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Abstract

The aim of this study was to investigate the application of elicitors (500 uM ascorbic acid, 50 uM folic acid, 5 mM
glutamic acid and 50 ppm chitosan in 5 mM glutamic acid) during lentil germination up to 8 days as a strategy to
increase germination rate and to enhance the accumulation of y-aminobutyric acid (GABA) and phenolic
compounds. The effect of elicitation on the protein profile and antioxidant and angiotensin | converting enzyme
(ACE) inhibitory activities of sprouted lentils was also evaluated. The application of elicitors did not negatively
affect the germination yield of lentils and no significant changes on the protein pattern of lentils germinated in the
presence of elicitors were observed. Chitosan/glutamic acid increased by 1.6-fold the GABA content in lentil
sprouts, whilst ascorbic and folic acids as well chitosan/glutamic acid were highly effective to enhance the total
content of phenolic compounds and the antioxidant activity of sprouted lentils. All elicited lentil sprouts showed
ability to inhibit ACE activity (IC50: 9.5-11.9 ug peptides/mL). Therefore, elicitation can be considered a promising
approach to improve the content of compounds with antioxidant and potential antihypertensive activities in lentil
sprouts.

Keywords: lentils, sprouts, elicitation, antioxidant activity, antihypertensive compounds.

Abbreviations. ACE: angiotensin | converting enzyme; ANOVA: analysis of variance; DAO: diamine oxidase;
d.w.: dry weight; GABA: y-aminobutyric acid; GAD: glutamate decarboxylase; GAE: gallic acid equivalents; HPLC:
high-performance liquid chromatography; kDa: kilodalton; ORAC: oxygen radical absorbance capacity; SDS-
PAGE: sodium dodecyl polyacrylamide gel electrophoresis; TE: trolox equivalents; TPC: total phenolic

compounds
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Introduction

Hypertension is a global public health issue that accounts for 9.4 million deaths worldwide every year and
is a major risk factor for the development of cardiovascular diseases [1]. The incidence of hypertension is
expected to continue increasing in the next years and, therefore, World Health Organization emphasizes the
importance of healthy dietary habits as a means of reducing the hypertension incidence and, consequently, the
burden of hypertension on healthcare system [2].

A number of clinical studies have shown that regular consumption of legumes is associated with reduced
risk of hypertension [3]. These beneficial effects may be attributed to their complex mixture of bioactive
phytochemicals. Previous studies have shown that phytochemicals of legumes can be increased after
germination, suggesting that legume sprouts may provide desirable health benefits beyond basic nutrition. In this
sense, the improvement of the antioxidant activity of legumes during germination due to an increased content of
polyphenols and vitamin C has been reported by several authors [4-6]. Germination also improved the levels of
GABA [7], a compound involved in the regulation of blood pressure [8], and promoted the liberation of bioactive
peptides in diverse legumes [9]. The consumption of legume sprouts is, therefore, highly recommended and they
are becoming increasingly popular as natural, low-fat and healthy foods. Lentils are excellent vegetable material
for obtaining sprouts since they have large protein concentration (20-40%) [10], and higher polyphenol content
than other legumes [11]. Moreover, lentils are good sources of dietary fiber, minerals and vitamins [12].

The application of chemical elicitors during germination is a booming cost-effective approach to enhance
the nutritional quality and the phytochemical content of plants [13]. However, little has been reported about the
application of chemical elicitors or precursors of GABA and phenolic compounds to enhance the nutritional and
nutraceutical properties of legume sprouts. For instance, some studies have shown that the addition of
polyphenol precursors and H.0> as well as ascorbic and folic acid solutions improved the content of phenolic
compounds and antioxidant activity of lentil, pea and fava bean sprouts [14-18], whilst glutamic acid feeding
promoted the accumulation of GABA and phenolic compounds in germinated kidney beans [19]. Other studies
supported the role of chitosan in stimulating the growth and productivity of soybean sprouts, as well as their
vitamin C content [20, 21]. So far, the influence of elicitation on cardiovascular health-promoting properties of

lentil sprouts has not been examined. Therefore, the objective of this study was to evaluate the feasibility of
3
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elicitation with ascorbic and folic acids as well as with glutamic acid, alone or in combination with chitosan, to
promote the accumulation of bioactive compounds involved in the prevention of hypertension (total phenolic
compounds and GABA), the antioxidant activity of lentil sprouts and their ACE inhibitory activity after simulated
gastrointestinal digestion. This study will provide useful information for the selection of elicitation treatments
during germination to improve the vascular health-promoting properties of lentil sprouts, fostering their potential
value as natural foods.

