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Resumen  
 

El apareamiento de cepas haploides de Ustilago maydis está regulado por 

los loci a y b que deben ser diferentes para establecer la forma patogénica 
del hongo. El locus a tiene dos alelos, a1 y a2. El locus b controla el 

crecimiento filamentoso y patogenicidad, independiente del locus a, y 

tiene varios alelos. El objetivo del proyecto fue identificar células 
sexualmente compatibles mediante la amplificación de genes de los 

alelos 1 y 2 de los loci a y b. Las cepas haploides se aislaron a partir de 

muestras de huitlacoche (tumores) que se trituraron y por centrifugación 
se aislaron las teliosporas (2n), se germinaron y las colonias tipo levadura 

(1n) fueron aisladas, de cada una se extrajo el ADN genómico. Los 

oligonucleótidos específicos se diseñaron (Primer3Plus) a partir de la 
secuencia de los genes Pra1 y Pra2, para el locus a, Bw1 y Bw2, para el 

locus b. La caracterización genética de las cepas se consideró por el 

análisis de presencia o ausencia de productos de PCR. El distinguir cepas 
en los alelos 1 y 2 será de suma importancia para diferenciar cepas 

sexualmente compatibles, y para dar seguimiento a la infección 
experimental del hongo en la planta. 
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Abstract 

 

The mating of Ustilago maydis haploid strains is regulated by loci a and 

b, which must be different to establish the pathogenic form of the fungus. 
The a locus has two alleles, a1 and a2. The b locus controls filamentous 

growth and pathogenicity, independent of the a locus, and has several 

alleles. The main objective was to identify sexually compatible cells by 
amplify genes from alleles 1 and 2 of a and b loci. The haploid strains 

were isolated from huitlacoche samples (tumors) that were crushed and 

by centrifugation the teliospores (2n) were isolated, they were 
germinated and the yeast-like colonies (1n) were isolated, from each one 

the genomic DNA was extracted. The specific oligonucleotides were 

designed (Primer3Plus) from the sequence of the Pra1 and Pra2 genes, 
for locus a, Bw1 and Bw2, for locus b. The genetic characterization of the 

strains was considered by the analysis of the presence or absence of PCR 

products. Distinguishing strains in alleles 1 and 2 will be of utmost 
importance to differentiate sexually compatible strains, and to monitor 

the experimental infection of the fungus in the plant. 
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Introduction 

 

Ustilago maydis is a phytopathogenic fungus of 

maize (Zea mays L.) causal agent of the disease 

known as common charcoal or huitlacoche, a disease 

characterised by the presence of tumours in the ear of 

maize, the life cycle of this fungus requires its host 

and is presented in two phases (Banuett, 1991, 

Holliday, 1974, Ruiz-Herrera et al., 2000, Ruiz-

Herrera, 2008).  

 

The first phase is characterised by non-

pathogenic saprophytic, yeast-like growth that 

represents the haploid stage, and is characterised by 

elongated cells that reproduce by budding and are 

known as sporidia. The second stage is characterised 

by mycelial development and is pathogenic, with 

dicaryotic hyphae growing inside the host which 

corresponds to a diploid mycelial growth type 

(Banuett and Herskowitz, 1996).  

 

The diploid stage of the fungus forms the 

mature spores or teliospores, which are those found 

in the tumours (galls) in the grains of the ear, these 

tumours open when they dry and the teliospores 

(black) are released, which when the right conditions 

are present germinate and the sporidia (haploid) are 

obtained in the new plant to be infected, closing the 

cell cycle of the fungus. 

 

Mating in U. maydis is a complex 

phenomenon, controlled by two loci called a and 

b, the former with two alleles and the latter with 

multiple alleles (Holliday, Holliday, 2001). 

multiple alleles (Holliday, 1974).  

 

The a and b loci (sexual mating genes), 

must be different to establish the pathogenic 

form of the fungus. The a locus governs mating 

and cell fusion, and has two alleles, a1 and a2, 

the DNA sequence is 5 kpb for a1 and 8 kpb for 

a2 (Bölker et al., 1992). Each allele has two 

ORFs, one coding for the pheromone (sex 

hormone) precursors, MFA1 and MFA2 

(Spelling et al., 1994), which are polypeptides of 

40 amino acids for a1 and 38 amino acids for a2. 

The second ORF codes for pheromone receptors, 

PRA1 and PRA2, corresponding to polypeptides 

of 357 and 346 amino acids respectively that 

code for receptors for pheromones produced by 

cells of the opposite sex.  

 

Mixing of sexually compatible cells (a1 

with a2) with different allele will initiate mating. 

The b locus controls filamentous growth and 

pathogenicity, independent of the a locus. 

 

The b locus has several alleles, each 

containing two ORFs coding for two 

polypeptides, BE and BW, of 410 and 626 amino 

acids respectively, which when associated with 

those from sexually compatible cells, 

corresponding to having different alleles, will 

give rise to the BE/BW heterodimer 

corresponding to a transcription factor that 

regulates the pathogenic process (Yee and 

Kronstad, 1998).  

 

The design of field infection experiments 

using strains isolated from the same area 

requires their characterisation, so the aim of the 

project is to design a strategy that can be 

determinant to characterise sexually compatible 

strains of U. maydis, therefore the use of specific 

oligonucleotides to amplify the Pra and Bw 

genes to distinguish between alleles 1 and 2 of 

the a and b loci will be determinant to 

characterise haploid strains of U. maydis and 

identify sexually compatible cells. 

 

Methodology to be developed 

 

Samples of huitlacoche or corncob tumours were 

used to isolate haploid strains. Tumours were 

crushed in a mortar with distilled water and 2% 

copper sulphate, teliospores were separated by 

two centrifugations at 3000 rpm and two 

centrifugations at 5000 rpm.  

 

The isolated teliospores were germinated 

on solid MC culture medium at 28oC for 48h.  

 

Colonies with smooth or yeast-like 

growth corresponding to haploid cells or 

sporidia were isolated and grown in liquid MC 

medium and incubated at 28oC for no longer than 

20 h (Méndez-Morán et al., 2005). Yeast-like 

growth was confirmed by microscopy. Genomic 

DNA was extracted from each strain by the rapid 

yeast DNA isolation method of Peter 

Espenshade (Sambrook and Russell, 2001), with 

some modifications. DNA quality and 

concentration were analysed by 

spectrophotometry and agarose gels. 

 

 Specific oligonucleotides were designed 

based on the DNA sequences of the Pra1, Pra2, 

Bw1 and Bw2 genes using the Oligo3 program.  
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Each gene is amplified by PCR was 

performed with the PCR Master Mix Kit from 

Promega following the supplier specifications 

and also considered the amplification program 

that is recommended for this kit only changing 

the alignment temperature depending on the Tm 

of the oligonucleotides used leaving the 

amplification program as follows: One cycle at 
94oC for 2:00 min, followed by a 35 cycle with 

three steps; 94oC 00:30 min, alignment at the Tm 

temperature of each oligonucleotide for 00:30 

min and 72oC for 00:45 min. Then one cycle at 
72oC for 5:00 min, and a final cycle at 4oC. Data 

were analysed on 1% agarose gels by presence 

or absence of PCR products per strain for 

characterisation. 

 

Results 

 

Oligonucleotides were designed from the online 

sequences, sequences that are in the NCBI 

database.  

 

For the Pra1 gene the sequence with ID 

U37795.1 was used, for the Pra2 gene the 

sequence with ID U37796.1, for the Bw1 gene 

the sequence with ID M84179.1, and for the Bw2 

gene the sequence with ID M84182.1. 

 

The primers were designed with a length 

no longer than 20 bp, and the size to amplify for 

these genes was designed to obtain fragments 

between 184 bp and 233 bp (Table 1). 

 

Box 1 

Table 1 

Oligonucleotides obtained for the PRA1, 

PRA2, BW1 and BW2 genes 

 
Gen ID Oligonucleotide -L Oligonucleotide -R PCR 

produ

ct size 
Pra1
  

 

U37795.
1 

AATGTTTGGCCTTGGTCT
TG 

AATTGGTCGGAAAATTG
CAG 

184 pb 

Pra2  

 

U37796.

1 

ACCGATGTTTTCAGGCA

AAG 

 

ATGGCACTAAGATCGCA

TCC 

225 pb 

BW

1 

 

M84179

.1 

ACTTGGACCTCGACATG

ACC 

 

GGCAAGCGAGAAAGAAT

TTG 

200 pb 

bW

2  

 

M84182

.1 

TGGATTTTGACCCCTACT

CG 

GAAGCACATTGAGGAGC

ACA 

233 pb 

 

 

So far 34 haploid strains have been 

isolated, from each of which genomic DNA was 

extracted and the Pra and Bw genes for each 

locus, i.e. Pra1, Pra2, Bw1 and Bw2, were 

amplified by PCR . Visually the presence and 

absence of PCR product was used to determine 

the corresponding strain type.  

 

The presence of PCR products for the 

Pra1 gene determines that the strain is one 

corresponding to the a locus allele 1, therefore it 

is considered as strain a1, in case it was the PCR 

product for the Pra2 gene it would correspond to 

allele 2 of the a locus and therefore it is 

considered as strain type a2, in the case of the 

presence of the PCR product for the Bw1 gene, 

we would have the characterisation as locus b for 

allele 1, being a b1 type strain, and if the product 

for the Bw2 gene were present, it would 

correspond to locus b and allele 2, being 

characterised as a b2 strain, in this way these 

data were used to establish the characterisation 

of each strain (Table 2). 

 

Box 2 

Table 2 

Characterisation of U. maydis strains by 

analysis of the a and b locus based on 

amplification of the Pra1, Pra2, Bw1 and Bw2 

genes  
 

Total 

strains 

Genes locus a Strain 

characteristic 

Genes locus b Strain 

characteristic 
Strain 

classification 
a1 a2 b1 b2 

Pra1 Pra2 a1 a2 Bw1 Bw2 b1 b2 

4 + - a1 - - + - b2 a1 b2 

7 + - a1 - + + b1 b2 a1 b1 b2  

6 + - a1 - + - b1 - a1 b1  

4 - + - a2 + + b1 b2 a2 b1 b2  

6 - + - a2 - + - b2 a2 b2  

3 + + a1 a2 + + b1 b2 a1 a2 b1 b2  

1 + + a1 a2 + - b1 - a1 a2 b1 

3 + + a1 a2 - + - b2 a1 a2 b2  
 

+) Presence of amplified products, - absence of amplified products, b1 
locus b allele 1, b2 locus b allele 2, a1 locus b allele 1, a2 locus b allele 

2. 
 

Based on the amplification analysis, four 

groups of strains were obtained, the first group 

corresponds to haploid strains of which 6 are of 

type a1b1, 6 a2b2 and 4 a1b2.  

 

In this group, a total of 12 haploid strains 

were obtained, corresponding to loci a and b 

with different alleles. From these 12 sexually 

compatible strains, it was determined that by 

mixing the a1b1 strain with the a2b2 strain, the 

fungus will be able to mate and develop 

pathogenically within the plant.  

 

In the second group, haploid strains were 

placed, considering that they present only one 

allele for locus a but with the presence of the two 

alleles analysed for locus b, allele 1 and 2, which 

in this case resulted in 7 strains of type a1b1b2 

and 4 of type a2b1b2.  
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Considering that one of the aspects for 

mating in U. maydis can be presented in multiple 

specificities in the b locus with estimates ranging 

from 25 to 33 different types (Banuett, 1992; 

Banuett, 1995; Kronstad, 2003), determining for 

U. maydis to present a genetic variability in the 

virulence of the fungus and consequently 

determine a large number of lines or biotypes 

with different physiological and pathogenic 

characteristics.  

 

The main characteristic of this fungus is 

to be heterothallic causing new biotypes by 

hybridisation in each new sexual generation, due 

to this, it has been determined that from a single 

gill it is possible to isolate a range of haploid 

lines that differ in their pathogenicity (Aguayo-

González et al., 2021). 

 

  Therefore, it will be necessary to add 

other alleles for the Bw gene to the results 

obtained for better characterisation. 

 

The fourth group obtained corresponds 

to diploid cells because they presented both 

allele 1 and 2 for the a locus, in this case one 

strain was classified as a1a2b1, three strains as 

a1a2b2 and 3 strains as a1a2b1b2, which could 

correspond to both mixed haploid strains since 

growth corresponded to yeast type, which is 

characteristic in the case of U. maydis as well as 

haploid strains, so it can be determined that at 

the time of isolation more than one haploid strain 

was mixed, giving these results. 

 

With the data obtained, a haploid strain 

of U. maydis cells characterised according to the 

presence or absence of the Pra and Bw genes 

corresponding to the a and b loci locus was 

obtained. Therefore, the analysis of the alleles of 

the Pra and Bw genes can be used as markers to 

classify haploid strains of U. maydis, the 

integration of other genes such as Mfa and Be 

could be key in this analysis and classification, 

as well as the integration of alleles 1 to 25 or 

more for the b locus, with the purpose of 

characterising them and thus determining the 

differences present at the virulence level. 

 

The haploid strains characterised mean 

that we have 12 sexually compatible strains 

described in group one, which will be used in 

subsequent studies for the analysis of in vitro 

crosses and management of experimental 

infection of the fungus in the plant. 

 

Conclusions 

 

PCR amplification tracking of Pra and Bw genes 

can be used as molecular markers to characterise 

haploid strains of Ustilago maydis isolated from 

field samples. 

 

Sexual characterisation of U. maydis 

strains isolated from maize growing areas is 

important to be used in the same areas and to 

follow the development of infection under these 

conditions which will be decisive to understand 

the requirements of the fungus in areas of natural 

infection development. 
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Abstract 
 

The aim of this work was to determine the effect of artificial light 

exposure time on the color fastness of wool dyed with extracts of 

cochineal and purple onion peel. The methodology consisted of 

carrying out the dyeing on wool with different concentrations of the 

coloring extracts (50, 75 and 100%, based on the weight of the fiber), 

using the pre-mordented method with alum, carrying out three 

replicates of each test. By measuring the color in Cielab* 

coordinates, before and after exposing the samples to artificial light 

at times of 24, 48 and 72 hours, the value of the difference between 

before and after the test (ΔE) was determined. It was found that 

artificial light exposure time does not affect color fastness. Both dyes 

have good fastness to artificial light. Although it is affected by the 

concentration of the dye used. 

