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Aneta Sławińska 1, Wojciech Radzki 1 and Waldemar Gustaw 1

1 Department of Fruits Vegetables and Mushrooms Technology, Faculty of Food Science and Biotechnology,
University of Life Sciences in Lublin, Skromna 8, 20-704 Lublin, Poland

2 Department of Epizootiology and Clinic of Infectious Diseases, Faculty of Veterinary Medicine,
University of Life Sciences in Lublin, Głęboka 30, 20-612 Lublin, Poland
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Featured Application: This study provides insight into changes in the profile of the protein–
peptide fraction, including the potential reduction of allergenic factors (such as non-specific
lipid-transfer proteins). The investigation indicates possibilities for further elimination of anti-
nutritional and allergenic components in legume-derived food products. The investigation also
shows the quantitative and qualitative composition of bacteria present in the red lentil matrix
after 48 h of spontaneous fermentation, which may constitute a reservoir of microorganisms with
potentially desirable technological properties.

Abstract: Pulses have desirable nutritional properties and a wide range of applications in the food
industry as meat-free, casein-free, gluten-free, and functional food products. Unfortunately, the
legume raw material contains some anti-nutrients and allergenic agents; nonetheless, fermentation
processes may reduce some of these undesirable compounds. Therefore, the objective of the prelimi-
nary investigation was to determine the profile of bacteria occurring after spontaneous fermentation
of Lens culinaris Medik. and detect changes in the protein–peptide pattern, including potential modifi-
cations of Len c3, i.e., a non-specific lipid-transfer protein (nsLTP) recognized as an important allergen.
This study involved MALDI TOF/TOF, Illumina next-generation sequencing, and FT-IR spectroscopy
analyses. Sixteen different species were identified in the plant-based material after 48-h spontaneous
fermentation. The most abundant species were Lactococcus taiwanensis and Pediococcus pentosaceus
(54.95% and 25.34%, respectively). The performed initial analysis revealed that after spontaneous
fermentation had occurred the degradation of proteins (~10 kDa) and peptides (6–8 kDa), as well as
the decomposition of proteins in the mass range that might be attributed to allergenic nsLTP. The
preliminary findings encourage further research into the functional and technological properties of
the isolated bacteria and in-depth analyses of the possibility of the removal of allergenic compounds
from red lentils through fermentation carried out by the isolates.

Keywords: red lentils; Lens culinaris Medik.; spontaneous fermentation; FT-IR

1. Introduction

Fermentation is recognized as one of the oldest methods of food preservation and
has been used for centuries in many regions of the globe. It is often part of the traditional
way of food preparation (especially in many types of foodstuffs with ethnoreligious signif-
icance). Fermentation is also perceived as a biopreservation method contributing to the
enhancement of the health-promoting properties and increasing the bioavailability of many
nutrient components present in raw material [1,2].
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Originally, fermentation was applied in food production as a spontaneous process
carried out by naturally resident microorganisms in raw materials. However, on an indus-
trial scale, fermentation is relatively difficult to control and the achievement of repeatable
results in each batch is very challenging. Therefore, selected starter cultures in a defined
formulation are used nowadays in food technology [3,4]. However, it has already been
indicated that autochthonous microorganisms, rather than allochthonous starters, are able
to perform more efficient fermentation processes and yield more desirable, specific features
of the final product [2,5]. Therefore, technologically attractive potential starter strains are
usually selected from the food matrix, in which they are to be used as an inoculum for
fermentation [2,6,7]. Furthermore, recent research indicates that wild-type fermented fruits
and vegetables can be an ample source for the isolation of lactic acid bacteria (LAB), not
only exhibiting a favorable technological potential but also producing desired health effects
in the human body [8,9]. It is also suggested that the fermentation process may contribute
to the reduction of anti-nutrients and allergenic factors, including some proteins present in
raw plant material [1]. This is of paramount importance, especially in the context of the
changes in nutritional trends observed nowadays and the current needs for modification in
food production. The trends include the increasing demand for developing new substitutes
for milk and meat products as well as products without (or with reduced levels of) factors
that cause food allergies, intolerances, or digestive discomfort.

