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Abstract  
 

This paper presents the design and development of an automated antibacterial gel 

dispenser with IoT capabilities for hand disinfection and body temperature 

monitoring, intended for access control in private spaces. All collected data are 

stored in a dedicated database. The system was developed using Arduino IDE, XAMPP, 

Blynk, Autodesk Eagle, Autodesk Fusion 360, and OnShape, integrating sensors such as 

the MLX90614, FC-51, and AS608. A compact PCB was designed using Autodesk 

Eagle, while a simple, easy-to-assemble enclosure was modeled with OnShape. A 

local server was configured using XAMPP to store data in a MySQL database via 

a PHP script, and the ESP32 microcontroller ensured the overall functionality of 

the dispenser. The device allows switching between user registration mode, stored data 

visualization, and standard operation mode, all controlled via the Blynk platform. This 

system promotes hygiene habits and enables early disease detection. It is currently 

operational at the Technological Center of Aragón, in the Measurement and 

Instrumentation Laboratory of the FES Aragón [UNAM]. 
 

 
IoT, Dispensers, Hygiene 

 

Resumen 
 

El presente trabajo describe el diseño y desarrollo de un dispensador automatizado 

de gel antibacterial con IoT para la desinfección de manos y medición de 

temperatura corporal acceso en espacios privados, cuyos datos se almacenan en una 

base de datos. Se usaron Arduino IDE, XAMPP, Blynk, Autodesk Eagle, Autodesk 

Fusion 360 y OnShape, con sensores MLX90614, FC-51 y AS608. Se diseñó una 

PCB compacta con Autodesk Eagle y un gabinete sencillo de ensamblar con 

OnShape. Con XAMPP se gestionó un servidor local para almacenar datos en 

MySQL mediante un archivo PHP, mientras que la tarjeta ESP32 garantizó la 

funcionalidad del dispensador. El equipo permite alternar entre registro de usuarios, 

visualización de registros en memoria o modo estándar, todo controlado mediante 

Blynk. Fomenta hábitos de higiene y la detección temprana de enfermedades. 

Actualmente opera en el Centro Tecnológico Aragón, en el laboratorio de Medición 

e Instrumentación de la FES Aragón [UNAM]. 
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Introduction 

 

The implementation of an access control system 

with automated antibacterial gel dispensing, 

based on IoT technologies, requires the 

integration of sensors, transistors, and an ESP32 

microcontroller to automate identity verification, 

presence detection, temperature measurement, 

and stable power supply.  

 

This project emerged as a response to the 

health emergency caused by the SARS-CoV-2 

virus, whose first case in Mexico was reported in 

February 2020, leading to actions such as the 

"Jornada Nacional de Sana Distancia," 

implemented on March 23 of that year [Cervera, 

2021]. Campo [2020] mentions that since the 

onset of the pandemic, museums, galleries, and 

other cultural venues had to adapt to new and 

diverse forms of creation, implementing various 

measures to avoid contagion.  

 

This aligns with  Archivo General de la 

Nación [2021], which states that the virus 

responsible for COVID-19 is transmitted 

through three mechanisms: droplets, aerosols, 

and contact. However, because not all public and 

private spaces can provide handwashing stations 

with soap and water which is the most effective 

practice for preventing COVID-19 transmission 

according to the Pan American Health 

Organization OPS [2020], one of the main 

preventive measures was the strategic placement 

of dispensers to encourage use and reduce 

infections [Castañeda & Hernández, 2016]. 

Deploying automated gel dispensers in high-

traffic areas helps reduce infection risks while 

ensuring compliance with sanitary regulations in 

such environments [Aguilar, 2021].  

 

The proposed dispenser addresses three 

main areas of application for automation 

technologies as defined by Ayón y Maldonado 

[2023],  management, efficiency, and prevention. 

These are fulfilled through access logging, 

accurate equipment measurements, and the 

prevention of disease transmission in private 

spaces. People often forget to sanitize their 

hands in critical situations, such as returning 

home after being out, entering school classrooms, 

or accessing their workplaces [Samyoun et al., 

2021].  

 

Devices like these can be highly useful 

when placed at building entrances to reduce the 

risk of spreading viruses indoors.  

According to Lupión et al., [2014], 

healthcare-associated infections are a significant 

public health issue worldwide, and proper hand 

hygiene, along with correct glove use, are key 

preventive measures. Factors contributing to 

poor hygiene include long working hours and 

lack of access to sanitizing tools, such as gel 

dispensers and sinks [Costa & Braga, 2024]. 

Thus, offering a compact device with gel 

dispensing capability proves to be a valuable 

solution. Automated dispensers are used in 

various public-facing spaces such as offices 

[Ortiz, 2023].  

 

Due to their small size, these devices can 

be installed in numerous locations, including 

public transportation services. In the event of a 

future pandemic, they could be deployed in 

transport cabins, helping to curb the rapid spread 

of disease while supporting the continuity of 

essential sectors like logistics [Aguagallo, 2021]. 

Such devices promote hand hygiene and help 

develop the habit of hand sanitization without 

wasting water, making hand cleaning more 

accessible. According to Tejada et al., [2021], a 

large portion of the global population lacks the 

habit of washing hands after using the restroom. 

Many people also do not know the correct 

technique for efficient handwashing or lack 

basic resources such as clean water. These 

challenges could be alleviated by the use of 

antibacterial gel. These technologies can benefit 

private companies in areas such as healthcare, 

research, and security purposes [Burgueño, 

2025].  

