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Abstract

Physical treatments applied prior to germination were reported to influence the
functionality of different seeds. The aim of the present study was to investigate the
effect of pulsed light (43.2 J/cm?), stationary magnetic field (50mT, 1h), and
ultrasounds (130W/38 kHz, 15 min), pre-germination treatments on the
functionality of different pulses, such as green lentils, chickpeas and broad beans.
The ultrasounds and magnetic field pre-treated pulses exhibited similar
antioxidant activity after germination, while pulsed light was the most efficient in
increasing the content of total phenols. Regardless of the applied pre-treatment,
chickpea germination resulted in increased vitamin B1 content. Although vitamin
C was not quantified in raw seeds, important amounts were detected in germinated
lentils and pulsed light treated broad beans. Protein digestibility was also
influenced by the applied treatments before germination. The most advanced
protein digestibility was registered for pulsed light treated samples. Overall, the
pulsed light treatment was the most efficient in enhancing the nutritional
functionality of legumes.
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Introduction

It is known that germination improves the nutritional value of legumes by lowering
the level of anti-nutritional components like lectins, phytic acid and trypsin
inhibitors, and increasing the antioxidant activity. Many phenolic compounds, such
as caffeic acid, ferulic acid, gallic acid, catechin and rutin, were found to increase
with germination (Gan et al., 2016). Also, studies revealed that through de novo
synthesis and transformations, germination can lead to vitamin accumulation in
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legume seeds, like vitamin C, the B group vitamins, or the E group vitamins (Gan
et al., 2017 and cited literature therein).

In recent years, new technologies were adapted in order to improve the seeds’
germination rate (Rifna et al., 2019). Different physical treatments like ultrasounds
(Chiu and Sung, 2014), exposure to stationary magnetic field (Belyavskaya, 2004;
Vashisth and Nagarajan, 2010; Shine et al., 2011), pulsed light (Vasilean et al.,
2018a) or exposure to light of different wavelength (Vasilean et al., 2018b; Akgin
et al., 2020), were reported to enhance the germination capacity of different seeds
and legumes. The treatment based on the use of a static magnetic field of 7-200mT
enhanced the germination efficiency of wheat and beans (Cakmak et al., 2010),
soybeans (Shine et al., 2011) or alfalfa seeds (Hozayn et al., 2019), most probably
due to the beneficial effect on a-amylase activity, which was thought to improve
germination (Afzal et al., 2012).

In addition to yield improvement, increased antioxidant activity in germinated
legumes treated with pulsed light (Vasilean et al., 2018a) and light-emitting diode
(LED) technology (Vasilean et al.,, 2018b) were reported. However, the
information referring to the effect of different treatments applied to the seeds prior
to germination on the bioactive compounds formation in seeds, in comparison to
classic germination (involving seeds sanitization and soaking before germination),
is still scarce. To the best of our knowledge there is no information regarding the
effect of ultrasounds, or static magnetic field pre-treatment on bioactive
compounds formation in germinated pulses.

The present study aimed to determine the possibility of improving the nutritional
functionality of legumes by applying different physical treatments prior to
germination. The synthesis of some compounds with antioxidant activity and the
reduction of trypsin inhibitors in green lentil, broad bean and chickpea as the result
of different physical treatments applied prior to germination were investigated and
discussed.

Materials and methods

Three different pulses, namely green lentils, broad beans and chickpeas, were
purchased from a local market (Galati, Romania).

Physical pre-germination treatments

After a preliminary soaking of 7 to 24 h, depending on seed size, the pulses were
subjected to three pre-germination treatments, namely pulsed light, ultrasounds,
and static magnetic field.

For the first treatment the light pulses were generated by an IFP xenon type lamp
with an electromagnetic field (L) of 200-1000nm and impulse regime of 10t — 10
s, as described by Turtoi and Nicolau (2007), applied at a fluence value of 43.2
Jim2,

The ultrasounds treatment was performed on the soaked legume seeds placed in
glass vessels, using an ultrasonic bath (Sonica 2200EP S3, Soltec Milano, Italy) at
39 kHz, 310W for 15 minutes. The temperature was maintained at 20 °C.
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The static magnetic field treatment was applied at 50 mT for 1 hour to the soaked
pulses placed in a cylindrical-shaped polypropylene holder. The required strength
of the magnetic field was generated by means of magnets and measured by an
Extech MF100 AC/DC Magnetic Field Meter (Extech Instruments).

