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Red lentils are a very important raw material in the food industry due to their high protein content and high level of health-
promoting components. The nutritive value of red lentils is the most important attribute from a research point of view;
it can be increased by germination, soaking as well as physical and biochemical processes. The antinutritive materials
are reduced or denatured by the germination process and indigestible components become available to the human body.
Heat treatment was applied to achieve different temperatures and increase the microbiological stability of germinating
samples. The effect of heat treatment on the amounts of certain components and the activity of oxidative enzymes was
tested during our experiments; the nutritional characteristics (water-soluble total polyphenol content (WSTPC), water-
soluble protein content (WSPC), water-soluble antioxidant capacity, in addition to peroxidase and polyphenol oxidase
enzyme activities) of different treatments in red lentil samples were monitored. The WSTPC in our samples ranged from
0.726 mg Gallic Acid Equivalent GAE/g DW (DW being dry weight) to 1.089 mg GAE/g DW, and the WSPC varied from
19.078 g / 100g DW to 29.692 g / 100 g DW. Results showed that germination led to an increase in the WSTPC and
WSPC. The peroxidase enzyme activity also exhibited an increase during germination which could result in deepening
of the colour of the finished products. Germination resulted in the water-soluble antioxidant capacity of red lentil samples
decreasing.
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1. Introduction

Lentils (Lens culinaris M.) are bushy annual plants of
the legume family. Lentils are grown for the high pro-
tein content and high nutritive value of their lens-shaped
seeds. Lentils are primarily a cool-season crop; they are
moderately resistant to high temperatures and droughts.
Lentils are characterized by their high levels of plant pro-
tein, complex carbohydrates (resistant starch, slowly di-
gestible starch and oligosaccharides), fibres (soluble and
insoluble) as well as very low sodium and fat content.
Additionally, lentils are rich in B-vitamins, e.g. folate,
thiamin and niacin, and key minerals, namely iron, potas-
sium, magnesium and zinc, make them a highly nutritious
food.

The most common types of lentils are red, green and
black of which red and green are the most commonly
traded. The cultivation and consumption of red lentils are
considerable in Asian countries. On the other hand, con-

*Correspondence: ildiko.szedljak@gmail.com

sumer demand for red lentils in the Western Hemisphere
is not high [1].

Red lentils are a valuable source of macronutrients
(proteins, fats, carbohydrates) and other important com-
ponents (phytochemicals: phytic acid, phenolic acids,
flavonols, flavanols and condensed tannins). Lentils have
demonstrated many health benefits, e.g. lowering the
glycemic index and their gluten-free status for people
with metabolic disorders. The consumption of lentils can
also lead to weight loss, which is recommended for all
overweight and obese individuals [2, 3].

The germinated seeds and their compounds are pos-
sible components of functional foods. Functional foods
play an important role in health promotion and disease
prevention. Different scientific papers suggest that lentils
provide protection against chronic diseases through a
multitude of biological activities including anticancer,
antioxidant and angiotensin-converting enzyme inhibi-
tion. Lentils also reduce blood lipid levels and the risk
of developing cardiovascular diseases [4, 5].
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The nutritive value of lentil seeds can be improved
by the germination process. Germination is a complex
metabolic process during which the lipids, carbohydrates
and storage proteins within seeds are broken down in or-
der to obtain the necessary energy and amino acids. These
changes influence the bioavailability of essential nutri-
ents [6]. The presence of antinutritional factors might be
reduced by germination. Red lentils have been gaining
increasing attention due to their health benefits as part
of the human diet and they are considered to be an ex-
cellent source of dietary antioxidants largely because of
their high level of bioactive phytochemicals [1, 7]

In Hungary, small-scale (20 seeds) red lentil germi-
nation experiments have already been conducted during
which the effect of germination on the lectin content was
studied [8]. The main purpose of our research was to ex-
amine the suitability of the germinated red-lentil grist as
a raw material of dry pasta.

