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Abstract: Lentils are known to be an integral part of a nutritionally balanced diet. Their sprouts
are considered even more nutritional since they contain phytonutrients that confer health benefits.
As such, incorporating them into a human diet can be advantageous. In this study, seeds from
brown and black lentils were germinated aiming to study the changes in their nutritional value
after they were grown for different amount of days to different lengths. Since the sprouts can be
consumed at various stages of their growth, four growth stages were studied. For each stage, three
batches were grown, and one sample of each batch was randomly picked and analyzed in triplicates.
The sprouts were examined for their nutritional value. To this end, their content of proteins and
carbohydrates was determined, as well as their content in carotenoids and vitamin C. Moreover,
emphasis was placed on the phytochemical compounds contained in the sprouts. As results indicate,
lentil sprouts not only exhibit high nutritional value but they are also rich in antioxidant compounds.
More specifically, an increase of up to 18.8% in the protein content was recorded for 15 cm length
sprouts (compared to lentil seeds), accompanied by a decrease in the carbohydrate content of up to
68.9%. Carotenoids and vitamin C content increased up to 224% and 389%, respectively. Additionally,
a 34% increase in the polyphenol content was recorded. Moreover, a direct correlation between
sprout length and nutritional value was observed, using principal component analysis (PCA) and
multivariate correlation analysis (MCA).

Keywords: lentils; sprouts; nutritional value; antioxidants; polyphenols; vitamin C; carotenoids;
germination; principal component analysis; multivariate correlation analysis

1. Introduction

As the impact of diet on overall health becomes increasingly evident, there is a grow-
ing interest in finding innovative food and nutritional approaches that promote healthy
lifestyles. While established guidelines on proper nutrition and physical activity exist,
individuals face difficulties. Thus, the development and promotion of new food sources,
technologies, and approaches can assist individuals in achieving a healthier lifestyle [1].

Germinating seeds have become increasingly popular among health-conscious con-
sumers seeking optimal nutrition [2]. Once germinated, sprouts offer a higher nutritional
value and better digestibility than their corresponding seeds [3]. Germination is a process
where a vegetable seed, legume, or cereal grows into a seedling, resulting in major modifi-
cations in nutritional and biochemical characteristics [4]. Germination can also improve the
quality of seeds by enhancing digestibility and reducing anti-nutritive compounds [2,5].
Germinated seeds are rich in phytochemicals, including flavonoids and phenolic acids,
that have important biological activities with potential health benefits in the prevention
of cancer, cardiovascular diseases, and other ailments [6]. Therefore, sprouts have been a
subject of growing interest in the field of human nutrition [2,7]. Sprouts are increasingly
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recognized as an important component of a healthy and balanced diet due to the above
and can be considered “functional food” [3,8]. When sprouts are left to grow more, they are
called microgreens and can be even more nutritious, compared to sprouts [9,10]. Lentils are
a particularly noteworthy example of sproutable seeds due to their high protein content,
low caloric value, and abundance of essential nutrients, including folate, vitamin C, and
fiber [11,12]. Lentils are also low in fat and have a low glycemic index, which makes them a
great food choice for weight loss and weight management [13]. Compared to other legumes
and cereals, lentils also contain a significant amount of polyphenolic compounds [4,8].

Sprouting lentils’ nutritional profile is further enhanced [7,11]. During the sprouting
process, the seeds undergo significant biochemical and nutritional changes, resulting in a
higher nutrient density and bioavailability [14,15]. Sprouting also increases the amount of
enzymes, which aids in the digestion and absorption of nutrients [16]. The components of
lentil sprouts (LS) are essential for human health. LS are rich in essential nutrients such as
protein, dietary fiber, and complex carbohydrates, which play a vital role in maintaining
healthy bodily functions [11]. Furthermore, LS are an excellent source of plant-based
protein, which makes them an ideal addition to a vegetarian or vegan diet. Protein is crucial
for building and repairing tissues in the body. Plant-based sources of protein, such as LS,
are particularly beneficial as they are typically lower in saturated fat and higher in fiber than
animal-based sources [17]. The high fiber content in LS can help promote digestive health,
and the complex carbohydrates present in them can aid in maintaining healthy blood sugar
levels. Therefore, the incorporation of LS into the diet can be an effective way to support
overall health and well-being. In addition, LS are an excellent source of antioxidants [18].
Antioxidants are compounds that neutralize free radicals that can cause damage to cells
and tissues in the body [2]. The high antioxidant content of LS is attributed to the presence
of polyphenolic compounds and vitamin C. The antioxidant activity of LS has been shown
to have several potential health benefits [18]. Antioxidants have been found to play a
key role in the prevention of chronic diseases such as cancer, cardiovascular diseases, and
diabetes [19]. The high antioxidant content of LS may also help to the protection against
oxidative stress (oxidative stress occurs when there is an imbalance between the production
of free radicals and the ability of the body to neutralize them), which is a major contributor
to the aging process [20]. The polyphenolic compounds and the other phytochemicals
contained in the LS have also been shown to have a range of other health benefits, including
anti-inflammatory, anti-diabetic, and anti-microbial properties [10,21].

