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Abstract 

 

The objective in the investigation was to evaluate the 

water retention in a calcareous soil added with a 

Mexican natural zeolite. A natural zeolite can absorb 

and retain large amounts of water. Four treatments 

were tested; without zeolite application (T1-control), 

with application of 5 ton ha-1 (T2), 10 ton ha-1 (T3) 

and 15 ton ha-1 (T4) of zeolite. The experimental 

design was a complete block with four replicates. 

The percentage (%) of water retention in the soil was 

quantified on February 11, February 25, March 31 

and April 12, 2021. Prior to the establishment of the 

experiment the soil (0-30 cm) was characterized by 

quantifying pH, electrical conductivity (EC), organic 

matter (OM), N, P, carbonates, bicarbonates and 

chlorides.      

 

 

 

 

Zeolite, Soil, Humidity, Irrigation 

 

 

Resumen 

 

El objetivo de esta investigación fue evaluar la 

retención de agua en un suelo calcáreo adicionado 

con aplicaciones de una zeolita natural mexicana. Se 

probaron cuatro tratamientos; sin aplicación de 

zeolita (T1-testigo), con aplicación de 5 ton ha-1 

(T2), de 10 ton ha-1 (T3) y de 15 ton ha-1 (T4). Se 

utilizó un diseño de bloques completos al azar con 

cuatro repeticiones. Se cuantificó el porcentaje (%) 

de retención de agua en suelo el 11 de febrero, el 25 

febrero, el 31 de marzo y el 12 de abril de 2021. 

Previo al establecimiento del experimento se 

caracterizó el suelo (0-30 cm) cuantificando pH, 

conductividad eléctrica (CE), materia orgánica 

(MO), N, P, carbonatos, bicarbonatos y cloruros. Se 

encontró que una zeolita natural puede absorber y 

retener grandes cantidades de agua, para su uso 

potencial por los productores agrícolas mexicanos y 

reducir el consumo en los riegos de este vital líquido. 

 

Zeolita, Suelo, Humedad, Riego 
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Introduction 

 

Zeolites were discovered approximately 260 

years ago by the Swedish mineralogist and 

chemist Frederick Cronsted, who called them 

"boiling stones" because of the effect of 

expelling water when heated (Chávez-Aguirre et 

al., 2019). In fact, he first used the word zeolite, 

which is a combination of two Greek roots; zeo 

meaning "to boil" and lithos meaning "stone" 

(Rojas-Nuñez, 2012). Zeolites are tectosilicates 

found in a wide variety of environments in the 

earth's crust (Inglezakis and Zorpas, 2012) and 

where the International Zeolite Association 

(IZA) has duly approved and validated around 

176 zeolite types (McCusker et al., 2007).  

 

The most important natural zeolites are 

clinoptilolite, modernite, chabazite, phillipsite 

and scolecite among others (Wang and Peng, 

2010). In the particular case of Mexico, 

Mumpton (1973) described for the first time the 

presence of mordenite and clinoptilolite in the 

Etla population in the state of Oaxaca. Later, 

deposits were reported in the states of Sonora, 

Puebla, San Luis Potosí and Chihuahua, among 

others (Ostrooumov, 2011). Despite these first 

finds in Mexico, zeolites were not considered in 

the Mexican mining statistics yearbook (Casals, 

1988).  

 

Zeolites possess three characteristics that 

make them very useful in various sectors: 

efficient absorption, high ion exchange capacity 

and a dynamic dehydration-rehydration process 

(Bilbao-Chávez et al., 2019). These advantages 

have allowed its use as an alternative medicine 

in humans (Rubio et al., 2019; Jevtic et al., 

2012), as a food supplement in animals (Mora et 

al., 2018; Ruiz et al., 2007), for the removal of 

pollutants in water (Miramontes-Gutiérrez et al., 

2021; Rubio-Arias et al., 2021) and even as a 

construction material to improve thermal 

insulation (López Aguilar et al., 2019). 

Undoubtedly, the existence of zeolite deposits 

throughout the world and, particularly in the case 

of Mexico, which, to date, has large deposits 

throughout the country, has opened up its 

potential use in various sectors.  

 

However, few studies have documented 

the advantages of zeolite application under field 

conditions, in water retention and in the 

improvement of some physico-chemical 

properties of the soil.  

For this reason, the objective of this study 

was to evaluate the water retention capacity of a 

calcareous soil added with various levels of 

zeolite. A second objective was to evaluate the 

change in the physico-chemical properties of the 

soil due to zeolite additions. These results 

allowed to identify the real advantages of 

calcareous soils, added with a zeolite, for their 

potential use by Mexican agricultural producers.  

 

This article first describes the 

methodology used for the evaluation of the 

various treatments with Mexican zeolite. The 

results section shows the results obtained for 

each treatment tested, and in the final section the 

conclusion as to the best treatment applied to the 

calcareous agricultural soil.  

 

Methodology 

 

An experiment was established under field 

conditions, on agricultural land (Farm No. 4) 

owned by the Faculty of Agricultural and 

Forestry Sciences of the Autonomous University 

of Chihuahua (UACH). This property is located 

at km 2.5 of the Delicias-Rosales Highway in the 

state of Chihuahua (28°11" North Latitude and 

105°30" West Longitude), is part of the 

Irrigation District 005 (DR-005) in the state of 

Chihuahua and is located at 1,415 m above sea 

level.  

 

The following four treatments were 

evaluated; without zeolite application (T1-test), 

with application of 5 ton ha-1 of zeolite (T2), 

with application of 10 ton ha-1 of zeolite (T3) 

and with application of 15 ton ha-1 of zeolite 

(T4). The treatments were established in a 

randomised complete block design with four 

replications. In each treatment, a composite soil 

sample (0-30 cm) was obtained for laboratory 

characterisation, where the concentration of pH, 

electrical conductivity (EC), nitrogen (N-total), 

phosphorus (P), potassium (K), iron (Fe), zinc 

(Zn), copper (Cu) and manganese (Mn) 

parameters were detected.  

 

For pH determination, the soil was first 

sieved through a 2 mm sieve. Then, in a 500 ml 

beaker, the sieved soil was mixed with distilled 

water to saturation point and the mixture was left 

to stand for 24 h. Finally, the pH was determined 

with a pH meter. Finally, the pH was determined 

with a Thermo Scientific multiparametric 

potentiometer.  
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Once the pH was determined by the 

saturation method, the paste was sent to the 

extraction machine in order to quantify the EC 

value using a Thermo Scientific multiparametric 

conductivity meter and, in addition, the 

extraction was used to determine the percentage 

of nitrogen, carbonates and bicarbonates. 

 

For the quantification of the N parameter, 

the Soil Testing laboratory method (Soil Testing 

laboratory, 1980) was used, for which 1 pinch of 

calcium chloride (CaCl2) was added to a small 

amount of extract which was previously stored 

and shaken until dissolved. 1 ml of the mixture 

was poured into a 100 ml beaker, 3 ml of a 

mixture of sulphuric acid (H₂SO₄) and salicylic 

acid (C₇H₆O₃), sodium hydroxide (NaOH) and 

made up to 50 ml and allowed to stand for 30 

min in the extraction chamber (Head, 1980). 

 

For the P parameter, Olsen's method was 

applied, by which 40 ml of sodium bicarbonate 

(NaHCO₃), 1 pinch of activated carbon and a 

control without soil were added to a 250 ml 

Erlenmeyer flask and shaken for 20 min. After 

20 min, it was filtered. In a 500 ml volumetric 

flask of the sample with soil, 5 ml of reagent mix 

was added to a 500 ml volumetric flask, allowed 

to stand for 3 min and volumetrically diluted 

with distilled water. The determination of N-

total was quantified according to the method 

suggested by the Soil Testing Laboratory (Soil 

Testing Laboratory, 1980). One pinch of calcium 

chloride (CaCl2) was mixed in a small amount 

of extract, which was previously stored and 

stirred until dissolved. Then, 1 ml of the mixture 

was poured into a 100 ml beaker and 3 ml of a 

mixture of sulphuric acid (H₂SO₄) and salicylic 

acid (C₇H₆O₃), sodium hydroxide (NaOH) and 

made up to 50 ml and allowed to stand for 30 

min in the extraction chamber (Head, 1980). 

 

Land preparation, sowing and 

application of the field treatments were carried 

out in December 2020. The crop used was alfalfa 

(Medicago sativa L.) and the first irrigation was 

carried out on 11 February 2021. Soil samples to 

quantify the moisture content in the treatments 

were taken on the following dates in 2021; 11 

February, 25 February, 31 March and 12 April. 

Once the samples were collected, they were 

weighed and placed in a drying oven for a period 

of 24-48 hours at 105° C, weighing them 

frequently until no variation in weight was 

observed.  

The percentage moisture content (%H) 

was obtained by the difference between the 

weight of the wet soil (SH) and the weight of the 

dry soil (SS). That is to say;  %H=(SH-SS)/SS 

x100 (1) 

 

The information was recorded in a 

database and statistical analyses were performed 

using Minitab software. A regression analysis 

was carried out for the treatments evaluated. 

 

Results 

 

On the first sampling date, there was a tendency 

for the percentage of moisture to increase as the 

amount of zeolite applied increased. Graph 1 

shows this behaviour, where it is noticeable that 

the highest percentage of moisture retained by 

the soil was obtained with the application of 10 

T ha-1 of zeolite (T2) with 33.6%, followed by 

the treatment with 5 ton ha-1 (T2) with 32.8%.  

