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Protein digestibility, secondary protein structure components, sugars, and phenolic compounds were analysed to investigate the
effect of fermentation on the quality, structure, digestibility, and nonnutritive contents of lentil (Lens culinaris) proteins (LPs).
Fermentation was carried out using water kefir seed. �e initial pH of the unfermented LPs (6.8) decreased to pH 3.4 at the end of
the fermentation on day 5. Protein digestibility increased from 76.4 to 84.1% over the 5 days of fermentation. Total phenolic
content increased from 443.4 to 792.6mg of GAE/100 g after 2 days of fermentation, with the sums of the detected phenolic
compounds fromHPLC analysis reaching almost 500mg/100 g.�e predominant phenolic compounds detected in fermented LPs
include chlorogenic and epicatechin, while traces of rutin, ferulic acid, and sinapic acid were observed. Fermentation played a
major role in the changes of the components in the secondary protein structure, especially the percentage of α-helices and random
coils. In addition, the reduction in α-helix: β-sheet ratio with the increase in protein digestibility was related to the prolongation of
the fermentation time. �e model used in this research could be a robust tool for improving protein quality, protein degradation,
and nonnutritive nutrients using water kefir seed fermentation.

1. Introduction

Research interest in establishing a clear alternative to the use
of plant proteins has increased in recent years. Lentil (Lens
culinaris) seeds have high protein contents that range from
20.6 to 31.4 g/100 g [1]. Lentil seeds are also high in fibre
content and low in fat, making them an attractive alternative
source of protein [2]. Interest in lentil proteins (LPs) has
grown because of their excellent nutritional benefits, such as
their favourable leucine: isoleucine (1.24–1.98) and leucine:
lysine (1.08–2.03) ratios [2]. LPs are composed of four
protein fractions, i.e., 70% globulins (7S and 11S), 16% al-
bumins, 11% glutelins, and 3% prolamins [3]. Amongst the
four main protein fractions in pulses, albumins differ due to
their high solubility in water [4].

A key limitation of the use of plant protein in the food
industry is its low digestibility resulting from its densely
packed rigid system that is mainly due to hydrophobic
interactions and disulfide bonds [5]. Digestibility is often
used as an indicator to evaluate the proteolysis capability and
availability of a protein. Compared with proteins with low
digestibility, proteins with high digestibility are considerably
more suitable because they have more amino acids for
uptake and are thus of higher nutritional benefit. Fermen-
tation can be used to increase the digestibility of plant
protein by decreasing the contents of nonnutritive com-
pounds, e.g., phenolics, by promoting cross-linking between
proteins, and the synthesis of microbial proteases, which
could lead to minute breakdown and release of some of the
proteins from the matrix [6–8].
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Water kefir seed (WKS) has become a very common
microbial consortium due to its excellent content of mi-
croorganisms with the accepted probiotic features [9]. �e
microbial biodiversity and bioactivity of WKS have been
intensively investigated and have been shown to originate
from several essential anti-inflammatories and antimicrobial
bioactive compounds and antioxidants [9, 10]. Some re-
searchers have proven that WKS contains high amounts of
acetic acid bacteria and yeasts (Saccharomyces, Candida, and
Kluyveromyces), as well as lactic acid bacteria, such as
Streptococcus, Lactococcus, Leuconostoc, and Lactobacillus
[10].

�e main purpose of this research is to investigate the
effect of WKS on the digestibility, protein quality, and
certain nonnutritive components of LPs. LPs are considered
to be a strong alternative to soy protein because they are not
genetically engineered and do not cause allergic problems.
Developing a design for generating fermented LPs with
improved nutritional properties is extremely desirable for
food technology and industrial food production. However,
information on the quality, structure, and nonnutritive
contents of LPs is very limited. �is study is the first to
investigate the effect of WKS on the quality, structure, di-
gestion, and nonnutritive contents of LPs.

2. Materials and Methods

Lentil seeds (Lens culinaris) and kefir seeds were purchased
from iHerb (California, USA).�e samples were transported
to the laboratory inside an insulated box and kept at 4°C
until use. All chemicals used, unless otherwise stated, were
analytical reagent grade. High-performance liquid chro-
matography (HPLC) grade was used for the HPLC analysis.
�ese chemicals were obtained from Fine Chemical Limited
(Boisar, India), Gainland Chemical Co. (Flintshire, UK),
Fluka (Buchs, Switzerland), and Sigma-Aldrich (New Jersey,
USA).

