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Abstract
The content of antioxidant compounds in lentil sprouts is related to the prevention and treatment
of degenerative diseases. This type of compounds could be increased by the application of elicitors
such as citric acid, which promotes the synthesis of compounds derived from phenylpropanoids
and activates signaling cascade that increase antioxidant activity. The objective of the present
investigation was to evaluate the effect of the spray application of citric acid (0, 10-2, 10-3, 10-4 and
10-5 M) on the content of total phenolic compounds, total flavonoids, capacity total antioxidant of
lentil sprouts. A completely randomized design with six repetitions of treatment was used. The
results showed that citric acid significantly increased phenolic compounds and total flavonoids.
The highest value of phenolic compounds and flavonoids was obtained with the 10-2 M treatment
of citric acid with 185.5, 150 mg 100 g-1 fresh weight respectively. Likewise, the antioxidant
capacity was greater with the same treatment (10-2 M), which agrees with the correlation results
obtained that indicate that the antioxidant capacity is due in 86 and 78% to the phenolic and
flavonoid compounds, respectively. It is concluded that the application of molar concentrations of
molecules that induce secondary metabolism during the stage of germinating development is a
useful and effective method to stimulate the biosynthesis of bioactive phytochemicals and improve
the antioxidant capacity of this type of food.
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Introduction
Lentil (L. culinaris.) Is a grain that is relatively tolerant to drought, and thrives in many
environments (Torino et al., 2013). The largest consumers are in Asia, North Africa, Western
Europe and part of Latin America (FAO, 2013). The lentil is a food with a high concentration of
nutrients. Carbohydrates are the most abundant (58%) and consist mainly of starch; the lipid
content is very low (2.3%) and the contribution of protein and fiber is important with 22 and 18%,
respectively (Silva-Cristóbal et al., 2010). Germinated lentils have superior nutritional properties
to those of dried ones: their content of vitamins, minerals, trace elements and enzymes can multiply
by several hundred during germination (Cueva and Sánchez, 2017).
Lentils germinated under certain conditions have properties against arterial hypertension (TorresAcosta and Calvo-Araujo, 2011). Other studies indicate that fresh consumption of lentil sprouts
provides carbohydrates, fiber, vitamins, nutrients and a high content of phytochemicals with
bioactive effect as antidiabetic, anti-inflammatory, anti-cancer, antihypertensive and antioxidant
activity (Dziki et al., 2015). These properties are due to the action of secondary metabolites such
as phenolic compounds, which have been widely studied and are commonly used as antioxidants
for a wide range of applications (Cerón et al., 2010), so their increase in sprouts is a line of research
to obtain antioxidants obtained from natural sources, which can become an important innovation
for the production of functional foods (González and García, 2012).
Several investigations show an increase in the content of compounds with bioactive properties in
sprouts of different species by the application of compounds that function as elicitors since they
promote the synthesis of compounds derived from phenylpropanoids and activate signaling
cascades that increase antioxidant activity (Świeca et al., 2014). Some of the mentioned works
have studied the application of compounds such as hydrogen peroxide (Barba-Espín et al., 2012),
yeast bark (Yu Tian et al., 2014), and application of minerals such as selenium and sulfur to
improve the content of prosalud compounds (Świeca et al., 2014). On the other hand, the
application of organic acids has also shown an increase of this type of compounds in plants (Ulloa
et al., 2010, Vázquez-Díaz et al., 2016).
Citric acid improves the antioxidant content of foods, since it stimulates a greater synthesis of
nutraceutical compounds that function as antioxidants, among which are the phenolic compounds
and flavonoids among them (Pérez-Balibrea et al., 2008). Therefore, the use of citric acid during the
period of production of sprouts can be a very useful tool to enhance the synthesis of bioactive
compounds. On the other hand, there are no studies available regarding antioxidant capacity, content
of phenolic compounds and flavonoids, as well as the quality of soluble sugars and dry matter in
lentil sprouts due to the application of citric acid. The objective of the research was to evaluate the
effect of the application of different doses of citric acid on the content of total phenolic compounds,
total flavonoids, total dry matter antioxidant capacity and soluble sugars in lentil sprouts.