LS are a cost-effective and convenient source of plant-based nutrients that can be easily
produced at home with minimal equipment [22]. As such, they have been incorporated
into various recipes [22]. However, the duration of the sprouting process is not fixed, and
as such, biochemical changes that can alter their nutritional value occur [22]. To the best
of our knowledge, the reports regarding the changes in the nutritional value of LS and
microgreens at different growth ages are scant and sparse. The aim of this study is to
examine the changes in the nutritional value of LS and microgreens (referred to as LS from
this point on, including the microgreens (grown at 15 cm)), grown to different lengths.
The 15 cm length was selected for two main reasons. First of all, lentils are considered
mature plants when the length is between 15–20 cm. As such, leaving the sprouts to grow
more would result in bigger plants that would no longer be considered sprouts. Moreover,
above 15–20 cm, stems would start becoming thicker, making them less appealing for
consumption. Secondly, the plants grown above 15 cm were fragile and the stems could
easily be broken. Moreover, the sprouts were examined at lengths of 3, 7, 11, and 15 cm
as representative stages of lentil sprout growth. The length of 3 cm represents the early
stage of sprout growth, while 15 cm represents the late stage of growth. The other selected
lengths (7 cm and 11 cm) are in between these stages, providing a range of samples that
capture the different stages of growth. For this study, emphasis was placed on the most
prevalent compounds contained in the sprouts. In addition, their antioxidant properties
were also examined in order to determine the most beneficial growth stage of them.
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2. Materials and Methods
2.1. Chemicals and Reagents

All solvents used were of HPLC grade and purchased from Carlo Erba (Val-de-Reuil,
France). Gallic acid, sodium anhydrous carbonate, 2,2-diphenyl-1-picryl-hydrazyl (DPPH),
2,4,6-tri-2-pyridinyl-1,3,5-triazine (TPTZ) and Folin–Ciocalteu reagent were received from
Penta (Prague, Czech Republic). Hydrochloric acid, Bradford reagent, iron (III) chloride,
ascorbic acid, β-carotene, sulfuric acid, phenol, D(+)-glucose, sodium hydroxide, proto-
catechuic acid, catechin, syringic acid, naringin, naringenin, kaempferol 3-O-β-rutinoside,
coumaric acid, and trichloroacetic acid were purchased from Sigma-Aldrich (Steinheim,
Germany). For all experiments, deionized water was used.

2.2. Lentils Germination and Sample Preparation

Lentils (Vicia lens (L.) Coss. & Germ.), brown and black colored, were purchased from a
local market (Karditsa, Greece). For the preparation of the LS, the lentil seeds were first
washed thoroughly with tap water. Next, the lentils were placed between sheets of paper
tissue, frequently wetted with tap water, and allowed to grow at a temperature of 28/18 ◦C
(day/night) under 3–6 h of direct sunlight (lentils were placed next to a window so that
sunlight was dropping directly onto them) each day. LS were harvested at 3 ± 0.2, 7 ± 0.3,
11 ± 0.4, and 15 ± 0.5 cm (after 8, 11, 14, and 19 days, respectively). Lentil seeds served
as the control sample (0 cm). Three batches of LS were grown (approximately 1000 lentil
seeds per batch) for each lentil type and one sample from each batch was picked (resulting
in a total of three samples per condition/length). In all cases, the plant material (or the
seeds) was frozen at −40 ◦C and placed in a Biobase BK-FD10P freeze dryer (Jinan, China)
to remove water. The dried samples were pulverized and placed in sieves to be separated
according to their particle size. For all experiments, LS powder with particles <400 µm
was used (the use of plant material with small particle size maximizes the extraction
yield, providing more information about the content of the plant in various bioactive
compounds [23,24]).

2.3. Crude Protein Content Determination

The Bradford assay was used to determine the protein content of the samples,
according to our previous study [25]. The proteins were extracted by adding 10 mL
of distilled water to 1 g of the sample and stirring the mixture at 500 rpm for 1 h at
room temperature. Prior to extraction, the pH of the distilled water was adjusted to
12 using a 1 M NaOH solution. After the extraction, the mixture was centrifuged at
3600× g for 5 min at room temperature, and the supernatant was collected. This step
was repeated three times in total, and the supernatants were combined. To measure the
protein content, 100 µL of the combined supernatants were added to an Eppendorf tube,
and 900 µL of Bradford reagent was added. After vortexing for 30 s, the samples were
incubated for 10 min at room temperature in the absence of light. The absorbance of the
samples was then measured at 595 nm using a spectrophotometer (Shimadzu UV-1700
PharmaSpec Spectrophotometer, Kyoto, Japan). A standard calibration curve (range:
0–750 mg/L, equation: y = 0.0013x + 0.0035, R2 = 0.9986) was prepared using bovine
serum albumin.

2.4. Carbohydrates Content Determination

The phenol/sulfuric acid assay was employed to determine the carbohydrate content
of the samples [25]. To extract the carbohydrates, 1 g of the sample was mixed with 10 mL
of distilled water and stirred at 500 rpm for 1 h at 50 ◦C. The mixture was then centrifuged
at 3600× g for 5 min at room temperature, and the resulting supernatant was collected. A
volume of 0.22 mL of the supernatant was mixed with 0.65 mL of sulfuric acid and 0.13 mL
of 5% w/v phenol solution in distilled water, in a plastic tube. The mixture was heated in a
water bath at 90 ◦C for 5 min and then allowed to cool for 5 min at room temperature. The
absorbance of the resulting solution was measured at 495 nm using a spectrophotometer.
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A calibration curve (range: 0–125 mg/L, equation: y = 0.012x − 0.0505, R2 = 0.9979) was
generated using D(+)-glucose as a standard.