Pulses exhibit favorable nutritional properties due to their content of protein, car-
bohydrates, and fiber as well as the high concentration of such bioactive components as
phytosterols or polyphenols [10]. It has also been reported that legumes can be a proper
raw material suitable for the fermentation process enhancing the beneficial properties of
the plant-derived food matrix [11,12]. Furthermore, it is suggested that the formulation of
novel food products based on this type of plant (with particular regard to fermented ones)
may significantly expand the range of alternative food products (or substitutes for various
foodstuffs) suitable for individuals with special food requirements or suffering from certain
digestive disorders. This is particularly important because the prevalence of such disorders
as lactose intolerance or allergies to cow’s whey and milk protein is constantly increasing
in contemporary society [13–15]. Consequently, the process of the fermentation of pulses
has recently been of great interest to the food industry and is an object of various interdisci-
plinary scientific studies. Nevertheless, the spontaneous fermentation of red lentils has not
been fully explored and characterized so far. Therefore, the objective of the preliminary
study was to determine the profile of bacteria occurring in the spontaneously fermented
material of Lens culinaris Medik. Another important cognitive objective of this investigation
was to detect modifications in the protein—peptide pattern after spontaneous fermentation
of red lentils resulting in some potential changes in the content of Len c3, which belongs to
the group of non-specific lipid-transfer proteins (nsLTP) recognized as important allergens.

2. Materials and Methods
2.1. Preparation of Raw Material for the Fermentation Process

Organic (EU organic production logo—PL-EKO-01) red lentil seeds (Lens culinaris
Medik.) were purchased from a local market and used as raw material in the research. The
characteristics of the raw material are presented in Table 1.

The dry red lentil seeds were milled to obtain homogeneous powder (flour) with a
Knife Mill GM 200 laboratory grinder (Retsch GmbH, Haan, Germany). The spontaneous
fermentation of the material was performed as in [9], with some modifications. Briefly,
three grams of milled lentil seeds were transferred (in sterile conditions) into falcon tubes
that contained 30 mL of sterile distilled water. Afterward, the samples were tightly sealed,
thoroughly mixed (Multi-Speed Vortex MSV-3500, BioSan, Riga, Latvia), and incubated
anaerobically at 37 ◦C for 48 h (all procedures were performed in sterile conditions). Control
samples were prepared in the same way as described above but were not subjected to
incubation and spontaneous fermentation.
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Table 1. Specification of the plant raw material 1.

Nutritional Values in 100 g of the Product

Energy 1332 kJ/316 kcal
Fat in total 1.7 g

Saturated fatty acids 0.4 g
Carbohydrates 37.8 g

Sugars 0.2 g
Fiber 21.1 g

Protein 26.9 g
Salt 0.0 g

1 According to the distributor’s declaration (Jeronimo Martins Poland S.A.). Reference intake value for an average
adult (8400 kJ/2000 kcal).

Depending on the type of further analysis (described below), the samples of the
fermented matrix were collected after 12-h fermentation. After 48 h (final products), they
were frozen at −80 ◦C and lyophilized (Labconco, Kansas City, MO, USA).

The lyophilized samples of the tested material were ground using the laboratory mill
(Retsch ZM 200, Retsch, Haan, Germany) and sieved to obtain homogenous powders with
particle sizes below 500 µm.

2.2. FT-IR Spectroscopy Analysis

The spectra of each lyophilized sample were measured in the wavenumber region from
4000 to 400 cm−1 using an Alpha II FTIR spectrometer (Bruker Corporation, Bremen, Germany)
coupled to a Platinum Diamond ATR with a single reflection diamond crystal. An air spec-
trum was used as the background of the sample. Background and sample spectra were
taken at room temperature with a spectral resolution of 4 cm−1, and 24 scans were taken
for each measurement. The OPUS 8.7 10 (20200710 x 64) ALPHA SYSTEM (Bruker Optic
GmbH 2020, Bruker, Bremen, Germany) software was used to analyze the spectra.