Materials and methods
The present investigation was carried out at the Polytechnic University of Gómez Palacio, in
Gómez Palacio, Durango, Mexico, between the geographic coordinates of 25° 32’ - 25° 54’ north
latitude and 103° 19’ - 103° 42 west longitude. Lentil seed (Lens culinaris) was used with a
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germination percentage of 95%. The temperature conditions in the study were 15-18 °C, and
distilled water was used to carry out the experiment. First, the seeds were subjected to washing for
15 min by immersion in water with sodium hypochlorite (NaCIO) at a concentration of 1 mL L-1.
Subsequently the seeds were rinsed and drained twice to remove the excess NaClO. Then, for the
pregermination the methodology of Dziki et al., 2015 was followed, which consisted of immersion
in water for 6 h, to then rinse and drain again before germination.
The germination consisted of placing the seeds pregerminated in polystyrene foam containers
with an area of 15x10x5 cm, with perforations in the basal part to allow percolation and
aeration. The containers were covered with number one blanket and placed for 6 h in the dark.
After this time began the growth stage, in which the treatments were applied and lasted for 6
days.
A completely randomized experimental design with four repetitions per treatment was used, which
consisted in the application of citric acid (C6H8O7) in concentrations of 0, 10-2, 10-3, 10-4 and 10-5
M. During germination and sowing irrigations were carried out every 3 h exclusively with water,
by spraying with an amount of 5 mL per application. The application of the treatments was carried
out in the growth stage using the same irrigation dose. The variables evaluated were the content of
total phenolic compounds, total flavonoids, total antioxidant capacity, percentage of dry matter and
soluble sugars.
To quantify the first three variables, extracts were prepared by mixing 2 g of fresh sample in 10 ml
of 80% ethanol in plastic tubes with screw cap, which were placed on a rotary shaker (ATR Inc.,
USA) for 24 h 20 rpm and at 5 °C. Then, the tubes were centrifuged at 3 000 rpm for 5 min and
the supernatant was removed for analysis.
The content of total phenolic compounds (CFT) was determined using a modification of the FolinCiocalteu method (Singleton et al., 1999). A calibration curve was made using gallic acid as
standard, and the results were recorded in mg of gallic acid equivalent per 100 g on a fresh weight
basis (mg AGE 100 g-1 PF). For the quantification of total flavonoids, the method described by
Lamaison and Carnet (1990) was used. A calibration curve was made using quercetin as standard.
The results were expressed in mg equivalents of quercetin per 100 g based on fresh weight (mg EQ
100 g-1 PF).
The total antioxidant capacity was determined with the DPPH+ in vitro method (Brand-Williams
et al., 1995). For which, a solution of DPPH+ (Aldrich, St. Louis, Missouri, USA) in ethanol was
prepared, adjusting the absorbance of the solution at 1 100 ±0.01 at a wavelength of 515 nm. A
standard curve was prepared with Trolox (Aldrich, St. Louis, Missouri, USA), the results are
reported as equivalent antioxidant capacity in μM equivalent in Trolox per 100 g in fresh weight
basis (μM equiv Trolox 100 gm-1 PF).
The dry matter was determined following the official method of the AOAC (1990). To
determine the content of total soluble solids, 2 g of the macerated sprouts were weighed in a
pestle mortar and a few drops were placed in the prism of a refracometer (Atargo, model
SPR-N).
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For the statistical analysis, the SAS version 9.0 program was used by means of an analysis of
variance and for the comparison of means, the Tukey test was used at 0.05 probability. In addition,
a Pearson correlation analysis (p≤ 0.05) was performed to detect correlation between the
nutraceutical quality variables evaluated.

Results and discussion
The content of total phenolic compounds showed a significant increase due to the application of
citric acid (p≤ 0.05) (Figure 1). The 10-2 M treatment showed the highest content with 185.8 mg
100 g PF, followed by the treatment 10-3 M and 10-4 M with 165.44 and 143 .47 mg 100 g-1,
respectively. The treatment with the lowest total phenolic content was 10-5 M and this was similar
to the control. Citric acid can degrade conjugated phenols such as tannins to other simpler phenolic
compounds by hydrolyzing (Larqué-Saavedra et al., 2010). These compounds can accumulate in
cellular vacuoles (Tester et al., 2004). The increase of total phenolics in the sprouts could be due
to the release of phenolic acids from the decomposition of the cellular constituents in the germinate
(Ulloa et al., 2010).
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Figure 1. Content of phenolic compounds and flavonoids in wheat germinates subjected to different
molar concentrations of citric acid. Values followed by different letter in columns indicate
significant statistical difference (Tukey p≤ 0.05).