 

As Robalino-Tibán [2025] points out, in 

Latin America, small and medium-sized 

enterprises face a significant failure rate within 

their first five years. This phenomenon is 

attributed to the limited adoption of 

technological innovations and the lack of a 

reference framework for process management, 

among other factors. IoT-based solutions can 

enhance the early detection of COVID-19 and 

other illnesses with fever as a symptom, while 

reducing the workload on healthcare workers 

and minimizing their exposure risk [Leng et al., 

2024]. Since the beginning of the pandemic, 

significant resources have been invested in IoT 

technologies to mitigate its effects. This includes 

systems for remote work and education, activity 

monitoring, employee tracking, and 

collaborative work platforms—many of which 

are still in use five years later [Umair et al., 

2021].  
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Using IoT technologies, Palma y Rojas 

[2025] suggest that, through digital evolution, 

there has been an increase in the use of 

technological tools for data capture, validation, 

storage, and transfer. These tools can enable 

significant advancements in the monitoring of 

patients with illnesses or comorbidities, allowing 

for the collection of essential data so that 

physicians can assess a patient's health status 

without exposing them to the risks of leaving 

home, spreading infections, or worsening their 

own condition [Corso, 2021]. In this project, the 

ESP32 microcontroller coordinates input and 

output signals and provides wireless 

connectivity [Wi-Fi and Bluetooth] for data 

transmission and remote communication with 

other devices. The growing demand for IoT 

devices is due to increasing user reliance on such 

technologies, especially in work environments, 

leveraging connectivity and internet access to 

monitor, control, store, and visualize data 

remotely [Lozada et al., 2024]. Since the onset 

of the COVID-19 pandemic, global research 

communities have worked to develop a wide 

range of technologies aimed at addressing future 

pandemic threats through IoT [Nasajpour et al., 

2020]. Additionally, developing IoT-based 

devices contributes to scientific knowledge and 

supports the creation of new and innovative 

systems and equipment [Flores et al., 2023].  

 

This particular project features a device 

that captures fingerprints and measures body 

temperature without physical contact using the 

MLX90614 sensor, which detects infrared 

radiation from the body and transmits the data 

via I2C communication [SDA/SCL]. This 

information, along with the activation of the gel 

dispenser, is shown on a 16x2 I2C LCD, which 

simplifies connections using only four pins. To 

switch loads like the motor and protect the 

ESP32, TIP31C and 2N2222A transistors are 

used, while an LM7805 voltage regulator 

stabilizes the power supply to 5V from a 12V 

source. This system provides an integrated, 

automated solution for access control, hygiene, 

and thermal monitoring, ideal for settings that 

require sanitary safety and electronic security. 

 

The device developed here registers 

fingerprints and measures temperature without 

physical contact, using the MLX90614 infrared 

sensor. It communicates via I2C [SDA/SCL], 

and displays system information on a 16x2 I2C 

LCD, reducing pin usage and simplifying 

connections.  

To safely drive the motor and protect the 

ESP32, TIP31C and 2N2222A transistors are 

used, while a LM7805 voltage regulator ensures 

a stable 5 V output from a 12 V power source. 

Altogether, this design delivers an effective and 

automated solution for access control, hygiene 

promotion, and temperature monitoring, ideal 

for educational and workplace settings. 

 

Objective 

 

Development and implementation of a gel 

dispenser with biometric access control via 

fingerprint sensor and IoT integration, aimed at 

preventing the spread of infections in public and 

private spaces. This system also supports the 

creation of digital learning materials in the 

Electrical and Electronic Engineering Program 

at FES Aragón, UNAM, by enabling students to 

apply programming skills and work with sensors 

and actuators in Electronic Instrumentation 

courses. Additionally, the device contributes to 

early fever detection, facilitates access control 

for the academic community, and enhances 

hands-on learning through the practical 

application of IoT technologies. 

 

Hypothesis 

 

If an electronic device is implemented to record 

temperature, monitor attendance, and dispense 

antibacterial gel, it will enable the timely 

detection of potential infectious diseases such as 

COVID-19, H1N1, H5N1, among others, 

thereby reducing the spread of infections in 

academic and workplace settings. Additionally, 

it will encourage students at FES Aragón to 

develop socially impactful projects through the 

use of IoT technologies. 

 

Methodology and Development 

 

The project was developed at the Centro 

Tecnológico Aragón [FES Aragón, UNAM], 

beginning with the individual functional 

verification of the sensors, with emphasis on the 

MLX90614, which was configured to detect 

only human body temperatures with high 

accuracy in the range of 0 °C to 50 °C. An LCD 

display was then integrated for local data 

visualization, and communication with the 

Blynk platform was established, enabling remote 

system control through a graphical interface.  
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 Widgets were configured with virtual 

pins to switch between operational modes: 

“Verify” [main mode], “Register user” [V0], 

“Show users” [V1], and data entry [V3], all 

managed via the ESP32 board connected 

through Wi-Fi, as shown in Figure 1. 

 

Box 1 
 

 
Figure 1 

Blynk Control Panel configured for the gel 

dispenser's fingerprint sensor 
 

The system’s sensors were integrated and 

validated, starting with the FC-51, adapted for 

short-range object detection, and the AS608, 

capable of storing up to 127 fingerprint records. 

The LCD display and I2C interface shared the 

SDA/SCL lines with the MLX90614 sensor. The 

ESP32’s Wi-Fi connection was established, and 

transistors were implemented as external 

interrupts to ensure stable communication with 

Blynk. Subsequently, a microSD module was 

added for data storage, the power stage was 

configured to activate the motor for 3 seconds, 

and all components were integrated on a 

breadboard, following a validated schematic 

design, as shown in Figure 2. 

 

Box 2 
 

 
Figure 2 

Digital schematic of the sensors and electronic 

components integrated into the gel dispenser 

system.  

 

As shown in Figure 3, the MLX90614 

and FC-51 sensors were connected, and their 

readings were verified through the serial monitor 

to ensure they were accurate and appropriate for 

infection prevention. Subsequently, the LCD 

display was integrated to visualize the data both 

locally and through the serial monitor. 