It is also irrefutable that the control treatment 

(T1) presented the lowest percentage of water 

retention with 24.1%.  

 

The results of the second sampling can be 

seen in graph 2. It is evident that the treatment 

with the highest zeolite application (T4) 

presented the highest percentage of moisture 

with 28.0%, compared to T1, which presented 

the lowest percentage with 13.2%. Graph 3 

shows that all treatments with zeolite application 

(T1, T2 and T3) presented higher soil moisture 

percentages, compared to the control treatment, 

which had 25.7% moisture. The results of the 

fourth sampling are shown in Graph 4, where it 

is clear that the lowest percentage of moisture 

was in T1 with 11.4%, compared to T2 with 

18.0%, T3 with 14.6% and T3 with 12.9%. 

 

 
 

Graph 1 Moisture content in four treatments with natural 

zeolite applications (First sampling) 
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Graph 2 Moisture content in four treatments with natural 

zeolite applications (second sampling) 

 

 
 

Graph 3 Moisture content in four treatments with 

applications of a natural zeolite (Third sampling) 

 

 

 
 
Graph 4 Moisture content in four treatments with 

applications of a natural zeolite (Fourth sample) 

 

Soil pH and EC concentration  

 

In this study, no statistical differences were 

found in the soil pH value among the four 

treatments evaluated (P>0.05). The lowest value 

of 7.6 was observed in T2 and T4 while the 

highest value of 7.8 was observed in T1 (control) 

and in T3 which received 10 ton ha-1 of zeolite 

(Figure 5).  This slight increase in pH could be 

explained by a higher concentration of Ca, Na 

and CaCO3.  

The EC concentration was statistically 

different among the treatments evaluated 

(P<0.05). Figure 6 shows that T2, T3 and T4 

exceeded the EC concentration in the control 

(T1) which was 3.0 mS/m. The highest 

concentration of 5.8 mS/m was observed in T3, 

attributing this result to a greater amount of salts 

such as Ca, Na and CaCO3, which favoured a 

higher EC concentration. 

 

 
 
Graph 5 Average soil pH levels in four treatments 

applying a natural zeolite 

 

 
 

Graph 6 Mean EC concentration in soil in four treatments 

with application of a natural zeolitel 

 

Concentration of N-total, P and K in soil. 

 

The mean N-total concentration was statistically 

different between treatments (P<0.05). Graph 7 

shows a linear trend as more zeolite was applied. 

It is noticeable that the concentration in all 

treatments was less than 3.0 ppm, which 

indicates a soil deficient in this element. It is 

important to note that zeolite application and its 

effect on N availability is controversial. The 

results of this study agree with those suggested 

by Gilloway et al. (2003) who observed an 

increase in N availability as high levels of zeolite 

were applied to the soil; however, researchers 

Tarkalson and Ipólito (2010) mentioned that the 

results with zeolite application were not 

consistent.  
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With respect to P concentration, it can be 

seen in Graph 8 that the mean concentration was 

higher at T3 with 15 ppm. It is interesting to note 

that the concentration of this element tended to 

decrease in T4 compared to T3, i.e. a quadratic 

effect between treatments is observed. In 

relation to soil K concentration, no statistical 

differences (P>0.05) were found between 

treatment means. The K concentration was very 

similar between the treatments studied, in a 

range of 90 to 95 ppm, so it can be asserted that 

zeolite does not contribute to the availability of 

K for plants in calcareous soils.    

 

 
 

Graph 7 Mean total N concentration in soil in four 

treatments with application of a natural zeolite 

 

 
 
Graph 8 Mean P concentration in soil in four treatments 

with application of a natural zeolite 

 

Concentration of Fe, Zn, Cu and Mn in soil 

 

The mean Fe concentration among the 

treatments evaluated ranged from 2.5 ppm in the 

control to a concentration of 4.5 ppm in the 

treatments in which zeolite was applied (Graph 

9), with statistical differences between 

treatments (P<0.05).  

 

 

 

It is noticeable that in T4 the concentration 

of available Fe decreased slightly, so this effect 

can be attributed to the alkaline pH of the soil 

under study, which may have lowered the 

available Fe, since the availability of this metal 

in soil is minimised in alkaline soils (Prochnow 

et al., 2009). The mean Zn concentration was 

higher in T1 (3.9 ppm) and T2 (1.4 ppm) than in 

treatments T3 and T4, which had higher amounts 

of zeolite (Figure 10), and statistical differences 

were found between treatments (P<0.05). These 

results show that zeolite application is directly or 

indirectly affecting certain soil properties; in this 

case, in particular Zn availability. One of the 

possible reasons could be the presence of 

CaCO3 which affects the availability of this 

metal.  

 

Regarding Cu concentration in soil, a 

similar response to Zn concentration was 

observed (Figure 11). The highest concentration 

of 5.8 ppm was found in T1 and was statistically 

different from the rest of the treatments (P<0.05) 

that received zeolite. In general, it is observed 

that Cu concentration decreases as zeolite 

application increases. These results clearly 

indicate that zeolite has an effect on the 

availability of Cu in the soil for the plant.  

 

The concentration of Mn in the soil was 

higher in the treatment that received 15 ton ha-1 

of zeolite with 11.46 ppm and no statistical 

differences were detected for this metal in the 

soil under the treatments studied (P>0.05).   

 

 
 
Graph 9 Mean Fe concentration in soil in four treatments 

with application of a natural zeolite 
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Graph 10 Mean Zn concentration in soil in four 

treatments with application of a natural zeolite 

 

 
 
Graph 11 Mean Cu concentration in soil in four 

treatments with application of a natural zeolitel 
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Conclusions 

 

The water holding capacity of a calcareous soil 

added with various levels of zeolite increased 

water uptake in the soils. As for the changes in 

the physico-chemical properties of the soil due 

to zeolite additions, it was possible to identify 

that the availability of Fe micronutrients 

increased, however, with the application of 15 

tons per ha, the availability decreased with 

respect to zin and copper. 

The total volume of water applied at a 

zeolite concentration of 20 tons per ha was lower 

than the other treatments that received a higher 

volume of water, however, this increase in 

zeolite concentration decreases the availability 

of micronutrients in this type of soil. 

 

Therefore, the use of natural zeolite in 

calcareous soils allows the potential use by 

Mexican agricultural producers, reducing water 

consumption in irrigation. 
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Abstract  

 

Epazote (Chenopodium ambrosioides L.) is a plant used as 

a condiment in food and has antioxidant properties 

promoting human health. Unfortunately, epazote is highly 

perishable due to its high moisture content. In this work, 

epazote solar drying is carried out using two different 

dryers: an indirect solar dryer with a titanium oxide cover 

(SIT) and a direct one with a polycarbonate cover (SDP) 

to increase its shelf life. Titanium oxide is a novel material 

with thermal properties helping solar drying by allowing 

the preservation of epazote's medicinal and organoleptic 

properties, which is very sensitive to solar radiation. The 

drying kinetics show that both dryings were carried out in 

2.6 hours, obtaining a final humidity of 0.9 and 0.4 g 

water/g ss in SIT and SDP, respectively. The highest 

drying rate (27 g water/g ss∙ hr) was achieved with the SIT. 

The model that best fit the drying kinetics for both cases 

was the Weibull model, with a minimum r2 of 0.9979. The 

colorimetric study found that the SIT allows a superior 

quality in the product with an ∆E of 9.56 

 

 

 

 

Direct solar drying, Indirect solar drying, Titanium 

oxide, Epazote, Colorimetric study 

 

Resumen  

 

El epazote (Chenopodium ambrosioides L.) es una planta 

utilizada como condimento en los alimentos y presenta 

propiedades antioxidantes que favorecen la salud humana. 

Desafortunadamente, el epazote es muy perecedero, 

debido su alto contenido de humedad. En este trabajo se 

realiza el secado solar de epazote, utilizando dos diferentes 

equipos: un secador solar indirecto con cubierta de óxido 

de titanio (SIT) y otro directo con cubierta de 

policarbonato (SDP), para aumentar su vida de anaquel. El 

óxido de titanio es un material novedoso con propiedades 

térmicas que favorecen el secado solar permitiendo la 

conservación de las propiedades medicinales y 

organolépticas del epazote, el cual es muy sensible a la 

radiación solar. Las cinéticas de secado muestran que 

ambos secados fueron realizados en 2.6 horas, obteniendo 

una humedad final de 0. 9 y 0.4 g agua/g ss en SIT y SDP, 

respectivamente. La velocidad de secado más alta (27 g 

agua/g ss∙ hr ) se alcanzó con el SIT. El modelo que se 

ajustó de mejor manera a las cinéticas de secado para 

ambos casos fue el Weibull con un r2 mínimo de 0.9979. 

El estudio colorimétrico se encontró que el SIT permite 

una calidad superior en el producto con un ∆E de 9.56. 

 

Secado solar directo, Secado solar indirecto, Oxido de 

titanio, Epazote, Estudio colorimétrico 
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Introducction 

 

The epazote (Chenopodium ambrosioides L.) is 

a plant known in Mexico as epazote and is used 

as a condiment for food or in infusions in 

traditional medicine. This plant is rich in 

flavonoids and natural antioxidants used in 

industry for various uses (Villalobos-Delgado et 

al., 2017).   

 

Unfortunately, when used fresh, as a 

condiment, its high moisture content dictates a 

very short shelf life for the plant, so it is 

generally wasted or sometimes difficult to 

obtain, as it is not available all year round 

(Blanckaert et al., 2012). This is why it is 

convenient to dehydrate it, in order to stabilise it 

in ambient humidity and temperature conditions 

and thus preserve it for a longer period of time.  