2.1. Preparation of LPs. LPs with a protein content of
62.98%± 2.18 (determined using the Kjeldahl method,
AOAC method 930.29 [11], and 6.25 as the nitrogen-to-
protein conversion factor) were extracted based on the
method described by Jarpa-Parra et al. [1] with modifica-
tions. Lentil flour was prepared by using an ultra-centrifugal
mill with a screen-space size of 0.5mm. �e fine flour of the
lentil was placed in a plastic bag and kept at 4°C before
extraction. Lentil flour (100 g) was mixed with 1 L of distilled
water, and the pH of the slurry was adjusted to 9.5 using
0.1M NaOH and then stirred (Toanlab, SH-4, Arizona,
USA) at 40°C for 2 h at 1,000 rpm.�e slurry was centrifuged
(Kubota, S700TR, Tokyo, Japan) at 8,500× g for 15min. �e
pH of the supernatant was adjusted to 4.2 using 0.1M HCl
before being left overnight to precipitate. �e insoluble
solids were then isolated. �e precipitate was centrifuged at
1,590× g for 30min. �e collected supernatant was then
freeze-dried (Telstar, LyoQuest plus Eco, Kingston, USA).
�e lyophilised LPs were stored in clean plastic bags at 4°C
before fermentation and analysis.

2.2. Preparation of WKS. In brief, 50 g of kefir seeds mixed
with 100 g of brown sugar were preserved in 1 L distilled
water for 3 days at 25°C in a refrigerated incubator (Sanyo,
MDF-U500VXC, Chicago, USA) before fermentation to
maintain seed viability. �e supernatant from the kefir seeds
was isolated via filtration by using a sterile sieve.

2.3. Design of LP-WKS Preparation and Fermentation.
Fermentation was performed for 5 days at 25°C in the MDF-
U500VXC refrigerated incubator. Briefly, 5mL of WKS
solution was mixed with 1 g of LPs in a 250mL conical flask
containing 95mL of distilled water (Figure 1). Samples were
collected in triplicate every 24 h during the 5 days of fer-
mentation for analysis.

2.4. Assessment of pH and Total Soluble Solids (TSS). A pH
meter (Mettler Toledo, S20, Greifensee, Switzerland) was
used to calculate the pH of the unfermented and fermented
LPs samples. A digital refractometer (Hanna Instruments,
HI 96801, Rhode Island, USA) was used to determine the
concentrations of TSS expressed as °Brix, and samples were
analysed every 24 h in triplicate.

2.5. Protein Digestibility. �e digestibility of LPs and LP-
WKS was measured based on the procedure as described by
Almeida et al. [12]. Briefly, 250mg of protein sample was
suspended in 15mL of 0.1M HCl containing 1.5mg/mL
pepsin and then incubated in a waterbath for 3 h at 37°C.
After that, 7.5mL of M NaOH was added. Subsequently,
10mL of 0.2M phosphate buffer (pH 8.0) containing 10mg
of pancreatin, along with 1mL of 0.005M sodium azide, was
added to prevent microbial growth and development. �en,
the protein solutions were incubated at 37°C for 24 h in a
waterbath (Memmert, WB22, Schwabach, Germany). After
incubation, the protein solutions were centrifuged at
10,000× g for 20min.�e protein content in the supernatant
and the sample was measured using the Kjeldahl method and
AOAC method 930.29 [11]. Protein digestibility (expressed
in %) was calculated using the following equation:

Protein digestibility(%) � NS − NB( /T  × 100%, (1)

where, NS and NB are the nitrogen contents in the super-
natant and blank sample, respectively, and NT is the total
nitrogen content of the sample.

2.6. Determination of Total Phenolic Content (TPC). TPC of
the unfermented and fermented LPs samples was deter-
mined following the procedure described by Alu’datt et al.
[13]. A standard curve was prepared for the calculation of
TPC by using gallic acid (10mg/100mL). A total of 100 µL of
the sample was added to 8.4mL of distilled water, and 500 µL
of Folin–Ciocalteu reagent was added and mixed well in the
test tube. After 4min, 1mL of 5% sodium carbonate was
added to the mixture.�e contents of the test tube were then
mixed by using a vortex. After 1 h, a UV-Vis spectropho-
tometer (Shimadzu, UV-3600, Kyoto, Japan) was used to
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read the absorbance of the samples at 725 nm. TPC of the
samples was expressed in milligram of gallic acid equivalents
per 100 g (mg GAE/100 g). �e analysis was conducted in
triplicate for each sample.