Legume germination

Green lentils, broad beans and chickpeas were germinated under dark conditions
for 12 to 72 h, depending on seed size. Afterwards the germinated samples were
dried at 55 °C for 24 - 30 h in a convection oven (LabTech LDO-030E, Daihan
LabTech Co., LTD, Kyonggi-Do, Koreea). Before drying, the germinated broad
bean and chickpeas were dehulled. The dried seeds were then ground using a
laboratory mill (WZ-2, Sadkiewicz Instruments, Bydgoszcz, Poland) to obtain
flours with particles size under 500 um. The control samples were processed by the
same steps (soaking, dehulling if necessary, and drying at 55 °C) before grinding.

Chemical analyses
Antioxidant activity

The antioxidant activity assessed as the ability to scavenge the free radicals of 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) free radicals and the total phenolic compounds
were determined by the methods described earlier by Patrascu et al. (2019) and
expressed as IC50.

The total flavonoid content was determined using the colorimetric method
presented by Chang et al. (2002) and expressed as mg quercetin/100 g flour.

Vitamin B1 and C

VitaFast® Vitamin C and VitaFast® Vitamin B1 kits purchased from R-Biopharm
(Darmstadt, Germany) were used to determine the contents of vitamins C and Bl1,
respectively. The protocols indicated by the producer in the operation manual of
VitaFast® kits were observed and the final evaluation of the data was performed
using the RIDA® SOFT Win software of R-Biopharm.

Protein hydrolysis degree

The reduction of the trypsin inhibitors during the pulses’ germination was
estimated by means of the protein hydrolysis degree (DH%). The DH% was
determined as described earlier by Patrascu et al. (2019), using the pH-STAT
technique (Navarrete del Toro and Garcia-Carrefio, 2003; Spellman et al., 2003).
The DH% was reported as g hydrolysed protein/100 g total proteins.

Statistical analysis

The obtained results were statistically analysed using Microsoft Excel Software.
The data were subjected to single factor ANOVA analysis, considering a
significance level of 95.0%. Fisher's least significant difference (LSD) test at
95.0% confidence level used to determine differences between values was applied
using the Statgraphics Centurion XVI.I (free trial) software. All analyses were
carried out in duplicate and the data were reported as mean values + standard
deviation.
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Results and discussion

The DPPH radical scavenging capacity was used to determine the effect of the
physical treatments applied prior to germination on the antioxidant activity of the
pulses studied. The DPPH method was reported to quantify the overall antioxidant
capacity of a sample, without being specific to any particular antioxidant
component (Shalaby and Shanab, 2013). Further determination of different
compounds known to have high antioxidant activity, like phenols, flavonoids,
vitamin C and vitamin B1 was used to identify any potential relation with the
DPPH radical scavenging capacity.

The DPPH radical scavenging capacity was reported in Table 1 as IC50,
representing the amount of legume flour required to scavenge 50% of DPPH under
the assay conditions. It was observed that the germination process under dark
conditions, without any pre-germination treatment, significantly increased the
DPPH radical scavenging ability of the broad beans and chickpeas (p<0.05).

When comparing the effect of the physical pre-germination treatments on DPPH
radical scavenging ability of the germinated pulses studied, it was observed that
ultrasounds had a positive influence only in the case of germinated broad beans
(p<0.05). As for the effect of the magnetic field pre-treatment, a significant
improvement of the DPPH radical scavenging ability (p<0.05) was observed in the
case of lentils and broad beans. In this respect, Balakhnina et al. (2015) reported
that wheat seed treatment with the magnetic fields of 30 mT resulted in an increase
of plant antioxidant potential.

Table 1. The effect of physical treatments applied prior to germination on the DPPH
scavenging capacity of lentils, broad beans, and chickpeas.

Type of treatment prior 1C50, mg
to germination Lentils Broad beans Chickpeas
Control (raw sample) 13.93+0.2430 33.88+2.122 28.15+1.502
No treatment 13.36+0.42°¢ 24.56+1.73° 23.39+1.01°
Ultrasounds 14.50+0.182 7.16+0.17¢ 28.06+0.322
Magnetic field 13.24+0.26° 7.41+0.11° 27.04+0.442
Pulsed light 12.07+0.05¢ 5.91+0.07¢ 20.13+0.28°

Means in a column that do not share a superscript letter are significantly different at p < 0.05

Among the three pre-germination treatments applied, pulsed light proved to be the
most efficient in increasing the antioxidant activity of all three germinated
legumes. The IC50 values of the pulsed light treated samples significantly
decreased both in respect to the corresponding control (p<0.05), and to the
germinated samples with no pre-treatment. The best results were obtained for broad
beans treated under pulsed light, with an 1C50 decrease of 82.5% as compared to
the control sample. Moreover, among the three pulses studied, broad beans showed
the highest improvement of DPPH radical scavenging ability after germination, for
all the applied treatments. A significant decrease of IC50 values of lettuce leaves
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treated before germination under 0.85 and 3.42 kJ-m2 UV light was also reported
by Ouhibi et al. (2014).