 

 
 

Natural coloring, Dyeing, Fastness, Artificial light  

 

 

 

Resumen 
 

El objetivo de este trabajo fue determinar el efecto del tiempo de 

exposición de luz artificial en la solidez del color de lana teñida con 

extractos de la grana cochinilla y cebolla morada. La metodología 

consistió en realizar el teñido sobre lana con diferentes 

concentraciones de los extractos colorantes (50, 75 y 100%, sobre el 

peso de la fibra), usando el método de pre-mordentado con alumbre, 

realizando tres réplicas de cada prueba. midiendo el color en 

coordenadas Cielab*, antes y después de exponer las muestras a la 

luz artificial en tiempos de 24, 48 y 72 horas, se determinó el valor 

de la diferencia entre el antes y después de la prueba (ΔE). Se 

encontró que no afecta la exposición del tiempo de luz artificial a la 

solidez del color. Ambos colorantes tienen buena solidez a la luz 

artificial. Aunque se ve afectada por la concentración usada del 

colorante. 

 

 
 

Colorante natural, Teñido, Solidez, Luz artificial 
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Introduction 

 

Nowadays, due to environmental pollution and 

the effects of global warming, many industries 

are looking to replace synthetic raw materials 

with natural raw materials such as natural dyes 

(Pizzicato et al., 2023). Whereas the process of 

dye synthesis is eliminated and the dye is taken 

directly from nature. A dye of animal origin is 

known as grana cochineal, whose scientific 

name is Dactylopius coccus Costa. The 

colouring power of this insect is given by the 

carminic acid molecule, 7-C glycosylated 

anthraquinone (de Oca, 2022) (Figure 1), which 

is very important for controlling the quality of 

the insect's production (Arroyo, 2011). 

 

 This dye has several properties such as 

changing colour depending on the pH of the 

solution. This attracts a lot of attention in the 

textile industry. In addition, it has been proven 

that natural fibres dyed with this dye provide 

protection against UV rays from the sun, which 

are currently very intense and can cause a 

number of diseases for humans (Cˇ orak et al., 

2022). 
 

Box 1 
 

 
Figure 1 

Structure of carminic acid 

 

Natural dyes can also be obtained from 

plant extracts, such as purple onion peel (Mohan, 

et al 2020). This dye is also used in the dyeing of 

natural fibres such as wool (Soundarya, et al. 

2021). Anthocyanins, such as pelargonidin, are 

extracted from purple onion, which provides 

colour to the fibre (Figure 2). 

 

Box 2 

 

 
Figure 2 

Structure of perlagonidine 

Anthocyanins are anthocyanidin 

glycosides, belonging to the flavonoid family, 

composed of two aromatic rings A and B linked 

by a 3 C chain. Structural variations of the B ring 

result in six known anthocyanidins, among them 

perlagonidin (Granados-Balbuena et al., 2024). 

 

It is also known that there is a current 

trend towards the consumption of organic and/or 

natural products, including textiles, i.e. there is 

currently a strong demand for handcrafted 

products from the dyeing of natural fibres with 

natural dyes (Pizzicato et al., 2023).  

 

It is believed that there is good colour 

stability in dyed garments, especially in the case 

of natural dyes (Ayala, 2023; Ortiz et al., 2024). 

This is especially true for the stability of the 

colour to light. Therefore, a study on sunlight 

fastness of natural fibre dyed with natural dyes 

is needed. However, it is difficult to control the 

intensity of sunlight, so it is proposed to analyse 

with respect to artificial light.  

 

The hypothesis formulated is that, by 

applying the colouring extract of grana cochineal 

and purple onion peel on a natural fibre, a good 

fastness to artificial light is presented. Therefore, 

the aim of this work was to determine the effect 

of artificial light exposure time on the colour 

fastness of wool dyed with cochineal grana 

cochineal and purple onion peel. The 

methodology followed from obtaining the dye 

(grana cochineal and purple onion peel extracts), 

dyeing the wool, carrying out artificial light 

fastness tests, measuring the colour and 

statistical analysis of the data obtained is shown. 

The main results, discussions and conclusions 

are presented. 

 

Methodology 

 

The methodology was carried out in three stages. 

The first one on wool dyeing with three different 

concentrations of the dye extract (50, 75 and 

100%), on the weight of the fibre. The second on 

colour measurement and fastness tests and the 

third on statistical analysis. 

 

Wool dyeing process  

 

For dyeing, the water-soluble extract of grana 

cochineal and purple onion peel (colourant 
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Obtaining the dyestuffs 

 

To obtain the grana cochineal dye. The dried 

insect was ground and adjusted to a single 

particle size using a set of stainless steel sieves.  

 

The powder was weighed according to 

the weight of the fibre, considering the three 

different concentrations (50, 75 and 100%), and 

left to macerate for 24 h. It was then boiled for 

30 min. It was allowed to cool and the solid was 

separated from the liquid by means of a filter 

cloth, having the dye ready for its application on 

wool (water-soluble extract of cochineal grana) 

(Arroyo et al., 2022; Ammayappan and 

Shakyawarm 2016; Deveoglu, 2020), this was 

done for each concentration. To obtain the dye 

from purple onion peel, the same procedure is 

followed except that instead of cochineal grana 

powder, fresh purple onion peel is used directly, 

without sieving. 
 

Fibre preparation 
 

The skeins of wool were made, washed with 

neutral soap and pre-mordanted with alum, left 

to stand for 24 h in the alum solution and boiled 

for 30 min, left to cool, the skeins of wool were 

removed and rinsed (Arroyo et al., 2022). 
 

Dyeing with the dyes 
 

For the dyeing, three replicates were made for 

each concentration, the fibre was placed in a 

container with water and the dye extract already 

obtained (cochineal and purple onion peel) was 

added, it was boiled for 30 min, stirring 

constantly, it was allowed to cool and rinsed, it 

was allowed to dry and finally the colour of each 

sample and each replicate was measured using a 

Minolta CR-400 colourimeter, the samples were 

taken to the black box to perform the fastness 

tests (Arroyo et al., 2022). 
 

Artificial light fastness tests 
 

Colour was measured in CIELab* coordinates 

before and after exposing the samples stained 

with cochineal grana cochineal and purple onion 

peel to artificial light at 24, 48 and 72 hours. The 

exposure was carried out in a black box, where 

the samples (three replicates of the staining of 

each dye of the different concentrations) were 

placed on a piece of black cardboard, and placed 

in a black-lined box with the following 

dimensions: 40 cm high, 50 cm wide, and 100 

cm long.  

They were subjected to a lamp classified 

as daylight (Nec brand of 22W and 1080 Lm of 

artificial light intensity), for 24, 48 and 72 h at a 

constant luminosity (Figure 3) Arroyo et al., 

2022 

 

Box 3 

 

 
Figure 3 

Photograph of the black box used to analyse 

the colour fastness to artificial light  

 

After each period, the colour of each 

sample was analysed and the value of ΔE (colour 

change) was determined by the square root of the 

square of the differences of the co-ordinates. 

 

Equation no. 1. The ΔE values represent 

the change suffered by the dyed sample after the 

fastness tests, the higher the ΔE value, the lower 

the colour fastness to artificial light. Once the ΔE 

values were obtained, they were analysed using 

the statistical package Statgraphics, in a simple 

ANOVA test (Tukey's test).  

 

The ΔE values were compared with 

respect to the exposure time of the samples dyed 

with the two natural dyes (cochineal and purple 

onion peel). The ΔE values were also compared, 

with respect to the concentrations of the 

colouring extracts used (50, 75 and 100%). 

  

ΔE = √(ΔL ∗)2 + (Δa ∗)2 + (Δb ∗)2            [1] 

 

Results 

 

Table 1 shows the average colour results with the 

standard deviation (CIELab* coordinates), 

obtained from the dyed wool fibre samples, with 

the colouring extract of grana cochineal, at the 

different times they were exposed to artificial 

light (24, 48 and 72 h), starting with the values 

before the test, i.e. at a time equal to zero. For 

each of the concentrations of the dye extract 

used, the following is shown (50, 75 y 100%).  
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Box 4 

Table 1 

Average results of the colour obtained from the 

samples dyed with the colouring extract of grana 

cochineal for the different times exposed to 

artificial light 
  

Time  C50 C75 C100 

Initial 

 

 

 

24 h 

   

L* 
a* 

b* 

 
L* 

a* 

b* 

13.00±0.67 
25.58±0.60 

06.76±0.16 

 
12.24±1.00 

24.85±0.55 

06.40±0.11 

 

12.53±1.03 
25.62±0.36 

07.52±0.24 

 
13.10±0.44 

25.00±0.18 

07.24±0.11 

12.34±0.68 
25.89±0.69 

08.04±0.45 

 
12.33±0.42 

24.99±0.70 

07.39±0.37 

 

48 h L* 
a* 

b* 

 

13.05±0.73 
25.24±0.94 

06.39±0.32 

12.92±0.50 
24.90±0.23 

06.97±0.07 

13.10±0.51 
25.18±0.08 

07.44±0.31 

72 h L* 

a* 

b* 

12.73±0.90 

25.53±0.37 

06.31±0.27 

13.03±0.25 

24.91±0.38 

06.78±0.15 

12.41±0.30 

25.87±0.32 

07.55±0.38 

 

Box 5 

Table 2 

Average results of the colour obtained from the 

samples dyed with the colouring extract of purple 

onion peel, for the different times exposed to 

artificial light 
  

Time  C50 C75 C100 

Initial 

 

 

 

24 h 

 

L* 

a* 

b* 
 

L* 

a* 
b* 

49.88±1.53 

-3.62±0.35 

45.53±0.77 
 

48.96±0.49 

-3.41±0.13 
44.38±0.85 

 

45.30±0.20 

-3.73±0.04 

43.38±0.36 
 

43.58±0.86 

-3.28±0.25 
41.54±0.42 

31.67±0.42 

-2.02±0.18 

25.62±0.22 
 

31.67±0.42 

-2.02±0.18 
25.62±0.22 

 

48 h L* 
a* 

b* 

 

50.22±1.49 
-3.43±0.12 

43.68±1.05 

44.38±0.50 
-3.16±0.02 

41.01±0.37 

30.66±0.58 
-1.58±0.18 

24.55±0.13 

72 h L* 

a* 

b* 

50.61±0.79 

-3.32±0.21 

43.39±0.55 

43.85±0.90 

-2.93±0.27 

40.31±0.37 

31.49±0.51 

-1.55±0.095 

24.95±0.22 
     

 

Table 2 shows the average colour results 

with the standard deviation (CIELab* 

coordinates), obtained from the wool fibre 

samples dyed with the colouring extract of 

purple onion peel, at the different times they 

were exposed to artificial light (24, 48 and 72 h), 

starting with the values before the test was 

carried out, i.e. at a time equal to zero. For each 

of the concentrations of the dye extract used, the 

following is shown (50, 75 y 100%). 
 

Tables 1 and 2 show how the colour 

changes with different concentrations and 

according to the exposure to artificial light. In 

table 3, the average values of the colour fastness 

to artificial light (ΔE) are observed for the fibre 

dyed with the dye extracted from the cochineal 

grana cochineal. It can be seen that the behaviour 

depends on the concentration of the dye. 

 For example, for the 50% concentration, 

it is observed that the colour fastness (ΔE) 

decreases with respect to the exposure time. In 

the case of the 75% concentration, the highest 

value is observed at 72 hours (1.60±0.12). For 

the 100% concentration, the highest value is 

observed at 48 hours (1.48±0.13). However, 

there are no significant differences depending on 

the exposure time. That is to say, for any 

concentration it does not matter how long the  

dyed fibre is exposed to artificial light.  
 

 

Table 4 shows the average values of the 

colour fastness to artificial light (ΔE) for the 

fibre dyed with the dye extracted from the peel 

of the purple onion. Where it can be seen that the 

behaviour depends on the concentration of the 

dye. For example, for the 50% concentration, the 

highest value is observed at 48 hours 

(2.92±0.53). In the 75% concentration, the value 

increases until 72 hours (3.53±0.46), contrary to 

what happens in the 100% concentration where 

it decreases, so that the highest value is found at 

24 hours (1.66±1.17). However, as with the 

grana cochineal, there was no significant 

difference with respect to the exposure time. 

This compares with the results found by Palacios 

et al. (2021). In which it is mentioned that 

artificial light affects to a lesser extent wool dyed 

with different dyes, thus demonstrating a greater 

stability to exposure to artificial light. 

 

Box 7 

Table 4  
Average results of colour fastness to artificial light 

(ΔE), for fibre dyed with the dye extracted from 

purple onion peel. 
 

Time/ 

concentration 

C50 C75 C100 

24 h 1.84±1.26 a 2.60±0.54 a 1.66±1.17 a 

48 h 2.92±0.53 a 2.62±0.14 a 1.56±0.41 a 

72 h 2.88±0.46 a 3.53±0.46 a 0.86±0.14 a 

Equal letters (a,b,c,d,e,f) indicate that there is no significant 

difference between the tests. (P≤0.05). 

Box 6 

Table 3 

Average results of colour fastness to artificial 

light (ΔE), for fibre dyed with the dye 

extracted from grana cochineal 
 

Tiempo/ 

concentración 

C50 C75 C100 

24 h 1.17±0.36a 1.20±0.53a 1.14±0.16a 

48 h 0.73±0.50a 1.10±0.25a 1.48±0.13a 

72 h 0.67±0.17a 1.60±0.12a 0.95±0.45a 

Equal letters (a,b,c,d,e,f) indicate that there is no significant 

difference between the tests (P≤0.05). 
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Comparing table 1 with table 2, 

according to the colouring extract, higher 

average values of colour fastness to artificial 

light are observed in table 2, i.e. the colouring 

extract of purple onion peel has a lower colour 

fastness to artificial light compared to grana 

cochineal. However, in this case, the opposite of 

what Palacios et al. (2021) stated is true. This is 

probably due to the origin and structure of each 

dye, as shown in figures 1 and 2. 

 

For the statistical analysis of the Tukey 

test of the colour fastness to artificial light, with 

respect to the concentration used of the grana 

cochineal dye extract, it was found that two 

groups were formed (50 and 100%) and (75 and 

100%), with no significant differences, with a 

5% risk, as shown in the graph in figure 4. 