2.7. Determination of Sugar and Phenolic Compounds.
High-performance liquid chromatography (HPLC) was used
to analyse sugars and phenolic components. Each sample
was centrifuged for 10min at 15,000× g, and the supernatant
was filtered with a membrane filter (0.45 μm) before in-
jection into the HPLC system (Agilent, 1200 series, New
Jersey, USA) with a refractive index detector. Sugars were
separated using a Cosmosil Sugar-D column
(4.6mm× 250.0mm) at 40°C (column temperature). Ace-
tonitrile and water (75 : 25, v/v) were used as the mobile
phase. �e flow rate was set at 1.2mL/min, and the injection
volume was 20 µL. Working standards (consisting of fruc-
tose, glucose, and sucrose) were prepared from the stock
solution and were used to construct standard curves for
fructose, glucose, and sucrose to quantitate the concentra-
tion of sugars present in the unfermented and fermented LPs
samples.

Phenolic compounds were separated using a Plus C18
column (4.6mm× 250mm). �e mobile phases A and B
were acetonitrile and 1% (v/v) acetic acid solution, re-
spectively. �e flow rate was set at 0.7mL/min, and the
injection volume was 40 µL. �e samples were read at 272
and 254 nm. Working standards (consisting of catechin,
chlorogenic, epicatechin, quercetin, rutin, caffeic acid,
ferulic acid, gallic acid, sinapic acid, and syringic acid) were
prepared from the stock solution and were used to construct
standard curves for these phenolic compounds to quantitate

the concentration of phenolic compounds in the unfer-
mented and fermented LPs samples.

2.8. Fourier Transform Infrared Spectroscopy (FTIR).
FTIR spectra of the unfermented and fermented samples
were determined using an FTIR spectrometer (Shimadzu,
IRAffinity-1S, Kyoto, Japan) following the method de-
scribed by Yasar et al. [14]. �e FTIR spectra were mea-
sured between 400 and 4,0001/cm at an interval of 41/cm.
Each spectrum was created by 18 scans to obtain the best
possible signal to noise ratio. �e analysed spectra were
amide I band, between 1,600 and 1,7001/cm. �e per-
centages of secondary protein components (% of amide I
band) were calculated: β-sheet (1,600–1,6391/cm), random
coil, RC (1,640–1,6491/cm), α-helix (1,650–1,6601/cm),
and β-turn (1,661–1,6991/cm) for the samples. A total of 18
spectral scans (triplicate for each protein samples) were
carried out in this study.

2.9. Statistical Analysis. Statistical analysis was performed
using SPSS software version 23.0 (Chicago, USA). One-way
ANOVA was carried out, and Duncan’s multiple range test
was applied to determine significant differences (P< 0.05)
between the mean values.

3. Results and Discussion

3.1. Effects of WKS Fermentation on pH and TSS of LPs.
�e pH value and TSS dropped drastically during the WKS
fermentation (Table 1). On day 2 of the fermentation, the pH
value and TSS decreased from 6.8 to 3.4 and from 0.70 to
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Figure 1: Schematic diagram of the fermentation process steps. (1) Preparation of water kefir seeds (WKS). (2) Preparation of protein
solution (1%, w/v) and 5% (v/v) WKS in distilled water at 25°C for 5 days of fermentation. (3) Protein complexes with phenolic compounds
and carbohydrates connected via ester linkages. (4) Breakdown of the ester linkages by microorganisms and their enzymes, resulting in the
release of protein complexes, phenolic compounds, and carbohydrates.
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0.50, respectively. Finally, after 5 days of fermentation, TSS
and pH decreased to 0.40 and 3.2, respectively.�e release of
amino acid and NH4

+ due to protein degradation can impact
the decrease of pH during fermentation [15].�e decrease in
the pH during the fermentation process could also be a result
of the deposition of lactic acid produced by microbial ac-
tivity [16–18]. Similar trends were reported in related studies
suggesting that Lactobacillus spp. led to the reduction in the
pH of protein after fermentation by water kefir seed [18, 19].
For the first 3 days, there was a drop in TSS, and a slow
decrease was immediately followed until levelling off within
4 days. Similarly, Tu et al. [19] reported that the TSS of the
soy-whey decreased sharply, from 9.20 to 4.43 in the first 2
days of fermentation °Brix by water kefir seed, and it reached
3.97 °Brix on day 5.