2.3. Analysis of Peptide Fractions in Spontaneously Fermented Lentil Material

Changes in peptide fractions in the spontaneously fermented lentil matrix were iden-
tified using the MALDI TOF technique. Briefly, 0.3 g of each lyophilized sample was
subjected to cryogenic grinding with liquid nitrogen. Afterward, 0.25 g of the grounded
sample was placed in an Eppendorf tube, covered by 20 mM TRIS HCl solution, and
homogenized for 10 min. Glass beads were added to the homogenized sample, and sonifi-
cation was carried out for 20 min at 10 ◦C. The samples obtained were centrifuged (5000× g,
20 min, 4 ◦C) and supernatants were collected.

The supernatants were subjected to purification and concentration by ZipTip with
0.6 µL C18 resin using 100% acetonitrile (ACN) as the wetting solution. The samples were
supplemented with 0.1% trifluoroacetic acid (TFA). In the analysis, 0.1 TFA in Mili-Q was
used as an equilibration solution and a wash solution, whereas 0.1 TFA/50% ACN was
used as an elution solution. Concentrated peptide and protein mixtures were spotted on
an Anchor Chip MALDI plate (Bruker, Bremen, Germany) and covered with 1 µL of the
α-cyano-4-hydroxycinnamic acid matrix (HCCA, Bruker, Bremen, Germany). Simultane-
ously, a standard solution (Peptide Calibration Standard II, Bruker, Bremen, Germany)
was applied to the calibration spots. Mass spectra were recorded using an Ultraflextreme
MALDI TOF/TOF (Bruker, Bremen, Germany) spectrometer in two linear modes to detect
as many peaks as possible: LP1 (linear detector gain: 26 × 2998 V, frequency: 1000 Hz,
2 Gs/s, mass range: 4000 to 20,000 m/z) and LP2 (linear detector gain: 42 × 3058 VV,
frequency: 500 Hz, 0.50 Gs/s, mass range: 4.500 to 8500 m/z), and the RP-reflector mode to
acquire spectra for lower masses (reflector detector gain: 8.8 × 2531 V, frequency: 1000 Hz,
4 GS/s, mass range: 700 to 4000 m/z).

The spectra were smoothed and baseline corrected in flexAnalysis 3.0 software (Bruker,
Bremen, Germany). The peptide and protein masses shown on the spectra were compared
with Standard Protein BLAST for lentil plants and assigned to the respective proteins.
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2.4. Determination of the Profile of Microorganisms

The samples of the spontaneously fermented red lentil matrix collected directly after
the 48-h incubation (without the freezing and lyophilization processes) were intended
for genetic analysis. The analysis was performed by NEXBIO Sp. z o.o. (Lublin, Poland)
applying the Illumina Sequencer Platform using the Library Kit (Herculase II Fusion DNA
Polymerase Nextera XT Index Kit V2) and a developed library protocol (16S Metagenomic
Sequencing Library Preparation Part # 15044223 Rev. B). The Illumina NGS (next-generation
sequencing) workflow included the following stages: sample preparation (after DNA ex-
traction and preparation of quality control, qualified samples were selected for library
construction), library construction (the sequencing library was prepared by random frag-
mentation of the DNA sample followed by 5′ and 3′ adapter ligation; the adapter-ligated
fragments were then PCR amplified and gel purified), and the sequencing procedure.

Four terminator-bound dNTPs were present during each sequencing cycle (natu-
ral competition minimizes incorporation bias and reduces raw error rates compared to
other technologies).

3. Results
3.1. FT-IR Spectroscopy Analysis

The FT-IR spectra (4000–400 cm−1) of the tested lentil samples from different stages of
fermentation are displayed in Figure 1.
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Figure 1. Comparison of the raw FT-IR spectra of the tested samples (the area of spectra in which
the differences between fermented and control samples are the most noticeable is marked with a
red rectangle).