Materials and methods

Plant material. Lentil seeds (Lens culinaris var. castellana) were supplied by Semillas Iglesias S. A. (Salamanca,
Spain). Seeds were stored in polyethylene containers at 4 °C until germination.

Elicitor solutions. 500 uM ascorbic acid, 50 puM folic acid, 5 mM glutamic acid, and 50 ppm low-molecular weight
(LMW) chitosan in 5 mM glutamic acid were used as elicitor solutions according to an earlier study [19]. Elicitors
were purchased from Sigma-Aldrich (St. Louis, MO). All solutions were daily applied.

Germination process. Prior to germination, lentil seeds were soaked in distilled water for 6 h. Hydrated seeds
were placed in trays where a wet filter paper was extended, and were then covered. The trays were introduced
into a germinator G-120 model (ASL Snijders International S.L., The Netherlands) and germination was
conducted in darkness at 20 °C for 8 days as previously described [22]. Seeds were irrigated daily with water
(control experiment) or with fresh elicitor solutions. Three replications were performed for each germination
treatment. Germination rate was calculated based on the number of seedlings from the total number of seeds.
Sprouts were freeze-dried, milled and stored in vacuum bags at -20 °C until further analysis.

Total protein content. Nitrogen content was determined by the Kjeldahl method, using a nitrogen analyzer (LECO
Corp., St. Joseph, MI) [17]. A factor of 6.25 was used for the conversion of nitrogen to total protein content.
SDS-PAGE protein profile. Flour from the obtained lentil sprouts was suspended in a sample buffer (containing
0.125 M Tris-HCI pH 6.8, 3.75% glycerol, 1% SDS and 2.5% B-mercaptoethanol) at a final concentration of 5
mg/mL and 10 uL of each sample were loaded into the gel. SDS-PAGE was performed under reducing conditions
as previously described [23]. A pre-stained molecular weight marker (broad range, Bio-Rad, Richmond, CA, USA)

was run in parallel to the samples. Gels were dyed with Coomassie Brilliant Blue G-250.
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GABA content. The extraction and quantification of GABA from lentil sprouts was conducted by HPLC [22]. Three
GABA extractions were performed and HPLC analyses were carried out in duplicate. Results were expressed in
mg/g of dry weight (dw).

Total phenolic compounds (TPC). The content of TPC in elicited lentil sprouts was determined using Folin—
Ciocalteu’s phenol reagent. Briefly, 2 g of sprout flour were suspended in 10 mL of a solution containing HCI-
methanol (1%o)/water (80:20 v/v) and the suspensions were kept for 16 h at room temperature with continuous
stirring. TPC extraction and quantification was performed as described by Caceres et al. [24]. Results are
expressed as mg of gallic acid equivalents (GAE)/g d.w.

Antioxidant activity. The antioxidant activity was evaluated in the methanolic extracts obtained for TPC
determination by using the oxygen radical absorbance capacity (ORAC-FL) method as previously reported [25].
Determinations were carried out in triplicate and results were expressed as mg of Trolox equivalents (TE)/ g dw.
Simulated gastrointestinal digestion. In vitro gastrointestinal digestion of elicited sprouted lentils was performed
using pepsin, trypsin and chymotrypsin (Sigma-Aldrich) simulating physiological conditions [19]. After digestion,
samples were centrifuged at 10,000 x g for 15 min at room temperature, subjected to ultrafiltration through
membranes of 3 kDa pore size (Millipore Corporation, MA, USA) and the permeates were collected for the
analysis of ACE inhibitory activity.

ACE inhibitory activity. The ACE inhibitory activity of in vitro-digested lentil sprouts and the ICso values
(concentration of sample that inhibits 50% of the ACE activity) were determined as in Torino et al. [25]. Results
are expressed as ug peptides/mL.

Statistical analysis. Data were subjected to one-way ANOVA by using Statgraphics 5.0 software (Statistical
Graphics Corp, Rockville, USA). Differences between samples were compared by using a Duncan’s multiple-
range test at P < 0.05 probability level.

Results and Discussion

Germination rate. Elicitation is a widely accepted agronomic strategy to enhance the germination rate and plant
growth [26]. The germination percentage of lentils was differently affected by the elicitation treatments applied
(Fig. 1A). Up to 6 days of germination, lentils elicited with ascorbic acid showed the largest germination yield (61-

69%), while those germinated with water (control) showed the lowest (46-57%). However, the application of
5



elicitors for 8 days did not result in any statistically significant differences of germination rate (73-78% for all
treatments). These results agree with those observed in kidney bean sprouts [19] but differ to those reported for
peas [14], where elicitation with ascorbic or folic acid solutions caused higher germination rates than water. The
different effect of elicitation observed in these studies can be attributed to the type of legume and the elicitor
concentration used.