 

Box 8  
 

 
 

Figure 4  
Graph showing the standard deviation of the 

average results of the colour fastness to artificial 

light with respect to the concentrations (50, 75 and 

100 %), for the case of grana cochineal dye. 

 

For the statistical analysis of the Tukey 

test of the colour fastness to artificial light, with 

respect to the concentration of the purple onion 

peel dye extract used, it was found that two 

groups were formed (100%) and (50 and 75%), 

without significant differences, with a 5% risk, 

as shown in the graph in figure 5. 

 

Box 9  
 

 
 

Figure 5  
Graph showing the standard deviation of the 

average results of the colour fastness to 

artificial light with respect to the 

concentrations (50, 75 and 100 %), for the 

case of grana cochineal dye 

In both dyes, two groups were found 

without significant differences, although the 

groups formed by each dye were different, i.e. 

the colour fastness to artificial light is affected 

by the concentration of the dye used, although it 

depends on the type of dye according to its 

origin, as in the case of the colouring extract of 

grana cochineal, which is of animal origin 

(carminic acid-anthracene) and the extract of 

purple onion peel, which is of vegetable origin 

(perlagonidin-naphthalene). It may be mainly 

the basis of the structure of each that makes the 

difference. 

 

All these results are important because 

they serve as a basis for dyeing processes, to 

obtain a higher colour fastness in natural fibres 

dyed with natural dyes. 

 

Conclusions 

 

It is concluded that the colour fastness tests in 

artificial light are affected by the concentration 

of the dye used in the dyeing process. And in turn 

the behaviour is different depending on the 

origin of the dye (animal or vegetable).  

 

But it is not affected by the time of 

exposure to artificial light. This means that both 

dye extracts have good fastness to artificial light. 
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Abstract 
 
In Mexico, the National Water Commission (CONAGUA) is responsible 
for monitoring climate variables through rainfall networks, therefore, in 

this dependency of the Government of Mexico, information on rainfall, 

temperature, wind direction is available. among others. However, it has 
been detected that sometimes missing data is presented, due to the 

operation of the systems and the lack of personnel responsible for data 

collection. To provide a solution to this lack of data, traditional 
hydrological methods have been implemented, such as the rational-

deductive method (MRD). However, thanks to technological 

development, new alternatives and proposals have been sought to obtain 
optimal rain predictions. Based on what has been previously described, 

this research focuses on the estimation of missing data of maximum 24-

hour rainfall in some weather stations in the Zacatecas highlands region, 
this estimation is carried out by means of the MRD and by the proposed 

model of artificial neural networks (RNA), taking the mean square error 

(MSE) as a test. 

 

 
 

Artificial Inteligence, Missing data, Semiarid Mexican 

region 

Resumen  
 

En México, la Comisión Nacional del Agua (CONAGUA) es responsable 
de monitorear las variables climáticas a través de redes de precipitación. 

Por lo tanto, en esta dependencia del Gobierno de México se encuentra 

disponible información sobre precipitación, temperatura, dirección del 
viento, entre otras. Sin embargo, se ha detectado que a veces se presentan 

datos faltantes debido al funcionamiento de los sistemas y a la falta de 

personal encargado de la recolección de datos. Para ofrecer una solución 
a esta falta de datos, se han implementado métodos hidrológicos 

tradicionales, como el método racional-deductivo (MRD). No obstante, 

gracias al desarrollo tecnológico, se han buscado nuevas alternativas y 
propuestas para obtener predicciones óptimas de lluvia. Con base en lo 

descrito anteriormente, esta investigación se enfoca en la estimación de 

datos faltantes de precipitaciones máximas a 24 horas en algunas 
estaciones meteorológicas de la región de los Altos de Zacatecas. Esta 

estimación se realiza mediante el MRD y el modelo propuesto de redes 

neuronales artificiales (RNA), tomando el error cuadrático medio (MSE) 
como prueba. 
 

 
 

Inteligencia artificial, Datos faltantes, Región 

mexicana semiárida 
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Introduction 

 

Water is an essential resource because it allows 

for the survival of humans and other living 

beings on Earth. It is limited and endangered, as 

its availability is becoming increasingly critical 

(Velázquez, 2019). Understanding the water 

cycle is one of the most important scientific 

challenges faced by researchers.  

 

Traditionally, this cycle has been 

understood through a division between two 

contradictory concepts: the surface and 

underground approaches. On the other hand, the 

classical Hortonian model assumes that if 

rainfall occurs, it can be estimated to be uniform 

across the basin where the hydrological cycle is 

being studied. 

 

 However, in recent decades, and perhaps 

due to climate change, rainfall records have 

shown spatial and temporal variations within the 

basin (Horton, 1945) (Guarascio et al., 2020). 

 

Similarly, traditional hydrological 

methods use black-box models to understand 

rainfall behavior, which does not allow for a 

detailed view of the spatiotemporal variability of 

precipitation. In order to gain a better 

understanding of this variability and thus 

achieve a more accurate estimation of rainfall 

data, Artificial Intelligence algorithms have been 

implemented. These algorithms provide better 

precipitation estimates over basins and also 

facilitate the understanding of the relationships 

between different components (Khan & 

Bhuiyan, 2021). 

 

There are few scientific studies that 

report the application of Machine Learning 

techniques to model the behavior of climate 

variables on a global scale. At the national and 

regional levels, there are also few studies that 

predict rainfall and its impact on social 

development and the environment. 

 

 This research focuses on the study of the 

Zacatecan highlands, a strategic region because 

it hosts the most significant agricultural 

production on the state of Zacatecas. 

Consequently, estimating rainfall data will 

provide more accurate information, affecting the 

calculation of the available water volume to 

meet the needs of the different sectors in the state 

and thus benefiting its social and sustainable 

development. 

Rainfall in Zacatecas highlands is 

recorded using rain gauges and, primarily, 

pluviometers, which measure rainfall over a 24-

hour interval. However, these measuring devices 

often have issues or malfunctions, leading to 

data loss and a resulting scarcity of records 

(Gomes & Blanco, 2021). 

 

The data scarcity has been addressed by 

estimating missing rainfall data, using statistical 

techniques to assess the correlation between 

precipitation, geographic coordinates (such as 

latitude and longitude), and other climatic 

factors (such as pressure, temperature, wind 

speed, and humidity).  However, the complexity 

of precipitation, such as its non-linearity 

(stochastic processes), makes its prediction 

challenging (Barrera-Animas et al., 2022). Some 

of the methodologies used are: 1) deductive 

rational method and the US meteorological 

department, regarding the first one, requires at 

least three-monthly records from the year to be 

estimated, meanwhile US method involves data 

from nearby stations in the calculations for the 

station with missing data. One of the main 

problems is the distances between stations for 

correlating them since they are too long 

separated. 

 

In recent decades, the development of 

optimization techniques such as Artificial 

Intelligence, applying methods like Artificial 

Neural Networks (ANNs), Support Decision 

Trees, Genetic Algorithms, Support Vector 

Machine, linear, logistic or multivariable 

regressions, among others, has allowed for 

improved rainfall estimates by minimizing 

errors (Khan & Bhuiyan, 2021). 

 

An example of ANNs process could be 

seen in Figure 1, input data is processed fixing 

variables and neurons as much as an objective 

function producing a predicted value. 

 

Box 1 
 

 
 

Figure 1 

Standard of a Neuronal model.                            
Haykin, 2001 
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A relevant factor that has contributed to 

the growth of the use of ANNs as an approach 

for rainfall forecasting is their ability to address 

nonlinearity in rainfall data and their 

requirement for little or no prior knowledge of 

the relationships between the variables being 

considered (Liu et al., 2019). 

 

 The research will focus on estimating 

missing rainfall data in the Zacatecas highland 

region, using an Artificial Neural Network 

model and comparing it with data recorded by 

rain gauges. This will allow for a better estimator 

with minimal error, aiding in more effective 

planning for the use of rainfall water. 

 

The research objectives were: a) to 

delimit the study area of the Zacatecas highland 

using geographic system information; b) to 

analyze the rainfall time series recorded by the 

pluviometric network, using normality tests and 

assessing its spatial and temporal behavior; c) to 

develop an Artificial Neural Network model to 

understand the spatial-temporal variability of 

rainfall. 

 

Materials and Methods 

 

Study area 

 

The study area includes the municipalities of the 

state of Zacatecas: Calera, General Enrique 

Estrada, Guadalupe, Morelos, Panuco, 

Trancoso, Vetagrande, Villa de Cos, and 

Zacatecas (Figure 2a), as this region hosts the 

highest population and economic development 

in the state. A total of 16 meteorological stations 

were analyzed (Figure 2). 

 

Box 2 

 

 
Figure 2 

Study area location and climatological 

stations analyzed within the study area 

As an example of the incomplete 

database used and recorded by the Water 

National Council 

(https://smn.conagua.gob.mx/es/climatologia/te

mperaturas-y-lluvias/resumenes-mensuales-de-

temperaturas-y-lluvias) with historical 

information could be seen in Figure 2. 

 

Different factors contribute to have 

missing historical data such as: human errors in 

the values measured depending in the vision 

skills, establishment problems because the 

devices malfunction, weather stations 

suspended, among others. The variables 

recorded by the CONAGUA are using 

conventional weather stations with devices to 

measure minimum, maximum and actual 

temperatures with a conventional mercury or 

automated thermometers, precipitation with rain 

gauges or modern devices, evaporation through 

an evaporimeter tank A type (Allen et al., 1998), 

and some still has wind velocity assessments 

with a plane vane with a number of signs for 

indicating velocities ranks. 

 

Box 3 

 

 
Figure 3 

Example of historical maximum 24-hour 

precipitation from weather Station in the study 

area 

 

Table 1 shows the weather stations 

considered and its respective timeseries. 

 

 

 

 

AÑO ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC
1969 10.5 6.0 9.0 3.0 2.0 6.0

1970 2.0 7.0 0.0 0.0 0.0 27.0 13.0 17.0 24.0 2.0 20.0 0.0

1971 4.0 0.0 39.0 17.0 27.0 60.0 0.0 0.0

1972 0.0 0.0 15.5 0.0 25.0 30.0 31.0 27.0 22.5 11.0 5.0 26.0

1973 16.0 1.0 0.0 0.0 26.0 26.0 62.0 30.0 18.4 4.0 0.0 0.0

1974 0.0 0.0 7.0 0.0 3.0 23.0 13.5 15.0 40.0 10.5 0.0 12.0

1975 30.5 0.0 0.0 0.0 22.5 41.5 45.5 25.5 0.5 0.0 0.0 15.0

1976 4.1 0.0 0.0 7.5 7.5 48.5 60.5 11.0 18.3 18.0 20.5 16.0

1977 6.0 0.0 0.0 1.0 3.0 28.0 9.5 32.0 16.0 12.0 0.0 7.0

1978 0.0 2.5 0.0 0.0 5.0 54.0 31.0 28.0 33.0 29.0 0.0 7.0

1979 5.0 0.0 0.0 0.0 0.0 7.0 10.3 16.0 3.0 0.0 0.0 3.0

1980 0.0 15.0 0.0 0.0 0.0 30.0 0.0 40.0 40.0 10.0 7.0 20.0

1981 27.5 4.0 0.0 9.0 9.0 12.6 40.0 40.0 40.0 19.0 3.0 25.0

1982 0.0 0.0 0.0 0.0 0.0 40.0 32.0 40.0 40.0 0.0 22.0 6.0

1983 20.0 0.0 0.0 0.0 42.0 24.0 40.0 12.0 8.5 22.0 6.0 5.0

1984 2.2 0.0 0.0 0.0 12.0 29.0 41.0 14.0 16.0

1985

1986

1987 6.7 4.5

1988 0.0 0.0 24.0 45.0 3.5 0.0 1.0

1989 0.0 0.0 0.0 0.0 9.5 2.0 23.0 15.0 13.0 19.0 15.0

1990 11.0 0.0 0.0 2.0 4.0 37.5 59.0 30.0 13.5 2.0 0.0

1991 0.0 11.0 0.0 0.0 21.0 46.0 65.0 12.5 5.0 2.0 5.0

1992 21.0 2.0 3.0 10.5 3.0 12.0 20.5 34.0 13.0 28.0 15.0 0.0

1993 9.0 0.0 0.0 28.0 7.0 22.5 25.0 25.0 48.0 32.0 0.0 3.5

1994 4.5 0 0 4 7 8 24.5 39 32 1

1995 0.0 0.0 0.0 0.0 25.0 7.0 32.5 32.5 13.0 0.0 0.0 0.0

1996 24.0 27.0 26.0 28.0 33.0 29.0 27.0 24.0 22.0 24.0 23.0 22.0

1997 17.0 20.0 6.0 8.0 9.0 23.0 15.0 14.0 29.5 29.0 6.5 2.0

1998 0.0 0.0 0.0 0.0 0.0 20.5 9.5 31.0 12.2 8.3 0.0

https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-lluvias/resumenes-mensuales-de-temperaturas-y-lluvias
https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-lluvias/resumenes-mensuales-de-temperaturas-y-lluvias
https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-lluvias/resumenes-mensuales-de-temperaturas-y-lluvias
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Box 4 

Table 1 

Weather stations of study and historical 

information analyzed 

 
Weather station Municipali

ty 

Dataset 

Guadalupe Guadalupe 1979-2018 

San Geronimo 1979-2019 

La Bufa (OBS) Zacatecas 1988-2019 

Zacatecas (DGE) 1953-2019 

Calera Calera 1961-2018 

El Penasco General 

Enrique 

Estrada 

1998-2019 

Morelos Morelos 2010-2019 

Agua Nueva Villa de Cos 1963-2019 

Purisima de 

Sifuentes 

1978-2019 

San Andres 1972-2019 

Sierra Hermosa 1977-2019 

Tierra y Libertad 1981-2019 

Villa de Cos 1962-2019 

San Antonio del 

Cipres 

Pánuco 1969-2019 

Sauceda de la Borda Vetagrande 1998-2019 

Trancoso Trancoso 1950-2019 
 

 

The dataset for each station was 

normalized using the Min-Max normalization 

method to prevent biases in the network 

processing and to scale the data within the same 

range (0-1). This was necessary due to the wide 

variation in precipitation values. For instance, at 

the Zacatecas station, the lowest recorded 

precipitation is 0 mm, while the highest is 82.5 

mm (Sotelo, 2021).  