 

Open solar drying is one of the oldest 

methods of preservation (FAO, 1990). This 

technique is cheap and simple; however, drying 

times are long and the food is exposed to a 

variety of factors that can reduce its quality and 

hygiene, such as rodents or flies, dust, rain, 

insects, solar radiation or wind (Grados and Cruz 

2015; Prakash and Kumar 2013). On the other 

hand, industrial dryers eliminate these 

drawbacks and allow them to be efficient 

through appropriate designs, thus improving the 

nutritional and organoleptic properties of foods 

compared to traditional drying (Domínguez-

Niño et al., 2020; Kaya & Aydin, 2009). 

 

The problem with industrial drying 

systems is the enormous energy consumption 

they present, which comprise up to 15% of the 

consumption of the entire industry worldwide 

(Castillo Téllez et al., 2018). Additionally, 

industrial drying uses polluting fossil fuels, 

which worsen the already deteriorated 

environment and collateral problems such as 

climate change, among others. That is why solar 

drying is presented as an interesting 

technological option, since it eliminates the use 

of this polluting energy. Free and abundant solar 

energy allows for low production costs and 

environmentally sustainable processes 

(Tlatelpa-Becerro et al., 2018).  

 

The design of solar dryers is very 

important for the good performance of the 

dryers, so they are continuously improved and 

adapted to the characteristics of the food and the 

climatic conditions of the drying site.  

For example, the design of the dryer used 

for drying mango waste with transparent 

polycarbonate cover (Wilkins et al., 2018) to 

control environmental conditions. Another 

interesting design was used by Toĝrul and 

Pehlivan (2004): a solar greenhouse dryer 

employing an air conditioning control system for 

red chilli drying. Şevik et al. (2019) dried mint 

and apple with a solar dryer with air heaters and 

assisted infrared to supplement solar radiation 

when it is cloudy. In addition, a mixed solar 

dryer with forced convection was used to dry 

turmeric (Lakshmi et al., 2018). Finally, (Chan-

Gonzálelz et al., 2021) designed a dryer with an 

integrated dehumidification system to decrease 

drying times in very humid places. 

 

However, some of these devices present a 

complicated fabrication, which has to be built by 

a company dedicated to their manufacture, or the 

parts have to be purchased separately from 

different suppliers. 

 

In this study, we present a direct solar 

dryer with a polycarbonate cover that is easy to 

manufacture and with very cheap materials that 

can be used in any home or can be used as a base 

to scale it up for a production with higher 

quantity requirements, to which a very important 

and novel element has been incorporated: a 

titanium oxide cover that allows a greater heat 

transfer inside the drying chamber, eliminates 

damage to foods sensitive to solar irradiance and 

reduces the risk of damage to the foodstuffs.  

 

Methodology 

 

The epazote was purchased at a local market and 

the leaves were sorted to ensure uniformity until 

a sample of approximately 10 g was collected. 

The samples were then placed in trays and 

placed in the two dryers. Figure 1 shows the 

colour and texture of the fresh epazote.  

 

 
 
Figure 1 Fresh epazote leaves 
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The epazote leaves were dehydrated in two 

solar dryers modified in their cover, 

polyethylene and selective titanium oxide 

membrane. The dryers were built at the Institute 

of Renewable Energies of the UNAM, and have 

a drying chamber of 0.3 m2. The hot, dry air 

circulates longitudinally by natural convection 

penetrating through holes at the bottom and is 

extracted by the chimney effect at the top rear, 

with the moisture already extracted from the 

feed.  The dimensions of the dryer are 64 35 X 

23 cm. figure 3 shows the dryers used 2022, in 

Temixco, Mor., 

 

 
 
Figure 2 Equipment used  

 

The dehydration process was carried out in 

May with a maximum irradiance and 

temperature of 952.6 W/m2 and 32.5 °C, 

respectively.  

 

An OHAUS thermobalance, MB45, with 

an accuracy of 0.001 g. was used to determine 

the moisture content and the water activity aw 

was assessed with a HIGROLAB equipment. 

The equipment can be seen in Figure 3. 

 

 
 
Figure 3 Equipment used  

 

In addition, the evolution in the values of 

ambient temperature and inside both cabins, the 

weight and moisture loss, as well as the values 

of drying speed and moisture radius were 

recorded. Thin film mathematical modelling to 

standardise the behaviour of the drying kinetics 

was performed by comparing the moisture radius 

MR with those found in the literature. The MR 

was calculated using the equation:  

 

𝑀𝑅 =
𝑀−𝑀𝑒

𝑀𝑜−𝑀𝑒
  

 

Where M is the moisture content and Me 

is the equilibrium moisture, while Mo is the 

initial moisture.  The mathematical models used 

are listed in Table 1.  

 
Model Equation Reference 

Newton 𝑀𝑅 = 𝑒𝑥𝑝  (−𝑘𝑡)  
(Tunde-
Akintunde, 2011) 

Page 𝑀𝑅 = 𝑒𝑥 𝑝(−𝑘𝑡𝑛) (Page, 1949) 

Modified page 𝑀𝑅 = 𝑒𝑥𝑝 ((−𝑘𝑡)𝑛)  
(Diamante & 
Munro, 1993) 

Henderson and 

Pabis 
𝑀𝑅 = 𝑎 𝑒𝑥𝑝 (−𝑘𝑡) 

(Henderson & 

Pabis, 1961) 

Logarithmic 𝑀𝑅 = 𝑎 𝑒𝑥𝑝(−𝑘𝑡) + 𝑐 
(Togrul & 

Pehlivan, 2002) 

Two-term 
𝑀𝑅 = 𝑎 𝑒𝑥𝑝  (−𝑘𝑡) +
𝑏 𝑒𝑥𝑝 (−𝑘0𝑡)  

(Koua et al., 

2009) 

Two-term 
exponential 

𝑀𝑅 = 𝑎 𝑒𝑥𝑝(−𝑘𝑡) +
(1 − 𝑎) 𝑒𝑥𝑝 (−𝑘𝑎𝑡)  

(Y. I. Sharaf-

Eldeen et al., 

1980) 

Wang and Singh 𝑀𝑅 = 1 + 𝑎𝑡 + 𝑏𝑡2  
(Wang & Singh, 
1978) 

Weibull 𝑀𝑅 = 𝑒𝑥𝑝 (−(𝑡/𝑏)𝛼)  
(Midilli et al., 

2002) 

 
Table 1 Thin film models used 
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The quality of fit was defined by the 

coefficient of determination r2. For this 

selection, the software Data Fit version 9.1 from 

Oakdale Engineering was used. 

 

On the other hand, in the colourimetry 

study, the parameters L (lightness-darkness), a 

(red-green), b (yellow-blue), H (hue angle), 

chroma C (saturation or intensity) were 

determined before and after drying. In addition, 

the ∆E (colour difference) between the initial 

and final samples were analysed.  

 

Results 

 

The initial moisture value of epazote leaves was 

88.92 %, while water activity (aw) was 0.984, To 

eliminate microbial growth, it is vital to reduce 

these values, according to (Jangam & 

Mujumdar, 2010). The final aw values for the 

samples were 0.597 for SIT and 0.533 for SDP, 

thus ensuring the stability of the dehydrated 

product in both dryers. 

 

Drying kinetics 

 

The time required to reach the equilibrium 

moisture content of the epazote was 

approximately 2.6 hours for both dryers. This is 

due to the fact that even though more solar 

radiation passes through the SDP chamber and 

therefore the temperature is higher, the titanium 

oxide coating is at a much higher temperature 

than the polycarbonate coating, removing the 

moisture that reaches the surface more quickly. 

The temperature inside the SDP chamber was 

69.2 °C, while that of the SIT was 56 °C. 

 

  
Graph 1 

 

On the other hand, the final moisture 

content of the dehydrated epazote leaves in the 

SDP was 0.9 g water∙ss, while that of the SIT 

was valued at 0.4 g water∙ss.  

Additionally, the drying rate was 

calculated in both cases. As can be seen in Figure 

5, the SIT reached a maximum drying rate of 

27.17 g water∙ss∙h, while the SDP reached 15.55 

g water∙ss∙h. The titanium oxide shell heats up 

faster than the polycarbonate shell, so at the 

beginning of the kinetics the heat is higher inside 

this dryer.  

 

 
 
Graph 2 Drying speed of both equipment 

 

Mathematical modelling 

 

Weibull 

R2 0.9979 

a 8.19E-02 

b -4.9855 

k 0.9667 

n 0.91974 

Logarithmic 

R2 0.9975 

a 4.7644 

c 0.2704 

k 1.0350 

Henderson and Pabis 

R2 0.9954 

a 4.9657 

k 0.8976 

 
Table 2 Adjustment parameters with polycarbonate dryer 

 

Table 2 shows the coefficient values of the 

three best models that were fitted to the epazote 

drying kinetics and graph 3 shows that the 

quality of fit is very high (over .99 in all cases).  
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Graph 3 Polycarbonate Dryer Model Setting 

 

Similarly, Table 3 and Figure 4 show the 

kinetic fits of the models found in the literature 

with the drying kinetics in the SIT.  

