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Resumen 

Se determinaron los compuestos fitoquímicos de los frutos de Solanum lycopersicum L. 

provenientes de plantas irrigadas bajo la acción de agua tratada con un campo magnético 

estático (CME), entre 20 y 200 mT. Se utilizaron dos grupos experimentales con 25 plantas cada 

uno. El grupo control recibió el riego con agua no tratada y el otro grupo fue irrigado con agua 

tratada con CME. Se cosecharon los frutos maduros y se prepararon extractos acuosos y 

etanólicos. A estos extractos se les realizó el tamizaje fitoquímico. Los extractos acuosos 

preparados a partir de los frutos irrigados del grupo con CME revelaron cualitativamente una 

marcada presenciade carotenoides, fenoles, taninos, carbohidratos y flavonoides. Estos 

resultados mostraron que el CME utilizado favorece la mayor extracción de estos metabolitos 

los cuales tienen un gran valor nutricional y potencial antioxidante, lo que contribuye a las 

propiedades farmacológicas de los frutos de S. lycopersicum L. 
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Abstract 

The phytochemical compounds of Solanum lycopersicum L. fruits from irrigated plants under 

the action of water treated with a static magnetic field (SMF), between 20 and 200 mT                               

were determined. Two experimental groups with 25 plants each were used. The control group 

received irrigation with untreated water and the other group was irrigated with water treated 

with SMF. The ripe fruits were harvested and aqueous and ethanolic extracts were prepared. 

These extracts were subjected to phytochemical screening. The aqueous extracts prepared from 

the irrigated fruits of the group with SMF showed qualitatively a marked presence                                   

of carotenoids, phenols, tannins, carbohydrates and flavonoids. These results showed that the 

SMF used favors the greater extraction of these metabolites which have a high nutritional value                             

and antioxidant potential, which contributes to the pharmacological properties of the fruits                       

of S. lycopersicum L. 
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Introducción 

Dietary recommendations in recent years suggest an increase in the consumption of 

foods containing phytochemicals. They provide beneficial effects for human health and 

play an important role in the prevention of chronic diseases [1]. 

One of the world's most consumed plants is Solanum lycopersicum L. (tomato), which is 

considered to nutraceuticaldue to their antioxidant activity [2]. It is an important source 

of chemical compounds, specifically secondary metabolites with antioxidant action, 

such as polyphenols, hydroxycinnamic acids, carotenoids and vitamins, among others. 

These compounds modulate metabolic processes in the human body and show 

recognized beneficial effects on human health.In turn, they can prevent the generation 

of reactive species that affect, among other causes, the onset of cardiovascular diseases 

and neurodegenerative diseases [3] and some types of cancer [4]. 

In addition, due to its genetic and molecular advantages, the tomatois considered a 

biological model for morphological, physiological and genetic studies [5]. Thanks to the 

experience derived from its use, it can be extrapolated to other horticultural species with 

some similarity [6]. An aspect that has justified its use to evaluate the effects of the MF. 

This plant has been treated with MF to improve plant morphology and physiology [7]. 

A high content of polyphenols and carotenoids was evidenced by using high-intensity 

pulsating electric fields in processed fruit juices from tomato [8]. The experimental 

studies provide evidence of the benefits related to the phytochemical content of the fruit 

of this species; however, any variation under the action of water treated with SMF 

between 20 and 200 mT has not been recorded.Therefore the objective of this research 

was to determine the phytochemical compounds of the aqueous and ethanolic extracts of 

fruits of Solanum lycopersicum L. from plants irrigated with water treated with a SMF 

between 20 and 200 Mt. 

Materials and methods 

The research was carried out at the National Center for Applied Electromagnetism 

(CNEA, Spanish acronym) in Santiago de Cuba and at the Center for Environmental 

Sciences at the Hasselt University, Belgium. The Tomato, Solanum lycopersicum L., 

Aegean hybrid, was used as biological model. 

Seeds with good phytosanitary status and certified by the Provincial Laboratory of 

Seeds attached to the Ministry of Agriculture (MINAGRI, Spanish acronym) in 
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Santiago de Cuba, were used. The plants were cultivated under semicontrolled 

conditions at the "Veguita" greenhouses (a suburban area of Santiago de Cuba) and all 

care required for the cultivation of tomato wasgiven in compliance with MINAGRI 

specifications [9].The temperature in the experimental growth area were in the ranged 

from 27 to 30 °C. The approximate value of precipitation was 68.04 mm and the relative 

humidity 70.32 % during the entire period of the experiment.A Voucher species was 

deposited and stored at the Eastern Center for Ecosystems and Biodiversity (BIOECO, 

Spanish acronym), Santiago de Cuba, with registration: BSC 21509. 