 

Box 3 
 

 
Figure 3 

Breadboard testing using an ESP32 

connected to the MLX90614 infrared 

temperature sensor, FC-51 infrared module, 

I2C interface, and a 16x2 LCD screen 

 

The AS608 fingerprint sensor was 

integrated, validating accurate fingerprint 

registration, storage, and recognition. External 

interrupts were configured, and a microSD 

module was added to back up the data in case of 

power failures. A daily log of verifications was 

also implemented. Figure 4 shows the 

components added during this stage. 

 

Box 4 
 

 
Figure 4 

Prototype testing on a breadboard using an ESP32 
microcontroller connected to an MLX90614 

temperature sensor, FC-51 infrared module, I2C 

interface, and 16x2 LCD display, with the 
integration of the AS608 fingerprint sensor, 

microSD module, and interrupt transistors. 

 

https://doi.org/10.35429/JEA.2025.12.33.1.1.14
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The connection between the motor and 

the ESP32 was established using an LM7805 

voltage regulator and a Darlington configuration 

with 2N2222A and TIP31C transistors, 

controlled by the FC-51 sensor. The motor is 

activated for three seconds to dispense gel and is 

protected by a 1N4004 diode. LEDs were added 

to indicate access status: green for authorized 

and red for denied. Finally, communication with 

the database was verified, confirming the 

successful logging of events. Figure 5 illustrates 

this stage 

 

Box 5 
 

 
Figure 5 

Prototype testing on a breadboard using an ESP32 

connected to all sensors, the peristaltic pump 

motor, and a traffic light-style LED indicator. 

 

The database was configured using the 

XAMPP platform. This software package 

enables the installation of a local server that 

includes Apache, MySQL [used in this project], 

and PHP support, facilitating the development 

and management of local databases. Thanks to 

this integration, it was possible to store and 

efficiently retrieve the records generated by the 

system. Figure 6 shows the general structure of 

the working environment configured with 

XAMPP. 

 

Box 6 
 

 
Figure 6 

XAMPP control panel with Apache and MySQL 

services succesfully initialized. 

 

 For this particular project, an ESP32 

board is used to register device usage by 

identifying the user through an AS608 

fingerprint reader and measuring their body 

temperature with the MLX90614 sensor. Both 

pieces of data are sent and stored in a MySQL 

database hosted locally on a server implemented 

using XAMPP.  

 

 The system's workflow consists of 

several stages. In the first stage, Identification 

and Measurement, the fingerprint reader verifies 

the user's identity by retrieving their name from 

a preloaded list stored on the microSD card. 

Then, the temperature sensor measures the 

user’s body temperature before allowing access 

to the gel. 

 

 In the second stage, Data Transmission 

via HTTP, the ESP32 sends the captured data 

[name and temperature] through a POST HTTP 

request to a PHP file hosted on the Apache server 

[XAMPP], using the local URL: 

http://192.168.1.80/Dispensador_project/info_h

uellas.php. In the third stage, PHP Processing, 

the PHP file receives the request and establishes 

a connection to the MySQL database using the 

appropriate parameters. In the fourth stage, 

Database Insertion, the processed data is inserted 

into the defined project table through an SQL 

query. 

 

 In the fifth stage, Storage and Query, the 

information is recorded in the database, allowing 

future viewing or analysis via phpMyAdmin, a 

web application, or even from the ESP32 itself 

through new HTTP requests. For database 

management, phpMyAdmin was used to create a 

database named “registro_de_huellas” and a 

table named “registro”, which includes four 

columns: ID [an auto-incremented primary key], 

Name [identified user], Temperature [value in 

°C], and Datetime [exact date and time of 

registration].  

 

 The structure and functionality of this 

table can be seen in Figure 7. Thanks to the use 

of XAMPP, the system operates completely 

locally, without relying on cloud servers, making 

it an efficient, secure, and flexible solution for 

educational environments. 

 

 

 

 

 

https://doi.org/10.35429/JEA.2025.12.33.1.1.14
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Box 7 
 

 
Figure 7 

phpMyAdmin interface displaying the 

designated project database, with sample 

entries from the access log table. 

 

The PCB wiring was designed with an 

emphasis on orderly and functional component 

layout. The power ports and the microSD 

module were positioned at one end, while the 

power stage, ESP32, and sensors were primarily 

arranged on the bottom layer of the board.  

 

Specifically, the FC-51 and MLX90614 

sensors were placed on the lower side to 

facilitate front-facing detection of presence and 

temperature. On the top layer, visual output 

elements were placed, with the LCD screen 

centered as much as possible. The I2C adapter 

was located at the top, and the indicator LEDs 

were positioned beside the screen to make 

system status easier to read.  

 

Once the final layout was defined, the 

connection traces were generated with varying 

widths depending on the type of signal. Power 

traces [12 V, 5 V, and 3.3 V] were designed with 

a thickness of approximately 32 mil to withstand 

possible current spikes and prevent structural 

damage from overheating. Additionally, ground 

planes were created on both the top and bottom 

layers to facilitate current return paths and 

reduce electromagnetic noise.  

 

To improve electromagnetic immunity, 

stitching vias were incorporated, acting as 

decoupling elements between layers, especially 

along data and communication lines. 

Furthermore, ceramic SMD capacitors were 

added to help attenuate noise generated during 

system operation. Figure 8 shows the final 

component layout and trace distribution on the 

PCB. 

 

 

 

Box 8 
 

 
Figure 8 

Overview of the PCB layout design, including 

the routing of tracks and signal paths. 