 

The characteristic selected for this 

research was the maximum 24-hour 

precipitation, as this value allows analyzing the 

hydrological behavior of a basin. Using the 

measured or estimated records from the 

pluviometric network, calculations of maximum 

runoff volumes were performed. A neural 

network algorithm was implemented 

considering two models: Neural Network 120-

12 (NN 120-12) (Figure 4a) and 10-1 (NN 10-1) 

(Figure 4b). For the NN 120-12 model, blocks of 

10 years were taken to predict the following 

year, and this process is repeated year by year, 

analyzing a total 120 monthly mean values and 

computing 12 output data points. 

 

 Meanwhile, in the NN 10-1 model, 

blocks of 10 years were used per month to 

predict the value of the 11 years for the same 

month. So, 10 input data were used per year for 

predicting 1 output data for the next year. 

Box 5 

a) 
 

 
 

b) 
 

 
Figure 4 

Examples of the neuronal network NN 120-12 

(Figure 4a) and NN10-1 (Figure 4b)                            

 

In the Figure 1a, the training of the neural 

networks is exemplified: data from January of a 

10-year block, in this case from 1960 to 1969, 

are used, and the output for that block will be the 

data for January of 1970 for all months. Then, a 

year is traversed, meaning: selecting the 10-year 

block from January 1961 to 1970, and the output 

for this block will be the data for January of 

1971, and so on until all the data for each month 

are processed. This process is applied to each 

month of the year, from January to December.  

 

The same process was followed for the 

NN 10-1 model by according with column 

analysis. The neural networks used in this 

research consist of one input layer, one hidden 

layer, and one output layer. The first two layers 

used an activation function to ensure non-linear 

processing capability (for rainfall), while the 

output layer used one linear activation function 

for all the 10 years analyzed. Regarding the 

validation analysis, it was performed with a 

Train-Test Split validation selected a 20% data 

from the full database, while the rest was used 

for calibration. Statistical analysis was 

performed according to the mean square error 

(MSE) between the input and output values.  
 

Results and Discussion 
 

In the first case (NN 120-12), the goal was to 

obtain annual rainfall predictions, meaning that 

information from the previous 10 years is used 

to estimate the rainfall for all 12 months of the 

target year. In the second case (NN 10-1), the 

aim was to predict monthly rainfall, meaning 

that information from the previous 10 years for 

the specific month/year of interest is used to 

estimate the rainfall for that particular 

month/year. 
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The main objective of the case studies is 

to understand the differences between annual 

and monthly predictions, specifically whether 

one approach provides more accurate estimates 

than the other. The results obtained for each of 

the case studies are described below for the 

Zacatecas station with data provided by 

CONAGUA. The results for the NN 120-12 case 

are shown in Figure 5, as follows: 

 

Box 6 

 

 
Figure 5 

Performance of the NN 120-12 model                                 

 

MSE was plotted with for the different 

epoch ranks resulting the number 100 with the 

lowest MSE values in 3.42% for both calibration 

and validation data at predicting the missing 

1970-year data for all month’s precipitation. The 

results the NN 10-1 case are shown in Figure 6, 

as follows: 

 

Box 7 

 

 
Figure 6 

Neuronal network results for the NN 10-1 

analysis for some months. Results shown in 

terms of MSE with the model performance of 

the calibration and validation data.                                                                         

 

Box 8 
Table 2 

Monthly MSE (%) 

 
 

By averaging the data for each month, a 

MSE of 4.14% was obtained for the NN 10-1 

model, which is 1% larger compared with the 

MSE obtained by the annual neural network (NN 

120-12). 

 

The decision was to obtain the missing 

data of the database for all weather stations 

(Table 1) using the neural network NN 120-12 

for all the cases, achieving lower computational 

cost. The only exception was for the Morelos 

station, with 10 years of historic data and 

therefore cannot be used for training the neural 

network. 

 

A comparison between methodologies 

for obtain the missing data in some years for 

each weather station was performed between the 

above methodology (NN 120-12), the 

hydrological rational-deductive method 

(HRDM) as reported by Aranda (1998), and the 

same HRMD but calibrating just with a 10-year 

period for the weather stations (HRMD-10).  The 

results of the previous comparison are shown in 

Table 3, as follows: 

 

Box 9 

Table 3 

Model´s performance for predicting the 

missing data-year for the weather stations 

 
Features MSE (%) 

Weather stations Municipalit

ies 

Year  HRD

M  

HRM

D-10 

NN 120-

12 

Guadalupe Guadalupe 1997 4.47 8.95 1.87 

San Geronimo 1995 2.59 3.70 2.06 

La Bufa (OBS) Zacatecas 2009 18.22 14.63 5.76 

Zacatecas (DGE) 1980 13.54 6.42 2.21 

Calera Calera 1980 12.28 4.58 2.59 

El Peñasco General 

Enrique 

Estrada 

2012 5.76 49.77 1.86 

Agua Nueva Villa de Cos 1980 7.44 7.61 4.11 

Purisima de 

Sifuentes 

1992 14.74 15.38 14.55 

San Andrés 1993 5.05 13.64 4.11 

Sierra Hermosa 2005 17.99 15.32 1.72 

Tierra y Libertad 2017 33.60 27.23 4.81 

Villa de Cos 1980 14.03 5.65 6.68 

San Antonio del 

Cipres 

Panuco 2014 1.12 1.51 3.73 

Sauceda de la 

Borda 

Vetagrande 2016 2.61 3.48 5.68 

Trancoso  Trancoso 1981 55.68 18.90 9.97 

 

 

 

 

 

ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC

4.05% 6.01% 2.49% 2.03% 7.31% 3.03% 6.80% 2.46% 3.43% 3.39% 5.64% 2.98%
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Overall, the neural network (NN 120-12) 

performs better than the historical HRMD and 

the HRMD-10. However, in some cases, the 

HRMD methods achieve better results than the 

neural network, although with minimal 

variation. The performance graphs of the neural 

network for each station and the estimation of 

the data with their respective MSE can be 

requested to the corresponding author. 

 

A particular analysis was performed for 

the stations of La Bufa, Tierra y Libertad, and 

Trancoso, with the largest MSE values for the 

years 2010, 2011, and 2012 (Table 4), with the 

same methodology. 

 

According to what is observed in Table 3 

and Table 4, the variations in errors can be 

attributed to the spatiotemporal variability of 

rainfall. For this case, the neural network was 

used with 100 epochs and the mean squared error 

(MSE) metric was used for its validation. 

 

Some of the observed limitations are: 

 

- For training the neural network, the 

station under analysis needs to have a 

historical record of at least 11 years. 

- In the case of the neural network, the 

choice of the network structure is 

important, as the number of layers and 

neurons can vary, and there is no specific 

pattern or structure to follow. 

- At least one 10-year dataset is needed in 

order to apply the rational-deductive 

method (HRDM) for predictions. 

 

Conclusions 

 

The hydrological Rational-Deductive Method 

still being a reliable method for predicting 

missing climate data and its combination with 

artificial intelligence methods such as neuronal 

artificial networks could improve such 

estimations. The network proposed sems to be 

more accurate for estimating most of the missing 

monthly data in all the stations. 

 

More scenarios for the different neuronal 

network´s components could be implemented in 

order to improve the assessments. For evaluating 

the model´s performance more statistic methods 

could be assessed such as Nash-Suttle, RMSE, 

correlation coefficient, variation or standard 

deviations in order to compare more 

methodologies assessments. 

Box 10 

Table 4 

MSE (%) for the model´s performance of the 

stations La Bufa, Tierra y Libertad and Trancoso 

for 2010, 2011 and 2012 years. 
AÑO 2010 2011 2012 
Wather 

station 

HRD

M  

HRM

D-10 

NN 

120-

12 

HRD

M  

HRM

D-10 

NN 

120-

12 

HRD

M  

HRM

D-10 

NN 

120-

12 

La 

Bufa 

12.51% 19.96% 7.23% 1.49% 1.42% 1.49% 3.18% 2.88% 2.51% 

Tierrra 

y 

Libertad 

29.95% 32.03% 15.95% 6.04% 6.31% 4.64% 2.66% 1.53% 3.21% 

Tranco

so 

17.08% 8.00% 9.93% 0.90% 1.00% 1.49% 12.46% 8.18% 5.51% 
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Abstract  

  

Nowadays, multiple materials have been developed to 

reconstruct human bone tissue and bone through organic waste 

materials in order to reduce environmental pollution, such as 

"chicken eggshells" due to their high calcium content from which 

we can synthesize a bioceramic called "hydroxyapatite", that has 

mimetic similarities with human tissues and bones. Within this 

study, "San Juan" brand eggshells from "Nicolás Romero, State 

of Mexico, Mexico" were used to synthesize materials that can 

be used for calcium phosphate dental grafts; where this 

biomaterial was synthesized and afterwards applied in dental 

grafts focusing on cavities being damashed by caries produced 

through time.  

 
 

Biomaterial, Graft, hydroxyapatite 

 

Resumen  

 

En la actualidad se han desarrollado múltiples materiales para 

reconstruir el tejido y hueso óseo del ser humano a través de 

materiales de desechos orgánicos para contribuir a reducir la 

contaminación ambiental, como suele ser el “cascaron de huevo 

de gallina” por su alto contenido en calcio del cual podemos 

sintetizar un biocerámico denominado “hidroxiapatita” la cual 

tiene similitudes miméticas con dichos tejidos y huesos 

humanos. Dentro de este estudio se utilizaron cáscaras de huevo 

de la marca “San Juan” provenientes de “Nicolás Romero, 

Estado de México, México” para sintetizar materiales que 

puedan utilizarse para injertos dentales de fosfatos de calcio; 

donde se sintetizó este biomaterial y posteriormente ser aplicados 

en injertos dentales enfocado en cavidades dañadas por caries a 

través del tiempo.  

 
 

Biomaterial, hidroxiapatita, injerto 
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Introduction 

 

Huge amounts of eggshells are thrown away as 

garbage annually in homes, bakeries, hotels, and 

farms around the world, contributing to 

environmental pollution (Johnson Jeyakumar et 

al., 2023) According to FAOSTAT 2019, egg 

production exceeds 2500 million per year. The 

eggshell part has about 11% of the mass 

containing calcium and nitrogen. However, 

about 1% of discarded eggshells are used as 

fertilizer and human consumable as a source of 

calcium (Ajay Jaswal, 2023).  

 

The components comprising eggshell 

consists mainly of calcium carbonate (94%), as 

well as calcium phosphate (1%), magnesium 

carbonate (1%), organic substances (4%) and 

trace ions, such as Na2+, Mg2+ and Sr2+ 

(Hamidi et al., 2017).  

 

Hydroxyapatite is a biomaterial of vital 

importance, because it exhibits a chemical 

composition and a structure similar to human 

bones and tissues, as well as high 

osteoconductivity in biological environments 

(Taddei et al., 2022) In the past years, efforts 

have been made to naturally synthesize 

hydroxyapatite from waste materials such as egg 

shells, crab shells, snail shells, bovine bone, 

bones and fish scales (M. Kalpana & R. 

Nagalakshmi, 2022), because they have high 

rates of calcium and calcium phosphates that can 

be used in medicine and dentistry, either as 

implants, tissue, organ transplants or in drug 

delivery systems (Mohd Pu’ad et al., 2021).  

 

Generally speaking, it is possible to 

implant materials that have biotic nature or host 

tissue compatibility, into living organisms to 

increase or replace deteriorated parts.  

 

Generally, metals, ceramics, polymers 

and composites are widely used materials in 

biomedical applications. Among them, titanium-

based alloys are some of the most widely used as 

implant materials.(Asrar et al., 2021). 

Hydroxyapatite could be used for bone grafting 

(Hikmawati et al., 2019), which could be 

manifested in bone fractures, defects, tooth loss, 

maxillofacial defects and deformities have a 

high clinical incidence.(Galotta et al., 2023) to 

be used as a filling material, as recent studies 

have shown that hydroxyapatite-containing 

materials can remineralize early oral caries 

lesions (Yaberi & Haghgoo, 2018)  

Within this article, we will focus on 

dental restoration caused by dental damage such 

as caries and/or tooth extraction, as they are in 

increasing on demand, but their success rate 

decreases considerably after 5 to 10 years after 

implantation (Le Ferrand et al., 2024), because 

tooth loss is nowadays a common result of a 

variety of oral diseases due to physiological 

causes, trauma, genetic disorders and aging, 

which can cause physical and mental suffering 

that significantly reduces the quality of life of the 

individual  (Panseri et al., 2016). 

 

 Therefore, when using a filling material 

in dental enamel such as hydroxyapatite, since 

this is composed of approximately 96% mineral 

(mainly carbonated hydroxyapatite) and 4% 

organic material (1% protein and 3% water) 

(Camilo et al., 2012). The aim is to mimic the 

natural material of dental enamel, as well as to 

be used in exodontia, since it is a common 

procedure in dental practice (Víctor Herrera 

Barraza et al., 2022).  

 

The most frequent procedures in the field 

of oral surgery and dental extraction (Manotas 

Arévalo, 2008). 

 

The main objective of this research is to 

synthesize hydroxyapatite materials through 

eggshell to be used as filling material in dental 

remineralization and in post-surgery exodontia, 

with the purpose of creating a carbonated 

hydroxyapatite layer that mimics the natural 

material coming from bone and dental enamel. 

 

Materials and methods 

 

Calcium oxide (CaO) was extracted from 

eggshell waste derived from local bakeries and 

homes of the "San Juan" brand in Nicolas 

Romero, State of Mexico, Mexico, following the 

experimental scheme shown in Figure 1, where 

the chemical precipitation method was used to 

synthesize CaO in PAH using a phosphoric acid 

solution.  

