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Abstract

The increase in the concentration of phytochemical compounds with antioxidant properties in
horticultural crops is an agronomic practice that has recently become important because the
consumption of bioactive antioxidant compounds is related to the reduction and prevention of
chronic degenerative diseases. The objective of the present study was to determine the effect of
potassium concentration (7, 9, 11, 13 and 15 mM) in the nutrient solution on the nutraceutical
content of cucumber fruits developed under hydroponic conditions. The nutraceutical quality of
the fruit was determined by the content of phenolic compounds and total flavonoids, and the
antioxidant capacity in vitro. The best nutraceutical quality in cucumber fruits was obtained with
the highest dose of potassium in the nutrient solution. The nutraceutical quality of hydroponic
cucumber fruits is feasible to be improved by increasing the amount of potassium provided in the
nutrient solution. This agronomic practice represents an alternative to increase the phytochemical
content and nutraceutical quality of cucumber fruits.
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Introduction

Cucumber (Cucumis sativus L.) is a horticultural product with high global demand (Eifediyi and
Remison, 2010), which has been used in traditional medicine since ancient times due to its chemical
content and therapeutic potential (Mukherjee et al., 2013). The cucumber is cultivated both in
traditional systems in open field and under protected conditions with shade mesh or greenhouses
using a pressurized irrigation system to supply the water and nutrient needs, thus obtaining
precocity in the crops and increase in yield (Preciado et al., 2011). In Mexico, 10% of the total area
of this crop is grown in a greenhouse using a hydroponic system (Gonzélez, 2009). In this system,
water and nutritional requirements are provided through a nutritive solution, which is decisive to
increase the quality of the fruits or vegetables produced.

Consistent with the fact that current consumers are not only interested in the appearance of the
products, but also in their content of antioxidant compounds such as flavonoids, total phenolics, 8-
carotene and ascorbic acid, among others, which are naturally present in the plant products (Wang
and Wu, 2010). The importance of these bioactive compounds is that their consumption is
associated with a lower risk of chronic degenerative diseases (Llacuna and Mach, 2012); since
these functional foods attenuate oxidative stress, which lead to the disintegration of the cell
membrane, protein damage and DNA mutation (Ravishankar et al., 2013; Xiao et al., 2014). Hence
the importance of increasing the concentration of phytochemical compounds with antioxidant
properties in fruits and vegetables.

Among the factors that affect nutritional and nutraceutical quality are genotype, environmental
conditions and fertilization (Beckles, 2012). In relation to this aspect, it has been reported that
potassium (K) is the nutrient that has the greatest influence on the organoleptic quality and the
concentration of phytonutrients, which are of vital importance for human health (Lester et al.,
2010): since it increases the phenolic composition and the antioxidant capacity of the fruit (Constan
etal., 2014), it plays a role in the synthesis of proteins and photosynthesis (Budiastuti et al., 2012).
Besides the synthesis of amides and proteins, it is also an enzymatic activator (Devi et al., 2012),
since it has been related to the production of phytonutrients and therefore, has implications in the
biochemical synthesis of metabolism products secondary of the plants (Lester et al., 2009), favors
the increase of phenolic acids, flavonoids, anthocyanins, chlorophyll, carotenoids, lycopene and
vitamins (lbrahim and Jaafar, 2012). Based on the above, the objective of this study was to
determine the influence of the concentration of K in the nutritive solution on the nutraceutical
content of cucumber fruits developed in hydroponics.

Materials and methods

The present research work was established under greenhouse conditions at the Technological
Institute of Torreon, located at 25° 36’ 36.54” north latitude and 103° 22’ 32.28” west longitude
and 1 123 meters above sea level.

Cucumber cv Poinsett seedlings 76 of 35, were transplanted in black plastic bags of 20 L capacity

containing as substrate a mixture of river sand: pearlite in proportion of 80:20 (v:v). The pots with
a seedling were arranged in a simple row plantation arrangement spaced at 40 cm between plants
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and 90 cm between rows with a population density of 2.7 plants per m?. To order the growth of the
plant axillary buds were suppressed as they appeared and was conducted to a single main guide,
supported by a polypropylene raffia wire vertically held by a transverse wire.

The treatments were designed from modifications of the nutrient solution of Steiner (1984) and
consisted of increasing the concentration of K* (7, 9, 11, 13 and 15 mM), in relation to Ca?* and
Mg?*, according to the guidelines indicated by Steiner. The resulting solutions were adjusted to
an osmotic potential of -0.073 MPa and a pH of 5.5 and contained (in mg L) Fe 2.5, Mn 0.5, B
0.5, Cu 0.02 and Zn 0.05. The Faith was provided as Fe-EDTA. Each treatment consisted of a
pot with one plant, distributed in a completely random design with 15 repetitions (one pot per
repetition) arranged under a completely random design. The irrigation with the nutritious solution
consisted of 0.5 L pot™ day* from the transplant until before the flowering and from the flowering
to harvest 1.5 L

In the harvest of each treatment, six fully mature fruits were selected at random to determine the
nutraceutical quality of the fruit. The nutraceutical quality of the fruit was determined by the
analytical tests of content of phenolic compounds and total flavonoids, and antioxidant capacity in
vitro (DPPH).