 

Weibull 

R2 0.9969 

a 2.60E-01 

b -4.7484 

k 1.8404 

n 0.9097 

Wang and Sing 

R2 0.9964 

a 4.6619 

c 0.3274 

k 1.98E+00 

Henderson and Pabis 

R2 0.9835 

a 4.8716 

k 1.5647 

 
Table 3 Fitting parameters with titanium oxide coating 

 

 
a                                       b 

 
Figure 4  a) Dehydrated leaves in the SDP and b) SIT 

 

We can then use especially the Weibull 

model, which for both cases was the best fit, to 

predict drying times and moisture contents, scale 

up production, design dryers for epazote drying, 

and to design a new drying system for epazote. 

 
 
Graph 4 Model adjustment, dryer with titanium oxide 

coating 

 

Colorimetric study 

 

The colourimetric parameters were evaluated at 

the beginning of the drying process showing an 

average brightness of 45.88, and chromaticity 

values a and b of -11.68 and 30.06, respectively. 

Negative values of a indicate that the sample 

tends towards a green hue. The Hue angle was 

111.22, which indicates a yellow-green shade. 

At the end of the drying process, the following 

colourimetric values were obtained: ∆L= -3.89, 

∆a= 17.50, ∆b= -9.10, ∆C= -10.49, ∆H= -16.70, 

∆E= 20. 11 for SDP, while the colorimetric 

values for SIT were ∆L= -2.78, ∆a= 5.90, ∆b= -

6.98, ∆C= -8.46, ∆H= -3.46 and ∆E= 9.56. 

Negative values in ∆L indicate that the sample 

becomes darker than the initial sample, negative 

values in ∆a show that the epazote becomes 

more green, negative values in ∆b indicated that 

the epazote will be less yellow, negative values 

in ∆C indicate that the sample is less saturated, 

negative values in ∆H indicate that the sample 

changes from green to yellow. It is also observed 

that the smallest colour difference occurred in 

the SIT.  

 

Conclusions 

 

This study compares the kinetics of solar drying 

of epazote in a direct solar dryer made with 

commonly used materials with another one that 

uses a novel material for these applications: 

titanium oxide. In addition to matching the times 

obtained with the polycarbonate dryer, the final 

moisture content is lower. The final water 

activity was the same in both cases. 

Additionally, the highest drying speeds are 

observed in the SIT.  
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However, the most important advantage 

found in the SIT is that it provides a much higher 

quality product, according to the colourimetry 

results observed. The lower colour difference 

compared to fresh epazote is correlated with the 

preservation of the desired medicinal 

compounds in the epazote. Finally, it was 

determined that the model that best represents 

both kinetics is the Weibull model.  The authors 

received no financial support for the research of 

this article. 
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Abstract 

 

Corrosion inhibitors can trigger health and/or environmental 

problems due to their toxicity. For this reason, it has been 

suggested to use plant extracts as natural corrosion inhibitors, 

because they represent a rich source of chemical compounds, 

they are non-toxic, biodegradable and abundant in nature. 

Sorghum halepense is a herbaceous weed, commonly known 

as johnson grass, belongs to the family gramíneae or 

poaceae, the choice of this plant is due to its zero cost and 

easy availability. 

In this systematic review, were used keywords such as 

Sorghum halepense johnson grass, phytochemistry, 

phytotherapy, phytoremediation, antidiabetic, antioxidant, 

cytotoxicity, antifungal, antimicrobial, anticancer, biological 

activity, medical activity, allelochemicals, among others. To 

do this, were used databases such as Scielo, Dialnet, Redalyc, 

Google Scholar, DOAJ, Wiley online library, BioOne, 

EBSCOHost, Knovel, ScienceDirect, SpringerLink y 

VirtualPro. Previous studies on this weed have reported its 

therapeutic potential against cancer, diabetes, prostatitis, 

hepatoprotective activity, antioxidant, antimicrobial, 

antifungal, as well as abortifacient and placental delivery in 

veterinary medicine. In view of the numerous organic 

molecules present in this plant, this study proposes Sorghum 

halepense as a potential natural corrosion inhibitor. 

 

 

 

Sorghum halepense, Anticorrosive, Natural inhibitor, 

Herbaceous, Environmental 

 

Resumen 

 

Los inhibidores de la corrosión pueden desencadenar 

problemas de salud y/o ambientales debido a su toxicidad. Por 

esta razón, se ha sugerido el uso de extractos de plantas como 

inhibidores naturales de la corrosión, debido a que 

representan una rica fuente de compuestos químicos, no son 

tóxicos, son biodegradables y abundantes en la naturaleza. 

Sorghum halepense es una maleza herbácea, comúnmente 

conocida como zacate johnson, pertenece a la familia 

gramíneae o poaceae, la elección de esta planta se debe a su 

nulo costo y su fácil disponibilidad. En esta revisión 

sistemática, se utilizaron palabras clave como sorghum 

halepense, zacate Johnson, fitoquímica, anticorrosivo, 

fitoterapéutico, fitorremediación, antidiabético, antioxidante, 

citotoxicidad, antifúngico, antimicrobiano, anticancerígeno, 

actividad biológica, actividad médica, aleloquímicos, entre 

otros. Para ello, se utilizaron las bases de datos como Scielo, 

Dialnet, Redalyc, Google Scholar, DOAJ, Wiley online 

library, BioOne, EBSCOHost, Knovel, ScienceDirect, 

SpringerLink y VirtualPro. Los estudios previos sobre esta 

maleza han reportado su potencial terapéutico contra el 

cáncer, diabetes, prostatitis, actividad hepatoprotectora, 

antioxidante, antimicrobiano, antifúngico, así como abortivo 

y expulsión de placenta en animales. En vista de las 

numerosas moléculas orgánicas presentes en esta planta, este 

estudio propone al Sorghum halepense como potencial 

inhibidor natural de la corrosión. 

 

Sorghum halepense, Anticorrosivo, Inhibidor natural, 

Herbaceos, Ambiental 
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Introduction 

 

Corrosion is defined as the destructive attack of 

a metal by chemical or electrochemical reaction 

with the environment (Revie, 2008). Metallic 

materials, especially iron and carbon alloys are 

widely used as construction materials due to 

their high mechanical strength and low cost. 

However, most metals and their alloys in their 

pure form are highly reactive and susceptible to 

corrosive degradation.  

 

The wear and tear of carbon steel 

structures has been associated with aggressive 

environmental conditions characterised by high 

relative humidity and long periods of hot 

temperatures during summer and autumn; 

similarly, rainfall and the presence of 

anthropogenic pollutants have been considered 

as contributing factors to the increase of 

corrosion phenomena. Approximately 25% of 

annual steel production is destroyed by corrosion 

(Ávila & Genescá, 2013). For countries for 

which data is available, the cost of corrosion 

represents approximately 3 to 4% of GDP 

(Okoroafor, 2004, Op. Cit. Fayomi et. al., 2019). 

 

Due to the impact of corrosion on the 

economy, industry and health, researchers have 

become interested in the use and development of 

techniques for corrosion prevention and control 

(Shaw & Kelly, 2006). There are chemical 

compounds called corrosion inhibitors which are 

generally compounds whose reactive species 

react with the metal to produce a protective film 

at the metal-environment interface, thus 

inhibiting corrosive reactions (Shukla et.al., 

2011; Gomez, 2019). 

 

To minimise metal loss in acidic, saline 

and other aggressive environments, the use of 

corrosion inhibitors has been used. A good 

corrosion inhibitor must be economically viable, 

non-toxic to the environment and humans, and 

have a high inhibition efficiency. 

 

Most synthetic compounds are good 

corrosion inhibitors, however, most are highly 

toxic to humans and the environment. They often 

cause temporary or permanent damage to organs 

such as the kidneys and liver. For these reasons, 

the identification, extraction and evaluation of 

natural substances that act as more 

environmentally friendly inhibitors has been 

undertaken (Santamaria, 2021; Singh et. al., 

2012). 

A large number of chemical compounds, 

especially heterocyclic compounds, are present 

in seed, fruit, leaf and flower extracts of various 

plants, which have shown a favourable response 

in reducing the corrosion rate. The inhibitory 

effect is attributed to the adsorption of these 

organic substances on the metal surface, 

blocking the active sites or forming a protective 

layer (Ibidem). 

 

Although some plants and their 

phytochemical characteristics have been 

reported to have corrosion inhibitory activity, 

the vast majority of plants have not been 

properly studied as natural inhibitors. For 

example, of the more than 300,000 plant species 

on earth, only a few (less than 1%) have been 

fully studied for their characteristics as natural 

corrosion inhibitors (Al-Otaibi et. al., 2014). 

 

Phytochemical study of Sorghum 

halepense revealed the presence of vitamins, 

steroids, saponins, alkaloids, reducing sugars, 

tannins, glycosides, flavonoids, phenols, 

terpenes, carbohydrates, and proteins.  These 

structures exhibit chemical characteristics that 

make them candidates to bind to the metal 

surface and thereby form a protective layer 

(Hassannejad & Nouri, 2018; Nair, 2017). 

 

After reviewing the different research 

works where natural extracts obtained from plant 

seeds are evaluated to inhibit the corrosion of 

carbon steel, and considering that nowadays it is 

essential to develop practices that help the 

preservation of the environment and health, the 

evaluation of the Sorghum halepense plant as a 

possible natural corrosion inhibitor is proposed. 

This work is organised as follows: Section I 

shows the introduction, Section II presents in a 

general way the method for systematic reviews, 

the application of the systematic review protocol 

and the extraction of information are also 

described. Section III describes the results. 

Finally, section IV shows the conclusions of this 

work. 
 