The analysis of the spectra of the legume material revealed that the curves were similar
to each other (Figure 1). Particular similarity was exhibited by the samples of the plant
material (red lentils) after the 12- and 48-h spontaneous fermentation. Nevertheless, the
fragment of the spectrum at 1200–1500 cm−1 (marked by the red area in Figure 1) indicates
strong differences between the plant material samples after the spontaneous fermentation
and the non-fermented lentils constituting the control sample. In this area, a discernible
peak signal at 1395.78 cm−1 was noticed in the control sample, whereas this signal was not
detected in the other samples.

3.2. Analysis of Peptide Fractions in Spontaneously Fermented Lentil Material

The analysis of the MALDI TOF spectra was carried out using two linear mode
methods (LP1 and LP2) to visualize as many masses as possible (Figure 2a–g). The spectra



Appl. Sci. 2022, 12, 8916 5 of 12

obtained using LP1 demonstrated evident changes in the fermented legume-based material
increasing with incubation time (12 h and 48 h) in comparison with the control sample (0 h).
The degradation of proteins with lower molecular weight (~10 kDa) and 6–8 kDa peptides
was evident (Figure 2a). Moreover, the close-up of the LP spectrum (Figure 2b) revealed
apparent degradation of the peptide at 5130 and 5443 m/z, which may be attributed to the
nodule-specific cysteine-rich peptide L44. After the fermentation process (12 h and 48 h),
the decomposition of proteins (Figure 2d) occurred in the mass range from approximately
11,840 to 11,900 m/z. Moreover, during the spontaneous fermentation of the lentils a
decrease in the nascent polypeptide-associated complex subunit beta peak can be observed,
and the creation of new signals (~5800 m/z) increasing over the process is clear to see
(Figure 2c). A similar situation took place in the mass range of 4500–8500 m/z. Three main
peaks on the 0 h spectrum during the fermentation decreased (~5900 m/z, ~7000 m/z) or
decomposed (~7600 m/z). The appearance of new peaks in the range of 4800–5100 m/z
obtained from initial peptides or proteins from the 0 h sample can be observed after 12 and
48 h (Figure 2e).

The spectra acquired with the LP2 method demonstrated that the peak of 5822 m/z
was more intensive in the analyzed fermented plant material in the longer incubation
period (Figure 2f). Furthermore, the degradation of the peptide from the region of about
6993 m/z (which can be attributed to the nodule-specific cysteine-rich peptide L53) and
the occurrence of a new peptide (7162 m/z) in the fermented samples were detected in
samples of spontaneously fermented red lentils (Figure 2g). As a result, compared to the 0
h samples, spectra obtained after fermentation indicated changes in the protein–peptide
profile. The appearance of signals with a lower m/z value was most probably the result of
fragmentation of higher mass peaks.

The RP spectra showed the slightest differences depending on the incubation time. In
this case, the differences were associated with changes in the intensity of peaks, indicating
the fragmentation of masses to smaller ones which were impossible to detect by the MALDI
TOF technique (Figure 3).
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Figure 2. Comparison of the peptide fractions of Lens culinaris material through the analysis of
selected MALDI TOF spectra with the LP1 (a–d) and LP2 (e–g) method.
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3.3. Determination of the Profile of Microorganisms

The method of determining the microbial profile yields results with highly accurate
base-by-base sequencing (and eliminates sequence-context-specific errors even within
repetitive sequence regions and homopolymers).

The analysis revealed the presence of sixteen different species in the fermented lentil
matrix after 48 h of spontaneous fermentation (Figure 4). Lactococcus taiwanensis and
Pediococcus pentosaceus were the most abundant species (54.95 and 25.34%, respectively).
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Figure 4. Bacterial profile (composition expressed in %) detected in the spontaneously fermented
Lens culinaris Medik. material.

In the composition of the microflora in the tested fermented food matrix, the smallest
contribution (about 0.01%) was represented by Brevibacillus parabrevis, Enterococcus columbae,
Enterococcus saigonensis, Pediococcus claussenii, Weissella diestrammenae, and Lactococcus lactis.
Potential pathogens (Klebsiella quasipneumoniae and Acinetobacter baumannii) were detected
as well.
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4. Discussion

FT-IR spectroscopic analysis allowed the detection of functional groups in different
matrices, including plant-based foodstuffs. It also facilitated the determination of some
phytochemical changes in the tested material. The broad bands at 3280 cm−1 and 2930 cm−1

can be attributed to the stretching vibrations of O-H, N-H, and C-H, respectively. In turn,
the signal at ~1725 cm−1 is the result of C=O stretching and suggests the presence of
fat [16,17].