Extracts for analytical tests were obtained by mixing sample (lyophilized cucumber powder) with
HPLC grade methanol in a 15 mL Falcon tube, stirring the mixture for 72 h at 20 rpm. Then, the
supernatant is separated and centrifuged at 2 000 rpm for 10 min and the upper phase (methanolic
extract) is extracted using adjustable micropipette, subsequently the (filtration) was carried out in
a cellulose acetate membrane filter, with pore 0.45 microns, placing the extract in 2 mL eppendorf
tubes, which were stored at -20 °C until the analytical tests were performed.

The determination of the antioxidant capacity was carried out according to the in vitro method
DPPH™* using a modification of the method published by Brand-Williams (1995). A solution of
DPPH* (Aldrich, St. Louis, Missouri, USA) in methanol was prepared, adjusting the
absorbance of the solution to 1 100 + 0.010 at a wavelength of 515 nm. To determine the
antioxidant capacity, 50 pL of sample and 950 pL of DPPH"* solution was mixed and after 3
min of reaction the absorbance of the mixture was read at 515 nm. A standard curve was
prepared with Trolox (Aldrich, St. Louis, Missouri, USA), and the results were reported as
equivalent antioxidant capacity in uM equivalent in Trolox per 100 g fresh base (UM equiv
Trolox/100 g BF).

The total phenolic content was measured using a modification of the Folin-Ciocalteau method
(Esparza-Rivera et al., 2006). The 30 puL of sample were mixed with 270 puL of distilled water
in a test tube, and to this solution was added 1.5 mL of Folin-Ciocalteau reagent (Sigma-
Aldrich, St. Louis MO, EU) diluted (1:15), vortexing for 10 seconds. After 5 min 1.2 mL of
sodium carbonate (7.5%, p/v) was added stirring for 10 seconds. The solution was placed in a
water bath at 45 °C for 15 min and then allowed to cool to room temperature. The absorbance
of the solution was read at 765 nm in a DR 5000 spectrophotometer. The phenolic content was
calculated by means of a standard curve using (Sigma, St. Louis, Missouri, USA) as standard,
and the results were reported in mg of gallic acid equivalent per 100 g of fresh base sample
(mg equiv AG/100 g BF).
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The flavonoids were determined following a modification of the method cited by Rochin-Wong et
al. (2009). The 250 pL of methanolic extract were mixed with 250 uL of distilled water, and 75 uL
of NaNO2 (50 g L?) and 750 uL of an AICIs solution (100 g L) were added. It was left to stand
for 1 min, 500 pL of 1 M NaOH was added, and 10 mL was added with distilled water. It was
mixed and read spectrophotometrically at 510 nm. The results were expressed as equivalent
milligrams of catechin (EC)/100 g fresh weight.

The results obtained were analyzed by an analysis of variance using the statistical software SAS
(2001). For comparisons of means, the Tukey test (p< 0.05) was used. In addition, a correlation
analysis between the bioactive compounds was carried out.

Results and discussion

The results of this study showed that the application of differential doses of potassium in the
nutrient solution significantly affected (p< 0.05) the content of phenolic compounds and total
flavonoids, as well as the antioxidant capacity of cucumber fruits (Table 1).

Table 1. Effect of the potassium concentration of the nutritive solution on the nutraceutical
quality of cucumber fruits.

K (mM) Total phenolic Total flavonoid Antioxidant
content” content ™ capacity
12.2¢c 194c 1084.2 c
11.2¢c 1.86¢ 1029.5¢
11 10.3¢c 1.72c 1026.4 c
13 141D 2.36 b 1223.1b
15 175a 2.68 a 1621.5a

In the present study, the best nutraceutical quality was obtained in fruits produced under a 15 mM
of K supply (Table 1). Likewise, the correlation between phenolic compounds and total flavonoids
and the antioxidant capacity of this product was high (R?= 0.98 and R?= 0.93), which indicates that
the antioxidant properties of this product depend on the content of these phytochemicals. There is
a significant improvement in the antioxidant capacity of the fruits and by increasing the
concentration of potassium in the nutrient solution, which suggests that the nutraceutical quality of
the fruit can be modified. As pointed out by Nguyen et al. (2010) when reporting increases in the
amount of phenolic compounds by increasing potassium doses.

On the other hand, Ibrahim Jaafar (2012) indicates increases in the total flavonoid content with
increasing doses of potassium. Among the main functions of potassium in the metabolism of plant
organisms is the regulation of cell balance to facilitate the absorption and translocation of
carbohydrates, and this has a direct impact on the formation of phenylpropanoid compounds, which
are precursors of phenolic compounds (Kuum et al.,, 2015). Obtaining fruits with higher
phytochemical content is desirable because its consumption is associated with a lower risk of
cardiovascular diseases and certain types of cancer (Llacuna and Mach, 2012). Therefore, research
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on the factors that stimulate its production or affect its content is increasing (Navarro et al., 2006).
Due mainly to the fact that antioxidant compounds are essential in the nutritional quality of fruits
(Frusciante et al., 2007) and are classified as an essential factor to determine their price in the
market.

Conclusions

The best nutraceutical quality in hydroponic cucumber fruits produced in the greenhouse was
obtained with the application of 15 mM of K in the nutrient solution of Steiner. Likewise, the
correlation between phenolic compounds and total flavonoids and the antioxidant capacity of this
vegetable product was high. The nutraceutical quality of cucumber fruits can be modified by adding
potassium to the nutritive solution applied. The contribution of potassium in the nutrient solution
represents an alternative to increase the phytochemical content and nutraceutical quality of crops
grown under hydroponic conditions.
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