 

The PAH obtained was used for dental 

medical applications in maxillofacial surgeries 

of people who have had a recent dental 

extraction, with a view to regenerate the 

damaged bone post-surgery. 
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Box 1 

 

 
Figure 1 

Flow chart to obtain hydroxyapatite and graft 

test 

 

Synthesis of hydroxyapatite obtained from 

egg shells 

 

Calcium oxide (CaO), extracted from 

calcinations of eggshell wastes previously 

washed with a constant stream of distilled water 

to remove the testaceous membrane, was used. It 

was dried and fragmented to put in porcelain 

crucibles and introduced in a SA2-1-12TP 

smelting furnace to carry out the calcination 

process. 

 

Box 2 

 

 
Figure 2 

Kiln where the calcination of the SA2-1- 12TP 

eggshell was carried out. 

 

The first calcination was carried out at 

different temperatures in heating ramps divided 

into four phases; the first two were performed at 

temperatures between 300 and 600°C, both with 

a duration period of 1h each, in order to 

eliminate all the organic compounds in the 

eggshells, leaving only the calcium carbonate 

(CaCO3). In the third and fourth phase, it was 

executed at a temperature of 900°C for 1h and at 

1200°C for 1h, where the calcium sample begins 

to react releasing carbon dioxide (CO2), giving 

as final product "Calcium oxide (CaO)". 

CaCO3  → CaO +CO2                                   [1] 

 

The calcium sample obtained after the 

last heating phase was added to a phosphate 

solution. This process consists of dissolving 7g 

of Ca-(OH-), in 16ml of phosphoric acid 

(H3PO4) through the titration technique. Twenty 

drops per minute of phosphoric acid were 

dropped into the calcium hydroxide solution, 

which was rotating in a magnetic rack at 400rpm 

to obtain calcium phosphates (Ca3(PO4)2) 

(Figure 3). 

 

Box 3 

 

 
Figure 3 

Incorporation of phosphoric acid into the 

eggshell. 

 

Once the calcium phosphates were 

obtained, they were washed and filtered with a 

constant stream of distilled water to eliminate 

any trace of phosphoric acid that might still 

remain in the sample. Subsequently, they were 

taken to a Yamamoto DVS-400 dryer (Figure 4) 

where they were left to dry at 100°C for 5 hours. 

 

Box 4 

 

 
Figure 4 

Yamamoto DVS 400 laboratory dryer. 
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Finally, the previously mentioned 

calcination process was repeated, which consists 

of four heating phases: 300°C for 1 hour, 600°C 

for 1 hour, 900°C for 1 hour. Only the last 

heating phase was changed from 1 hour to 5 

hours (1200°C for 5 hours) to obtain the 

following calcium hydroxyapatite reaction. 

 

Ca(OH)2 +3Ca3 (PO )4→  Ca10 (PO4)6(OH)2       [2] 

 

Synthesis of hydroxyapatite (using planetary 

mill) 

 

Previously, large pieces of eggshells were 

fragmented in order to improve their 

manipulation for hydroxyapatite synthesis. 

However, it is well known that, each time the 

particle size is decreased, we increase the surface 

area of the powders, which makes it more 

effective when is being used. 
 

To reduce the particle size, the top-down 

technique was carried out through 

mechanosynthesis using a Planetary Ball Mill 

(Pulverizer) Model BIC0400-0.4, since it is 

considered a green technology because it can 

adopt renewable and sustainable resources as 

starting materials (precursors) for the synthesis 

of nanoparticles. It has the advantage of easy 

handling and applicability for different types of 

materials, especially for some composite 

powders (Pohshna & Mailapalli, 2023)  

 

Box 5 
 

 
Figure 5 

Planetary Ball Mill Model BIC0400-0.4 
 

The operation of this mill is mainly to 

obtain "ultrafine grinding" in the laboratory, 

given its ability to achieve higher collisional 

intensity as a result of the increased rotational 

frequency and acceleration of the balls without 

unwanted centrifugation of the grinding charge 

(Rodriguez et al., 2023). as shown in the 

following image. 

 Box 6 

 

 
Figure 6 

Operation of a planetary mill (horizontal 

section) 

 

During mechanical synthesis, a mixture 

of primary components is subjected to intense 

successive shocks with adjustable frequencies 

and energies (Dehghan Manshady et al., 2022) 

 

The effective grinding and ball mill 

filling technique was used according to the 

following equation: 

 

𝐽 =
𝑉𝑏𝑜𝑙𝑎𝑠+𝑉𝐼𝑛𝑡𝑒𝑟𝑠𝑡𝑖𝑐𝑖𝑜𝑠

𝑉𝑀𝑜𝑙𝑖𝑛𝑜
                                     [3] 

 

Where "J" is the mill fill 

Vballs = Volume of balls 

VInterstitials= Volume between powder and pellets, 

Vmill= Total volume of the mill. 

 

Broadly speaking, grinding media during 

operation perform motions that result in impacts 

and frictional effects(Kim et al., 2022), which 

makes it a suitable mill for the creation of ultra-

fine hydroxyapatite, which we will be calling 

"bone-HAp".  

 

Preparation of the dental graft 

 

Six teeth were extracted from different patients. 

These were washed with distilled water using 

ultrasound and then dried under infrared light for 

subsequent encapsulation in epoxy resin of the 

"Poliformas" brand. Subsequently, the 

encapsulated teeth were cut transversely and 

washed again with ultrasound. This step was 

performed to eliminate any impurities and 

calcium remains from the fragmented tooth that 

might have been introduced into the porosity of 

the teeth during cutting. Finally, they were dried 

again under infrared light (illustration 7). 
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Box 7 
 

 
Figure 7 

Cross-sectioned tooth samples being dried in 

infrared light 
 

For the preparation of the graft, 

hydroxyapatite obtained from eggshells was 

used. To create a paste suitable for the graft, 

artificial saliva of the Bucal Viarden brand was 

used.  
 

The paste obtained was introduced into 

the dentin of the previously prepared teeth, 

where it was left in artificial slime for 20 days to 

bind the HAp crystals to repair the damaged 

tooth (Figure 8). 
 

Box 8 
 

 
Figure 8 

Teeth immersed in artificial slime 

 

Finally, a dental extraction was 

performed to a patient, where this biomaterial 

was used to fill the cavity generated by the dental 

extraction previously performed. 
 

Box 9 

 
Figure 9 

Tooth extraction where hydroxyapatite was 

used to fill the cavity generated from dental 

surgery. 

 

Characterization 
 

Four types of characterization were carried out. 

The first was performed by scanning electron 

microscopy to evaluate the shape and size of the 

hydroxyapatite obtained. Subsequently, an 

energy dispersive spectroscopy analysis was 

performed to evaluate the qualitative 

components present in the samples. To confirm 

these results, a comparison was made against the 

corresponding JCPDS indexing chart by X-ray 

diffraction using "crystal match" software.  
 

Results 
 

Characterization by SEM-EDS 
 

An analysis was made by a Jeol 600 scanning 

electron microscope at a distance of 1µm, in 

which 1g of sample was introduced to know the 

crystalline structure, morphology and 

approximate particle size. For the preparation of 

hydroxyapatite, two methods were used. The 

first was carried out using a ceramic mortar and 

the second using a scanning electron 

microscope. These methods were analyzed 

through the software "DigitalMicrograph" from 

the developer "Gatan AMETEK", providing the 

following results. 
 

The agglomerates obtained after 

fragmentation with the ceramic mortar showed a 

bimodal dispersion in the graph. Most of the 

agglomerates obtained were centered in a size 

between 20 to 25µm, with a mean of 28µm and 

a standard deviation of 11.37µm, which 

indicates that there is a variation in the sizes and 

shapes of the agglomerates obtained. However, 

there were also fine particle sizes present in the 

agglomerates that ranged from 1 to 10 µm. 

Additionally, due to the lack of control when 

fragmenting the powder manually, coarse 

agglomerates were obtained that ranged from 70 

to 75 µm, as shown in the following chart 
 

Box 10 
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Figure 10 

Particle size distribution before chemical 

attack by spraying with mortar  
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To improve the process of obtaining 

hydroxyapatite, agate crucibles with zirconia 

pellets were introduced in a planetary mill by 

"effective grinding" at a speed of 400rpm, the 

material obtained turned with a whitish/gray 

semi-crystalline tone (illustration 11 and 12). 

 

Box 11 

 

 
Figure 10 

Spraying of hydroxyapatite powder with the 

Planetary Pin Mill. 

 

Box 12 

 

 
Figure 12 

Scanning of hydroxyapatite obtained from 

eggshells 

 

The agglomerates after pulverization 

through the planetary mill where a bimodal 

graph was obtained, which means that there are 

variations of the particle size in the agglomerates 

obtained, within the graph; it was optimized the 

obtaining of fine powder of which there is 

greater presence in the sizes of 1.15 to 1.25µm, 

in the same way agglomerates of smaller size 

were obtained in which their sizes are smaller 

than 1µm, as well as coarse powders, which are 

in a size of 3µm. There is a mean of 1.2605µm 

and a standard deviation of 0.5849µm, which 

indicates that agglomerates with a similar size 

were obtained as shown in the following graph. 

 

Box 13 
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Figure 13 

Particle size distribution after chemical 

spraying with the Planetary Pin Mill 

 

Once the particle size was defined, a 

qualitative analysis by Energy Dispersive 

Spectroscopy was performed to know the 

components present on the surface of the 

analyzed sample (Figure 14), which shows that 

37.46% of calcium, 2.86% of phosphorus, 

45.75% of oxygen, 13.22% of carbon and 0.71% 

of magnesium, which are a characteristic of the 

hydroxyapatite component, therefore, to confirm 

these data, it was decided to perform an analysis 

by X-ray diffraction to know the phases present 

in the analyzed sample. 

 

Box 14 

 

 
 

Figure 14 

EDS of nanohydroxyapatite 
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Box 15 

Table 1 

% weight Surface elements on Energy Dispersed 

Spectroscopy 

 
Element Weight% Atomic% 

C K 13.22 21.94 

O K 45.74 57.00 

Mg K 0.71 0.59 

P K 2.86 1.84 

Ca K 37.46 18.64 

Total 100  

 

DRX characterization of hydroxyapatite 

obtained from eggshells 

 

To analyze the hydroxyapatite phases present, an 

analysis was carried out by x-ray diffraction with 

the Bruckner D8 Advance diffractometer, where 

it was used in reflection mode with Cu Ka 

radiation (11. =1.5406 A). at a speed of 0.03 

degrees/min using the powder technique. The 

parameters used were 35kV and 25mA, from 10° 

to 70°. 

 

Figure 15 shows the X-ray diffraction 

pattern of the synthesis of hydroxyapatite 

obtained by eggshell. 

 

Box 16 
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Figure 15 

X-ray diffraction patterns of the JCPDS 09-

0432 chart of the hydroxyapatite sample 

 

 

The Diffractogram shows the crystal 

growth and its interplanar distances where peaks 

are observed at 2Ɵ, 22.89(2,0,0), 22.87 (1,1,1), 

25.89 (0,0,2), 28.14 (1,0,2), 28.75 (2,1,0), 31.78 

(2,1,1), 32.21 (1,1,2), 32.91 (3,0,0), 34.08 

(2,0,2), 39.81 (3,1,0), 46.72 (2,2,2), 49.51 

(2,1,3), 50.51 (3,2,1), 55.90 (3,2,2) y 72.28 

(5,2,0) corresponding to phase 

Ca10(PO4)5CO3(OH)F with hexagonal crystal 

system corresponding to Hydroxyapatite with 

space group p63/m corresponding to number 176 

and lattice parameters a=9.4147Å, c=6.866Å 

Alpha (α)=90°, beta (β)=90°and gamma (Y)= 

120° by comparison of the JCPDS (Joint 

Committee on Powder Diffraction Standards, 

Carbonate Hydroxyapatite No. 021-0145) chart, 

showing that indeed hydroxyapatite synthesized 

through eggshell could be obtained. The 

presence of other signals present in the 

diffractogram correspond to the presence of 

calcium oxides according to the angle of 32.20°, 

37.42°, 53.95°, 64.20°, 67.49°, 79.80°, 88.52°, 

91.61° corresponding to the JCPDS 048-1467 

chart 

 

Tooth Remineralization 

 

Hydroxyapatite plays an important role in the 

structure of human teeth and bones, since it has 

a mimetic similarity with them, due to the fact 

that its principal components are formed by 

calcium and phosphates.  

 

The images in Illustration 12 shows teeth 

cut transversely, where hydroxyapatite was used 

with the aim of remineralizing a damaged tooth.  

 

 Samples treated with hydroxyapatite 

exhibit a layer of hydroxyapatite crystals 

forming on the surface of the treated material 

(tooth). It is remarkable that, after 20 days, the 

teeth that were in artificial saliva helped the 

remineralization of the tooth, creating a layer of 

carbonated hydroxyapatite.  

 

This layer will be useful in the next phase 

of the grafting process for patients who have 

recently had a tooth extraction, as it will serve as 

an adhesive in the cavities generated by the 

surgery. 
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Box 17 

 

 
 

Figure 16 

Cross-cut teeth mineralized with hydroxyapatite 

on their surface 

 

Discussion 

 

In this research study, hydroxyapatite was 

synthesized from eggshells using the chemical 

precipitation method. The characterization of 

this material was carried out by three types of 

analysis: SEM, EDS and XRD  

 

The precipitates method allowed a 

considerable reduction of the hydroxyapatite 

crystallinity time during calcination. 

 

Scanning electron microscopy was used 

to analyze the morphology and size of the 

hydroxyapatite agglomerates obtained, which 

have an angular/polygonal shape. The 

pulverization was performed by two methods: 

manual (ceramic mortar) and mechanical 

(planetary mill). 

 

The difference in particle size showed a 

significant change. When using a mortar, 

agglomerates with average sizes of 24.6813µm 

were obtained, while when using a planetary 

mill, sizes of 1.15 to 1.25µm were obtained.  

 

The differences in standard deviation 

went from 10.5166µm to 0.5849µm, indicating 

that the distribution and pulverization is more 

controlled when using a planetary mill to obtain 

hydroxyapatite. These changes are shown in 

Table 2. 

 

 

 

 

Box 18 

Table 2 

Particle size distribution and change with 

different spraying methods 

 
σ and mean with 

mortar spraying. 

σ and mean with 

sputtering in the 

planetary. 

mean= 24.6913 µm 

σ= 10.51669 µm 

mean= 1.15 to 1.25µm 

σ= 0.5849µm 

 

EDS analysis was performed, which 

shows that the hydroxyapatite obtained contains 

calcium, phosphorus, oxygen and hydrogen, so 

XRD analysis was performed to confirm the 

presence of hydroxyapatite synthesized by 

eggshell. 