 

After verifying the correct placement of 

components, the proper routing of traces, the 

positioning of vias, and the absence of 

interference between drill holes and traces, a 3D 

model of the PCB was generated. This step 

aimed to visually validate the physical layout of 

all elements in the design, using Autodesk Eagle 

for the schematic and trace design, and Autodesk 

Fusion 360 for the three-dimensional modeling.  

The dimensions of the components were 

carefully reviewed to ensure accurate 

representation and to prevent errors during the 

manufacturing stage. Once the virtual assembly 

of components and sensors was completed, the 

final visualization of both sides of the board was 

obtained, as shown in Figure 9. 

 

Box 9 

 
Figure 9 

The project’s PCB design featuring 3D models of 

all integrated components. 

 

When designing the PCB, the enclosure 

was modeled using its exact dimensions to 

ensure a precise fit and mechanical stability. 

Considerations were made for motor vibration 

absorption and the alignment of visual elements 

such as the LCD. In the final design, the top side 

of the PCB aligns with the front face of the 

enclosure, ensuring both functionality and 

ergonomic usability, as shown in Figure 10. 

https://doi.org/10.35429/JEA.2025.12.33.1.1.14
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Box 10 

 
Figure 10 

Enclosure designed in OnShape, displayed 

from a three-quarter perspective showing both 

lateral sides. 

 

To secure the PCB to the enclosure, a 

mounting system was implemented using 

support posts equipped with M3 threaded metal 

inserts, complemented by side rails that allow for 

the insertion of a plastic separation plate. This 

plate serves as both an additional support 

structure and an insulator between the 

electronics and the gel dispensing system.  

 

The decision to incorporate this isolation 

was made to protect the PCB from potential gel 

spills, which could cause short circuits and 

irreversible damage to the circuit. Moreover, the 

structure provides a secondary mechanical 

safeguard in case the posts give way due to the 

weight of the board and its components. The 

implementation of this system is shown in 

Figure 11. 

 

Box 11 
 

 
Figure 11 

Front internal view of the enclosure designed 

based on the PCB layout as a structural 

reference 

 

 

An M-type thread for plastics was 

implemented at the top of the enclosure to allow 

the placement of various antibacterial gel 

containers. This solution facilitates the refilling 

process by enabling the user to easily replace or 

refill the bottle without requiring additional tools. 

For the thread design, precision measuring 

instruments such as a vernier caliper were used 

to determine the pitch, crest depth, and total 

length. Additionally, technical reference 

information [Envases Pepsa, 2024] was 

consulted to establish the proper thread profile 

angles. The thread was modeled in OnShape 

using the "sweep" tool, which requires a path and 

a cross-sectional profile. A helical path was 

defined along with a reference plane, as shown 

in Figure 12, generating the necessary thread to 

ensure secure fastening of the bottle to the 

dispenser body. 

 

Box 12 
 

 
Figure 12 

‘M’-type profile designed for bottle fittings, 

including the parameters used in the creation of the 

threaded connection for the gel reservoir. 
 

A specific support for the fingerprint 

sensor was also required. A simple structure was 

designed based on the sensor's negative volume, 

utilizing the lateral channels present in its casing 

to create a sliding guide that improves fixation 

and facilitates assembly within the enclosure. On 

the other hand, the peristaltic pump could not be 

integrated directly into the main body of the 

enclosure because it obstructed the insertion of 

the plastic isolating plate, complicating 

assembly. As a solution, a removable and 

slidable internal base was designed, taking 

advantage of the rails previously incorporated 

into the device's interior. This base consists of 

two parts [upper and lower] which, combined 

with a pair of M3 screws and fastening nuts, 

ensure the motor's stability against the vibrations 

generated during its operation, as shown in 

Figure 13. 

https://doi.org/10.35429/JEA.2025.12.33.1.1.14
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Box 13 
 

 
Figure 13 

Rear perspective of the enclosure highlighting 

the allocated mounting area for the peristaltic 

pump motor 

 

Figure 14 shows the final assembly result, 

with all components correctly placed on their 

respective sides of the PCB, as planned during 

the design phase. 

 

 The front side features the LCD display, 

its I2C module, and on the side, the indicator 

LEDs [green and red]. On the back side, the 

temperature, presence, and fingerprint sensors 

were integrated, along with the microSD module, 

power components, and decoupling capacitors. 

 

Box 14 

 
Figure 14 

Final outcome of the fully assembled PCB, 

with all components soldered in place — front 

and rear views included.   

 

Figure 15 confirms that the PCB design 

and manufacturing were successful, as all 

components function correctly with no failures 

in the sensors or in the connection with the Blynk 

platform or the database. This validates the 

integrity of the assembly and the reliability of the 

system. 

 

 

 

 

Box 15 
 

 
Figure 15 

Verification test confirming proper soldering 

of sensors and components, ensuring the PCB 

is free of faults or errors. 

 

Due to its complexity and size, the 

printing sequence began with the enclosure, 

considering critical features such as the bottle 

thread. As shown in Figure 16, the enclosure was 

fabricated using an Ender 3 V2 Neo 3D printer, 

with an estimated 16 hours of continuous 

printing and approximately 200 g of PLA 

filament. A layer height of 0.28 mm was used to 

optimize print time without compromising the 

design's functionality. 

 

Box 16 
 

 
Figure 16 

Enclosure 3D printed with the Ender 3 V2 Neo 

printer 

 

After printing the enclosure, the support 

base for the peristaltic pump was manufactured, 

designed to absorb the vibrations generated 

during operation and prevent disconnections or 

unexpected failures. Subsequently, the isolating 

plate was printed, serving to electrically separate 

the electronic section from the gel dispensing 

area, providing greater structural stability and 

protection against potential spills. Finally, the 

rear cover was produced, intended to protect the 

internal components from external contact and to 

allow the dispenser to be mounted on a wall. The 

result of each of these elements can be seen in 

Figure 17. 