3.2. Effect ofWKS Fermentation on the Protein Quality of LPs.
A major variation was observed in the digestibility of LPs,
with digestibility values ranging approximately 76.4–84.2%
(Table 1). �e digestibility of LPs increased from 76.4 to
82.6% on day 3 of fermentation and reached 84.2% on day 5.
A study by Chandra-Hioe et al. [6] on desi chickpea flour
showed that the lyophilised yoghurt cultures containing
Streptococcus bulgaricus and Lactobacillus managed to im-
prove the protein digestibility from 70.5 to over 77.2%.
Hence, the increase in the protein digestibility of LPs was
expected since WKS has been reported to possess a high
concentration of yeasts (Saccharomyces, Candida, and
Kluyveromyces) and lactic acid bacteria (Streptococcus,
Lactococcus, Leuconostoc, and Lactobacillus), as well as some
acetic acid bacteria [10].

No significant changes (P> 0.05) on the digestibility
of fermented LPs were observed from day 3 up to day 5
(Table 1). �is result could be attributed to the decrease
in protein cross-linking stimulated by the existence of
antioxidants and the phenolic contents of nonnutritive
compounds that can cause proteolytic attacks. �e in-
crease of digestibility of fermented LPs is associated with
the hydrolysis of protein and nonnutritive compounds in
LPs. Studies conducted by Mugula et al. [20] and Pranoto
et al. [21] had proved that Lactobacillus plantarum has
proteolytic activity. Proteolysis of protein leads to the
generation of amino acids and peptides during fer-
mentation, leading to an increase in protein digestibility.

3.3. Effect ofWKSFermentationon thePhenolicCompounds of
LPs. Phenolic compounds are known nonnutritive com-
pounds that negatively affect protein quality [22–24]. �e
phenolic compounds cross-linked protein, reducing their
responsiveness to the action of enzymes during digestion
and fermentation. �e TPC and phenolic compound con-
tents of LPs were measured during 5 days of fermentation
with WKS. �e results (Table 2) revealed that after fer-
mentation, the TPC of fermented LPs increased. �e in-
crease might be attributed to the release of bound phenols
[25] through microbial fermentation [26]. �is finding is in
agreement with the findings of several other studies, which
showed that TPC and phenolic compounds increased during
fermentation with WKS [19, 27, 28]. �e use of kefir seeds is
considered to be an effective approach for increasing TPC by
fermentation [29].

�e phenolic compounds detected in LPs included rutin,
caffeic acid, quercetin, catechin, chlorogenic, epicatechin,
ferulic acid, gallic acid, sinapic acid, and syringic acid
(Table 2). �e levels of all the detected phenolic compounds
increased after fermentation. Caffeic acid and sinapic acid
were detected on days 4 and 1, respectively. Syringic acid
content remained constant. Moreover, rutin content de-
creased from 2.76–1.88mg GAE/100 g on day 2 and then
increased to 5.90mg GAE/100 g on day 4. In the natural
environment, phenolics are connected to sugars in the form
of bound or phenolic complexes (Figure 1). �ese phenolic
compounds are connected through the hydroxyl groups of
protein and carboxylic group of carbohydrate by ester
linkages [25, 30]. It was reported that microorganisms and
their enzymes could break down these bounds or phenolic
complexes into free phenolics and simple sugars during
fermentation [31–35]. �e sinapic content of fermented LPs
was not significantly different (P> 0.05) throughout the 5
days of fermentation. Catechin content increased by more
than two-fold from 38.67mg GAE/100 g in unfermented LPs
to 70.88mg GAE/100 g in fermented LPs. Our findings
demonstrated that the levels of phenolic compounds, except
quercetin, in fermented LPs were significantly higher
(P< 0.05) than those in unfermented LPs (day 0).

3.4. Effect of WKS Fermentation on the Sugars Profile of LPs.
�e functional activity of WKS was attributed to brown
sugars [19], which consist mainly of sucrose (over 85%) and

Table 1: Changes in the pH, total soluble solids (TSS), protein digestibility, and sugars profile of unfermented lentil proteins (day 0) and
water kefir seed fermented lentil proteins (days 1–5).