Methodology to be developed 

 

Description of the method 

 

“The term Systematic Review (SR) is used to 

refer to a specific research methodology 

developed for the purpose of collecting and 

evaluating the available evidence pertaining to a 

focused topic (Biolchini, Gomes, Cruz, & 

Travassos, 2005)".  
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This section presents the steps to follow 

for the development of the systematic review 

process proposed by Biolchini et al.  

 

A. Protocol development: rigorous and 

iterative phase. It covers the general plan for the 

systematic literature review.  

 

1. Question formulation: section where the 

important research questions to be 

answered during the SR are identified. In 

this section the research objectives 

should be clearly defined.  

 

2. Identification and selection of sources: 

section whose objective is to identify and 

select the sources where the search for 

primary studies will be carried out. It 

consists of the following sections: 

definition of source selection criteria, 

language of the studies, identification of 

sources, selection of sources after 

evaluation, verification of sources.  

 

3. Study selection: this section aims to 

identify primary and secondary studies. 

Studies are selected after application of 

inclusion and exclusion criteria.  

 

B. Information extraction: phase in 

which the search for studies in the defined 

sources is executed, the studies found are 

evaluated against the defined criteria.  

 

1. Definition of the criteria for inclusion of 

information (ICinf) and exclusion of 

information (ECinf), the objective of 

which is to define the criteria with which 

the information will be evaluated. 

2. Templates for information extraction: 

this section aims to record the primary 

studies derived from the selection 

process.  

3. Execution of the extraction: section in 

which the evaluation of the studies is 

carried out using the defined criteria.  

 

C. Summary of results: phase in which 

the results obtained from the application of the 

SR protocol development phase and the 

information extraction phase are shown, with the 

aim of presenting the data resulting from the 

selected studies. 

 

Systematic review of Sorghum halepense 

(Johnson grass) as a potential natural corrosion 

inhibitor. 

 

Development of the protocol. 

 

(a) Formulation of the question. 

 

(1) Focus of the question: 

 

This research was conducted to propose 

Sorghum halepense plant as a potential natural 

corrosion inhibitor. 

 

(2) Scope and quality of the question 

(a) Problem: 

 

Nowadays, corrosion of metals is an inevitable 

process and to combat it, various corrosion 

inhibitors are used, mostly of synthetic nature; 

which, are mostly characterised by producing 

serious environmental and health problems, that 

is why, it is required to promote the use of 

natural corrosion inhibitors. Based on this, the 

proposal arises to investigate the properties 

possessed by Sorghum halepense, and if the 

chemical constituents present in this weed can 

contribute in the control of the corrosion 

phenomenon. 

 

Question: 

 

Is it possible to propose Sorghum 

halepense (Johnson grass) as a weed with 

potential as a natural corrosion inhibitor? 

 

Which chemical structures of Sorghum 

halepense are capable of conferring natural 

corrosion inhibitor activity? 

 

(b) Key words and synonyms: 

 

Definitions used to solve the research 

question were Sorghum halepense, Johnson 

grass, anti-inflammatory, antifungal, 

antiparasitic, phytochemical, antioxidant, 

phytochemical composition, antidiabetic, 

larvicidal activity, cytotoxicity, 1976, 1990, 

1999, 2008, 2012, 2013, 2013, 2014, 2015, 

2017, 2010, 2020. 

 

(c) Intervention: 

 

Sorghum halepense as a potential natural 

corrosion inhibitor. 
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(d) Effect: 

 

Studies to identify the chemical properties of the 

plant Sorghum halepense that may attribute to it 

the property of a natural corrosion inhibiting 

agent. 

 

(a) Population: 

 

Publications related to the phytochemical 

composition of Sorghum halepense and its 

medicinal and other uses. 

 

(b) Application 

 

Scientific community searching for natural 

corrosion inhibiting agents. 

 

a) Identification and selection of sources 
 

(1) Definition of the source selection criteria: 
 

 Use keyword search mechanisms.  

 Publications recommended by other 

authors. 

 Publications available on websites. 

 

(2) Language of studies:  
 

 Spanish 

 English 

 ●Portuguese 

 

(3) Source identification 

(4) Source finding methods 

 

To conduct this systematic review, research was 

carried out using web search engines.  

 

(4) Search string 

 

With the combination of the list of identified 

words, logical connectors "AND", "OR" and 

"NOT" were used and a basic general search 

string was obtained (see table 1). 

 
Keywords with logical operators 

("Sorghum halepense" OR "Zacate Johnson" AND 

"antidiabeti" OR "antioxidant" OR "antifungal" OR 

"anticancer" OR “cytotoxic” OR “antibacterial” OR 

“analgesic” OR “antidiabetic” OR “hepatoprotective” 

OR “larvicida” OR "muscle relaxant" OR 

"Phytochemical the Sorghum halepense") 

 

Table 1 Search chain  

Source: Own Elaboration 

 

List of sources 

 

 Google Academic 

 Redalyc 

 SciELO 

 Dialnet 

 DOAJ 

  Wiley online library 

 BioOne 

 

 Selection of sources after evaluation of 

criteria 
 

The sources were checked for compliance with 

the previously defined criteria, and the list of 

sources, shown in the table below, was 

established. 2. 

 
Number Sources 

1 Google Academic 

2 Redalyc 

3 SciELO 

4 Dialnet 

5 DOAJ 

6  Wiley online library 

7  BioOne 

 

Table 2 Sources used 

Source: Own Elaboration 

 

Verification of sources 

 

Three researchers from the Research Group of 

the Academic Body UNACAM-CA-63 

"CORROSION AND GREEN CHEMISTRY", 

from the Corrosion Research Centre (CICORR), 

the Centre for Environmental Microbiology and 

Biotechnology (CIMAB) and the Faculty of 

Chemical and Biological Sciences (FCQB) of 

the Autonomous University of Campeche 

evaluated the list of sources, where they 

consensually approved the list. 

 

b) Selection of studies. 

(1) Definition of studies. 

(a) Definition of inclusion criteria (IC) of studies 

and exclusion criteria (EC) of studies. 

 

In the definition of inclusion criteria (IC) 

of studies and exclusion criteria (EC) of studies, 

4 and 2, respectively, were identified, which are 

shown in table 3 below. 
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Criterion Descriptionn 

CI1  

 

Includes publications whose titles are 

related to the uses of the phytochemistry of 

the weed Sorghum halepense. 

CI2 Includes publications containing reserved 

words that match those defined in the 

search string. 

CI3 Includes publications whose abstract is 

related to the selected topic. 

CI4 Includes publications that have been 

partially or fully read. 

CE1 Excludes publications that do not match 

the previous inclusion criteria. 

CE2 Excludes all duplicate publications.  

 

Table 3. Definition of inclusion and exclusion criteria for 

studies 

Source: Own Elaboration 

 

(a) Definition of types of studies: 
 

Related studies on the phytochemical 

composition of the Sorghum halepense plant 

were analysed. 

 

(b) Procedure for selecting studies: 

 

Criteria were taken as the title of the publication, 

the abstract of each one and in some cases it was 

required to review the full content.  

 

Execution of the selection: 

 

Searches were carried out, adapting the strings to 

the engines of each search engine, to determine 

the quality of the studies, inclusion and 

exclusion criteria were applied.  

 

Information extraction. 

 

Definition of the criteria for inclusion of 

information (CIinf) and exclusion of information 

(CEinf) 

 

Two information inclusion criteria (CIinf) and 

one exclusion criterion (CEinf) were identified. 

Table 4 shows a description of these criteria. 

 
Criterion Description 

CI1inf  Collect information on various uses or 

benefits that Sorghum halepense could 

have. 

CI2inf Identify the phytochemistry of this plant 

that could attribute its use as a potential 

natural correction inhibitor. 

CE1inf Exclude information that is not related to 

the inclusion criteria defined above. 

 

Table 4 Definition of criteria for inclusion and exclusion 

of informatio 

Source: Own Elaboration. 

b) Templates for Information Extraction 
 

For the registration of the study identification 

data, a template containing the following fields 

was stored: title of the study, year, authors and 

abstract, as shown in Table 5. 

 
Title  

Year  

Authors  

Abstract  

 

Table 5. Template used for data extraction 

Source: Own Elaboration 

 

c) Execution of the Extraction 

 

The repertoire obtained was placed in templates 

for information extraction. The evaluation was 

done by analysing the main ideas, using the 

criteria of inclusion and exclusion of 

information. Some articles were not sufficiently 

redundant in the topic, so it was decided to read 

and interpret the introduction to get a more 

concise idea of the research. In this way it was 

possible to determine whether the articles had 

any relation to the topic addressed.  

 

The information from the publications that 

were considered as primary was stored in the 

template as shown in table 6, 7, 8 and 9 where a 

summary of how the template was used with the 

analysis of one of the selected studies can be 

visualised. 

 
Title Actividad antifúngica de extractos 

metanólicos de Sorghum halepense contra 

Macrophomina phaseolina. 

Year 2012 

Authors Arshad Javaid, Syeda Fakehha Naqvi and 

Amna Shoaib. 

Abstract The present study was designed to 

investigate the antifungal potential of an 

allelopathic herb Sorghum halepense Pers. 

for the management of M. phaseolina 

isolated from cowpea plants infected with 

charcoal rot. In laboratory bioassays, 

different concentrations of methanolic 

extracts of shoot, root and inflorescence of 

the allelopathic test grass were evaluated 

for their in vitro antifungal activity against 

M. phaseolina. Extracts of the three parts of 

the grass exhibited variable antifungal 

activity. 