 

 

https://doi.org/10.35429/JEA.2025.12.33.1.1.14
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Box 17 

 
Figure 17 

Peristaltic pump mount, insulation plate and 

rear panel of the enclosure 

 

As shown in Figure 18, after removing 

the printing supports, M3 metal inserts were 

placed at the mounting points to ensure durable 

fastening. These were installed using heat and 

served as alignment guides. The PCB and rear 

cover were secured using M3 x 10 mm screws, 

and the isolating plate was mounted via rails, 

routing the cables from the peristaltic pump and 

the AS608 sensor. Both components were then 

fixed to the enclosure, with the hose directed 

toward the lower dispensing channel and the 

threaded bore for the bottle. Finally, the 

enclosure was closed and the gel bottle was 

screwed into place, completing the assembly. 

 

Box 18 
 

 
Figure 18 

Fully assembled enclosure including the PCB, 

fingerprint sensor and gel reservoir, with the 

system powered up. 
 

Results 
 

Figure 19 presents the flowchart that 

summarizes the operation of the developed 

system. When the device is powered on, the 

configuration variables are initialized, and the 

LCD screen is activated, followed by an attempt 

to connect to the WiFi network.  

If unsuccessful, the system enters a loop 

until the connection is established, at which 

point it displays "Connection successful" on the 

screen and prints the credentials via the serial 

port. Next, it links to the Blynk platform, 

initializes the AS608 fingerprint sensor 

[repeating the operation in case of failure], and 

proceeds with the verification of the MLX90614 

temperature sensor, displaying "Sensor error" if 

unresponsive and "Temperature sensor OK" if 

operating correctly. The system then 

synchronizes the time with the NTP server, a 

requirement for timestamping events. Upon 

completion, it displays "NTP time synchronized 

successfully." Finally, the microSD module is 

initialized; in case of an error, a visual alert is 

issued, but this does not block program 

execution.  

 

Once the hardware verification is 

complete, the system checks the selected 

operating mode via Blynk, which can be: Verify 

Mode, Register Mode, or Show Users Mode. In 

Register Mode, the user is prompted for an ID 

[1–127] and personal data via a text box, after 

which they are guided through instructions like 

"Place your finger," "Remove your finger," and 

"Place your finger again" to complete the 

biometric registration. 

 

In Show Users Mode, registered IDs are 

displayed on the LCD screen in ascending order, 

repeating the sequence until the corresponding 

switch is deactivated. Verify Mode is the default 

setting; when a fingerprint is detected, if it 

matches a record, the system displays the 

message "Welcome + name," requests a 

temperature reading via the presence sensor, and 

based on the detected value, if it exceeds 37°C, 

the red LED is activated, "Fever detected" and 

"Access denied" messages are shown, and the 

flow returns to the beginning.  

 

If the temperature is between 25°C and 

37°C, the green LED lights up, "Dispensing gel" 

is displayed, the peristaltic pump activates for 3 

seconds, and the message "Record OK" appears 

along with temperature, date, and time data. The 

data is then sent to the database via a PHP script 

and stored on the microSD card. If the 

fingerprint is not recognized, the system displays 

"Access denied" and returns to the scanning 

node, thus closing the dispenser's operating 

cycle. 
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Box 19 
 

 

 

 

 
 

Figure 19 

Flow diagram of the fingerprint-activated gel 

dispensing system. 

 

Once the dispenser assembly was 

completed, functional tests were carried out to 

validate its proper performance. The evaluation 

protocol included user registration in various 

contexts: domestic, work, and educational, to 

verify both biometric identification and data 

transmission and storage in the MySQL database, 

as shown in Figure 20. For the tests, the 

MLX90614 [temperature] and FC-51 [presence] 

sensors were calibrated to operate effectively at 

a distance of 1.5 to 2 cm, while the AS608 

fingerprint sensor performed best when the 

finger was placed centrally, firmly, and flat, fully 

covering the sensor surface.  

The tests were conducted with a diverse 

group of users—men and women—across 

different environments, allowing for the 

collection of a broad range of data. All records 

were stored on both the microSD card and the 

database, making them available for future 

analysis or monitoring. Regarding 

environmental conditions, tests in domestic and 

educational settings were carried out in well-

ventilated spaces, while workplace tests were 

conducted in more enclosed areas with less 

ventilation. Despite these variations, the 

temperature readings remained within a 

consistent range, with no significant deviations. 

A digital thermometer was used to validate the 

measurements. 

 

Box 20 
 

 
Figure 20 

Test evidence captured in domestic, 

professional, and educational settings. 

 

Figure 21 shows the distribution of 

temperatures obtained during the testing period. 

A clear concentration of values is observed 

between 28°C and 32°C, which corresponds to 

the expected range for the surface temperature of 

extremities such as the palm under normal 

environmental conditions. This behavior 

validates the use of the MLX90614 infrared 

sensor for non-invasive detection applications, 

as a preliminary mechanism before granting 

access to controlled spaces.  
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Unlike core body temperatures [oral, 

axillary, or rectal], which range between 36.1°C 

and 37.2°C, extremities usually register lower 

values due to physiological processes like 

peripheral vasoconstriction and greater exposure 

to the environment [Kräuchi et al., 1997; Nadel 

et al., 1971]. Studies indicate that in temperate 

environments, hand temperature may range from 

27°C to 34°C, with 32°C being a common value 

in resting, healthy hands [Togawa, 1985]. This 

distribution, along with the low standard 

deviation obtained [2.47°C], reflects high 

consistency in the sensor's behavior and proper 

implementation of the thermal system, aligning 

with the device's objectives. It also shows the 

relationship between the reading index and the 

recorded temperature. The red line represents the 

fitted linear regression, with a slope near zero 

[0.0021], confirming that there is no increasing 

or decreasing trend over time, indicating the 

sensor’s stability and reliability. The coefficient 

𝑅2 = 0.0213 and its square root confirm very 

low correlation, as is desirable in measurements 

not influenced by time or registration order. 