2.5. Fat Content Determination

The fat content of the LS was calculated after Soxhlet extraction with petroleum ether
for 4 h.

2.6. Fatty Acid Composition

According to Commission Regulation (EC) No 796/2002 (Annex XB) [26], the fatty
acid content of the samples was determined by making the appropriate fatty acid methyl
esters (FAMEs). FAMEs were analyzed according to a previous study [27]. In brief,
0.1 g of extracted fat was diluted with 2 mL of n-hexane. Then, 0.2 mL of 2 M methanolic
potassium hydroxide solution was added and the mixture was vortexed for 1 min.
Finally, the mixture was left until the phases were separated. Analysis was performed
on a GC coupled to a flame ionization detector (FID). A gas chromatograph model
7890A manufactured by Agilent Technologies (Santa Clara, CA, USA), with a capillary
column Omegawax (30 m × 320 m × 0.25 m) (Supelco, Bellefonte, PA, USA). The carrier
gas was helium (flow rate was 1.4 mL/min). The temperature program was: 5 min at
70 ◦C, then increase with a rate of 20 ◦C/min up to 160 ◦C, ramped with a rate of
4 ◦C/min up to 200 ◦C, and finally, with a rate of 5 ◦C/min up to 240 ◦C. Temperatures
for the injector and FID were set at 240 and 250 ◦C, respectively. The makeup flow of
helium is 50 mL/min, the flow rate for hydrogen is 50 mL/min, and the flow rate for air
is 450 mL/min. Sample injection was carried out by injecting 1 µL of the sample with
a split ratio of 1:100. The Supelco 37-Component FAME Mix (Supelco, Bellefonte, PA,
USA) reference standards were used for the identification of the compounds.

2.7. Carotenoids Content Determination

The estimation of carotenoid content was carried out using a previously reported
method [25]. The extraction step involved adding 10 mL of ethanol to 1 g of each sample
and stirring for 30 min at 300 rpm at room temperature. The mixture was then placed in
an ice bath for 5 min with intermittent shaking, followed by centrifugation for 5 min at
3600× g. The resulting extract was used to determine the carotenoid content by measuring
its absorbance at 450 nm and by using a standard β-carotene calibration curve (range:
0–50 mg/L, equation: y = 0.0182x + 0.0119, R2 = 0.9982).

2.8. Vitamin C Content Determination

To determine the vitamin C content, a modified chromatometric assay was em-
ployed [25]. Initially, 5 g of ground LS sample was placed in a beaker, and 27 mL of
distilled water:methanol mixture (60:40, v/v) and 3 mL of 10% w/v trichloroacetic acid
solution were added sequentially. The mixture was then vortexed for 1 min and 20 mL
of hexane was added. After stirring for 30 min at room temperature, the mixture was
centrifuged at 3600× g for 5 min. The lower aqueous phase was transferred to a centrifugal
tube and centrifuged again for 10 min at 10,000× g. In an Eppendorf tube, 1 mL of the
aqueous layer was combined with 0.5 mL of Folin–Ciocalteu reagent (10% v/v), and the
mixture was left for 10 min at room temperature. The absorbance was measured at 760 nm
and quantification was carried out using a calibration curve (range: 0–100 mg/L, equation:
y = 0.0139x + 0.0015, R2 = 0.9994) prepared with ascorbic acid.

2.9. Total Polyphenol Content (TPC) Determination

To determine the total polyphenol content (TPC) of the extracts, a previously reported
method was followed [28]. The extracts of LS (prepared as described in Section 2.8) were
mixed with an equal amount of Folin–Ciocalteu reagent and left for 2 min. Afterward,
800 µL of Na2CO3 solution (5% w/v) was added and the mixture was incubated for 20 min
at 40 ◦C in the absence of light. The absorbance was measured at 740 nm to determine the
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TPC, which was expressed as mg of gallic acid equivalents (GAE) per g of dry weight (dw),
using a standard calibration curve (range: 0–100 mg/L, equation: y = 0.0138x − 0.0044,
R2 = 0.9996) with gallic acid, the concentration of total polyphenol (CTP) was determined.
To calculate the extraction yield of total polyphenols (YTP), the following Equation (1)
was used:

YTP (mg GAE/g dw) =
CTP × V

w
(1)

where V represents the volume of the extraction medium (in L) and w represents the dry
weight of the sample (in g).

2.10. DPPH Free Radical Scavenging Activity

Determination of the DPPH radical scavenging activity was carried out based on our
previous study [28]. In brief, 25 µL of the sample was mixed with 975 µL of DPPH solution
(100 µM) in an Eppendorf tube. The absorbance of the solution was measured immediately
upon mixing (A515(i)) and after 30 min (A515(f)) at 515 nm. Equation (2) was used to calculate
the antiradical activity (AAR):

AAR (µmol DPPH/g dw) =
∆A

ε × l × C
× YTP (2)

where ∆A = A515(i) − A515(f); ε (DPPH) = 11,126 × 10−6 µM−1 cm−1; C = CTP × 0.025; YTP
is the total polyphenol yield of the extract (mg/g), and l is the path length (1 cm).