 

Table 6 Example of the template used to store the 

information 

Source: Own Elaboration 
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Title Elemental, antimicrobial and antioxidant 

activities of a medicinal plant Sorghum 

halepense. 

Año 2019 

Authors Abdul Yasar Khayal, Inam Ullah, Muhammad 

Nughman, Syed Majid Shah and Nawab Ali. 

Abstract The present study is aimed at finding out the 

medicinal properties of this plant. For this 

purpose, plant samples were collected and 

subjected to acid digestion to evaluate the 

concentration of heavy metals such as iron (Fe), 

copper (Cu), manganese (Mn), zinc (Zn), lead 

(Pb), cadmium (Cd), chromium (Cr) and nickel 

(Ni) by atomic absorption spectrophotometer. 

The presence of heavy metals is important for 

medicinal plants. Then the antibacterial, 

antifungal and antioxidant activity in Sorghum 

halepense was evaluated by maceration and shed 

drying of the plant sample for fifteen days and 

crude extract, ethyl acetate, n hexane, chloroform 

and aqueous fractions were extracted. After 

careful analysis, the concentration of heavy 

metals was found to be high, except Cd and Cr. 

The crude extract and other fractions of Sorghum 

halepense showed good antibacterial activities 

against P. aeruginosa, S. epidermidis, S. 

epidermidis, P. aeruginosa and S. epidermidis. 

 

Table 7 Example of the template used to store the 

information 

Source: Own Elaboration 

 
Title Phytochemical analysis, cytotoxic, antioxidant 

and anti-diabetic activities of the aerial parts of 

Sorghum halepense. 

Year 2019 

Authors Shah, M. A. R., Khan, R. A., & Ahmed, M. 

Abstract The phytochemical screening, cytotoxic activity, 

total phenolic content, antioxidant and 

antidiabetic activity of Sorghum halepense 

methanolic extract and its different fractions 

were evaluated. The methanolic extract and its 

various fractions revealed the presence of 

reducing sugars, tannins, steroids, glycosides, 

flavonoids in the methanolic extract where they 

were absent in the n hexane fraction except 

flavonoids. Gums and saponins were absent in all 

samples. The methanolic extract indicated the 

highest cytotoxic (80.7 ± 1.3%) and anti-diabetic 

(62.5%) activities. The maximum contents of 

total phenols (28.7 ± 1.4 mg/mL) were found in 

the chloroform fraction. An aqueous fraction 

expressed the highest antioxidant activity with 

74.1 and 97.1 % free radical scavenging 

properties in the DPPH and ABTS assays, 

respectively, while, in the case of H2O2, the 

methanolic extract indicated the highest activity 

(36.9 %). In conclusion, the extract of S. 

halepense aerial parts is a source of compounds 

against cancer, diabetes and free radical-

associated disorders. 

 

Table 8 Example of the template used to store the 

information 

Source: Own Elaboration 

 

 

 

 

 

 

Title Flavonolignans and other phenolic 

compounds from Sorghum halepense. 

Year 2010 

Authors Hongjuan Huang, Yan Liu , Qinghui Meng, 

Shouhui Wei, Hailan Cui y Chaoxian 

Zhang 

Abstract Eight compounds (1-7b) were isolated from 

the aerial parts of Sorghum halepense in the 

present investigation and five of them were 

reported for the first time from this species. 

The two rare diastereomeric flavonolignans 

tricin-4'-O-(treo-b-guaiacylglyceryl) ether 

and tricin-4'-O-(erythro-b-

guaiacylglyceryl) ether are from the genus 

Sorghum for the first time. The 

chemotaxonomic significance of these 

compounds was summarised. 

 

Table 9 Example of the template used to store the 

information 

Source: Own Elaboration 
 

Results 

 

Sorghum halepense is a herbaceous weed 

(Sánchez & Manuel, 2022; Estrada-Castillón et. 

al., 2022), belonging to the Gramineae or 

Poaceae family. It is a perennial Gramineae of 

summer cycle with cosmopolitan distribution, 

generally found in dry areas, irrigation ditches, 

crop fields and wastelands (Khayal et. at., 2019). 

It is also known as johnson grass, aleppo 

sorghum, sorghillo, maicillo, canutillo, Russian 

grass and cañota (Leguizamón, 2019). 

 

Chemical composition of Sorghum halepense. 

 

The following results on the chemical 

composition of Sorghum halepense were 

obtained from the systematic review of this 

study: 

 

Previous studies of Sorghum halepense led 

to the isolation of durrin, taxifolin, prunasin, 

sorgoleone, chlorogenic acid, p-coumaric acid, 

p-hydroxybenzaldehyde, p-

hydroxybenzaldehyde alcohol, p-

hydroxybenzoic acid, floroglucinol and aliphatic 

acids from the rhizome of Sorghum halepense 

(Nicollier et. al., 1983; Czarnota et. al., 2003). 

 

The main chemical components of 

Sorghum halepense are sorgoleone and 

dihydrosorgoleone, which are visualised in 

figure 1 (Baerson et al., 2008). 
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Figure 1 Sorgoleona (1) y dihidrosorgoleona (2)  

Source: Glab et. al., 2017 

 

Eight compounds were isolated from the 

aerial parts of Sorghum halepense, five of them 

are reported for the first time from this species, 

being tricin, luteolin, apigenin, salcholine A and 

salcholine B, the latter are shown in figure 2, 

while the rest are p-hydroxybenzaldehyde, p-

hydroxybenzoic and p-hydroxycinnamic acids, 

in the research by Huang et. al. (2010). 

 

 

 
 
Figure 2 Compounds obtained from the aerial parts of 

Sorghum halepense, (1) tricin, (2) luteolin and (3) 

apigenin and (4) salcholine A and B  

Source: Own elaboration 
 

The flavonoids present in the leaves of 

Sorghum halepense that were found in the 

literature are shown in table 10. 
 

Tricina + 

Flavona C-glucósidos + 

Luteolina + 

Apigenina + 

Apigiforol + 

Luteoforol + 

 

Table 10 Flavonoids in the leaves of Sorghum halepense 

(Tricin, Flavone C-glucosides, Luteolin, Apigenin, 

Apigiforol and Luteophorol) 

Source: Harborne & Williams, 1976; Huang at. el., 2010 

 

Six active substances were isolated from 

the chloroform fraction of the crude extract of 

Sorghum halepense, among which three 

phenolic compounds, ethyl p-hydroxybenzoate, 

p-hydroxybenzaldehyde and p-hydroxybenzoic 

acid, as well as three flavonoids, apigenin, 

luteolin and diosmethine, were found. On the 

other hand, from the ethyl acetate fraction, a 

cyanogenic compound, durrin, was found, these 

compounds can be observed in figure 3 (Liu et 

al., 2011). 

 
 

Figure 3 Chemical structures of the compounds isolated 

from the underground part of Sorghum halepense. 1, ethyl 

p-hydroxybenzoate; 2, p-hydroxybenzaldehyde; 3, 

diosmethine; 4, luteolin; 5, apigenin; 6, p-hydroxybenzoic 

acid and 7, durrin 

Source: Liu et al., 2011 

 

The content of eight essential and nine 

non-essential amino acids is reported, as shown 

in table 11. 

 
Essential amino acids 

Ile Leu Lys Met Phe Thr Val His  

2.5 7.4 1.9 2.3 3.1 3.0 4.3 1.6  

Non-essential amino acids 

Cys Tyr Arg Ala Asp Glu Gly Pro Ser 

2.8 2.3 3.3 6.5 5.6 12.4 3.1 8.8 4.1 

 

Table 11 Essential (isoleucine, leucine, lysine, 

methionine, threonine, phenylalanine, valine, histidine) 

and non-essential (cysteine, tyrosine, arginine, alanine, 

aspartic acid, glutamic acid, glycine, proline, serine) 

amino acid profile of Sorghum halepense leaves (g amino 

acids/100 g protein) 

Source: Pérez-Gil et al, 2014. 

 

Finally, Pérez-Gil et. al. also report in their 

study the vitamin content in Sorghum halepense 

panicles, as described in table 12. 
 

 

 

 

 

 

 1 

2 

 
1 2 

3 

4 
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Gramineae Thiamine Riboflavin Niacin 

Sorghum halepense 0.79 1.2 1.9 

 

Table 12 Vitamins in panicles of Sorghum halepense 

grasses (g kg-1 sample) 

Source: Pérez-Gil et al, 2014 

 

The research by Huang, Liu et. al. (2015) 

also mentions that Sorghum halepense root 

contains three phenolic compounds, p-

hydroxybenzoic acid, p-hydroxybenzaldehyde 

and ethyl p-hydroxybenzoate, as well as two 

flavonoids, tricin and diosmetin, all of which are 

present at different growth stages. 

 

Three rare natural products were isolated 

from the rhizomes of Sorghum halepense, 

including a new oxazolidinone named as 2,2-

dimethyl-5-(4-hydroxyphenyl)-4-oxazolidinone 

and two derivatives of 4-hydroxymandelic acid, 

which are ethyl 4-hydroxymandelate and 4-

hydroxymandelamide, these compounds are 

shown in figure 4 (Huang, Ling et. al., 2015).  