Taking into account the highest germination rate observed at 8 days, lentil sprouts obtained at this germination
time were selected to evaluate the accumulation of phytochemicals.

Effect of elicitation on protein content and profile of sprouted lentils. The total protein content in sprouted lentils
was about 28 % dw, irrespectively of the type of elicitor solution applied during germination (Fig. 1B). To elucidate
whether elicitation can lead to modifications of the sprouts protein profile, the SDS-PAGE pattern of sprouted
lentils was studied (Fig. 2). As it can be observed, the qualitative electrophoretic profile of lentil sprouts was not
notably influenced by the type of elicitor solution applied, although some quantitative differences in the protein
bands intensity were found. All sprouted lentils showed a multitude of bands ranging from 9 to 95 kDa. Bands of
~48 and 61 kDa corresponding to vicilin and convicilin, respectively, and two intense bands of 23 and 40 kDa
representing the basic and acidic subunits of 11S globulin, respectively, were identified in the sprouts. The protein
profile of elicited lentil sprouts observed in this work is in good agreement with that previously reported for lentil
seeds [27], with some quantitative differences.

To our knowledge, there are no literature data on the effect of elicitation on the protein composition of
lentil sprouts. The lack of modifications in sprouted seeds protein profile as consequence of elicitation has been
recently observed in kidney bean [19]. Contrarily, Azooz et al. [28] observed the expression of new protein bands
after priming fava bean seeds with 100 mg/L of ascorbic acid prior to their germination under salt stress. Similarly,
Fercha et al. [29] reported changes in the abundance of metabolic proteins in wheat seeds elicited with 0.5
mmol/L of ascorbic acid during germination under salt stress. These findings suggest that the influence of
elicitation on sprout protein composition is particularly pronounced under additional stress conditions. The present
study was not performed under any additional stress condition and this fact could explain the absence of

noticeable qualitative changes in the protein composition of elicited sprouted lentils. However, the



synthesis/hydrolysis of proteins during lentil germination in the presence of elicitors cannot be ruled out, since
small modifications in the protein pattern cannot be visualized by one-dimensional SDS-PAGE.

GABA content in elicited lentil sprouts. Fig. 1B depicts the GABA content in elicited sprouted lentils. The
exogenous application of ascorbic, folic and glutamic acids during germination did not result in any statistically
significant (P > 0.05) increase of GABA content in sprouted lentils compared with water (1.2-1.5 mg/g dw).
Contrarily, elicitation with chitosan/glutamic acid was revealed as highly effective to enhance GABA accumulation
in lentil sprouts, increasing 1.6-fold its concentration (2.02 mg/g dw) compared with water. GABA is a non-protein
amino acid with well documented hypotensive effects in animals and humans [8] that is primarily synthesized from
glutamic acid by glutamate decarboxylase (GAD) [30]. An alternative source of GABA is the polyamine
degradation pathway catalyzed by the diamine oxidase (DAO) [31]. It has been reported that glutamic acid
stimulates the activity of GAD and DAO during legume germination [32]. Moreover, Oh [33] demonstrated that
germination of brown rice in the presence of chitosan combined with glutamic acid resulted in greater GABA
concentrations than using either solution alone. This author observed that chitosan can function as a plant elicitor,
activating the mobilization and redistribution of calcium ions in plant cells, inducing the synthesis of calcium
dependent enzymes, such as GAD. All these findings could explain the increase of GABA accumulation in lentils
germinated in the presence of chitosan/glutamic acid.

Content of total phenolic compounds (TPC) in elicited lentil sprouts. TPC concentration in sprouted lentils was
differentially affected by the elicitor solutions applied (Fig.3). Glutamic acid did not statistically increase (P > 0.05)
the levels of TPC in lentil sprouts compared with water. However, the application of ascorbic acid, folic acid or
chitosan/glutamic acid enhanced significantly (P < 0.05) the phenolic content in sprouted lentils (3.6-3.9 mg
GAE/g d.w.) and no significant differences (P > 0.05) among these elicitors were found. Our results are in
agreement with those reported for sprouted peas, fava beans and kidney beans [14-16, 19]. The increased TPC
concentration found in elicited sprouted lentils could be attributed to de novo synthesis of phenolic compounds
since previous studies observed that chitosan and ascorbic and folic acids stimulate the pentose phosphate and

phenylpropanoid pathways in legumes [14, 16].