2.11. Ferric Reducing Antioxidant Power (FRAP) Activity

Determination of the FRAP activity was carried out based on our previous study [28].
First, 0.05 mL of FeCl3 solution (4 mM in 0.05 M HCl) was added to an equal volume of
the sample (prepared as described in Section 2.8) and incubated for 30 min at 37 ◦C. Next,
0.90 mL of TPTZ solution (1 mM in 0.05 M HCl) was added, and after 5 min, the absorbance
was measured at 620 nm. Ascorbic acid was used as the standard compound to create
a calibration curve (CAA) (range: 0–500 µmol/L, equation: y = 0.001880x + 0.000123,
R2 = 0.9996). The results of ferric reducing antioxidant power (PR) were expressed as µmol
of ascorbic acid equivalents (AAE) per g dw using Equation (3):

PR (µmol AAE/g dw) =
CAA × V

w
(3)

where V is the volume of the extraction medium (in L) and w is the dry weight of the
sample (in g).

2.12. Hydrogen Peroxide (H2O2) Scavenging Activity

A previously reported method was applied for the H2O2 scavenging activity [29]. In
an Eppendorf tube, 400 µL of the extract was added along with 600 µL of H2O2 solution
(40 mM, prepared in phosphate buffer, pH 7.4). The absorbance at 230 nm was recorded
after 10 min. The capacity to scavenge the H2O2 was expressed as:

% Scavenging of H2O2 =
Ao − (A − Ac)

Ao
× 100 (4)

where Ao, Ac, and A are the absorbance of the blank solution, and the extract solution in
the absence of hydrogen peroxide and sample, respectively.

Anti-hydrogen peroxide activity (AAHP) was determined as µmol ascorbic acid equiv-
alents (AAE) per g of dw, using an ascorbic acid calibration curve (CAA, 50–500 µmol/L in
0.05 M HCl), using the following equation:

AAHP (µmol AAE/g dw) =
CAA × V

w
(5)
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where V is the volume of the extraction medium (in L) and w is the dry weight of the
sample (in g).

2.13. HPLC Analysis

Analysis of the polyphenolic compounds contained in the LS samples was carried out
according to our previous study [30]. Analysis was performed using a Shimadzu CBM-20A
liquid chromatograph and a Shimadzu SPD-M20A diode array detector (both provided
by Shimadzu Europa GmbH in Duisburg, Germany). The separation of the compounds
was achieved using a Phenomenex Luna C18(2) column (100 Å, 5 µm, 4.6 × 250 mm) from
Phenomenex Inc., Torrance, CA, USA maintained at 40 ◦C. The mobile phase consisted of
0.5% aqueous formic acid (A) and a mixture of 0.5% formic acid in acetonitrile/water (6:4)
(B). The gradient program used was as follows: 0% B to 40% B, then to 50% B in 10 min, to
70% B in another 10 min, and then held constant for 10 min. The flow rate of the mobile
phase was 1 mL/min. The retention time and absorbance spectrum were compared to those
of pure chemical standards to identify the compounds and then quantified using calibration
curves (0–50 µg/mL). Additional information is provided in Table 1 and representative
chromatograms are given in Figure 1.

Table 1. Retention time, quantification wavelength (λmax), equation of quantification, correlation
coefficient (R2), limits of calibration curve, and limits of quantification (LOQs) for the determination
of the polyphenolic compounds according to HPLC analysis.

Compound Retention
Time (min) λmax (nm) Equation R2 Range

(mg/L)
LOQ

(mg/L)

Gallic acid 8.5 270 y = 0.00002x + 0.4106 0.9999 1–50 0.0939
Protocatechuic acid 16.9 270 y = 0.00002x + 0.4107 0.9998 1–50 0.0937

Catechin 20.1 270 y = 0.00009x − 0.1598 0.9999 1–50 0.3986
Syringic acid 23.5 270 y = 0.00002x + 0.1687 0.9996 1–50 0.0915
Kaempferol

3-O-β-rutinoside 26.9 345 y = 0.00003x − 0.4181 0.9994 1–50 0.1296

Coumaric acid 29.8 320 y = 0.00002x + 0.0514 0.9993 1–50 0.0905
Naringin 34.9 280 y = 0.00003x + 0.6556 0.9999 1–50 0.1445

Naringenin 49.9 280 y = 0.000008x + 0.5523 0.9997 1–50 0.0381

2.14. Colorimetry

The color of the LS extracts was determined using a colorimeter (Lovibond CAM-
System 500, The Tintometer Ltd., Amesbury, UK). The sample extracts, in an Eppendorf
tube, were transferred to the colorimeter for CIELAB color determination. Two color
coordinates, a* and b*, and the psychometric index of lightness, L*, were defined. The
colorimetric parameter Chroma (C∗

ab) was also determined as follows:

C∗
ab =

√
(a∗)2 + (b∗)2 (6)