 

 
 

Figure 4 Compounds isolated from the rhizome of 

Sorghum halepense: (1) 2,2-dimethyl-5-(4-

hydroxyphenyl)-4-oxazolidinone, (2) ethyl 4-

hydroxymandelate, (3) 4-hydroxymandelamide 

Source: Huang, Liu et. al., 2015 

 

Phytochemical evaluation of the 

methanolic extract and its different fractions 

from the aerial parts of Sorghum halepense 

revealed the presence of several 

phytoconstituents, as well as reducing sugars, 

tannins, steroids, glycosides and flavonoids, all 

of which demonstrated cytotoxic, antioxidant 

and anti-diabetic properties (Shah, Khan & 

Ahmed, 2019). Sorghum halepense seed 

contains the bioactive compound p-cymene, the 

chemical structure of which is illustrated in 

Figure 5 (Banoon, 2020).  

 

 
 

Figure 5 p-cymene compound present in the seeds of 

Sorghum halepense 

Source: Own Elaboration 

Uses and properties of Sorghum halepense 

 

Figure 6 shows all the properties found through 

the literature review of Sorghum halepense.  

 

 
 
Figure 6 Various properties of Sorghum halepense 

Source: Own elaboration 

 

Sorghum halepense has a wide range of 

uses, including food, brewing, feed and fodder 

for livestock. Its grain is used in biscuits, 

unleavened bread and tortillas as a back-up in 

confectionery industries (Khayal et. at., 2019). 

 

Sorghum halepense is a cyanogenic plant 

reported to cause poisoning. In many cases, the 

reports were of ingestion of cut or broken plant 

debris. In cyanogenic plants, cyanide is present 

in the form of glycosides, therefore, freshly cut 

or broken plant parts have free cyanide; 

moreover, they appear to be more palatable, 

favouring intoxication (Gerarldo Neto et. al., 

2013). Reyes & Gudiño (1999) note that 

Sorghum halepense is abundant as an arvense in 

different regions of the country. However, it is 

also characterised by being toxic to cattle, sheep, 

horses and pigs, causing convulsions, foaming at 

the mouth, unconsciousness, emesis, increased 

respiratory rate, tachycardia, hypoxia, gait 

difficulties, respiratory paralysis and death. 

Bezerra et. al. (2012) also reported in their study 

that this weed not only causes intoxication in 

cattle, but also instability, muscle tremors, 

swelling, lateral decubitus and death. 
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It is also characterised by its application in 

ethnoveterinary medicine, as an inducer of 

placental expulsion, in which the aerial part of 

the plant is used, as mentioned by Martínez & 

Jiménez (2017), as well as Ghasemi, Momeni & 

Bahmani (2013) mention that the leaves and 

stem of Sorghum halepense are administered 

externally to animals for abortion. 

 

The aqueous extract obtained from the 

rhizome of Sorghum halepense is reported to 

contain allelopathic substances highly inhibitory 

to the germination of 'Santa Cruz' tomato 

(Lycopersicon esculentum) (Castro et. al.,1983).  

Studies by Acciaresi & Asenjo (2003) report that 

the allelopathic effect of Sorghum halepense 

rhizomes on the initial growth of wheat radicle 

is due to the leaching and decomposition of 

cyanogenic glycosides, tannins and phenolic 

acids. 

 

The activity of crude extracts suggests that 

Sorghum halepense contains allelochemicals in 

the chloroform and ethyl acetate fractions (Liu et 

al., 2011). Arshad et. al., (2012) reported that 

methanolic extracts of Sorghum halepense root 

and inflorescences possess antifungal properties. 

Khayal et. at. (2019) report in their research that 

crude extract of Sorghum halepense shows 

antibacterial activity against P.aeruginosa, 

K.pneumoniae, S.epidermidis, B.subtillus 

strains. The antimicrobial activity is possibly 

due to the presence of tannic acid and some 

phenolic compounds. On the other hand, crude 

extract, n-hexane fraction and chloroform 

fraction of Sorghum halepense are reported to 

exhibit antifungal activity against A. niger, A. 

fumigatus and A. flavus.  

 

Hexane, ethyl ether and methyl alcohol 

extracts of Sorghum halepense induce cytotoxic 

effects on in vitro cultures of Chinese hamster 

ovary cells (Rodriguez et. al., 1990). 

 

On the other hand, the leaves of this plant 

were recorded for the treatment of asthma, while 

the rhizomes as diuretic and anticarcinogenic 

(Tuzlacı & Erol,1999). 

 

Due to the high content of phenolic 

compounds and good free radical scavenging 

properties of Sorghum halepense, this species 

represents a natural source of antioxidant agents 

(Gutiérrez et. Al., 2008). 

The total phenolics and antioxidant 

activity of Sorghum halepense weed extracts are 

shown in table 13. 

 
Plant species Total phenols 

(mg/g) 

IC50  

(µg/ml) 

Sorghum 

halepense 

69,83±1,80 369,82 ± 

1,01 

 

Table 13 Total phenols and antioxidant activity of 

Sorghum halepense 

Source: Avella, García & Cisneros, 2008. 

 

Khayal et. at. (2019) also evaluated the 

antioxidant activity of crude extract, n-hexane, 

ethyl acetate and aqueous fractions of Sorghum 

halepense; the latter two showed excellent 

antioxidant activity; the chloroform fraction and 

crude extract did not. 

 

The methanolic extract of Sorghum 

halepense rhizome is reported to be a valuable 

source of antioxidant and anti-diabetic 

compounds due to the presence of flavonoids, 

cardiac glycosides, terpenes, carbohydrates, 

steroids, alkaloids and proteins (Shah, Khan & 

Ahmed, 2021). 

 

The alcoholic extracts of Sorghum 

halepense, exhibit potential biological activity 

due to their rich sources of elements that inhibit 

the generation of free radicals, which cause 

different diseases and, therefore, this plant can 

be used in the pharmaceutical industry in the 

design of drugs for the treatment of diseases 

related to oxidative stress (Fatima et. al., 2022; 

Butnariu et. al., 2012). 

 

The seed of Sorghum halepense contains 

the bioactive compound p-cymene, this 

compound attributes to this weed the property of 

treatment against prostatitis (Banoon, 2020).  

 

Conclusions 

 

It can be concluded that the Sorghum halepense 

plant, despite being considered as one of the 

worst weeds worldwide, is also reported as a 

medicinal herb on the basis of its numerous 

therapeutic properties that this systematic review 

has demonstrated. It stands out as an 

environmentally acceptable, renewable and 

readily available plant. 

 

Sorghum halepense has not been studied 

for corrosion inhibition purposes. 
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Vitamins, steroids, saponins, alkaloids, 

reducing sugars, tannins, glycosides, flavonoids, 

phenols, terpenes, carbohydrates, and proteins, 

present in the leaves, aerial parts and rhizomes 

of Sorghum halepense, make it possible that this 

weed can be considered as a potential natural 

rust inhibitor.  

 

This is due to the fact that these organic 

compounds contain in their molecular structure 

conjugated aromatic rings, long aliphatic chains, 

methoxyl, -OCH3, amino, -NH, hydroxyl, -OH 

groups, multiple bonds and N, O and S 

heteroatoms with free electron pairs. This could 

contribute to facilitate the adsorption of all these 

molecules on the metal surface, forming a 

protective layer and, therefore, the anticorrosive 

behaviour. 

 

To confirm whether Sorghun halepense 

could be a potential natural corrosion inhibitor, 

it would be necessary to carry out tests to 

measure weight loss, electrochemical techniques 

of potentiodynamic polarisation curves (CPP), 

polarisation resistance, electrochemical 

impedance spectroscopy (EIE) and 

electrochemical noise (EN), among other 

evaluations. 
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Abstract 

 

Plants are capable of producing their own food 

through photosynthesis, an extremely complex 

chemical process that groups of scientists around the 

world are trying to replicate in their laboratories. It is 

what is known as "artificial photosynthesis" and, 

although it is still in the research phase, it will be 

useful to generate less polluting energy.  Solar energy 

intervenes in photosynthesis -which the plant 

converts into chemical energy and, later, into 

nutrients-, CO2 or chlorophyll, but what interest’s 

scientists above all is water and the two elements that 

form it, hydrogen and oxygen. And it is that, one of 

the objectives of artificial photosynthesis is to imitate 

the process by which this liquid is broken down into 

hydrogen and oxygen molecules, as occurs in natural 

photosynthesis: the hydrogen formed could be used 

in the future as fuel in motor vehicles to replace 

oil.Plants carry out their photosynthesis in two 

stages, a so-called bright one that depends on 

sunlight, and another called dark, in which reactions 

that do not need sunlight take place. 

 

 

Photosynthesis, Energy, Fuel, Sunlight 

 

Resumen 

 

Las plantas pueden producir su propio alimento a 

través de la fotosíntesis, un proceso químico 

extremadamente complejo que grupos de científicos 

de todo el mundo están tratando de replicar en sus 

laboratorios. Se trata de la denominada “fotosíntesis 

artificial”, y aunque todavía está en fase de 

investigación, servirá para generar energía menos 

contaminante. La energía del sol interviene en la 

fotosíntesis, que la planta convierte en energía 

química y luego en nutrientes, CO2 o clorofila, pero 

lo que más interesa a los científicos es el agua y los 

dos elementos que la componen, hidrógeno y 

oxígeno. Uno de los objetivos de la fotosíntesis 

artificial, es imitar el proceso de descomposición de 

este líquido en moléculas de hidrógeno y oxígeno 

como en la fotosíntesis natural: el hidrógeno 

resultante puede usarse como combustible en los 

vehículos de motor en el futuro, reemplazando al 

petróleo. Las plantas realizan su fotosíntesis en dos 

fases, una denominada luz, que depende de la luz 

solar, y otra denominada oscuridad, donde se 

producen reacciones que no requieren de la luz solar. 