Antioxidant activity in elicited lentil sprouts. Elicitation enhanced significantly (P < 0.05) the antioxidant activity of
lentil sprouts, irrespectively of the elicitor used, compared to water (Fig. 3). Ascorbic acid, folic acid and chitosan/
glutamic acid brought about the highest ORAC values in germinated lentils (12.3-13.5 mg TE/g dw) and no
significant differences (P > 0.05) were found among them. These results mirrored those obtained for TPC,
showing the great contribution of phenolic compounds to the antioxidant activity of lentil sprouts. This statement is
supported by the positive correlation (r=0.75) found between TPC content and ORAC values. Our results are
consistent with previous studies indicating that abiotic elicitors increased the phenolic content and, consequently,
the antioxidant activity of vegetable sprouts [14-16]. Ascorbic acid is a potent natural antioxidant that might also
contribute to the enhancement of ORAC values in lentil sprouts treated with this elicitor, as it has been previously
observed in pea sprouts [14]. On the other hand, glutamic acid improved the ORAC values but not the TPC in
sprouted lentils. It can be hypothesized that glutamic acid could participate in the formation of some antioxidant
compounds to maintain a balance of the redox homeostasis during germination. Additionally, glutamic acid might
change the phenolic composition in sprouted lentils, increasing the content of those compounds with higher
radical scavenging activity, as it has been previously showed in kidney beans [34].

ACE inhibitory activity of in vitro digested lentil sprouts. The ability of phytochemicals to inhibit ACE strongly
depends on the retention of their structural integrity after gastrointestinal digestion. Additionally, during this
physiological process new peptides with ACE inhibitory activity can be formed. Therefore, lentil sprouts were
subjected to simulated gastrointestinal digestion prior to the ACE inhibitory analysis. The results, expressed as
ICso values, are presented in Table 1. Elicitation with ascorbic led to similar ACE inhibitory activity of lentil sprouts
than water (ICso value of 9.5 ug peptides/mL and 9.8 pg/mL, respectively). In contrast, folic acid, glutamic acid
and chitosan/glutamic acid decreased significantly (P < 0.05) the ACE inhibitory efficacy of sprouted lentils (ICso.
11.5-11.9 ug peptides/mL). The ICso values obtained for all digested lentil sprouts (9.5-11.9 ug/mL) are in the
range of those found for heat-treated lentils subjected to in vitro gastric digestion [35] and they are lower than
those reported for hydrolysates produced from green and red lentils using different proteases (440-595 ug/mL)
[36]. Many polyphenols, such as flavonoids and anthocyanins, and legume-derived peptides can act as ACE

inhibitors [37, 38], and can contribute to the high ACE inhibitory activity observed in lentil sprouts.
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Conclusions

This study shows that elicitation is a feasible approach to improve the phytochemical composition of sprouted
lentils. All elicitors assayed markedly improved the antioxidant activity of lentil sprouts compared with water.
Ascorbic and folic acids, as well as chitosan/glutamic acid significantly increased the TPC content in sprouted
lentils. Chitosan/glutamic acid was the most effective treatment to enhance the GABA content in sprouted lentils.
These findings provide interesting insights for the production of legume sprouts with potential antioxidant and
antihypertensive properties.
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Table 1. ACE-inhibitory activity (calculated as ICso value) of lentils germinated with water and different elicitor

solutions for 8 days

Germination solutions ICs0 (ug/mL)
Distilled water 9.79+0.472
Ascorbic acid 9.53+0.432
Folic acid 11.48+0.540
Glutamic acid 11.70£0.57°
Chitosan/glutamic acid 11.90£0.57°

Data indicate mean value * standard deviation of three independent experiments.
Means with different superscript letters are significantly different (P < 0.05)
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325

326  Fig. 1. A) Germination rate of lentil seeds in water and different elicitor solutions for 4, 6 and 8 days. B) Content
32 of proteins (bars) and GABA (black squares) of lentils germinated with water and different elicitor solutions for 8

3Zf days.
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Data indicate mean value + standard deviation of three independent experiments. Different lower case letters indicate
significant differences (P < 0.05) between elicitors at the same germination time.
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Data indicate mean value + standard deviation of three independent experiments. For GABA content, different lower case
letters indicate significant differences (P < 0.05); for protein content, different capital letters indicate significant differences
(P =0.05%)
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356
357  Fig. 2. SDS-PAGE profiles of lentils germinated with water (lane 1), ascorbic acid (lane 2), folic acid (lane 3),

35§ glutamic acid (lane 4) and chitosan/glutamic acid (lane 5) for 8 days. Mk: molecular weight marker.
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361
362 Fig 3. Total phenolic compounds (TPC) content () and antioxidant activity ( -m-) of lentils germinated with

2
363  water and different elicitor solutions for 8 days.
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3 Data indicate mean value + standard deviation of three independent experiments. For TPC content, different lower case letters

¥ indicate significant differences (P < 0.05); for antioxidant activity, different capital letters indicate significant differences (P < 0.05)
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