The content of total flavonoids evaluated in the lentil sprouts (Figure 1) were affected significantly
by the different concentrations of citric acid (p≤ 0.05), the values obtained ranged between 103 and
150 mg 100 g-1 PF. The highest flavonoid content was presented in lentil sprouts sprinkled with
10-2 concentration compared to the control that presented 68% the lowest value.
Citric acid increases the synthesis of secondary metabolites such as flavonoids (Reynoso-Camacho
et al., 2006), which agrees with the results of this work, since it significantly increased the content
of these metabolites. Possibly, the application of the acid activated the signal transduction pathways
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of the secondary metabolism produced by the plants (Ulloa et al., 2010). This could have an
impact on the increase of these compounds because flavonoids are involved in the p revention
of chronic degenerative diseases through their antioxidant activity (Gonz ález-Jiménez et al.,
2015).
Antioxidant capacity showed significant difference (p≤ 0.05) (Figure 2). The 10-2 M concentration
showed the highest antioxidant capacity, while the 10-5 M concentration and the control showed
the lowest values (Figure 2). In this work, the antioxidant capacity can be attributed to the fact that
the citric acid stimulated the defense mechanisms of the germinating seed, triggering the
accumulation of antioxidant compounds (Yildirim and Dursum, 2009). The antioxidant capacity
of a food depends on the nature, concentration of different compounds and the natural antioxidants
present in it (Cerón et al., 2010). On the other hand, Swieca and Baraniak (2014) point out that the
greater or lesser antioxidant activity does not always go hand in hand with the concentration of
phenolic compounds.
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Figure 2. Antioxidant capacity in wheat germinates subjected to different molar concentrations of
citric acid. Values followed by different letters indicate significant statistical difference (Tukey
p≤ 0.05).

To determine the relationship between the antioxidant capacity and the content of phenolic
compounds and total flavonoids, a Pearson correlation was performed (Figure 3). The results show
that there is a strong positive correlation between the antioxidant capacity and the content of
phenolic compounds and flavonoids (r2= 0.86 and r2= 0.78), which suggests that in this work, these
compounds are antioxidant in nature. That is, the antioxidant capacity of lentil sprouts is 86% due
to phenolic compounds. In addition, the antioxidant capacity in lentil sprouts is due to 78% of the
flavonoid content. These results agree with the literature that indicates the potential health benefit
of phenolic compounds and flavonoids, attributed mainly to their antioxidant activity (Fredes et
al., 2013).
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Figure 3. Pearson correlation (r2) between the total antioxidant capacity (CAT) with the content of
total phenolics (CFT) and total flavonoids (FT) in lentil sprouts under different molar
concentrations of citric acid.

Likewise, a correlation was found between the content of total phenolic compounds and the total
flavonoids (Figure 4), these being the main phenolic compounds identified and reported in sprouts
(Dziki et al., 2015). The above indicates that there is a positive correlation between the phenolic
compounds and the total flavonoid content (r2= 0.85). Being, therefore 85% of the phenolics
present in the sprouts, flavonoids.
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Figure 4. Pearson correlation (r2) between the content of total phenolic compounds (CFT) and total
flavonoids (FT) in lentil sprouts under different molar concentrations of citric acid.

On the other hand, the quality of a food is influenced by its percentage of dry matter because it
defines the nutritional quality of it (Anjum et al., 2013). The percentage of dry matter (MS) in the
lentil sprouts showed a significant difference (p≤ 0.05) between the citric acid treatments (Table
1), with values between 24 and 32%. The concentration of 10-2 M had the highest percentage of
MS, while the rest of the treatments and control were similar. The results suggest that the
application of citric acid in higher concentration promotes the accumulation of dry matter in the
sprouts, possibly through the participation in the synthesis of growth hormones that control and
coordinate cell division (Amin et al., 2016).
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Similarly, AB at concentrations of 5-20 mg L-1 stimulates growth and elevates levels of growth
promoters in Ammi visnaga L. (Talaat et al., 2014). In addition, the AB increases the dry matter
content and yield in soybean plants at concentrations of 100 to 400 mg L-1 (Anjum et al., 2013).
The content of total soluble solids in the lentil sprouts showed significant difference (p≤ 0.05) due
to the doses of citric acid evaluated (Table 1), which coincided with the rest of the variables where
the highest value was obtained by the 10-2 M concentration with a value of 12 °Brix. The values
found are coincident with that reported by Buitrago et al. (2015), who point 12 ºBrix in germinated
of Vaccinium meridionale.
Table 1. Average values of soluble sugars and dry matter in lentil sprouts subjected to different
molar concentrations of citric acid.
Citric acid (M)

-2
-3
-4
-5
Control

º Brix
12 a
11.33 ab
10.66 bc
10.33 c
9.66 c

MS (%)
31.77 a
26.96 b
26.08 b
24.18 bc
23.61 bc

Values with equal letters in each column are equal according to the Tukey test (p≤ 0.05).

Conclusions
The highest value of phenolic compounds and flavonoids was obtained with the treatment of 10-2
M citric acid with 185.5, 150 mg 100 g-1 fresh weight respectively. Likewise, the antioxidant
capacity was greater with the same treatment (10-2 M). The application of low concentrations of
molecules that induce secondary metabolism during the stage of development of germinates is a
useful and effective method to stimulate the biosynthesis of bioactive phytochemicals and improve
the antioxidant capacity of this type of food, thus expanding the possibilities of use of this food as
an ingredient in functional foods or for fresh consumption.
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