Parameters
Fermentation period (day)

P value
0 1 2 3 4 5

pH 6.87a± 0.05 4.90b± 0.01 3.43c± 0.01 3.38d± 0.03 3.31e± 0.01 3.28e± 0.01 <0.05
TSS (°Brix) 0.70a± 0.00 0.60b± 0.00 0.50c± 0.00 0.47c± 0.05 0.40d± 0.00 0.40d± 0.00 <0.05
Protein digestibility (%) 76.42c± 3.00 78.64bc± 0.22 81.16ab± 1.47 82.69a± 0.74 83.70a± 1.00 84.17a± 2.10 <0.05
Sugars (g/L)
Fructose 0.47b± 0.01 2.41a± 0.04 0.51b± 0.02 0.22c± 0.01 0.11d± 0.01 0.08d± 0.01 <0.05
Glucose ND 1.24b± 0.06 2.52a± 0.05 1.10c± 0.03 0.80d± 0.04 0.33e± 0.01 <0.05
Sucrose 5.90a± 0.32 1.91b± 0.06 0.11c± 0.01 0.09c± 0.04 ND ND <0.05

�e data presented in the table represent the mean± standard deviation (n� 3). Values with different superscripts within the same row are statistically
significant from each other (P< 0.05). ND represents not detected.
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a small amount of glucose and fructose [36]. Sucrose content
in the LP-WKS solution decreased with the prolongation of
fermentation time. On day 2 of the fermentation, sucrose
content reduced to 0.11± 0.01 g/L, while glucose and fruc-
tose contents increased to 2.52± 0.05 and 0.51± 0.02 g/L,
respectively (Table 1). Pranoto et al. [21] reported that lactic
acid bacteria utilised sugars as a source of energy for growth
and to increase the number of colonies. After day 2, glucose,
fructose, and sucrose concentrations decreased until the end
of the fermentation, i.e., day 5. �e findings suggested that
the microbial consortium of WKS can utilise sucrose, glu-
cose, and fructose as a carbon source in the LP-WKS so-
lution. �is outcome is in agreement with the findings
reported by Mart́ınez-Torres et al. [37]. Similarly, these
changes have also been reported in a recent study by Tu et al.
[19], whereby glucose and fructose contents in the soy-whey
product increased at the expense of sucrose during the first 2
days of fermentation, after which the content of these sugars
decreased until the end of the fermentation process on day 5.

3.5. Influence of WKS Fermentation on the Secondary Protein
Structure of LPs. In this research, FTIR spectroscopy was
used to characterise secondary protein structure in the
amide I region of LPs that had been fermented for 5 days.
Table 3 provides the components of the secondary structures
of LPs after fermentation with WKS. β-turns (1,660–1,6991/
cm), α-helices (1,653± 21/cm), RC (1,6471/cm), and
β-sheets (1,600–1,6391/cm) were the main components of
the secondary protein structures. In contrast to the sec-
ondary structure of LPs, the protein conformations of unfer-
mented LPs were dominated by α-helices (18.26%), β-turns
(36.18%), RC (17.99%), and β-sheets (30.55%). �e percentage
of secondary protein components in WKS-fermented LPs
differed from that of unfermented LPs. In particular, the
contents of α-helix and RC changed with the prolongation of
fermentation time. �ese modifications revealed the reor-
ganisation of the degraded LPs during fermentation. Nu-
merically speaking, β-sheets and β-turns are not significantly
different from other secondary protein structures (RC or

Table 2: Changes in the total phenolic content (TPC, expressed in mg GAE/100 g) and phenolic compounds (expressed in mg/100 g) of
unfermented lentil proteins (day 0) and water kefir seed fermented lentil proteins (days 1–5).

Fermentation period (day)
P value

0 1 2 3 4 5
TPC 443.40e± 8.20 621.89cd± 9.01 792.62a± 6.45 678.60b± 12.18 631.44c± 1.79 614.13d± 5.47 <0.05
Phenolic compounds
Catechin 38.67e± 0.54 71.97c± 0.62 74.21b± 0.90 77.31a± 0.26 76.33a± 0.18 70.88d± 0.53 <0.05
Chlorogenic 96.51f± 1.11 104.19e± 0.88 123.57a± 0.49 117.69b± 0.37 112.91c± 0.70 111.03d± 0.18 <0.05
Epicatechin 121.42f± 0.61 148.69e± 0.66 185.35a± 1.02 158.51b± 0.87 157.18c± 0.33 153.88d± 0.38 <0.05
Quercetin 15.96d± 0.77 16.47d± 0.51 17.73c± 0.20 18.90b± 0.72 21.68a± 0.45 4.17e± 0.13 <0.05
Rutin 2.76c± 0.06 2.21d± 0.09 1.88d± 0.04 5.84a± 0.30 5.90a± 0.09 5.10b± 0.66 <0.05
Caffeic acid ND ND ND ND 5.54b± 0.07 7.25a± 0.05 <0.05
Ferulic acid 4.28e± 0.05 4.49d± 0.07 4.49c± 0.04 5.25a± 0.05 5.06b± 0.05 5.04b± 0.03 <0.05
Gallic acid 13.37e± 1.02 22.61c± 0.50 24.13b± 0.46 35.93a± 0.76 21.41c± 1.13 19.21d± 0.60 <0.05
Sinapic acid ND 1.87a± 0.04 3.32a± 2.75 1.49a± 0.03 1.35a± 0.03 1.23a± 0.02 >0.05
Syringic acid 53.29d± 1.10 54.60d± 0.59 59.14b± 0.55 61.82a± 1.13 63.27a± 0.13 56.49c± 1.36 <0.05