 

Box 21 
 

 

Figure 21 

Scatter plot of recorded temperatures with 

linear regression line. 

 

A simple linear regression model was 

fitted to analyze the temperature trend relative to 

the registration index, with the following 

equation: 

 

𝑦 = 0.0021x + 29.2237  
 

Coefficient of determination 𝑅2 = 0.0213. The 

low correlation indicates no significant linear 

trend between the registration index and 

temperature. Square root of √𝑅2 = 0.1459 . 

This confirms a weak linear association, as 

expected from a stable sensor. The statistical 

summary shows: Mean = 29.58°C, Median = 

30.10°C, Mode = 30.30°C, Standard deviation = 

2.47°C, Variance = 6.12, Range = from 22.9°C 

to 34.7°C, Coefficient of variation [CV] = 8.37%. 

Figure 22 shows the distribution of 

recorded temperatures throughout the testing 

period. A concentration of data is observed 

between 28°C and 32°C, indicating that most 

measurements fall within a healthy range. 

Vertical lines are included representing: Mean 

[dashed red]: 29.58°C, Median [dashed green]: 

30.10°C, Mode [dashed purple]: 30.30°C. The 

KDE curve reinforces the notion of a near-

normal distribution. 

 

Box 22 
 

 
Figure 22 

Histogram of recorded temperatures 

 

The chart in Figure 23 compactly 

displays data dispersion and possible outliers. 

Vertical lines indicate: Mean [dashed blue], 

Minimum value [dotted black], Maximum value 

[dark red dotted]. A symmetric distribution with 

few outliers is evident, reflecting a stable sensor 

response and high-quality measurements. 

 

Box 23 
 

 
Figure 23 

Boxplot of recorded temperatures, showing 

the outliers, which are observations that 

deviate significantly from the rest of the data 

 

Conclusions 

 

The project successfully met its objectives by 

developing an automated gel dispenser with 

biometric control and IoT integration, focused 

on disease prevention through peripheral 

temperature measurement and hand disinfection.  

 

https://doi.org/10.35429/JEA.2025.12.33.1.1.14
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The MLX90614 sensor demonstrated 

high accuracy and stability, while the AS608 

sensor enabled reliable user management, even 

after system resets, ensuring orderly and secure 

records. A hybrid storage system was 

implemented [microSD and local database], 

enhancing data integrity in case of failures.  

 

During validation, 404 individual 

temperature measurements were collected, 

enabling a cross-sectional statistical analysis. 

The data reflected a distribution consistent with 

the thermal behavior of the extremities, showing 

low variability and no artificial trends, validating 

the use of the sensor for non-invasive thermal 

pre-screening. It is acknowledged that individual 

factors such as metabolism, diet, circulation, and 

blood conductivity influence thermal response, 

and should be considered in future system 

enhancements.  

 

The automated gel dispensing following 

biometric verification promotes hygiene without 

reliance on water, making it particularly useful 

in resource-limited environments.  

 

The device was successfully tested in 

educational contexts and is currently operating 

in the Measurement and Instrumentation 

Laboratory at FES Aragón, UNAM, receiving 

positive feedback for its functionality and 

sanitary impact. Its compact, easy-to-install 

enclosure makes it accessible for various 

environments. Inspired by the COVID-19 

pandemic, the project aims to promote hygiene 

habits and sustainable preventive measures.  

 

It is recommended to extend its 

application to high-traffic spaces and explore 

improvements such as touchscreen integration 

and dual-core processing with the ESP32, 

enhancing both performance and user 

experience, particularly for older adults. 
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Abstract 
 

Type 2 Diabetes Mellitus [T2DM] is a global public health concern due to its 

growing prevalence and silent progression. This study presents the development 

and validation of a predictive model based on artificial neural networks [ANN] 

using multivariate, non-invasive data. The model integrates three data sources: 

near-infrared spectroscopy [NIRS] for estimated glucose levels, plantar pressure 

sensors [FSR] for neuropathy indicators, and a digital lifestyle questionnaire 

[IMEVID]. After preprocessing and training using a stratified dataset of adults 

without previous diagnosis, the ANN achieved 82 % accuracy, with high sensitivity 

and a Receiver Operating Characteristic Area Under the Curve [ROC-AUC] of 0.89. 

Compared to traditional methods like logistic regression, the proposed model 

demonstrated superior performance in classifying individuals at high or low risk. 

These results demonstrate the potential of non-invasive, AI-based screening tools 

to identify early-stage metabolic dysfunction, enabling timely preventive 

interventions. This approach may be especially useful in community-based or 

resource-limited settings to support public health decision-making. 

 

 
Type 2 Diabetes mellitus, artificial intelligence, non-

invasive prediction 

Resumen 

 
La diabetes mellitus tipo 2 [DM2] es un problema de salud pública a nivel mundial 

debido a su creciente prevalencia y progresión silenciosa. Este estudio presenta el 

desarrollo y validación de un modelo predictivo basado en redes neuronales 

artificiales [RNA], utilizando datos multivariados y no invasivos. El modelo integra 

tres fuentes de datos: espectroscopía de infrarrojo cercano [NIRS] para estimar 

niveles de glucosa, sensores de presión plantar [FSR] como posibles indicadores de 

neuropatía y un cuestionario digital de estilo de vida [IMEVID]. Tras el 

preprocesamiento y el entrenamiento con un conjunto de datos estratificado 

de adultos sin diagnóstico previo, la RNA alcanzó una precisión del 82 %, con 

alta sensibilidad y un área bajo la curva ROC [AUC, por sus siglas en inglés] 

de 0.89. En comparación con métodos tradicionales como la regresión 
logística, el modelo propuesto demostró un mejor desempeño en la clasificación 

de individuos con riesgo alto o bajo. Estos resultados respaldan el potencial de 

herramientas de tamizaje no invasivas basadas en IA para intervenciones 

preventivas oportunas. 
 