2.15. Statistical Analysis

Three batches of lentil sprouts were germinated for black and brown lentil seeds. Each
time the sprouts reached the desired length, a random sample was taken, resulting in a total
of three samples per sprout, per length. Each sample was analyzed three times for each
assay. Therefore, a total of 9 measurements were carried out and used to produce statistical
data. The results were expressed as mean values of the nine measurements ± standard
deviation (SD). To examine whether the results are normally distributed, the Kolmogorov–
Smirnov test was carried out (data were not found to be normally distributed). Statistically
significant differences (p < 0.05) between the samples were assessed using the Kruskal-
Wallis test and Dunn’s test as a post hoc test. The statistical analyses were performed
using SPSS (version 29) software from SPSS Inc., located in Chicago, IL, USA. The principal
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component analysis (PCA) and multivariate correlation analysis (MCA) were carried out
using JMP® Pro 16 software (SAS, Cary, NC, USA).
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at 320 nm. Peak 1: gallic acid; Peak 2: protocatechuic acid; Peak 3: catechin; Peak 4: syringic acid;
Peak 5: kaempferol 3-O-β-rutinoside; Peak 6: coumaric acid; Peak 7: naringin; Peak 8: naringenin.
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3. Results and Discussion

In this study, the length of the sprouts was used as a proxy for the time of growth,
as the length of the sprouts was directly related to the number of days they were grown.
While it is true that some sprouts may have grown faster or slower than others, using
length as a measure of time was a reliable, repeatable, and practical way to collect data.

3.1. Nutritional Composition of LS

The first parameter examined was the protein content of LS. Generally, as LS grow,
their protein content may increase slightly, although this increase may be offset by water
absorption and metabolic processes. As shown in Table 2, in both cases, the protein
concentration of LS increases as the sprouts grow longer. The brown lentil seeds were
found to contain 17.66% protein and the black lentil seeds contained 17.94% protein,
which is within the typical range for lentil seeds [31,32]. However, as the lentil seeds
germinate and grow into sprouts of increasing length, the protein concentration appears to
increase. In the case of brown LS, sprouts that were 3 cm long had an increased protein
concentration of 3.2% (not a statistically significant difference (p > 0.05), compared to the
control). As the LS grew longer, the protein concentration continued to increase, with
the 15 cm long LS having an increased protein concentration of 18.75% (a statistically
significant difference (p < 0.05), compared to the control). Likewise, in the case of black LS
(15 cm long), an increase in the protein content of 18.8% (a statistically significant difference
(p < 0.05), compared to the control) was recorded. The above suggests that longer sprouting
times result in greater protein concentration in LS, while the protein increase was found to
be independent of the lentil species. This increase in protein concentration during sprouting
may be due to several factors. As the LS grow, they undergo metabolic processes that break
down complex proteins into simpler forms [31]. Additionally, sprouting can increase the
availability of certain amino acids that are essential for protein synthesis [33].

Table 2. Nutritional composition of LS, grown at different lengths.

LS Length (cm) Proteins
(g/100 g dw)

Carbohydrates
(g/100 g dw)

Fat
(g/100 g dw)

β-Carotene
Content

(µg/100 g dw)

Vitamin C
(mg/100 g dw)

Brown LS

0 17.66 ± 0.24 d 60.81 ± 3.89 a 3.28 ± 0.11 a 14.73 ± 0.8 e 9.45 ± 0.43 d

3 18.22 ± 0.27 c,d 40.49 ± 2.35 b 2.61 ± 0.18 b 20.73 ± 1.07 d 11.45 ± 0.47 d

7 18.82 ± 0.21 c 32.46 ± 2.17 c 2.42 ± 0.06 b 25.24 ± 0.72 c 21.65 ± 0.73 c

11 19.73 ± 0.32 b 23.76 ± 1.28 d 1.64 ± 0.07 c 34.61 ± 0.83 b 33.46 ± 1.03 b

15 20.97 ± 0.18 a 18.88 ± 1.15 d 1.38 ± 0.03 c 47.77 ± 1.14 a 42.91 ± 1.04 a

Black LS

0 17.94 ± 0.54 c 61.25 ± 1.35 a 3.63 ± 0.17 a 16.27 ± 0.8 e 8.81 ± 0.23 e

3 18.08 ± 0.26 c 56.61 ± 3.45 a,b 3.11 ± 0.23 b 27.83 ± 1.36 d 12.64 ± 0.42 d

7 19.65 ± 0.16 b 50.9 ± 1.22 b,c 2.44 ± 0.08 c 38.36 ± 1.64 c 24.54 ± 0.74 c

11 20.69 ± 0.11 a 44.5 ± 3.29 c 1.78 ± 0.11 d 42.62 ± 1.22 b 34.28 ± 1.11 b

15 21.32 ± 0.26 a 23.01 ± 1.73 d 1.54 ± 0.08 d 46.61 ± 1.15 a 43.11 ± 1.25 a

Within each column, statistically significant differences (p < 0.05) are denoted with different superscript letters
(e.g., a–e).