Phenolic compounds (Ʃ) 346.26 427.10 494.21 482.74 470.63 434.28
�e data presented in the table represent the mean± standard deviation (n� 3). Values with different superscripts within the same row are statistically
significant from each other (P< 0.05). ND represents not detected.

Table 3: Changes in the percentage of secondary protein components (β-sheet, random coil (RC), α-helix, and β-turn) of unfermented lentil
proteins (day 0) and fermented lentil proteins (days 1–5) based on FTIR measurements.

Secondary protein components Peak (1/cm)
Fermentation period (day)

P value
0 1 2 3 4 5

β-sheet
1,614.42 9.19 9.89 11.09 11.10 10.42 9.47
1,622.13 6.89 7.58 7.85 8.03 7.65 6.83
1,633.71 11.47 12.83 13.41 14.17 12.94 11.69

β-sheet (Ʃ) 30.55a 30.30a 32.35a 33.30a 31.01a 27.99a P> 0.05
RC (Ʃ) 1,645.28 17.99f 19.60e 21.59d 25.47c 30.12b 35.12a P< 0.05
α-helix (Ʃ) 1,654.07 18.26a 15.91b 9.52c 8.67d 8.45d 7.53e P< 0.05
β-turn

1,668.43 9.52 9.58 9.68 8.13 7.64 7.61
1,681.93 11.61 10.39 10.50 9.72 8.22 8.09
1,693.50 15.05 14.22 16.36 14.69 14.04 13.74

β-turn (Ʃ) 36.18a 34.19a 36.54a 32.54a 29.90a 29.44a P> 0.05
Ratio1 59.77 52.51 29.42 26.00 27.24 27.90
1Ratio of α-helix: β-sheet.
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α-helixes). Carbonaro et al. [38] proved that a significant
negative relationship exists between the increase in β-sheet
percentage and protein digestibility. �e percentage of α-he-
lices decreased to 15.91% after the first day of fermentation (day
1), but the magnitude of this decrease was attenuated after day
2 of the fermentation. However, the α-helix content of fer-
mented LPs significantly decreased (P< 0.05) on the last 3 days
of the fermentation (day 3 until 5) compared with that of
unfermented LPs. Besides, clear evidence show that the deg-
radation of fermented LPs resulted in a significant increase
(P< 0.05) in RC from 17.99 to 19.60% on day 1 and subse-
quently increased to 35.12% on day 5. �is increasing trend
indicated that the LPs had aggregated.

�e reduction in α-helix percentage is a clear indicator of
the increased digestibility of proteins [39]. �e results for the
changes in secondary protein components are entirely in
parallel with the results of the present study, whereby the RC
content increased and α-helix concentration decreased. How-
ever, the extent of this shift in this study was greater than that in
the study byWang et al. [39] andYasar et al. [14]. Consequently,
the effects of bacterial fermentation on secondary protein
components were more beneficial than those of industrial food
processes involving extreme heating and pressure treatment
conditions, such as cooking, extrusion, and pelleting [40].

Almost all fermentation processes greatly decreased or
fully degraded α-helices and increased RC components. In
this study, the magnitude of these modifications was sub-
stantial. Alterations are significantly associated positively
with enhanced protein quality [40]. �e increase in the
digestibility of fermented LPs was proven in this study. In
addition, a decrease in the α-helix: β-sheet ratio is related to
enhancing intestinal protein digestibility [40]. �e α-helix:
β-sheet ratio decreased from 59.77 to 29.42% on day 2 and
continuously decreased to 26.00% on day 3.

4. Conclusion

�e quality of the overall protein had changed by day 2 of the
fermentation. �e fermentation resulted in important changes
in the protein, secondary structure component, digestibility,
and nonnutritive contents of LPs.�e proportional increases in
TPC and some phenolic compounds after fermentation were
attributed to the actions of microorganisms and their enzymes
presented naturally in WKS.
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