 

Fotosíntesis, Energía, Combustible, Luz Solar 
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Introduction: 

 

Electrical energy is a form of manifestation of 

natural energy and is of great importance for 

human beings, however, the industrial sector is 

the one who requires a large amount compared 

to the average residential consumption. 

 

Fossil energy resources, as their name 

indicates, have a limited amount to be used by 

mankind, since they are of a non-renewable 

nature. It is estimated that within 50 years the 

extraction of oil will be compromised, due not 

only to its use in the electrical area, but also to 

the excessive use of disposable plastics. 

 

The high consumption of hydrocarbons 

worldwide leads to pollution of air, land and 

water at very high levels, with serious results for 

the ecosystems and living beings that inhabit the 

planet. The increase in electricity demand leads 

to continuous research in alternative energies, 

focusing on renewable energies, in order to 

supply the electricity requirements in a 

distributed generation system at low power 

according to the particular conditions of each 

consumer. 

 

The continuous advances in the applied 

research of renewable energies such as 

Photovoltaic Systems and Wind Farms, opened 

the door to the use of natural resources for the 

acquisition of electrical energy, a first resource 

employed was the use of organic waste to take 

advantage of the calorific power of these at the 

time of combustion. 

 

Generating electricity from such a 

necessary resource for mankind as vegetation, 

without compromising the organic structure of 

nature, would be the beginning of the 

evolutionary development of the species, this 

idea emerged no more than a decade ago, 

resulting in a promising future, where so far 

loads that do not require more than 5 volts have 

been connected, however the technology is still 

far from being considered for loads that require 

more electrical power. 

 

Problem 

 

In all the places of our planet there has been a 

great problem about electrical energy, as well as 

environmental pollution.  

 

In this project we investigated how to 

generate electrical energy from plants to obtain 

a clean energy that does not pollute the 

environment, arises from the need to solve the 

problem in the distribution networks of electrical 

energy in the world. There are populations all 

over the world where they do not have electric 

energy. This project will solve the problem of 

electric energy and will be applied in a field in 

order to see and obtain the results to what extent 

we can obtain electric energy so that it can be 

useful.   

 

Objective  

 

Generation of electrical energy through the 

natural photosynthesis process of plants.  

 

Specific objectives 

 

 Sum of plant voltages  

 Sum of plant loads  

 Obtaining focus energy 

 

Theoretical framework 

 

Photosynthesis is a metabolic process carried out 

by some cells of autotrophic organisms to 

synthesize organic substances from inorganic 

ones. This process converts light energy 

captured by leaves into stable chemical energy. 

 

 
 
Figure 1 Photosynthesis as a metabolic process  

 

Photosynthesis is carried out in two stages: 

The light stage, in which light energy is used to 

synthesize ATP and NADPH, and the carbon-

fixing stage, in which the production of sugars 

necessary for plant growth takes place. 
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Photosynthetic organisms capture light 

through a network of pigments that are located 

in the chloroplast thylakoids forming light-

harvesting complexes, which flow down an 

energy slope to a special pair of energy-

collecting chlorophyll molecules that together 

with associated proteins constitute the reaction 

center. When the chlorophyll or reaction center 

receives energy from the molecules, it excites 

one of its electrons and jumps out to the electron 

transport system next to it, thus initiating a flow 

of electrons. 

 

In the process of photosynthesis, plants 

expel a series of residues in the form of 

metabolite molecules, subsequently a series of 

bacteria or microorganisms break these 

molecules to release electrons, which will be 

captured through the electrodes for electrical 

generation. Carbon dioxide is fixed and released 

as root exudates by plants and used by 

microorganisms that return carbon dioxide to the 

atmosphere. Microorganisms use the anode as an 

electron acceptor to obtain metabolic energy. 

These electrons flow, due to the potential 

difference, from the anode through an electrical 

circuit with a charge or a resistor to the cathode, 

thus generating electricity that can be used. 

 

The size of the plant and its ability to 

generate metabolites directly affects the amount 

of electrons released, so theoretically it is a 

scalable method, which can be used in a small 

pot as well as on the roof of a house, even an 

urban garden or a larger park. 

 

Definition of voltage 

 

The voltage is the physical capacity that has an 

electrical circuit, because it drives the electrons 

to the length of a conductor, ie, the volt conducts 

electrical energy with greater or lesser power, 

because the voltage is the electrical mechanism 

between the two bodies, based on the fact that if 

the two points establish a contact flow of 

electrons can happen a transfer of energy from 

both points, because the electrons are negative 

charges and are attracted by positively charged 

protons, but also the electrons are rejected each 

other by having the same charge. 

 

Definition of charge 

 

The amount of electricity in a body, the excess 

or shortage of electrons, is called electric charge. 

 

Definition of a series circuit 

 

A series circuit is a connection configuration in 

which the terminals or terminals of the devices 

(generators, resistors, capacitors, inductors, 

switches, among others) are connected 

successively, that is, the output terminal of a 

device is connected to the input terminal of the 

next device. 

 

Definition of a parallel circuit  

 

The parallel circuit is the model used in the 

electrical network of all homes, so that all loads 

have the same voltage. 

 

Battery 

 

The main function of the battery is to promote 

the starting of the starter motor, entering later in 

action the alternator. 

 

Methodology  

 

Population or Sampling   

 

The population is composed of farmers 

from the municipality of Tehuipango, Veracruz. 

The sample obtained consisted of 32 people, 28 

men and 4 women.  

 

Type of study   

 

Survey 

 

Market study 

 

Definition of the product/service.  

 

This project will not be placed in a market, for 

which a natural place is needed to demonstrate it 

by testing its functionality. This project was 

carried out with the purpose of lighting places 

where there is no access to electricity. 

 

 Analysis of supply and demand (Surveys) 

 

A survey was conducted in the municipality of 

Tehuipango, Veracruz, where the project 

applications will be carried out, and the 

following results were obtained. 

 

Of the 32 people where the survey was 

applied, most of them accept the idea derived 

from the fact that the place where they live does 

not have electricity. 
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Project engineering 

 

The size of the project if it is installed in a fixed 

place occupies a place of 1 square meter but it 

can also be installed anywhere so that it does not 

take a specific space, we can hang the plants in 

front of a house as several people have it without 

giving much importance is only a matter of 

putting an irrigation system or if not also 

manually is recommended that the plants are 

always in a garden or in front of it, obtaining the 

radiation of the sun so, the plant will get much 

more voltage and a better quality of light. 

 

Results obtained  

 

Results 

 

 
 
Figure 2 Voltage diagram  

 

In this diagram we see how our project 

makes the current and voltage add up as well. 

 

Formula 

 

Vn= Vn+Vn+Vn+Vn+Vn……….Vn=V 

V=V1+V2+V3+V4+V5 

V=1.40V+1.25V+1.30V+1.40V+1.35V 

V= 6.7 V 

 

The result given by the different types of 

plants of smaller size approximating a height of 

10 cm and a diameter of .50 is 6.7V. Calculations 

were made to determine the intensity and 

resistance of the ground. 

 

Earth resistance = (0.50 ohms) 

 

Voltage =6.7 v 

 

Formule 

 

𝐼 =
𝑉

𝑅
  

 

Replacement 

 

𝐼 =
6.7𝑣

.50 𝑜ℎ𝑚𝑠
= 13.4 𝐴𝑚𝑝𝑒𝑟𝑒𝑠  

 

This is the intensity gives us for our project 

means that, if we got some good results for this 

project, so we have much more for the future of 

this project.  

 

Results obtained and discussion  

 

The results obtained were in the plant called 

honeycomb where 1.40 volts are generated per 

day exposed to the sun, when there is a 

variability in the presence of sun only generates 

1 volt, these results are achieved by installing a 

parallel circuit so that the loads can be added.   

 

The following images show the material 

used for our process of energy production 

through photosynthesis. 

 

 
 
Figure 1 floor 

 

 
 

Figure 2 galvanized wire netting 
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Figure 3 plastic pot 

 

 
 

Figure 4 wire 16 gauge 

 

 
 
Figure 5 electricity generating plant  

 

 

The following figures show the results 

obtained from the following plants 

 

 
 

Figure 6 daisy plant 1.41 volts 

 

 
 

Figure 7 daisy root 

 

 
 

Figure 8 daisy root  
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In the image of Figure 8, the change of 

voltage due to weather variability is shown. The 

whole circuit was installed in parallel so that 

there is a voltage summation obtaining a utility 

of electrical energy. 

 

 
 

Figure 9 daisy root 

 

 
 

Figure 10 Demonstration 

 

 
 

Figure 11 light bulb on daisy root 

Conclusions  

 

By means of the present project it has been 

demonstrated the obtaining of electric energy 

through the installation of a circuit in backyard 

plants, considering that it can be viable the 

production of energy for the benefit of the 

communities that do not have an infrastructure 

of the public network, specifically this prototype 

was developed in the municipality of 

Tehuipango, which belongs to the mountain 

range of Zongolica in the state of Veracruz, an 

area of very high marginalized.   

 

It is concluded that the larger the size of 

the plants generate a higher voltage in a space of 

about 3 square meters where we can distribute 

18 plants, generating 1 volt/plant capable of 

lighting a 3 or 5 watt bulb. Considering that the 

present project is real, the best alternative is the 

storage of energy by means of our proposal of 

installation of circuits in plants. 
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