Another important nutritional parameter is fat. Results about the fat content of LS at
various growth lengths can be seen in Table 2, while changes in the percentages of fatty
acids are given in Table 3. As can be seen, both for brown and black LS, a decrease in fat
content is observed as the length of the LS increases. During the germination process, the
fat content of lentil seeds can slightly decrease due to the breakdown of fats into other
components required for sprout growth. As the sprouts grow, the fat content may continue
to decrease due to the utilization of fats as an energy source for sprout growth [15]. As
regards the fatty acids, an increase in the SFA content was recorded, along with an overall
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decrease in the content of unsaturated fatty acids. This decrease can be attributed to the
hydrolysis that takes place during germination, aiming to produce energy for metabolic
alterations [34]. This results in a decrease in the PUFA:SFA ratio. However, as regards the
ω-6:3 ratio, it can be seen that most samples are close to the recommended value of 4 [35].

Table 3. Changes in the percentages of fatty acids in samples of LS, grown at different lengths.

LS Length (cm) ∑ SFA 1 ∑ MUFA 2 ∑ PUFA 3 PUFA:SFA
Ratio

MUFA:PUFA
Ratio ω-6:3 Ratio

Brown LS

0 18.95 ± 0.45 b 19.21 ± 0.81 a 61.84 ± 1.24 a 3.26 ± 0.01 b 0.31 ± 0.01 a 2.64 ± 0.11 c

3 16.48 ± 0.79 c 16.49 ± 0.94 b,c 67.02 ± 4.16 a 4.06 ± 0.06 a 0.25 ± 0.01 b 3.1 ± 0.1 b

7 19.09 ± 1.13 b 17.02 ± 0.8 a,b,c 63.88 ± 1.79 a 3.35 ± 0.1 b 0.27 ± 0.01 c 3.91 ± 0.17 a

11 19.66 ± 0.51 a,b 17.51 ± 1.3 a,b 62.83 ± 4.21 a 3.19 ± 0.13 b,c 0.28 ± 0.01 d 3.24 ± 0.11 b

15 21.37 ± 0.58 a 14.9 ± 0.89 c 63.73 ± 3.12 a 2.98 ± 0.07 c 0.23 ± 0.01 e 3.15 ± 0.17 b

Black LS

0 14.2 ± 1.04 b 16.24 ± 0.34 a 69.56 ± 1.39 a 4.91 ± 0.26 a 0.23 ± 0 c 2.53 ± 0.1 c

3 18.07 ± 0.51 a 17.14 ± 0.94 a 64.79 ± 1.94 a 3.59 ± 0.01 b 0.26 ± 0.01 b 3.53 ± 0.25 b

7 18.21 ± 0.62 a 17.55 ± 1.18 a 64.19 ± 3.34 a 3.52 ± 0.06 b 0.27 ± 0.01 b 4.16 ± 0.22 a

11 18.68 ± 0.65 a 18.34 ± 0.84 a 62.98 ± 2.27 a 3.37 ± 0.01 b 0.29 ± 0.01 a 4.25 ± 0.12 a

15 18.83 ± 0.38 a 18.22 ± 1.22 a 62.95 ± 4.41 a 3.34 ± 0.17 b 0.29 ± 0.01 a 4.47 ± 0.29 a

Within each column, statistically significant differences (p < 0.05) are denoted with different superscript letters
(e.g., a–e). 1 SFA, saturated fatty acids (%): SUM of C14:0, myristic acid; C16:0, palmitic acid; C18:0, stearic acid;
C20:0, arachidic acid; C22:0, behenic acid. 2 MUFA, monounsaturated fatty acids (%): SUM of C16:1, palmitoleic
acid; C18:1, oleic acid. 3 PUFA, polyunsaturated fatty acids (%): SUM of C18:2, ω-6, linoleic acid; C18:3, ω-3,
linolenic acid.

The next parameter examined was the carbohydrate content of the LS. Results can be
seen in Table 2. As the LS grow, their carbohydrate content decreased. This decrease was
found to be different for the two examined varieties. Brown LS had a higher percentage
decrease in carbohydrate content than black LS for each length of sprouting time. During
germination, enzymes are activated and begin breaking down complex carbohydrates, such
as starch, into simpler forms such as glucose and fructose. This breakdown of complex
carbohydrates into simpler forms makes them more available for energy production in
the sprouting lentil. As a result, the total carbohydrate content of LS may decrease during
germination. As regards the differences recorded between the two varieties, they may be
attributed to the different activity of the activated enzymes.

Aside from the main nutrients described above, another important aspect is the
content of vitamins. Vitamin A is an essential micronutrient that plays a vital role in several
physiological processes, including vision, immune function, and cell differentiation [36].
The human body can obtain vitamin A from animal sources, such as liver, egg yolks, and
dairy products, or plant sources in the form of provitamin A carotenoids. Carotenoids are
natural pigments synthesized by plants, algae, and some bacteria. These compounds are
responsible for the yellow, orange, and red colors of many fruits and vegetables [37]. In
addition to their role as pigments, carotenoids are also important dietary antioxidants that
protect against oxidative damage. Once ingested, carotenoids are converted into retinol, the
active form of vitamin A. Lentil sprouts are a rich source of carotenoids. This is highlighted
by the results depicted in Table 2. As can be seen, the carotenoid content of lentil sprouts
was found to increase during the germination process. This increase in the carotenoid
content can be attributed primarily to the stored carotenoids in the seed coat of lentils.
During sprouting, the breakdown of this protective layer occurs, releasing the carotenoids
into the sprout. Moreover, carotenoids play an important role in photosynthesis and act
as antioxidants, protecting the plant from oxidative damage. Thus, sprouts can produce
more carotenoids in response to light or other stressors, as a way to protect themselves
from damage [37,38].
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Vitamin C is another important nutrient for humans. Its consumption is mandatory
since humans are not able to synthesize it. It acts as an antioxidant and plays a role in
various physiological processes, such as collagen synthesis and immune function [39,40].
Legumes are excellent sources of vitamin C, while sprouted seeds are considered even bet-
ter [22]. This is in accordance with our results (Table 2). The increase in vitamin C content
during sprouting can be attributed to several factors. Firstly, sprouting involves the activa-
tion of enzymes which can lead to the breakdown of vitamin C-inactivating compounds
such as phytic acid. Secondly, sprouting involves the mobilization of stored nutrients in the
seed, which can include vitamin C. Finally, sprouting can stimulate the synthesis of vitamin
C as part of the stress response of the plant to environmental conditions [5,12,41,42].