The spectra exhibited two strong signals at ~1635 cm−1 (Amide I) and ~1540 cm−1

(Amide II). The former is the result of the C=O stretching mode, while the peak at
~1540 cm−1 indicates the presence of the bending vibrations of N-H groups. These two
signals can be attributed to the presence of protein in the samples.

The bands between 1450 cm−1 and 1300 cm−1 can be assigned to the bending vibra-
tions of CH2, O–H, and C–O–H [17]. The signal at ~1400 is noticeably stronger in the
sample that was not subjected to lactic acid fermentation. It may be attributed to the
presence of aromatic groups. This is in accordance with [18] who indicated that aromatic
groups were inferred based on the band around 1407 cm−1 (C-C stretch) and the peak
near 798 cm−1. Moreover, it was suggested that the changes in the region (absence of
the peak in the area near 1400 cm−1 in the fermented legume material) may be related
to biochemical modifications (particularly in phenolic and aromatic groups) occurring
through the fermentation process and microbial activity.

Three signals at ~760 cm−1, ~850 cm−1, and 930 cm−1 indicate the presence of
α-glycosidic links and may result from the presence of starch [19].

The FT-IR spectra of the tested lentil samples are similar to the results for water extracts
of red lentils described by [20]. It has been suggested that some slight changes in spectra of
fermented legume samples in the 750–1200 cm−1 zone (a fingerprint region characteristic
for carbohydrate components) and the amide I zone (presented also in this analysis) may
be related to starch and protein [18]. Further, as indicated by [18], these changes contribute
to various conversions of anti-nutritional components, e.g., tannins, which are of particular
importance in the case of food production based on plant raw materials.

Moreover, the visible band region 1657–1632 cm−1 (characteristic for proteins and
peptides) attributed to amide I (C=O stretching) [21,22] was noted in all the tested legume
samples. The changes may be an effect of protein and peptide hydrolysis occurring during
the process of spontaneous fermentation with the participation of bacterial proteolytic
enzymes. The differences within the protein–peptide fraction in the fermented samples (in
comparison to the control variant) were also reflected in the images of the spectra obtained
after the MALDI TOF/TOF analysis.

Certain proteins present in legumes are described as strong allergens that may lead
to adverse reactions in the human body. They may also lead to weaker absorption of
other pulse-derived proteins in the gut [23,24]. Hitherto, through the use of immunoblot
analysis and mass spectrometry-based platforms, a subfamily of six lentil LTP isomers
(designated as Lc-LTP1-6) has been identified and verified as immunologically potential
allergens [2,25–27]. One of them (the earliest identified lentil allergen) is γ-vicilin (50 kDa),
considered the major allergen of lentils and designated Len c1 [28]. It is worth emphasizing
that vicilin (also known as 7S globulin) belongs to the major storage proteins of legumes [29].
Another important protein is Len c2 with a molecular weight of about 66 kDa [30], while
Len c3, belonging to the prolamin super-family, is a lipid transfer protein (LTPs) with a
relatively small molecular weight (9 kDa).