Red lentils were selected for our experiments due to
their aforementioned favourable nutritional characteris-
tics. In addition, its flour can be suitable in the devel-
opment of gluten-free pasta products in the form of en-
richment and gluten-free raw materials. The formation of
more digestible water-soluble components was conduced
by seed germination, but at the same time a loss may be
observed due to the heat treatments (drying pasta) used in
the manufacture of the products. The same loss may oc-
cur during the boiling process. Therefore, it is important
to check for all kinds of changes that occur during heat
treatment. The control of the activity of enzymes which
generate oxidation processes is also essential during ger-
mination as is technological / kitchen-technological pro-
cessing from the point of view of the expected quality of
the finished products.

Developing food diversity by incorporating red lentil
seeds and its flour into western diets is highly recom-
mended.

2. Experimental

The aim of our study was to examine the chemical
changes in red lentil seeds during the germination pro-
cess. The effect of different heat treatments on the amount
of certain components and the activity of oxidative en-
zymes were monitored. Moreover, a connection between
the parameters and the extent to which these variables in-
teract was sought.

2.1 Samples and Measurements

Samples 10 kg of raw organic whole red lentil was pur-
chased from BiOrganik Online Kft. 3 kg of which was
added to the germination device. 500 g of both soaked
and sprouting seeds were sampled and heat-treated at
three different temperatures. The heat-treated seeds were
milled using a hammer grinder and then homogenized.
The aqueous extracts were made from the control sam-
ples and the heat-treated grists.

Steeping, Germination and Heat Treatment Steep-
ing and germination were performed in a Schmidt-
Seeger, KMA-A1-2008 micromalting plant. The micro-
malting plant was controlled by a personal computer with
a special controlled by a personal computer with special
software. During germination the temperature of the air
was regulated and wetted with special jets.

During the steeping process compressed air was dis-
persed in the steeping water. Alternate wet and dry pe-
riods were implemented during steeping, because during
the latter the oxygen uptake of grains is more effective.
Wet steeping lasted for 3 hours at 20 ◦C with aerations
of 6.67 minutes in duration every 8 minutes. This was
followed by a 2 hour-long dry period at 22 ◦C with hu-
midification. The second 2-hour-long wet period was per-
formed at 20 ◦C. Steeping was stopped when an adequate
moisture content was achieved. Germination lasted for 96
hours at 22 ◦C with humidification. During the first 48
hours, the germinating seeds were rotated 30 times ev-
ery two hours, then every three hours. Germinating seeds
were not sprayed during the process.

Germinating red lentil samples were taken daily at the
same time. Heat treatment was applied at different tem-
peratures (60 ◦C, 80 ◦C, 100 ◦C) in order to increase the
microbiological stability of germinating samples. The ef-
fect of heat treatment on the amount of certain compo-
nents and the activity of oxidative enzymes was tested
during our experiments.

Chemical Analysis The samples were homogenized
and 0.10 ml of distilled water was added to each sample.
The centrifugation process was conducted after extrac-
tion for 10 minutes at 4 ◦C and 10,000 rpm. The water-
soluble polyphenolic content was measured by colorimet-
ric analysis using Folin & Ciocalteu’s phenol reagent [9]
and the results were expressed in Gallic Acid Equivalent
(GAE) (mg GAE/g DW – DW being dry weight). The
WSPC was measured by a method discovered by Layne
[10].

The water-soluble antioxidant activity was deter-
mined using a Ferric Reducing Antioxidant Power
(FRAP) Assay Kit [11]. The polyphenol oxidase (PPO)
enzyme activity was measured by using a synthetic sub-
strate, pyrocatechol. The oxidized form of the substrate
can be synthesized photometrically at 420 nm by a spec-
trophotometer [12]. The peroxidase (POD) enzyme activ-
ity of the extracts was determined using o-Dianisidine as
a hydrogen donor in sodium acetate (pH 5.1) [13]. The
reagents for the chemical measurements were provided
by Sigma-Aldrich Kft.