3.2. Total Polyphenol Content (TPC), Antioxidant Activity, and Color Measurement of LS Extracts

Aside from the nutritional value, LS were also examined in terms of TPC, as well as
antioxidant activity (using the FRAP, DPPH, and H2O2 assays). Results are presented in
Table 4. Moreover, changes in the individual polyphenolic compounds are given in Table 5.
As can be seen, the TPC increased as the sprouting time increased for both brown and black
LS, with the highest increase observed at 15 cm length. The TPC of brown LS increased
by 34.2% and black lentil sprouts by 29.8% at 15 cm length, compared to the initial values.
During germination, enzymes such as amylase and protease are activated, leading to the
breakdown of complex carbohydrates and proteins into simpler compounds such as sugars
and amino acids. This process is accompanied by an increase in the activity of enzymes
involved in the biosynthesis of polyphenolic compounds, such as phenylalanine ammonia-
lyase, which leads to the formation of a wide range of polyphenolic compounds [6,43,44].
This is strengthened by our findings, since compounds such as protocatechuic acid, cat-
echin, coumaric acid, and naringin are constantly produced during sprouting, with an
increase in their concentration, along with an increase in the sprout’s length. On the con-
trary, the concentrations of syringic acid and kaempferol 3-O-β-rutinoside exhibited minor
variations during the sprouting period. Additionally, the decrease in the concentrations
of gallic acid and naringenin can be attributed to the binding of the compounds to cell
wall components [45]. The FRAP values also increased significantly as the sprouting time
increased for both brown and black LS, with the highest increase observed at the length
of 15 cm. The FRAP values of brown LS increased by 71.1% and black lentil sprouts by
89.9% at the length of 15 cm compared to the initial values. The increase in FRAP values
during sprouting could be attributed to the increased content of polyphenols, as well as the
increased content of vitamin C and carotenoids. Likewise, the DPPH radical scavenging
activity increased as the sprouting time increased for both brown and black LS, with the
highest increase observed at the length of 15 cm. The DPPH values of brown LS increased
by 87.7% and black LS by 53.6% at the length of 15 cm compared to the control sample.
Additionally, in this case, the increased scavenging activity can be attributed to the in-
creased content of antioxidant compounds (vitamin C, carotenoids, and polyphenols). As
regards the anti-hydrogen peroxide activity of the LS, a concomitant increase in the activity
was recorded, as the length of the LS was growing. More specifically, the anti-hydrogen
peroxide activity of brown LS increased by 160% and black LS by 162% at the length of
15 cm compared to the control sample, respectively. Based on the above, it is concluded
that the germination process increases significantly the antioxidant potential of lentils,
rendering LS more beneficial for human health.

Regarding the color measurement (Figure 2), the lightness (L*) of the lentil sprout
extracts produced at various lengths was getting darker as the sprout length was increasing.
Further, color coordinates a* and b* demonstrated that when the LS is grown, the color
turns greener (a*) and yellower (b*). Furthermore, it was discovered that the LS was more
colorful when growing at various lengths by measuring the Chroma (C∗

ab) or color density.
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Table 4. Total polyphenols and several antioxidant assays (FRAP, DPPH, and H2O2) of LS were
grown at different lengths.

LS Length (cm) TPC
(mg GAE/g dw)

FRAP Assay
(µmol AAE/g dw)

DPPH Assay
(µmol DPPH/g dw)

H2O2 Assay
(µmol AAE/g dw)

Brown LS

0 4.56 ± 0.10 c 12.97 ± 0.35 d 11.43 ± 0.27 e 22.2 ± 1.65 e

3 4.86 ± 0.15 c 13.51 ± 0.39 d 14.98 ± 0.34 d 40.31 ± 1.29 d

7 5.39 ± 0.17 b 15.47 ± 0.45 c 17.43 ± 0.39 c 45.65 ± 2.91 c

11 5.94 ± 0.20 a 17.90 ± 0.49 b 19.95 ± 0.41 b 53.63 ± 1.83 b

15 6.14 ± 0.27 a 22.25 ± 0.61 a 21.46 ± 0.44 a 57.82 ± 1.54 a

Black LS

0 5.77 ± 0.13 c 10.55 ± 0.34 e 12.18 ± 0.23 d 23.47 ± 1.52 c

3 6.17 ± 0.16 c 12.27 ± 0.38 d 12.76 ± 0.25 d 48.33 ± 3.08 b

7 6.94 ± 0.21 b 14.58 ± 0.36 c 15.84 ± 0.28 c 58.52 ± 2.76 a

11 7.15 ± 0.24 a,b 16.92 ± 0.42 b 17.11 ± 0.33 b 61.37 ± 2.96 a

15 7.49 ± 0.25 a 20.03 ± 0.58 a 18.71 ± 0.40 a 61.99 ± 3.33 a

Within each column, statistically significant differences (p < 0.05) are denoted with different superscript letters
(e.g., a–e).