 

EDS analysis was applied, which shows 

that the obtained hydroxyapatite contains 

calcium, phosphorus, oxygen and hydrogen. 

Therefore, XRD analysis was performed to 

confirm the presence of synthesized 

hydroxyapatite. 

 

The X-ray diffraction pattern performed 

shows that the obtained hydroxyapatite powder 

exhibits remarkable peaks at 2Ɵ, 21.77 (2,0,0), 

25.89 (0,0,2), 32.21 (1,1,2), 34.08 (2,0,2), 39.81 

(3,1,0), 46.72 (2,2,2), 49.51 (2,1,3), 50.51 

(3,2,1), 55.90 (3,2,2) y 72.28 (5,2,0). These 

results confirm that hydroxyapatite was formed 

according to the JCPDS 021-0145 chart 

corresponding to the phase chemical 

Ca10(PO4)5CO3(OH)F. 

 

The paste made with artificial saliva and 

hydroxyapatite that was grafted onto the 

previously prepared teeth was deposited in an 

aqueous medium for a period of 20 days.  

 

This allowed an exchange of Ca2+ and PO3
4 

ions, forming a layer of calcium phosphates on 

the tooth surface.  

 

As a result, a permeable carbonate 

hydroxyapatite layer was formed on the treated 

tooth, which served as an adhesive for this 

material to bond to the dentin of the tooth.  

 

This was proved to be useful for patients who 

recently had a tooth extraction, to treat cavities 

generated by the surgeries performed. 
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Introduction 

 

According to the World Health Organisation, 

500 million people in the world, equivalent to 

10% of the population, have some form of 

disability. It is estimated that this number may 

increase to 18% of the total population. To solve 

this problem, prostheses have been developed, 

classified as aesthetic, where only the physical 

aspect is of interest, passive functional 

prostheses, which adapt to certain pressure 

movements, and active functional prostheses, 

which use external energy (Sarmiento, 2009). 

 

In Mexico, it is estimated that around one 

million people suffer amputation of a limb of the 

body, many of these correspond to the upper 

fingers of the hand, therefore, these people need 

a prosthesis to assist them in their daily 

activities, however, some of these prostheses do 

not meet the necessary efficiency to carry out a 

good performance and to meet the needs of the 

patient A prosthetic hand is designed to help 

provide some function, but not to replace the 

missing limb of the human body; the purpose of 

its construction is to improve the quality of life 

of amputees. Several fields of mechanical and 

electronic engineering are manually involved, 

such as mechanism design, material processing, 

control design and programming (Brito, 2013). 

 

The replacement or assistance of a 

prosthesis in a limb such as the hand is important 

because it performs two primary functions for 

humans, which are pressure and touch, which are 

essential to carry out manipulation of objects and 

movements that allow expression accompanied 

by what is meant to be understood verbally 

(Loaiza, 2011). 

 

Based on applied research, a prototype of 

a prosthesis for the index, middle, ring and little 

fingers of the right hand was built. This 

prosthesis was made with mechatronic 

engineering tools such as electrical circuits, 

which will connect and provide power to the 

various components; servomotors, which 

perform the function of giving rotational 

movement to the various joints of the prosthesis.  

 

Microcontroller, which is the basis for 

programming the various functions of the 

prosthesis such as connecting the electrical 

signals for the prosthesis to perform the different 

movements and to have a functional and 

ergonomic hand prosthesis made of low-cost 

materials. 

These tools will help to innovate by 

building a prosthesis that is economically 

accessible for low-income people in the city of 

San Luis Potosi, and is efficient for the user to 

recover the motor skills of the amputated fingers. 

 

Literature 

 

Grashof Criterion 

 

The Grashof Criterion dictates that one of the 

important points for the operation of a 

mechanism is to establish the point of rotational 

movement where all the movement will be 

executed in it, this point of rotational movement 

is called actuator, and can be both a mechanical 

and motor movement, this also defines the 

degrees of freedom that the mechanical structure 

has to work with respect to certain angles 

(Torres, 2009). 

 

Transmission Angle 

 

Each designed mechanism must be subjected 

based on an angle of transmission where thanks 

to the movement that executes the actuator, the 

links or bars or a mechanism will make its 

operation and test the mechanical design, this 

angle of transmission is given between the angle 

of the coupler link and the output, this angle well 

test the quality of force and speed (Torres, 2009). 

 

Degrees of Freedom 

 

This is a criterion which defines the number of 

movements that a link can exert given an 

actuator, depending on the dimensions of the 

structure of the mechanism will also define the 

number of degrees of freedom that there will be, 

if it is a mechanism structured in two 

dimensions, then it follows that it is in a two-

dimensional plane, where it can make 

movements in ‘x’ or ‘y’ axis (Granja, 2014). 

 

In the case of mechanisms designed in 

three-dimensional planes, they have a greater 

number of degrees of freedom, since covering an 

additional axis which is the ‘z’ axis, adds the fact 

that it can move left-right, up-down, depth or 

rotation with respect to an axis of the plane, this 

also increases the complexity of the mechanism, 

but also the fluidity of movement of this (Granja, 

2014). 
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Kuzbach criterion 

 

The number of total degrees of freedom in a 

mechanism is also known as the mobility of the 

device, as its mobility will be given according to 

the mechanical input movements of the device to 

stay in a desired or specific position, this helps 

to understand and analyse the kinematic 

movement of the mechanism to fulfil the task 

that it has to fulfil (Granja 2014). 

 

Methodology 

 

For this section, in the design of the 

methodology we opted for the model of Pahl and 

Beitz (2007), which works through systems 

theory, as a basis that supports a proposed work 

or project with functions and subfunctions that 

explain concepts of forms and characteristics of 

the materials to be used, so that in this way there 

is a solution to the need to create such a project 

or work; this model of methodology. 

 

Diagram of functions 

 

It consists of a series of steps to follow according 

to the needs that are required to build the 

product, from the power supply to the 

mechanical movement in each finger of it, 

putting as a solution or means the material or 

element with the best valuation; figure 1 shows 

the diagram with the mentioned characteristics. 

 

Box 1 

 

 
 

Figure 1 

Diagram of basic functions of the prototype 
      Own Elaboration 

 

A list of possible materials to choose 

from is drawn up, both for the structure and the 

electronic part of the prosthesis, with 

disadvantages and advantages for each element, 

in order to have a definitive, optimal and clear 

result on the assembly and manufacture of the 

project. Table 1 shows this exercise applied to 

three of the elements to be selected as 

examples.lo. 

 

Box 2 

 

Table 1 

Identification and classification of elements to 

be assessed 

 
Programmable 

Device 

Ventage Disadvantage 

Arduino One 

Dynamic 

programming system 

easy to use and 
understand 

Offers little power 

PLC Offers power 

Complex programming 

system 
easy to use and 

understand 

Energy system Ventage Disadvantage 

Battery Fixed voltage 9v Short duration 

Arduino one Produces from 3.5v - 

9v 

Needs to be connected to 

an external source 

 Battery regulator Can regulate from 

5v-9v 

Requires more materials 

and is costly. 

 Signal system Ventage Disadvantage 

 Ultrasonic sensor Accurate distance  

measurement 

Low range 

 Infrared sensor Object detection Interference from objects 

Own elaboration 

 

Based on the previous activity, a 

valuation is generated for each proposed 

material based on the criteria of advantages and 

disadvantages, assigning a weighting from 0 to 

100, with 0 being the lowest valuation and 100 

the highest, and based on this, the materials and 

elements to be used for the construction of the 

prototype are established. 

 

Box 3 

 

Table 2 
 

Selection of elements based on assigned 

weighting 
 

                                                     

Alternative 

Function 

1 2 3 4 

Programmable Device 90 85   

Power System. 50 30 90  

Signal System. 90 50   

Motion Drive System. 90 20 50  

Restart System. 60 85   

General Structure 20 70 95 90 

Finger structure 10 70 90 95 

Actuators for Phalanges. 90 30   

Own elaboration 
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Once the elements to be used have been 

selected, the design of the prototype continues, 

where sketches and plans of the mechanical and 

electronic structure to be assembled are 

presented, starting with the basic material and 

designs to be proposed for construction.  Figure 

2 shows proposals with a three-dimensional 

design, corresponding to the phalanges of a 

single finger. 

 

Box 4 

 

 
 

Figure 2 

Prototype design by parts         Own Elaboration 
 

In Figures 3-5, sketches of the overall 

broad structure are presented and at various 

angles of what it will look like when completed. 

 

Box 5 

 

 
 

Figure 3 

Aerial view of the prototype 
      Own Elaboration 

 

 

 

 

 

 

 

 

Box 6 

 

 
Figure 4 
Top and side view of the prototype   
                                                            Own Elaboration 

 

Box 7 

 

 
 

Figure 5 

Rear view of the prototype         Own elaboration 

 

Actuadores 

 

In this section we will make use of the Grubler 

equation, which will help us to establish the 

number of actuators necessary to generate the 

movement in each phalanx of the prosthesis so 

that it can flex and close.  
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The Grubler equation is given as three 

times the difference of the number of links minus 

one, minus twice the number of main joints and 

the total number of higher order joints such as 

gears. 

 

G  =  3(n  −  1)  −  2jp  −  jh                          (1) 

 

Where: 

n – Total number of Links, 

Jp . Total number of main links 

Jh - Total number of higher-order links, Jh . 

 

Which, by not making use of gears in the 

prosthesis structure, takes into account that the 

number of higher order joints in equation (1) is 

equal to zero for our case: 

 

G  =  3(n  −  1)  −  2jp                                    (2) 

 

As the prosthesis only has a four-finger 

structure, we know that each finger has three 

phalanges that help to close or open the hand 

independently. We could say that these 

phalanges are the movement links, while the 

fixed part of the hand will be the palm of the 

hand, as it will remain intact during the 

mechanical movement and this also counts as a 

link and we would have a total of four links per 

finger. Therefore: 

 

n  =  4                                                               (3) 

 

The number of joints per finger, being 4 

links, will consequently have 4 joints in each link 

or phalanx. 

 

jp  =  4                                                               (4) 

 

Substituting each value into the Grubler 

equation (2) and the values of n and “jp” (3)-(4): 

 

G  =  3(4  −  1)  −  2(4)                                   (5) 

G  =  3(3)  −  8                    

G  =  9  −  8                          
G  =  1                                    
 

We obtain that for each finger of the 

prosthesis, one actuator is used to make the 

individual movement, so that the use of four 

servomotors is sufficient for the ideal movement 

of the prototype. 

 

 

 

 

Results 

 

Based on the application of mechatronic 

fundamentals, the development and construction 

of a prototype of an upper limb prosthesis is 

presented, specifically the index, middle, ring 

and little fingers. Using simple elements to 

represent the effectiveness of following the 

method, the expected movement is obtained, 

which also generates lines of research to give 

continuity to the prosthesis with resistant and 

formal elements. 

 

Box 8 
 

 
 

 
 

Figure 6 

Prototype ProHand                   Own elaboration 

 

Conclusions 

 

The development of this prosthesis can be a 

more economical solution compared to others, to 

which some people do not have access, that is 

why the use of cheaper components significantly 

reduces the cost, this can also be a drawback 

since using materials such as plastic or wood 

makes this limited the strength to support some 

materials, as well as this also makes it can not 

control the part of the wrist. 
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The realisation of a prosthesis to cover 

the need for the total loss of the upper fingers 

implemented a mechanism with a basic 

operation for the detection of objects in such a 

way that its scope was limited, improving its 

operation through the control by means of a 

mobile phone. 

 

The scope of this technology is immense, 

but the main limitation is the economic factor: 

high material costs, which make it difficult to 

access, as well as maintenance, due to intensive 

use, making it a challenge to prolong the life of 

the prosthesis. 

 

The continuity focuses on improving the 

design in a more aesthetic way, as well as its 

operation by making it possible to control it by 

voice commands, making it more accessible in 

the market. 

 

Currently there are different types of 

prostheses, most of them focused on having an 

aesthetic design, which makes the difference in 

making a bigger reach by not only making a 

technical breakthrough but also raising 

awareness of how technology can be humanised. 
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Abstract  

 

The objective of this project is to detect cognitive deterioration in the elderly, 
at the Family Medical Clinic (ISSSTE) Casa blanca, Villahermosa Tabasco. 

Cognitive Impairment is a syndrome characterized by the loss or deterioration 

of higher mental functions in different behavioral and neuropsychological 

domains, such as memory, orientation, calculation, compression, judgment, 

language, visual recognition, behavior and personality; as well as alteration in 

higher mental functions. A diagnosis will be made through an instrument to 

determine cognitive impairment, designed with the application of the Folstein 
Minimental Tool, which will be applied to 91 adult patients aged 60 years and 

older. The information from which the results of the investigation will be 

obtained will be analyzed. To determine strategies that will help older adults 

have a better quality of life. 

 

 
 

 
 

Cognitive impairment - older adult – variable 

 

 

Resumen 

 
El objetivo de este proyecto es detectar el deterioro cognitivo en el adulto  mayor,  

de la Clínica Médica Familiar (ISSSTE)  Casa blanca, Villahermosa Tabasco. El 

Deterioro Cognitivo es un síndrome caracterizado por la pérdida o deterioro de las 

funciones mentales superiores en distintos dominios conductuales y 

neuropsicológicos, tales como la memoria, orientación, cálculo, compresión, juicio, 

lenguaje, reconocimiento visual, conducta y personalidad; así como alteración en 

las funciones mentales superiores. Se realizará un Diagnostico a través de un 

instrumento, para determinar el deterioro cognitivo, diseñado con la aplicación de 

la Herramienta de Minimental de Folstein, que será aplicada a 91 pacientes adultos 

mayors de 60 años en adelante. Se analizará la información de los cuales de 

obtendrán los resultados de la investigación. Para determinar estrategias que les 

ayudarán a los adultos mayors a tener una mejor calidad de vida. 