Non-specific lipid transfer proteins (nsLTPs) in plants are responsible for non-specific
exchange (between membranes) of hydrophobic molecules and lipids [31]. Moreover,
nsLTPs are involved in many biochemical processes such as plant development, germi-
nation, sexual reproduction, cuticle formation, defense against pathogens, responses to
stress factors, and many others [32–37]. Nevertheless, non-specific lipid transfer proteins
are perceived as important factors of food and pollen allergy in humans. They exhibit high
resistance to temperature treatments and digestive enzymes [38,39].
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The promising findings from the conducted preliminary study suggest that the process
of spontaneous fermentation may contribute to the reduction in the level of some types
of allergenic factors present in the red lentil food matrix (the mass range from approxi-
mately 11,840 to 11,900 m/z is a region that may be attributed to allergenic non-specific
lipid-transfer proteins). The present results also indicate changes in the protein profile after
48-h spontaneous fermentation of red lentils due to presumable proteolysis induced by
microbial enzymes. It has already been revealed that fermentation may contribute to the
partial hydrolysis of proteins, improving their digestibility (and bioavailability); therefore,
fermentation can be considered as a relatively inexpensive bioprocess reducing the level of
allergenicity of legume-derived food products [40]. Moreover, Aguirre, et al. [41] indicated
that soybean protein isolate subjected to fermentation conducted by different LAB bacteria
caused a significant reduction of allergens, including β-conglycinin, glycinin, and glycin.
The results described by Yang et al. [42] indicated that the process of fermentation of soy-
bean food products with the application of B. subtilis and Lb. casei microbial combination
and yeast contributed to the degradation of major protein allergens. The results of the
present preliminary study suggest a possibility to reduce the level of some allergens in the
tested red lentil material through spontaneous fermentation conducted by the detected
bacteria, which should be the object of further investigations, especially given the fact
that Klebsiella quasipneumoniae were detected in the fermented red lentil matrix as well.
Nevertheless, it has been indicated that the bacteria are characterized by a low prevalence
of virulence genes and exhibit higher rates of susceptibility to many commonly tested
antimicrobials [43]. Therefore, this preliminary study needs a continuation with a more
extensive scope of analysis focusing on indigenous bacteria in the analyzed raw material
and the ability of individual bacteria to hydrolyze allergenic proteins naturally present in
legumes. Moreover, their functional properties and technological usability (i.e., as starter
cultures) should be assessed. The relevance of the research to the possibility of using indige-
nous bacteria from spontaneously fermented legume seeds in food production is supported
by the research carried out by Sáez et al. [44], where four different kidney bean varieties
were subjected to spontaneous fermentation. The results indicated that autochthonous
lactic acid bacteria were represented in kidney beans by four genera and eight species:
Enterococcus durans, E. faecium, E. mundtii, E. casseliflavus, Lactobacillus rhamnosus, Lactococcus
garvieae, Weissella cibaria, and W. paramesenteroides. Moreover, based on the analysis of the
properties (gallate decarboxylase, growth ability, acidification rate, proteolytic activities,
and antimicrobial potential) exhibited by the identified bacteria, two strains (Enterococcus
durans CRL 2178 and Weissella paramesenteroides CRL) were selected as a functional starter
culture useful for fermentation of legume flours. In the spontaneously fermented red lentil
material, four Enterococcus species (Enterococcus cecorum, Enterococcus saigonensis, Entero-
coccus hirae, Enterococcus columbae) and two Weissella species (Weissella diestrammenae and
Weissella confuse) were detected. There are currently ongoing investigations to explore and
characterize the properties of the microorganisms detected in spontaneously fermented
Lens culinaris Medik. in terms of their potential use in the food industry.

5. Conclusions

This short communication (although very preliminary) may have potentially high
scientific value, as it is the first insight into the composition of autochthonous bacteria
in red lentils available on the Polish market. After fermentation, visible changes in the
protein–peptide profile were observed in the analyzed plant matrix. Given the changes
in the protein–peptide fraction, it may be assumed that the modifications of the structure
of allergenic components occurring during the fermentation process depend on native
microorganisms of the plant-based matrix. Nonetheless, there are currently no sufficient
data to explicitly define the influence of individual bacterial strains on allergens, including
a group of non-specific lipid-transfer proteins (such as Len c3). Furthermore, the results
encourage further analysis to elucidate in detail the mechanisms of changes in the structure
of allergenic proteins in red lentils induced by the process of spontaneous fermentation.
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The findings prompt the continuation of the investigation for effective identification and
selection of novel microorganisms isolated from the fermented food matrix with high
technological potential relevant for food production. Moreover, the results of this work
may serve as the background for evaluating the technological and functional properties
of the identified bacteria and encourage further investigations of bacterial activity lead-
ing to a decrease in the content of allergenic components in Lens culinaris Medik. And
other legumes.
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