Table 5. Analytical polyphenolic composition (µg/g dw) of LS, grown at different lengths.

LS
Length

(cm)

Gallic
Acid

Protocatechuic
Acid Catechin Syringic

Acid

Kaempferol
3-O-β-

Rutinoside

Coumaric
Acid Naringin Naringenin

Brown LS

0 301 ± 7 22 ± 1 d 255 ± 8 e 28 ± 1 a 573 ± 25 a 22 ± 1 e 12 ± 1 e 961 ± 20 a

3 nd 138 ± 4 c 717 ± 21 d 16 ± 1 b 479 ± 19 b 124 ± 5 d 133 ± 4 d 11 ± 1 b

7 nd 147 ± 4 c 868 ± 36 c 12 ± 1 c 373 ± 9 c 157 ± 4 c 178 ± 6 c 12 ± 1 b

11 nd 214 ± 10 b 1203 ± 34 b 15 ± 1 b 358 ± 15 c 215 ± 9 b 227 ± 5 b 14 ± 1 b

15 nd 291 ± 9 a 2108 ± 78 a 12 ± 1 c 494 ± 20 b 278 ± 7 a 390 ± 13 a 14 ± 1 b

Black LS

0 nd 39 ± 1 d 136 ± 3 e 6 ± 1 b 591 ± 24 a 12 ± 1 e 8 ± 1 b 2 ± 1 d

3 nd 165 ± 4 c 1603 ± 48 d 20 ± 1 a 532 ± 12 b 170 ± 7 d 318 ± 9 a 309 ± 6 a

7 nd 275 ± 10 b 2279 ± 103 c 18 ± 1 a 569 ± 23 a,b 231 ± 6 c 334 ± 7 a 49 ± 2 b

11 nd 326 ± 11 a 2929 ± 111 b 7 ± 1 b 553 ± 22 a,b 267 ± 8 b 333 ± 13 a 42 ± 1 b

15 nd 344 ± 11 a 4005 ± 180 a 8 ± 1 b 572 ± 26 a,b 332 ± 12 a 338 ± 8 a 29 ± 1 c

Within each column, statistically significant differences (p < 0.05) are denoted with different superscript letters
(e.g., a–e). nd: not detected.

In order to reduce the complexity of the multivariate data and obtain a clearer picture
of the outcomes, a principal component analysis (PCA) was also performed. As observed
in Figure 3, the two principal components that could account for 77.3% of the variance
were chosen (Eigenvalues > 1). PC1 demonstrated a positive association with TPC, several
antioxidant assays (FRAP, DPPH, and H2O2), vitamin C, proteins, and the b* and C* color
coordinates and a negative correlation with carbohydrates, fat content, fatty acids, and the
L* and a* color coordinates. PC1 also explained 59.5% of the variability. With a positive
association with carbohydrates, lipid content, and several phenolic compounds and a
negative correlation to TPC and various antioxidant assays (FRAP, DPPH, and H2O2),
vitamin C, proteins, and PC2 can explain 17.8% of the variance. As can be seen, the higher
the length of the lentil samples, the higher their values in the PC1 component, which is in
accordance with the abovementioned results.
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Additionally, a multivariate correlation analysis (MCA) was carried out for the valu-
able nutritional compounds found in the extracts of brown and black lentils. A color map
of the correlations is shown in Figure 4. For instance, the proteins have strong correlations
with β-carotene, vitamin C, antioxidant assays (FRAP, DPPH, and H2O2), protocatechuic
acid, catechin, coumaric acid, and the color coordinates b* and C*. However, they do not
match up well with the fat, carb, and color coordinate a*.
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Figure 4. Multivariate correlation analysis (MCA) for the valuable plant-based nutritional compounds
of brown and black lentil extracts.

4. Conclusions

Results showed that LS are rich in valuable plant-based nutritional compounds, includ-
ing proteins, carbohydrates, essential nutrients, vitamin C, and polyphenolic compounds.
Moreover, it was shown that LS are rich in valuable plant-based nutritional compounds,
including proteins, carbohydrates, essential nutrients, vitamin C, and polyphenolic com-
pounds. The study pointed out that the protein content of LS significantly increased,
along with the carotenoids, vitamin C, and polyphenols, while the carbohydrate content
decreased, suggesting that LS of 15 cm in length could provide the greatest nutritional and
health benefits. However, further research is necessary to explore the impact of diverse
growing conditions on the nutritional value and antioxidant activity of LS. In conclusion,
the results of this study suggest the inclusion of LS in a healthy diet for the promotion
of overall health and well-being and their easy cultivation at home may facilitate healthy
dietary habits.
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