 
Diabetes mellitus tipo 2, Inteligencia artificial, 

predicción no invasiva 
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Introduction 

 

Type 2 diabetes mellitus [T2DM] is a chronic 

metabolic disorder characterized by persistent 

hyperglycemia due to defects in insulin secretion, 

insulin action, or both. It currently represents 

one of the leading causes of morbidity and 

mortality worldwide, with an alarming increase 

in low- and middle-income countries [World 

Health Organization, 2016]. According to the 

International Diabetes Federation [IDF], the 

number of affected adults is projected to reach 

783 million by the year 2045, highlighting the 

urgent need for effective prevention strategies 

[International Diabetes Federation, 2021]. 

 

Traditionally, the diagnosis of T2DM has 

been based on clinical tests such as fasting 

plasma glucose [FPG], oral glucose tolerance 

test [OGTT], and glycated hemoglobin [HbA1c] 

[American Diabetes Association, 2023].  

 

While these tests are useful for 

confirming diabetic status, they have limitations 

for early risk detection, as they tend to identify 

the disease in more advanced stages of metabolic 

dysfunction [Bonora & Tuomilehto, 2011; 

Guerrero-Romero & Rodríguez-Morán, 2005]. 

This has driven the search for alternative 

methods capable of predicting the risk of T2DM 

at earlier stages, when interventions can be more 

effective. 

 

In this context, the growing availability 

of biomedical data—from electronic health 

records and medical imaging to wearable and 

ambient biosensors—has laid the foundation for 

the application of artificial intelligence [AI] and 

machine learning in health prediction tasks. 

These technologies enable the development of 

multimodal models capable of capturing 

complex interactions among clinical, 

physiological, and behavioral variables, 

surpassing the limitations of traditional 

statistical approaches [Acosta et al., 2022].  

 

The use of supervised and unsupervised 

algorithms enables the modeling of complex 

interaction patterns among clinical, 

physiological, and lifestyle variables, surpassing 

the limitations of traditional statistical methods 

[Beam & Kohane, 2018].  

 

 

 

Recent studies have demonstrated the 

effectiveness of techniques such as logistic 

regression, artificial neural networks [ANN], 

and unsupervised clustering [K-means] in 

predicting the risk of chronic diseases, including 

T2DM [Kavakiotis et al., 2017; Lai et al., 2019]. 

 

Moreover, recent advances in non-invasive 

technologies have enabled the detection of 

glucose-related biomarkers through 

near-infrared [NIR] spectroscopy. Han et al. 

[2017] proposed a differential correction method 

designed to reduce background spectral 

variations—such as those caused by light source 

drift, temperature, and skin interface—thus 

improving the accuracy of glucose measurement 

using NIR signals. 

 

Among these non-invasive approaches, 

plantar pressure analysis has gained increasing 

attention due to its potential to detect early-stage 

diabetic foot complications. A recent study 

demonstrated that smart insoles embedded with 

pressure sensors, combined with machine 

learning algorithms, can accurately distinguish 

between healthy and diabetic feet during 

dynamic activities such as walking. This 

capability not only improves early risk 

stratification but also opens the door to real-time 

monitoring and preventive interventions in home 

settings [Agrawal et al., 2024]. 

 

This paper presents the construction and 

validation of a multivariate predictive model 

based on machine learning techniques, using 

data obtained through non-invasive methods and 

demographic characteristics associated with 

T2DM risk.  

 

The main objective is to evaluate the 

technical feasibility of an early prediction 

system that can be implemented in community 

screening strategies or personalized preventive 

monitoring. 

 

Methodology 

 

This study is classified as applied and 

quantitative research, with an observational, 

cross-sectional, and predictive design, focused 

on the development of an artificial intelligence 

model to estimate T2DM risk using multivariate 

data collected through non-invasive sensors and 

a digital clinical questionnaire.  

 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7
https://apps.who.int/iris/handle/10665/204871
https://apps.who.int/iris/handle/10665/204871
https://diabetesatlas.org/atlas/tenth-edition/
https://doi.org/10.2337/dc23-S002
https://doi.org/10.2337/dc11-s216
https://doi.org/10.1038/s41591-022-01981-2
https://doi.org/10.1001/jama.2017.18391
https://doi.org/10.1016/j.csbj.2016.12.005
https://doi.org/10.1186/s12902-019-0436-6
https://doi.org/10.1177/0003702816685335
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The methodology was structured into 

five stages: data collection, preprocessing, 

variable selection, model construction, and 

performance evaluation. 
 

1. Data collection 
 

The target population consisted of adult 

individuals aged between 30 and 50 years, 

without a previous diagnosis of T2DM, residing 

in the state of Coahuila, Mexico. Sampling was 

non-probabilistic by convenience, and data 

collection was carried out in a controlled 

environment at the Faculty of Mechanical and 

Electrical Engineering [FMEE] of the 

Autonomous University of Coahuila. 

Participants were evaluated using a structured 

clinical questionnaire and sensory devices 

designed to capture key physiological 

information. 
 

Multivariate data were obtained from 

three sources, as follows: 

 

- A modified version of the digital 

IMEVID questionnaire, collecting 

information on family history, dietary 

habits, physical activity level, substance 

use, and clinical symptoms. 

- A NIRS sensor, used to estimate 

capillary glucose levels. 

- A plantar insole equipped with FSR 

sensors, designed to measure pressure 

distribution in key foot areas as an 

indicator of peripheral neuropathy. 

