed for the development of the seeds components (radicle and plumule).

18
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P concentration, [%, d.m.]
o

a

Soy Chickpeas Lupine Lentil

Germination time of vegetables, [days]

Beans

00 days
@2 days
m4 days

Figure 14. Variation in phosphorus concentration during the germination time

Figures 15-17 show how the concentration of mineral substances such as Fe, Zn and
Mn varied during the 4 days of germination process.
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Figure 15. Variation in iron concentration during the germination time
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Figure 17. Variation in manganese concentration during the germination time
A decrease in iron content may be noticed to soy, chickpea and lupine to the 4 day of

germination. This data are similar with those reported by others [69]. However, an increase
of iron may be noticed to beans and lentil in the 4 day of germination period. Also the zinc
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and manganese increases or decreases depending on the legumes type. Due to the fact that
germination increases the concentration of some mineral substances, it can be said that this
process can be used successfully to improve the nutritional profile of germinated grains or
foods in which the germs will be incorporated in some mineral elements depending on the
legumes type [71-77].

858

Conclusions

The physical and physiological changes of legumes types chickpea, bean, lentil, lupine,
and soybean shown that for all the analyzed samples the four days of germination period
may be an optimum one for their use in food consumption.

During the germination period, the amount of mineral substances varies differently for
each type of legume, but also for each type of mineral element. These facts are important
for germ development but also for food consumers which are interested for healthy
ingredients for consumption.

For all the analyzed samples, potassium decreases during the germination period
whereas calcium increases in a lowest amount of 7.5% for beans and in a highest amount
for chickpeas (almost six times) in the four day of germination. Regarding the other
minerals elements analyzed (sulf, phosphor, iron, magnesium, zinc, manganese) they
presented different variations during the germination period. The sulf presented higher
values in the four day of germination for all the analyzed legumes types except
chickpeas for which it decreases with 5.15%. The phosphor decreases for all legumes
types except lentil for which increases with 25.87%. The iron decreases for soy,
chickpea, lupin and increases for lentil and beans in the four day of germination. In
general, zinc decreases for all analyzed samples during the germination period except
lupine of which value increases with 50%. Manganese was not detected in lentil and
beans meaning that in these legumes types were of a very low concentration. This
mineral did not vary during germination in soy seeds but increases in lupine with 9.61%
and decreases in chickpeas with 20.43% in the four day of germination period.
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