Statistical Methods All of the measurements were
replicated five times. The Kruskal-Wallis test was ap-
plied to calculate the exact p-value (α = 0.05) and Dunn’s
post hoc pair-wise test was chosen with an adjustment
by Bonferroni. The relationship between the parameters
was determined by Spearman’s rank correlation coeffi-
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Figure 1: Water-soluble total polyphenol content in red
lentil samples. Different letters indicate significant differ-
ences between treatments (p ≤ 0.05).

cient (non-parametric equivalent of Pearson’s correlation
coefficient) (α = 0.05) using the XLSTAT-Sensory so-
lution software, version 2013.1.01 (Addinsoft, 28 West
27th Street, Suite 503, New York, NY 10001, USA).

During the correlation test the correlation between the
variables regardless of their units was examined.

3. Results and Evaluation

3.1 Water-soluble total polyphenol content
(WSTPC)

Zhang et al. [14] measured the total polyphenol content
(soluble and insoluble in water) using Folin Ciocalteu’s
reagent in raw red-lentil extracts (5.04 ± 0.36 mg GAE/g
DW – 7.02 ± 0.48 mg GAE/g DW). According to their
data all extracts of lentils cultivated in Canada were sig-
nificantly different from each other. In contrast to this
TPC values changed over a very narrow range (from 5.9
± 0.1 mg GAE/g DW to 5.93 mg GAE/g DW) in the sam-
ples of red-lentil flour tested [15–17]. The results of TPC
are shown in Fig. 1. The WSTPC in our samples ranged
from 0.726 mg GAE/g DW to 1.089 mg GAE/g DW. Our
WSTPC values were 5 to 10 times smaller than in the
aforementioned experiments.

By comparing the control and soaked samples, it can
be observed that the WSTPC increased during the soak-
ing process. These values were higher than the measured
data from germinated samples (Fig. 1).

According to our experiments heat treatment at high
temperatures (80 ◦C and 100 ◦C) equalized the WSTPC
values in red lentil samples. Furthermore, germination
and heat treatments did not effect the WSTPC of the
seeds.

3.2 Water-soluble antioxidant capacity

The results of water-soluble antioxidant capacity were
measured using a FRAP Assay Kit. The values ranged be-
tween 0.177 mg Ascorbic Acid Equivalent (AAE)/g DW

Figure 2: Water-soluble antioxidant capacity of red lentil
samples. Different letters indicate significant differences
between treatments (p ≤ 0.05).

and 0.815 mg AAE/g DW. As a result of the germinating
process, the antioxidant capacity of the samples was sig-
nificantly reduced compared to that of the control sample.
However, treatment at a high temperature (100 ◦C) led
to a further increase in the amount of new water-soluble
components with antioxidant capacity. Samples that were
not dried during the first 3 days were significantly dif-
ferent from the control samples in all of the categories.
Moreover, they differed from the sample dried at 100 ◦C
on the 4th day (Fig. 2).

The highest water-soluble antioxidant capacities were
measured in the control samples, except for the control
sample treated at 100 ◦C. By comparing control samples
to germinated samples, it is evident that the germinating
process did not result in an increase in the water-soluble
antioxidant capacity. Our results showed that whilst being
soaked the water-soluble antioxidant capacity started to
decrease.

The water-soluble antioxidant capacity in the heat-
treated sample on the 3rd day of germination at 80 ◦C de-
creased drastically compared to the control sample. The
same change occurred with the samples that were not
dried. Nevertheless, the significant decrease had already
occurred on the 1st day of germination.

No correlation was found between the WSTPC and
water-soluble antioxidant capacity.

3.3 Water-soluble protein content (WSPC)

WSPCs, given in Fig. 3, ranged from 19.078 g / 100 g
DW (dry weight) to 29.692 g / 100 g DW.