 

 

 
 

 
Deterioro cognitivo- adulto mayor- variable 
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Detection of cognitive impairment in the older adult, Family Medical Clinic 

(ISSSTE) Casablanca, Villahermosa Tabasco 

 
Goals 

Perform a diagnosis to 

determine deterioration of 

older adults, evening shift 

Casa Blanca Family Clinic 

Analyze the information 

Obtaining Results 

Methodology 

Diagnosis, designing an 

instrument through 

Folstein's Minimental tool 

Application of the Instrument 

to 91 elderly patients. 

Analysis of the information 

obtained 

Results  

 

Contribution 

Detecting clinical cases of 

cognitive deterioration 

will benefit the institution 

and the geriatric 

population, since 

strategies can be 

implemented to reduce the 

progress of cognitive 

deterioration and improve 

the quality of life of older 

adults. 

 

Detección del deterioro cognitivo en el adulto  mayor,  Clínica Médica Familiar 

(ISSSTE)  Casablanca, Villahermosa Tabasco 

Objetivos 

Realizar un 

diagnóstico para 

determinar deterioro 

de adultos mayores, 

Analizar la 

información 

 

Obtención de 
Resultados 

 

Metodología 

Diagnóstico, diseñando 
un instrumento a través 
herramienta Minimental 

de Folstein 

 

Aplicaciòn del 

Instrumento a los 91 

pacientes adultos 

mayores 

Análisis de la 

información obtenida 

 

Resultados  

 

Contribución 

Detectando los casos 

clínicos de deterioro 

cognitivo beneficiará 

a la institución y a la 

población Geriàtrica, 

Ya que se podràn 

implementar 

estrategias para 

disminuir el progreso 

del deterioro  

cognitivo y mejorar 

la calidad de vida de 

los adultos mayores. 
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Introduction 

 

Cognitive impairment, a disorder that 

significantly affects the quality of life of millions 

of older adults worldwide, is defined according 

to the (ICD-11), as a disorder characterised by a 

significant decline in one or more cognitive 

functions, such as memory, language, thinking, 

perception, learning, attention and problem 

solving, which interferes with the individual's 

ability to perform daily activities and maintain 

independence’. 

 

INEGI (2021), comments that ‘Cognitive 

impairment in older adults is a topic of growing 

interest in the scientific and social community, 

due to its impact on quality of life and health care 

in old age. The prevalence of this phenomenon 

varies significantly by geographic region and 

age range, which underlines the need for 

context-specific studies. In the case of Latin 

America, estimates suggest that between 3.8% 

and 6.3% of people over 65 suffer from moderate 

cognitive impairment’. 

 

Dementia is a growing health problem in 

Mexico, especially among the population aged 

60 and over, with a prevalence of 7.9%. 

Significant disparities exist in terms of gender 

and geographic location. While women have a 

prevalence rate of 9.1%, men have a rate of 

6.9%. In addition, prevalence varies by area, 

being higher in rural areas (9.4%) compared to 

urban areas (7.7%). 

 

The present research, conducted at the 

Casa Blanca Family Medical Clinic in 

Villahermosa, Tabasco, between 2023 and 2024, 

focuses on the detection and prevalence of Mild 

and Older Cognitive Impairment in the older 

adult population. The main objective is to 

identify the incidence and prevalence of 

Cognitive Impairment in this population, as well 

as to determine the sex and age group most 

affected. It also seeks to analyse the relationship 

between the level of education and the presence 

of Mild and Older Cognitive Impairment.  

 

This research aims to contribute to the 

understanding of this problem and provide 

valuable information for the implementation of 

appropriate prevention and care strategies for 

this vulnerable population segment. 

 

 

 

This research project arises from the 

urgent need to detect Cognitive Impairment in a 

timely manner and to evaluate the degree of 

functionality in older adults, with the aim of 

updating demographic data and classifying its 

prevalence. The ISSSTE Family Medical Clinic, 

with its specialised elderly care module, offers 

an ideal context for this study. 

 

The Folstein Mini-Mental tool, a brief 

and simple test to assess cognitive impairment in 

adults, will be used. It was developed by Marshal 

Folstein and colleagues in 1975. The research 

first considers the generalities of the research, 

then the capitulation is considered. In the first 

chapter the Theoretical Framework is structured, 

where the theoretical foundations on which it is 

based are developed. Then the Methodology of 

the project is developed, where the type of 

research, the Measurement Instrument, the size 

of the population, the sample, among others, are 

explained. Finally, a chapter on Results is 

structured, derived from the field research with 

the instrument that was applied. 

 

Overview of the project:  

 

Background of the Research 

 

Nunn, J. F. (1996), dates the historical records 

on cognitive disorders back to antiquity. The 

Ebers Papyrus (1550 BC), one of the oldest 

known medical texts, describes a dementia-like 

condition, characterised by symptoms such as 

memory loss and confusion. Hippocrates (1931), 

in his writings, first refers to it as ‘madness’ and 

describes symptoms such as memory loss and 

confusion in the period 460-370 BC. Feldberg 

(2020) in the article ‘The role of cognitive 

reserve in the progression of mild cognitive 

impairment to dementia: a cohort study, 

explained that the Mild Cognitive Impairment 

inpatient working group in conjunction with 

Mayo Clinic (2014) made a differentiation in the 

type of mild impairment according to amnestic 

or non-amnestic impairment, plus single 

cognitive domain impairment or multiple 

cognitive domain impairment. It coexists with 

that cited by Petersen, R. C. (2008) with 

subjective memory complaints and/or reported 

by an informant, objective alterations in 

cognitive tests and/or evidence of deterioration 

over time mediated by neuropsychological tests, 

functional activities are preserved or minimally 

affected and absence of diagnostic criteria 

(DSM-IV or ICD-10) for dementia.  
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Problem Statement 

 

A study from Mexico City (INEGI, 2018) shows 

that the prevalence of Major Cognitive 

Impairment is close to 5% in those over 65 years 

of age, increasing to 45% in those over 80 years 

of age. Another study, Gaceta Médica de México 

(2015), states that the incidence of Major 

Cognitive Impairment in Mexico was 16.9 per 

1000 persons/year for the urban region and 34.2 

per 1000 persons/year for the rural region, with 

an average of 25.55 per 1000 persons/year. 

INEGI's ENOEN (2022) for the second quarter 

of 2022 estimated that in Mexico there were 17 

958 707 persons aged 60 years and over (older 

adults).  

 

This represents 14 % of the total 

population of the country. Among men, this 

percentage is 13 %; among women, it is 15 %. 

More than half (56 %) are between 60 and 69 

years old. As age increases, this percentage 

decreases: 30 % are in the 70-79 age group and 

14 % are in the 80+ age group. By sex, the 

percentage is slightly higher for men aged 60-69 

and for women aged 80 and over. 

 

In Tabasco, according to data from the 

Population and Housing Census (2020), carried 

out by the National Institute of Statistics and 

Geography, 257,525 elderly people live in the 

state, which leads to social situations that are 

already becoming evident; for example, 146,364 

people (56.83%) have some disability, 

limitation, problems and/or mental condition.  

 

Currently, an increase in the geriatric 

population has been observed, and at the same 

time there is an increase in the number of people 

with clinical characteristics of cognitive 

impairment in the elderly, dementia; 

consequently, this condition reduces the quality 

of life of the patient, the family dynamics, that of 

their caregivers, and also the considerable 

evidence that cyclically affects them.  

 

However, in the state of Tabasco there 

has not been a close monitoring and study of this 

problem. Likewise, an increase in the 

dependence of older adults on their caregivers 

has been identified, which consequently 

generates a decrease in their functionality, thus 

diminishing the quality of life of the patient and 

his or her family.  

 

 

 

Justification 

 

Currently, an increase in the geriatric population 

has been observed, and with it an increase in the 

number of people with clinical characteristics of 

cognitive impairment in the elderly, dementias; 

consequently, this condition reduces the quality 

of life of the patient, the family dynamics, that of 

their caregivers and also the considerable 

evidence that cyclically affects them. However, 

in the state of Tabasco there has not been a close 

monitoring and study of this problem. Likewise, 

an increase in the dependence of older adults on 

their caregivers has been identified, which 

consequently generates a decrease in their 

functionality, thus diminishing the quality of life 

of the patient and his or her family.  

 

The detection of clinical cases of major 

and minor cognitive impairment will make it 

possible to update epidemiological data and 

observe the correlation between these variables. 

This will benefit the institution and the geriatric 

population, as strategies can be implemented to 

slow the progression of cognitive impairment 

and improve the quality of life of older adults.  

 

General Objective 

 

To detect cognitive impairment in the elderly, 

Clínica Medica Familiar (ISSSTE) Casa Blanca, 

Villahermosa Tabasco 

 

Specific Objectives 

 

To identify the prevalence of Cognitive 

Impairment in older adult patients of the evening 

shift of the ISSSTE Clinic, Casa Blanca, 

Villahermosa, Tabasco. To determine the 

relationship between age and cognitive 

impairment in older adult patients. To identify 

the schooling of older adult patients in order to 

determine what education they have. 

 

Theoretical framework 

 

Cognitive Impairment. Cognitive impairment, 

according to ICD-11 (2018), is defined as a 

complex clinical syndrome characterised by a 

progressive loss of cognitive and emotional 

abilities, which significantly compromises the 

social and occupational functioning of the 

affected person.  
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According to the World Health 

Organisation (WHO, 2021), Cognitive 

Impairment is defined as a complex syndrome 

that affects memory, thinking and the ability to 

perform daily activities. This syndrome can be a 

consequence of various diseases or injuries that 

directly or indirectly impact on brain function.  

 

Classification of cognitive impairment 

 

According to the DSM-5(2014), published by 

the American Psychiatric Association (APA), 

cognitive impairment is classified into three 

categories:  

 

1. Cognitive Impairment Spectrum 

Disorder (CDSD): Characterised by a 

mild loss of cognitive functions, which 

does not significantly affect daily life.  

 

2. Cognitive Impairment Spectrum 

Disorder Moderate (CMDD): 

Characterised by a moderate loss of 

cognitive function, which affects daily 

living and social and occupational 

activities. 

 

3. Severe Cognitive Impairment 

Spectrum Disorder (SCID): 

Characterised by a severe loss of 

cognitive function, requiring constant 

assistance to perform daily activities. 

 

The Clinical Practice Guideline for the 

Diagnosis and Treatment of Cognitive 

Impairment in the Elderly identifies the 

following categories: 

 

Mild cognitive impairment: 

characterised by a mild loss of cognitive 

functions, which does not significantly affect 

daily life.  

 

Moderate cognitive impairment: 

characterised by a moderate loss of cognitive 

functions, affecting daily life and social and 

occupational activities.  

 

Severe cognitive impairment: 

Characterised by a severe loss of cognitive 

functions, requiring constant assistance to 

perform daily activities. 

 

Causes of cognitive impairment. 

Cognitive impairment can be caused by a variety 

of factors.  

Here are some of the most common 

causes: Neurodegenerative causes. Alzheimer's 

disease (World Health Organization, 2021). 

Frontotemporal dementia (American Psychiatric 

Association, 2013). Dementia with Lewy bodies 

(National Institute of Health, 2020).  

 

Vascular causes. Cerebrovascular 

disease (stroke) (World Health Organization, 

2019). Chronic cerebral vascular disease 

(American Psychiatric Association, 2013). 

 

Traumatic causes. Traumatic brain 

injury (National Institute of Health, 2020). 

Concussion (American Psychiatric Association, 

2013).  

 

Infectious causes. Meningitis (World 

Health Organization, 2021). Encephalitis 

(National Institute of Health, 2020).  

 

Metabolic and nutritional causes. 

Vitamin B12 deficiency (American Psychiatric 

Association, 2013). Iron deficiency (World 

Health Organization, 2021) 

 

Older adult. Definition of older adults 

 

The United Nations (UN) defines an older adult 

as a person who has reached the age of 60 years 

or older (UN, 2020). 

 

Classification of older adults. World 

Health Organization (2015) classification: 

young older adult 60-74 years, old older older 

adult 75-84 years and very old older adult: 85 

years or older. United Nations classification 

(2020): Older adult 60-79 years, Advanced older 

adult 80-89 years and Very old older adult 90 

years and over. International Association of 

Gerontology and Geriatrics (2015) 

classification: Young Older Adult 60-69 years, 

Middle Older Adult 70-79 years, Older Older 

Adult 80-89 years and Very Old Old Older Adult 

90 years or more.  

 

Classification of older adults, according 

to Dr. Rosalía Rodríguez García (2011), an 

expert in gerontology, is as follows: Young older 

adult 60-69 years, Middle older adult 70-79 

years, Old older adult 80-89 years, Very old 

older adult 90-99 years and Centenarian older 

adult 100 years or more. Definition of 

prevalence:  
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Prevalence is defined as the proportion of 

people suffering from a disease or condition in a 

given population during a specific period 

(WHO, 2019). Author Porta (2014) mentions it 

as ‘The proportion of individuals in a population 

who have a disease or condition at a given time 

or period’. Folstein Mini-Mental Test Tool. The 

Folstein Mini-Mental is a short and simple test 

to assess cognitive function in adults. It was 

developed by Marshal Folstein and colleagues in 

1975. 

 

Box 1 

 

Figure 1 

Evolution for a person's cognitive function 

 
Objective Assessing a person's cognitive 

function 

Score 0-30 points 

Assessed 

areas 

Orientation, memory, attention, 

calculation, language, visuospatial 

construction skills. 

Duration 10-15 minutes 

Application In a comfortable place free of 

distractions. 

 
Source: Folstein, M. F., y McHugh, P. R. 1975. 

 

The Folstein Mini-Mental is a useful tool 

for: Assessing cognitive function in older adults, 

Screening for dementia and other cognitive 

disorders, Monitoring disease progression and 

Evaluating the effectiveness of treatments.  

 

Interpretation of Folstein’s Minimental 

score. Total score: 30 points. 24-30 points: 

Normal. The person shows no signs of cognitive 

impairment. 20-23 points: Mild cognitive 

impairment. The person may have mild 

difficulties with memory, attention or language. 

15-19 points: Moderate cognitive impairment. 

The person may have moderate difficulties in 

memory, attention, language and problem 

solving. 10-14 points: Severe cognitive 

impairment.  

 

The person may have severe difficulties 

in memory, attention, language and problem 

solving. 0-9 points: Profound cognitive 

impairment. The person may present very severe 

difficulties in memory, attention, language and 

problem solving. 