In addition to determining the antiradical scavenging capacity of germinated
legumes, we also investigated the possible relations between IC50 results and the
amount of specific compounds with known antioxidant effects. The antioxidant
activity of vegetal materials is given to a large extent by non-enzymatic
antioxidants like vitamins (vitamin C, vitamin B1, vitamin A, vitamin D and
vitamin K), minerals, carotenoids, polyphenols and others (Gliszczynska-Swigto,
and Oszmianski, 2013; Shalaby and Shanab, 2013).

The amounts of total phenols found in the investigated legumes germinated under
different conditions are included in Table 2. When germination was conducted in
the dark with no physical pre-treatment, the total phenolic content was significantly
higher only the in case of broad beans (p<0.05). The ultrasounds treatment prior to
germination had the opposite effect on the level of total phenolics in broad beans
and chickpeas (p<0.05), when compared to both control and germinated seeds with
no pre-treatment, while the efficiency of the magnetic field treatment was noticed
only in the case of the germinated broad beans as compared to the corresponding
control.

Similar to the DPPH radical scavenging ability, the obtained results indicated that
pulsed light treatment was efficient in increasing the content of total phenols in all
the studied pulse samples in comparison to the corresponding controls (p<0.05).
However, this preliminary treatment yielded the highest total phenolic contents
only for germinated lentils and chickpeas. In the case of broad beans, the most
efficient treatment was ultrasounds, which induced the increase of total phenolic
content up to 302.8 mg/100 g.

Table 2. The effect of physical treatments applied prior to germination on the total phenolic
content of lentils, broad beans, and chickpeas.

Type of treatment prior to Total phenolic content, mg ferulic acid /100g
germination Lentils Broad beans Chickpeas
Control (raw sample) 125.35+0.36"°  194.28+3.02° 120.77+1.12°
No treatment 125.23+0.930¢ 282.78+10.71° 124.71+1.23°
Ultrasounds 128.24+2.06" 302.80+3.222 111.69+1.80°
Magnetic field 122.97+2.29¢ 270.65+1.44° 121.42+2.28°
Pulsed light 135.59+2.23¢2 272.43+2.49° 153.02+4.262

Means in a column that do not share a superscript letter are significantly different at p < 0.05

A good linear correlation between the total phenolic content and DHHP radical
scavenging activity was obtained in the case of chickpea, with R? = 0.8248.

Flavonoids are synthesized in legumes mainly as a response to stress conditions,
induced by the attacks of insects, microorganisms or even ultraviolet light (Beggs
and Wellmann, 1994). Ouhibi et al. (2014) obtained a significant increase of the
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flavonoid content of lettuce leaves treated before germination under 0.85 and 3.42
kJ-m~2 UV light. In the present study, only the pulsed light treatment determined a
significant increase of the flavonoid content of all the studied legumes, when
compared to the corresponding samples germinated with no physical pre-treatment
(Table 3). Ultrasounds and the application of the 50 mT magnetic field prior to
germination lead to the significant increase of the flavonoid content only in the
case of broad beans (p<0.05), with no influence on flavonoid formation in lentils
and chickpeas (p>0.05) in comparison to the corresponding control samples.

When considering the relationship between total flavonoid content and overall
antioxidant activity expressed as DPPH radical scavenging ability, good linear
correlations were obtained for broad beans and chickpeas; the R? values were
0.8463 in the case of broad bean, and 0.9673 for chickpea flour.

Table 3. The effect of physical treatments applied prior to germination on the total
flavonoid content of lentils, broad beans, and chickpeas.

Type of treatment prior to Total flavonoid content, mg quercetin /100g
germination Lentils Broad beans Chickpeas
Control (raw sample) 28.53+1.74 23.61+0.35¢ 64.03+2.85°¢
No treatment 28.42+0.35° 35.06+2.44°¢ 74.93+8.27°
Ultrasounds 30.31+0.702P 37.59+0.04°¢ 60.92+3.34°
Magnetic field 30.50+1.742P 39.27+0.352P 67.00+0.36°¢
Pulsed light 33.43+1.382 42.05+0.322 90.03+4.982

Means in a column that do not share a superscript letter are significantly different at p < 0.05

The presence of vitamin B1 was determined in all the studied legumes. Analysing
the results shown in Table 4, it can be observed that the germination process itself
(samples germinated under dark, with no applied pre-treatment) led to the
significant increase of the thiamine content of lentils and chickpeas. On the other
hand, in the case of broad beans, among all the types of physical treatments applied
prior to germination, only the magnetic field allowed the significant increase of the
content of vitamin Bl in the germinated sample as compared to the control
(p<0.05). A good linear correlation between the content of vitamin B1 and 1C50
value was obtained for the lentil samples (R? of 0.8975). Similar to our findings,
Aslam et al. (2008) reported negligible amounts of B: vitamin in germinated
chickpea seeds (0.05-0.015ug/g).