Experimental design 

A completely randomized experimental design including two experimental groups were 

used: 

WMT (control): S. lycopersicum L. irrigated with water without treatment with MF 

WTSMF: S. lycopersicum L. irrigated with non-uniform or heterogeneous                                

SMF (20-200 mT) 

A magnetic device composed of permanent magnets wereused to apply the magnetic 

treatment to the irrigation water during plant cultivation. This equipment was designed, 

constructed and characterized in CNEA [10]. Thetotal sample size was 50 plants,                     

25 from each experimental group, in a completely randomized experimental design with 

three replicates for each determination. 

Localized irrigation was performed by aerial and drip microjet, depending on the plants’ 

stage of cultivation. During the first and second cultivation phase, that includ the 

establishment, vegetative growth and flowering, the irrigation was performed once a 

day for 20 min. In the third cultivation phase, which incorporates fruit ripening, the 

irrigation was conducted twice a day during 20 min. The irrigation schedule was 

completed in 120 days.Treatments were carried out at the time of irrigation of the plants 

during the entire crop cycle until the development of the fruits. 

Irrigation was carried out twice a day through an aerial microjet system for 30 min, 

which has ITUR pump accessories and a distributor system, controlled by valves that 

ensured that the irrigation was done in sections. The characteristics of the irrigation 

system were as follows: 

Water speed: 1,4 – 1,6 ms-1 



 

Albys E. Ferrer-Dubois, Yilan Fung-Boix, Elizabeth Isaac-Alemán,                                                             
Natalie Beenaerts, Ann Cuypers 

234 Rev. Cubana Quím., vol. 30, no. 2 mayo-agosto, 2018. e-ISSN 2224-5421 

 

Pump Flow: 2,54 – 2,91 m3 h-1 

Crop natural conditions  

The substrate characterization was performed, which was composed of a mixture of soil 

(brown without carbonate) and organic matter (3.5 %). The pH was 7.0. Pathogens, 

bacteria, and fungi were determined in collaboration with the Center for Industrial 

Biotechnology Studies (CEBI, Spanish acronym), Universidad de Oriente. 

Collection and selection of fruits 

In the two experimental groups the harvest of the ripe fruits was carried out in the fifth 

harvest according to established protocols [11]. After cultivation, 10 units of fruits were 

harvested at random from the two experimental groups. The fruits were dried in a stove 

(MWL-200, VEB, Germany) at 60 °C for 72 h. Then, they were pulverizedin an electric 

mill of blades (IKA M 20, China).Operations facilitated the extraction of the active 

principles and were carried out according to Branch Standard of the Ministry of Public 

Health (MINSAP, Spanish acronym) 310/91 [12]. 

Preparation of aqueous and ethanolic extracts 

The dried fruits were weighed on a digital analytical balance (Sartorious® BS 124S, 

China) with an accuracy of 0,1 mg and the aqueous extracts were prepared at 50 mgL-1 

by infusions with distilled water during 5 - 10 min. The extracts were cooled at room 

temperature and centrifuged (2 000 rpm) for 10 min in a centrifuge (Centribio, MLW 

T24 D, Germany). The supernatant was filtered through a Whatman No. 4 filter paper 

until the clarified aqueous extracts were obtained. 

The ethanolic extracts were prepared from the pulverized dried fruits. They were 

obtained according to the technique described in advance [13]. Solutions were prepared 

at a concentration of 0.1 gmL-1 with 70 % ethanol, which were macerated in the dark for 

7 days and with periodic stirring at room temperature (24 ± 2 °C). These mixtures were 

concentrated to total dryness in a rotary evaporator (Heidolph 4011, Canadá). With the 

resulting solid, infusions were prepared in distilled water until a concentration of                         

50 µgmL-1 was obtained. The extracts were centrifuged (2000 rpm) for 10 min. The 

supernatants were filtered with Whatman No. 4 filter paper until clarified. 

Phytochemical determination 

The extracts were subjected to a phytochemical screening to obtain a qualitative 

criterion of the chemical composition, according to the protocol of Miranda et al. [14]. 
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This method allowed to detect groups of secondary metabolites present in the extracts 

by specific chemical tests using different reagents, where the appearance of a certain 

color or precipitate colored or not, is indicative of the presence of the compound.                 