By comparing the control and soaked samples, it is
evident that the WSPC increased during the soaking pro-
cess. In the case of samples that were not dried in addi-
tion to those treated at 80 ◦C and 100 ◦C, no significant
differences were observed between treatments except for
samples treated at 60 ◦C where those soaked and on their
2nd day of germination had significantly higher values
compared to the control sample. The highest WSPC was
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Figure 3: Water-soluble protein content in red lentil sam-
ples. Different letters indicate significant differences be-
tween treatments (p ≤ 0.05).

measured on the 2nd day of germination at 60 ◦C, which
was significantly higher than all the heat-treated control
samples as well as samples treated at 100 ◦C except for
the value on the 1st day of germination.

As the germination process advanced – especially on
the 3rd and 4th days – the WSPC of samples heat-treated
at 80 ◦C and 100 ◦C started to decrease compared to the
same phenophases of those that were not dried or heat-
treated at 60 ◦C. This may be explained by the fact that
plant proteins are more easily degraded at higher temper-
atures over prolonged periods of time. A negative correla-
tion was observed between the WSPC and water-soluble
antioxidant capacity.

The total protein content was determined using the
Dumas method as described by Hefnawy [18]. In this
study the total protein content was 26.6 ± 0.50 g / 100
g DW and the effect of the heat treatment was insignifi-
cant.

3.4 Peroxidase (POD) Enzyme Activity

The changes in POD enzyme activity of red-lentil sam-
ples are shown in Fig. 4. The POD adversely affects the
nutritive value, taste, texture and colour of food products.
These enzymes are referred to as heat-tolerant enzymes
and can regain their activity following heat treatment and
storage (Fig. 4).

POD enzyme activity ranged from 10.815 U/g DW to
215.785 U/g DW with statistically significant differences.
The highest value (215.785 U/g DW) was found in the
sample dried at 100 ◦C on the 4th day.

The samples that were not dried or heat-treated were
identical to each other on the same level (control, soaked,
1st-4th day). POD activity progressively increased during
the germination process in almost all cases. The POD ac-
tivity of the sample dried at 100 ◦C was 20-fold higher
than that of the control sample. The POD activity of
different tempered lentil samples was also measured by
Pathiratne et al. [19] and their maximum value was 186.4

Figure 4: Peroxidase enzyme activity of red lentil sam-
ples. Different letters indicate significant differences be-
tween treatments (p ≤ 0.05).

U/g protein. However, in another study by Świeca et al.
[20], the POD activity of germinated lentil samples was
much higher than the aforementioned ones, 10.3 ± 0.24
kU/mg protein.

Elevated temperatures of heat treatment resulted in an
increase in the POD activity during the germination pro-
cess.

3.5 Polyphenol oxidase (PPO) enzyme activ-
ity

PPOs and PODs are the most studied enzymes in fruit and
vegetables. Świeca et al. [20] studied the PPO enzyme
activity in sprouts of lentils according to the method de-
scribed by Galeazzi et al. [21] and measured 2.24 ± 0.05
kU/mg protein. They reported that enzymatic markers of
the stress metabolism of plants, e.g. PPO activities, did
not differ significantly between sprouts. In our study a
catechol substrate was also used but no PPO enzyme ac-
tivity was detected in the samples.

4. Conclusion

Of all the parameters studied, the WSPC of red lentils
strongly correlated with the values of water-soluble an-
tioxidant capacity measured using the FRAP Assay Kit
(data not shown). The correlation is inversely propor-
tional, hence, the greater the WSPC, the lower the water-
soluble antioxidant capacity. Seed germination is one of
the most important stages in the life cycle of plants and
germinated seeds may be a useful source of healthy food.
Germinated seeds are very complex living matrices and
it is very difficult to understand the biochemical changes
that occur during sprouting. Further studies on the germi-
nation process of red lentils are needed to help understand
and identify the important parameters that are able to de-
scribe such changes.

Functional foods play an important role in terms of
consumer acceptance [22], thus, a more suitable approach
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may well be sensory evaluation in the case of our red-
lentil samples. The latest development methodologies
should be used, namely preference mapping methods,
Just-About-Right (JAR) scaling and eye-tracking meth-
ods [23–25].
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