The presence of vitamin C was not detected in raw lentil and broad bean samples.
Except for the magnetic field treated sample, lentil germination resulted in
synthesis of vitamin C up to contents of 18.48 mg/100g. In the case of broad beans,
the presence of vitamin C could be detected only in the sample pre-treated through
pulsed light prior to germination (Table 4). Finally, regardless of the applied pre-
treatment, germination resulted in no influence on the vitamin C content of the
chickpea samples (p>0.05). In this respect, Doblado et al. (2007) found vitamin C



Patrascu et al. / AUDJG — Food Technology (2020), 44(2), 127-136 133

formation in germinated chickpeas treated under high pressure, with values ranging
between 14.9 and 25.2 mg/100 g, depending on treatment and germination time.
An important increase of the vitamin C level during lupin germination was
observed by Frias et al. (2005), who reported levels of 6.48 mg vitamin C/100g in
raw lupin seeds and up to 56 mg vitamin C/100 g after nine days of germination.

No correlation could be established between the content of vitamin C and the
antioxidant activity of the investigated pulses.

Table 4. The effect of physical treatments applied prior to germination on the synthesis of
vitamins B1 and C in lentils, broad beans and chickpeas.

Type of treatment prior to Lentils Broad beans Chickpeas
germination Vitamin B1, mg/100g
Control (raw sample) 3.77+0.01¢ 3.82+0.14° 3.69+0.14°
No treatment 4.38+0.25° 3.52+0.07¢ 4.64+0.132
Ultrasounds 3.85+0.25¢%¢ 3.93+0.08P 4.57+0.002
Magnetic field 4.24+0.10P°¢ 4.11+0.05? 4.04+0.12°
Pulsed light 4.91+0.16% 3.79+0.17b¢ 5.07+0.39?
Vitamin C, mg/100g
Control (raw sample) ND* ND 18.49+0.012
No treatment 18.45+0.00° ND 18.46+0.00°
Ultrasounds 18.48+0.00? ND 18.46+0.01°
Magnetic field ND ND 18.44+0.01°
Pulsed light 18.43+0.00° 18.47+0.01 18.44+0.00°

Means in a column that do not share a superscript letter are significantly different at p < 0.05; "ND —
not detected

Protein digestibility and the biological value of legume proteins are highly
influenced by the presence and activity of trypsin inhibitors. In order to highlight
the presence of trypsin inhibitors in the germinated legumes, and also to emphasize
the effect of some physical pre-germination treatments on their level and activity,
the cleavage performance of trypsin was determined, and the results were included
in Figure 1. The efficiency of the germination process in reducing the trypsin
inhibitors from legume seeds was previously reported by Aguilera et al. (2013) and
Chandrashekharaiah (2013). The ability of trypsin to recognize and specifically
cleave the peptide bonds within proteins varied according to the legume type. The
highest degree of hydrolysis (DH%) was obtained in the case of chickpeas, for both
raw and germinated seeds. The pulsed light pre-treatment resulted in a significant
increase of DH% for all the legumes studied. On the other hand, all the magnetic
field and ultrasounds pre-treated samples presented significantly lower DH%
values in comparison to the corresponding samples germinated with no prior
physical treatment (p<0.05). These results might be due to the synthesis of higher
levels of trypsin inhibitors, or to the changes induced in the three-dimensional
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structure of proteins which might prevent the efficient recognition of different
peptide bonds by the enzyme.
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Figure 1. The influence of physical treatments applied prior to germination on the
digestibility of protein from lentils, broad beans and chickpeas. Mean values of the same
type of legume that do not share a letter are significantly different at p < 0.05.

Conclusions

Green lentils, broad beans and chickpeas, were subjected to germination after
applying different preliminary physical treatments through pulsed light, magnetic
field or ultrasounds. Generally, the results indicated that the application of physical
treatments prior to germination can be used to improve the level of biologically
active compounds in both small and big seed legumes. Out of the three pre-
germination treatments considered in the study, pulsed light appeared to be the
most effective in enhancing the antioxidant activity, as well as the protein
digestibility of the legumes under study. Although ultrasounds and magnetic field
improved the antioxidant activity of the germinated samples, a negative effect on
protein digestibility was observed in all the pulses investigated .
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