 

 

 

 

 

Methodology 

 

Designand type of study 

 

The research approach applied in this research 

project is mixed, as it involves the quantitative 

approach because it focuses on the collection 

and analysis of numerical data obtained from the 

results of the Mini mental survey; as well as the 

qualitative approach as it focuses on the 

collection and analysis of non-numerical data in 

order to understand social phenomena. Taking 

into account the author Fernández, C., & 

Baptista, P. (2014) 

 

Likewise, taking into account the 

comments of the author Hernández, Fernández 

and Baptista (2014), the type of research used is 

cross-sectional because it was only carried out in 

a single measurement. It is considered a 

descriptive research as it does not seek to 

establish causal relationships, it focuses on the 

description of variables and its most prevalent 

characteristic is that it uses descriptive statistical 

methods, as cited by the authors Fernández, C., 

& Baptista, P. (2014).  

 

It is a cross-sectional research as it is 

carried out at a specific time, a population or 

sample is studied at a single point in time, 

descriptive and analytical in nature as it 

performs an analysis of the relationship between 

the variables Fernández, C., & Baptista, P. 

(2014). It is also an ‘analytical’ type of research 

according to Tamayo & Tamayo (2014) because 

it is the detailed study of variables and 

relationships between them, statistical analysis 

to identify patterns and trends. Study population 

and sample.  

 

This study will focus on the population of 

older adults attending the gerontological module 

of the evening shift at the Casa Blanca Family 

Medical Clinic in the city of Villahermosa, 

Tabasco state, Mexico. The study population is 

composed of older adults attending the 

gerontological module of the evening shift. A 

total population of 91 people is estimated, 

including both genders (male and female) and a 

wide range of schooling levels (from primary 

school to PhD).  

 

The universe of this study is made up of 

older adults attending the evening shift of the 

Gerontological module of the Casa Blanca 

Family Medical Clinic.  
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The research focuses on the detection of 

cognitive impairment and the evaluation of 

functionality in this population. Characteristics 

of the universe: Population. Older adults of the 

evening shift of the Gerontological module. 

Location. Casa Blanca Family Medical Clinic. 

Size of the universe. 91 people. Study or 

Research Variables. Cognitive Impairment. 

Type of sampling: Probabilistic sampling. Since 

the study universe is clearly defined and 

relatively small (91 persons), a total population 

study will be conducted. Therefore, no sample 

size calculation is required. Figure 2 shows the 

Operational Description of the independent 

variables. 

 

Box 2 

 

Figure 2 

Operational Description of Variables 
 

Variable 

name 

Definition Type of 

variable 

Unit of 

measureme

nt 

Sex Biological 

characteristi

c that 

determines 

gender 

Cualitativa Man 

Woman 

Age The amount 

of time a 

person has 

lived 

Cuantitativ

o 

Number in 

years 

 

Level of 

educatio

n 

The average 

level of 

schooling 

allows us to 

know the 

level of 

education of 

a given 

population. 

 

Cualitativa 

Primary 

Secondary 

High School 

Technical 

career 

Bachelor's 

degree 

Postgraduate 

 
Source: Own Elaboration. 2024 

 

Techniques and procedures to be used 

 

The research technique used in this study is the 

Field Technique, which will allow the necessary 

information to be obtained and recorded at the 

Casa Blanca Family Medical Clinic. For data 

collection, the following tool will be used: 

Folstein's Minimental Test: to evaluate the 

cognitive state of the participants. The 

application of this tool will be carried out by 

means of direct surveys to the participants, 

guaranteeing the confidentiality and anonymity 

of the information collected.  

 

Statistical Processing and Analysis. It 

was carried out as follows: The instruments 

(surveys) applied will be evaluated and rated 

according to the scores established in each scale. 

Subsequently, the results will be recorded in an 

Excel database for their organisation and 

statistical analysis. Descriptive tables and graphs 

will be drawn up to visualise the distribution of 

different variables, which will make it possible: 

Identify trends and patterns in the data, Analyse 

the relationship between the variables studied 

and Present the results in a clear and concise 

manner. 

 

An Instrument was designed through the 

tool, Folstein's Minimental Folstein's Test, 

which is shown in Figure 3. 

 

Box 3 

 
Folstein minimental 

Assessment criterion: One point will be awarded for each 

correct answer. 

Name: _______________________________ 

Age: ______ Sex_____________ 

Can you read? (Yes/No) ______ Can you write? (Yes/no) 

______________  

Education ___________________ Comorbidity 

_________________________________________ 

 

1. Time orientation Points 

Please read and write what is being asked 

What year is it?   

What day of the week is it (e.g. 

Monday, Tuesday or Thursday)? 

  

What month is it?   

What time is it approximately?   

What season is it (e.g. spring, 

summer)? 

  

 

Total score:___/__ 

 

2. Spatial Orientation:             

Listen only to the answer and place a tick if the answer is 

correct.                                                

Where are we located (clinic, office 

or hospital)? 

  

What floor are we on?   

What neighbourhood is this?   

What city is this?   

What country is this?   

 

Total score: ___________ 

 

3. Fixation - immediate recall: 

I am going to tell you 3 objects, when I am finished I want 

you to please repeat it 

(Put a tick if the word was correct and please put an "x" if 

the word was incorrect.:  

Paper Bicycle Cuchara 

   

 

Total score: ___________ 
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4. Attention and calculation: 

I am going to ask you to subtract by 7 from 100 (Place "x" 

if the subtraction was correct or incorrect). 

 Schooling > 8 years 
Number (remainder - 7) Correct Incorrect 

93   

86   

79   

72   

65   

 

Schooling < 8 years (I am going to ask you to subtract 3 

by 3 starting from the number 20. 
Number (remainder - 7) Correct Incorrect 

17   

14   

11   

8   

5   

 

Total score: _________ 

 

5.- Deferred memory: 

Tell me the three objects you mentioned at the beginning 

(tick if the statement is correct or incorrect).)  

Object Correct Incorrect 

Paper   

Bicycle   

 Spoon   

                                                                                                                                                                                        
Total score: _____                                   

Please copy this drawing as it is shown here (value 1 

point))  

                                  
 Total score: _____ 

 

Show two objects and ask What is this (e.g. pen, pencil, 

watch, pencil, etc.)?). 

Object Correct Incorrect 

Biros   

Watch   

                                                                                                                                            

Total score: _____ 

 

Now I am going to tell you a sentence that you will have 

to repeat after me. I can only say it once, so pay close 

attention (max. value 1 point).) 

 

Ni No, Ni Sí, Ni Pero 

Total score: _____ 

 

6.- Language: 

I am going to give you some instructions. Please follow 

them in the order I am going to tell you. S 

 

I can only give you the instruction once (place "X" if the 

instruction was performed correctly and incorrectly). 

 

 

 

 

Instrucción  Correct Incorrect 

1. 1. Take this paper 

in your right hand. 

  

2. 2. Fold the 

paper in half. 

  

3. 3. And leave it on 

the ground. 

  

 

Please do as it says here (max. value 1 point)): 

Close Your Eyes 

                                                                                                                                                                       
Total score: _____ 

Please write a sentence that tells a message (max. value 1 

point) 

______________________________________________

______________________________________________

________________________ 

Total score: _____ 

 

Total sum of items: __________ 

Interpretation: 

Score 27 to 30: Normal 

Score 25 to 26: Probable Impairment 

Score 10 to 24: Mild to moderate Cognitive Impairment 

Score 6 to 9: Moderate to severe cognitive impairment 

Score <6: Dementia 

Figure 3. Folstein's Minimental Test 

Source: Folstein, M. F., and McHugh, P. R. 1975. 

 

Results 

 

Figure 4 shows the data with the application of 

the Folstein's Minimental Test, applied to the 91 

adult patients over 60 years of age. According to 

the classification established by the Folstein's 

Minimental Test in relation to the score obtained 

by each of the patients when the instrument was 

applied. The diagnosis is established as: Normal, 

probable impairment, mild to moderate 

cognitive impairment, moderate to severe 

cognitive impairment and severe cognitive 

impairment dementia. 

 

Box 4 

 

Figure 4 

Score for Cognitive Impairment 

 
Score Deterioration 

27 a 30 Normal 

25 y 26 Probable impairment 

10 a 24 Mild to moderate impairment 

6 a 9 Moderate to severe impairment 

<6 Severe dementia 

 
Source: Mini-Mental. Medical Newsroom. Retrieved 2 

October 2024. 

 

Figure 5 shows information collected 

from the instrument on the relationship between 

age and Cognitive Impairment.  
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For the female sex. In this figure it can be 

seen that 68 older adults of the female sex were 

surveyed. Of which 18 of them have a normal 

impairment, which represents 26.5% of this sex. 

It was detected that 14 of them have probable 

impairment, which is 20.6%, and 36 women 

were identified as having mild to moderate 

impairment, which represents 52.9%. It can be 

seen that the highest percentage of women suffer 

from mild to moderate cognitive impairment. 

 

Figure 6 shows the relationship between 

age and Cognitive Impairment. For the male sex. 

Of the total number of patients surveyed (91), 23 

of them are male. Out of which 9 of them have 

normal cognitive impairment, which is 39.1 % of 

them. One of them has probable impairment, i.e. 

4.3% and 13 of the males have mild to moderate 

cognitive impairment with 56.5%. 

 

Figure 7 shows the cognitive impairment 

of the 91 adults over 60 years of age who were 

surveyed, according to sex.  

 

Box 5 

Figure 5 

Cognitive impairment in older adults, female. 

 
Age Normal Likely 

deterioration 
Mild to 

moderate 

deterioration 

Moderate to 

severe 

impairment 

Severe 

dementia 
Total 

60  1    1 

63 2 1 1   4 

64 1 1 1   3 

65   1   1 

66 1 1    2 

67   2   2 

68 1     1 

70 3     3 

71 1 1    2 

72   1   1 

73 1  4   5 

74 2  1   3 

75  1 1   2 

76 1 3 1   5 

78 3 1 2   6 

79   2   2 

80  3 2   5 

81   2   2 

82 1  3   4 

83 1  2   3 

84  1 2   3 

85   1   1 

86   1   1 

87   1   1 

89   2   2 

90   1   1 

95   1 1  2 

Total 18 14 35 1  68 

 

Source: Own Elaboration. 2024 

 

Figure 7 also shows that the female 

patients surveyed were 68 and 23 men. This 

represents 74.7% of women and 25.3% of men. 

It can be seen that the most frequently detected 

cognitive impairment in older adults is mild to 

moderate impairment with 52.74%, with 38.46% 

of women. 

 

 

Box 6 

 

Figure 6 

Cognitive impairment in older adults, Male 

 
Age Normal Likely 

deterioration 

Mild to 

moderate 

deterioration 

Moderate to 

severe 

impairment 

Severe 

dementia 

Total 

60 1     1 

62   1   1 

65 1     1 

71 1     1 

73 1  1   2 

75   2   2 

79 1     1 

80 1     1 

81   1   1 

82   1   1 

85 1  2   3 

86 1     1 

88   2   2 

91  1 1   2 

93   1   1 

95   1   1 

96 1     1 

Total 9 1 13   23 

 
Source: Own Elaboration. 2024 

 

Box 7 

 

Figure 7  

Cognitive Impairment in Older Adults, by Sex 

 
Cognitive Impairment Sex 

F 

Sex M Total 

Normal 18 9 27 

Probable impairment 14 1 15 

Mild to moderate impairment 35 13 48 

Moderate to severe impairment 1 0 01 

Severe Dementia    

TOTAL 68 23 91 

 
Source: Own Elaboration. 2024 

 

Figure 8 shows the schooling of the 91 

patients surveyed. It can be seen that 25.3% of 

the patients have incomplete primary education, 

which is the most common level of schooling 

 

Box 8 

 

Figure 8  

Schooling of older adult patients 

 
Schooling Patients 

None  2 

Completed Primary School 12 

Primary Incomplete 23 

Completed Secondary School 13 

Secondary Incomplete  3 

High School Complete 16 

High School Incomplete  2 

Bachelor's Degree 16 

Master's Degree  3 

Doctorate  1 

Total 91 

 
Source: Own Elaboration. 2024 
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Conclusions 

 

In the present investigation, it was determined 

that cognitive impairment through the 

application of a test instrument, the  Minimental 

In the Folstein study of 91 older adult patients on 

the evening shift at the ISSSTE Casa Blanca 

Family Medical Clinic in Villahermosa, 

Tabasco, the cognitive impairment most 

frequently identified was mild to moderate with 

52.74%, meaning that people may have 

moderate difficulties in memory, attention, 

language and problem solving. In the research it 

is in women where the greatest mild to moderate 

cognitive impairment is detected with 38.46%. 

In relation to the schooling of the patients 

considered in the sample, the most frequent 

study is incomplete primary education, 

occurring in 25.3% of the sample considered. It 

is possible to have: 

 

Improvements in medical care 

 

Early assessment and diagnosis: Implement a 

programme of early detection of cognitive 

impairment, specifically assigned in the first two 

weeks of the month to identify patients in the 

early stages of the disease, applied by resident 

doctors and previously trained health personnel. 

Personalised care plan: Develop a personalised 

care plan for each patient with cognitive 

impairment, including specific goals and 

strategies to achieve them. 

 

Regular monitoring: Conduct regular 

monitoring of patients' cognitive and functional 

status on a bimonthly basis to adjust the care plan 

as needed. 

 

Improvements in nursing care 

 

Training in care of patients with 

cognitive impairment: Provide training to nurses 

and care staff on care of patients with cognitive 

impairment. 

 

Symptom assessment and management: 

Teaching patients and their primary caregivers 

how to assess and manage symptoms of 

cognitive impairment, such as anxiety, 

depression and agitation. 

 

Promoting autonomy: Promoting the 

autonomy of patients with cognitive impairment, 

enabling them to carry out daily activities and 

make decisions about their care. 

 

Emotional and psychological support 

 

Provide emotional and psychological support to 

patients with cognitive impairment, caregivers 

and their family. 

 

Education and training: Provide 

education and training to patients and their 

caregivers about cognitive impairment, its 

management and care. Support group formation: 

Facilitate access to community resources, such 

as support groups and home care services, for 

patients with cognitive impairment and their 

caregivers. 
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