Table 1 shows the metabolites that were determined and the tests performed for their 

identification. 

TABLE 1. METABOLITES AND TESTS EVALUATED IN THE                                   

PHYTOCHEMICAL SCREENING PERFORMED ON AQUEOUS AND                        

ETHANOLIC EXTRACTS OF S. lycopersicum L. 

Metabolites Tests 

Alkaloids Mayer 

Quinones Legal 

Saponins Foam  

Essential oils and fatty substances Sudan III 

Carotenoids Carr-Price 

Phenols and tannins Ferric chloride 

Carbohydrates Molisch 

Flavonoids Concentrated sulfuric acid 

Reducing sugars Benedict 

 

For the description of the trials, the crossing system used by García [15] was used to 

indicate the presence or absence of metabolites in the experimental groups.  

Results and discussion 

With the phytochemical screening, the qualitativedetermination of the chemical 

compounds of Solanum lycopersicum L. fruits was carried out and a high variability was 

found. Nine types of metabolites were identified in the aqueous and ethanolic extracts of 

the two experimental groups: alkaloids, quinones, saponins, essential oils and fatty 

substances, carotenoids, phenols, tannins, carbohydrates, flavonoids and reducing 

sugars (table 2). 
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TABLE 2: PHYTOCHEMICAL SCREENING TO AQUEOUS AND ETHANOLIC 

EXTRACTS OF S. lycopersicum L. FRUITS OBTAINED BY USING DIFFERENT 

TREATMENTS IN IRRIGATION WATER 

  Experimental Groups 

Metabolites WMT  WSMT  

 

Alkaloids 

 AE EE AE EE 

 + + + + 

Quinones   ++ ++ ++ ++ 

Saponins  ++ + ++ + 

Essential oils and fatty 

substances 

 - - - - 

Carotenoids  + + + ++ 

Phenols and tannins  + + ++ + 

Carbohydrates  + + ++ + 

Flavonoids  + + ++ + 

Reducing sugars  + + ++ ++ 

 

Legend: AE: Aqueous Extract, EE: Ethanolic Extract, WMT (control):                                          

S. lycopersicum L. irrigated with water without treatment with MF.                             

WTSMF: S. lycopersicum L. irrigated with non-uniform or heterogeneous SMF                     

(20-200 mT). Response ++ (very positive: very marked presence of the secondary 

metabolite), Response + (positive: presence of the secondary metabolite), Response - 

(negative: absence of secondary metabolite) 

In the aqueous and ethanolic extracts of both experimental groups, was evidenced the 

presence of all identified metabolites. Carotenoids, phenols, tannins, carbohydrates, 

flavonoids and reducing sugars showed a very positive response in the WSMT group, in 

relation to the WMT group. In the aqueous extracts of both experimental groups were 

demonstrated, the higher presence of saponins, that could be because they present a 

polar zone in their structure that consequently showed greater water solubility (table 2). 

The presence of alkaloids was a positive response in the aqueous extracts of the two 

experimental groups. It did not occur in the same manner in the ethanolic extracts, 

where a weak presence of this type of secondary metabolite was obtained. 

Carotenoids were more pronounced in the ethanolic extract compared to the aqueous 

extract (table 2). The higher presence of the carotene in the ethanolic extract of the 

WSMT group could have its cause in the chemical nature of these compounds. They are 

apolar, therefore they dissolve better in ethanol, which is less polar than water. Ethanol 

has a lypophilic fragment that supports the solvation of organic substrates [16]. 
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Phenolic compounds with a marked response in the aqueous extracts of the WSMT 

group were determined. It was evidenced that polyphenols are more soluble in aqueous 

solutions than in ethanolic [16].The polyphenol group includes flavonoids, which also 

had a marked presence, as did the carbohydrates and sugars in the group where extracts 

were obtained fromthe fruits of the WSMT group. 

The absence of fats could be because S. lycopersicum L. is composed of 0,2 g per 100 g 

of fresh fruit approximately so it is not a considerable amount [17]. Saponins were not 

found either. They are glycosides, capable of producing foam, but they are not very 

common in fruits of this species. 

In the four extracts analyzed, the aqueous extracts had a higher content of secondary 

metabolites in relation to the ethanolic extracts. These results are consistent with those 

obtained by others authors [18]. Phenols, tannins, carbohydrates and flavonoids showed 

a marked presence in the aqueous extract, with respect to the ethanolic extract in the 

experimental WSMT group. Therefore, the aqueous extract was richer in metabolites. 

Due to the polar nature of these compounds, using water as solvent allowed for better 

extractions. 

Water has two hydrogen atoms that make its polarity stronger, however ethanol has two 

carbon atoms that do not transfer their electrons so easily. The hydrogen-oxygen bond, 

having greater electronegativity of oxygen. It generates a dipole moment, in the 

tetrahedral structure of water, which is maintained or increased. There is a lower 

polarity of the carbon-hydrogen bond of the carbon chain. 

One of the reasons, for which a better extraction and concentration of metabolites was 

obtained in the aqueous extracts, could be that the applied SMF reduced the mobility                  

of the solvent in the solution, to improve the reaction. According to other investigations, 

the MF reduces the volume of the solvent and increases the strength of the hydrogen 

bonds. By maximizing the electrostatic attraction and the interactions, caused by the 

changes in the radial distribution function of the solvents. The hydrogen bonding 

characteristics of the solvents investigated by molecular dynamics simulations were 

evidence of the hydrogen bond strength of oxygen with hydrogen. It is a more efficient 

intermolecular hydrogen bond compared to nitrogen and hydrogen [19]. In addition,               

it has been shown that aqueous extractions increase the content of phenolic compounds, 
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because water can improve the turgor of the cells in the contact surface area between the 

plant and the solvent, with an increase in extraction yield [20]. 

The predominant presence of these metabolites in the aqueous extract of the WSMT 

group could be due to the influence of the static magnetic treatment in the irrigation 

water of the Solanum lycopersicum L. plants. This could contribute to favor the 

synthesis of these secondary metabolites, leading to its marked presence in the fruits of 

this experimental group. 

The SMF was possibly able to alter the irrigation water and affect its physicochemical 

properties. Different researchers have verified that with the application of MF to water, 

changes occur, in addition toalterations in the hydration of the ions. When water 

circulates through a MF, in each charged particle a Lorentz force isexerted in the 

opposite direction. The fact that protons or ions hydrogen are transferred along                    

the hydrogen ring junction chains to form a proton stream under the action of this MF 

force, is controversial [21]. 

It is suggested that this water is better assimilated or absorbed by cells, and can affect 

the different potentials that are generated in that process. Therefore, it was possible to 

favor the intensity of the flow of water and minerals to the interior of the plant, which 

occurred faster that it, did under normal conditions by activation of the osmosis 

mechanism. All of which probably favored the transport routes of nutrients and soluble 

substances in plants. As a result, the stimulating effect of magnetically treated water 

between 20 and 200 mT was evident against the active compounds. 

Literature provides evidence for multiple studies that support the effects of irrigation 

water with SMFin different magnetic induction ranges. It was achieved an increase in 

the concentration of carbohydrates and phenols in leaves of Solanum lycopersicum L., 

Triticum sp. (wheat) and Pisum sativum (pea), using a magnetizer (Magnetron model 

UT1, from Magnetic Technologies LCC) [22]. An increase in the quercetin 

concentration, carotenoids and ascorbic acid, it has been obtained with the influence of 

SMF [23].  

The phytochemical composition of the extracts of plants, as well as the methods for 

extraction, the duration and the polarity of the organic solvents, have influence for to 

determine the antioxidant potentials of the plant species [24]. The results of this 

research could to be related the increase of the antioxidant capacity in Solanum 
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lycopersicum L. [25]. It could to contribute to raise awareness of one of the possible 

ways to improve the bioactive compounds and additionally, the nutritional and 

medicinal properties under the action of SMF between 20 and 200 mT. Therefore, this 

plant could be investigated for this purpose, since theoretical contributions to the 

knowledge were obtained. 

Conclusions 

The phytochemical screening showed that the aqueous extracts prepared from                         

the fruits of S. lycopersicum L. irrigated with the water treated with SMF between                    

20 and 200 mT, revealed a marked presence of carotenoids, phenols, tannins, 

carbohydrates and flavonoids. The results provide scientific evidence about the 

positive incidence of the application of MF in the secondary metabolites of fruits. The 

presence of a variety of secondary metabolites in S. lycopersicum L. fruits contributes 

to the biological and pharmacological effects associated with the consumption of this 

plant. 
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