 

The full data acquisition and processing 

flow is represented in Figure 1, which 

graphically summarizes the components of the 

implemented predictive system. 

 

Box 1 
 

 
Figure 1 

Data capture and analysis system diagram for 

T2DM risk prediction 
      Source: Own elaboration 

 

2. Data preprocessing 

 

The collected data were organized and prepared 

for analysis using Python tools [pandas, NumPy, 

and scikit-learn]. Categorical variables such as 

sex and presence of symptoms were encoded 

using LabelEncoder, while numerical variables 

like glucose and plantar pressure were 

standardized using StandardScaler. Incomplete 

records were removed, and consistency and 

cleanliness of the final dataset were verified.  

 

Subsequently, the data were split into 

two subsets: 80% for training and 20% for 

testing, using the train_test_split function with a 

fixed random seed, to ensure reproducibility and 

evaluate the model under objective conditions. 

 

3. Variable selection and transformation 

 

Based on the collected variables, a continuous 

output variable was generated to represent the 

T2DM risk index. This variable was constructed 

from a weighted combination of the IMEVID 

score, estimated glucose values, and plantar 

sensor readings. It was then transformed into a 

binary category [“low risk” and “high risk”] 

using the average of the training set as the 

threshold. 

 

Box 2 
 

 
Figure 2 

Glucose distribution for T2DM risk prediction 

      Source: Own elaboration 

 

4. AI Model construction 

 

The model was built using a multilayer artificial 

neural network [ANN] programmed in Keras.  

 

The architecture consisted of: 

 

- An input layer with a number of neurons 

equal to the number of variables. 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7
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- Three dense hidden layers with ReLU 

activation [50, 30, and 15 neurons 

respectively]. 

 

An output layer with 3 neurons and 

Softmax activation for multiclass classification 

[no risk, tendency, confirmed diagnosis]. 

 

The model was trained using the Adam 

optimizer and the binary_crossentropy loss 

function. To prevent overfitting, EarlyStopping 

was implemented, stopping training when the 

validation loss did not improve for 10 

consecutive epochs. The final model was saved 

in HDF5 format under the name 

modelo_diabetes.h5, allowing future reuse 

without retraining. 

 

Box 3 
 

 
Figure 3 

Neural network architecture diagram used in 

the model. 
Source: Own elaboration 

 

5. Model evaluation 

 

The model’s performance was evaluated using 

two approaches. First, regression metrics such as 

Mean Squared Error [MSE] and the coefficient 

of determination [R²] were calculated. Second, 

the predicted values were transformed into 

binary labels to perform a classification analysis 

based on accuracy, sensitivity, specificity, 

confusion matrix, and ROC Area Under the 

Curve [AUC]. These metrics were compared 

with the results of a logistic regression model 

used as a baseline, highlighting the advantage of 

the neural network approach for this type of 

multivariate problem. 

 

Additionally, to visually illustrate the 

model’s behavior during evaluation, Figure 4 

presents the ROC curve generated from the test 

set, showing the model’s ability to discriminate 

between the "low risk" and "high risk" classes, 

with an AUC close to 0.89, thus quantitatively 

supporting its predictive performance. 

Box 4 
 

 
 

Figure 4 

ROC curve of the binary predictive model for 

T2DM risk 
Source: Own elaboration 

 

Results 

 

After the training and validation process, the 

ANN-based model achieved strong overall 

performance in classifying the risk of developing 

T2DM. The implemented architecture, designed 

with three hidden layers and an output layer 

using the Softmax function, was trained using 

multivariate data from non-invasive sensors 

[NIRS and FSR] and the IMEVID digital clinical 

questionnaire. 

 

The model was evaluated through five-

fold cross-validation and compared with 

conventional algorithms such as logistic 

regression, support vector machines [SVM], and 

random forests.  

 

The ANN exhibited the best performance, 

achieving a mean squared error [MSE] of 0.015 

and a sensitivity of 0.729. These metrics support 

its selection as the final model, offering a 

superior balance between accuracy and early risk 

detection capacity. 

 

In multiclass classification, the model 

identified three risk categories: no apparent risk 

[class 0], tendency toward T2DM [class 1], and 

compatible diagnosis with T2DM [class 2]. The 

detailed performance by class is summarized in 

Table 1, with an overall accuracy of 82 %, recall 

of 82 %, and F1-score of 0.81, indicating a solid 

balance between identifying positive cases and 

reducing false positives. 

 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7
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Box 5 
Table 1 

Class-wise results of the ANN model 
 

Class Precision Recall 
F1-

score 

0 – no apparent risk 0.91 0.91 0.91 

1 – tendency toward T2DM 0.80 0.62 0.70 

2 – compatible diagnosis 
with T2DM 

0.76 0.93 0.84 

Source: Own elaboration 

 

The model’s discrimination capacity was 

confirmed through ROC curve analysis, which 

showed AUC values of 0.99 for the no-risk class, 

0.83 for the intermediate class, and 0.90 for the 

diagnosed T2DM class [Figure 4]. These values 

reflect the model’s excellent ability to 

distinguish between different risk profiles. 

 

The confusion matrix in Figure 5 

revealed accurate classification in classes 0 and 

2, while classification errors were concentrated 

in class 1. From a preventive perspective, this 

misclassification is even favorable, as it tends to 

classify individuals with borderline profiles as 

positive, thereby fulfilling the system’s early 

detection objective. 

 

Box 6 
 

 
 

Figure 5 

Confusion matrix of the model 
      Source: Own elaboration 

 

The results obtained are consistent with 

the findings of Agrawal et al. [2024], who 

demonstrated that plantar pressure sensors 

combined with machine learning algorithms 

enable accurate differentiation between diabetic 

and healthy feet, highlighting their usefulness 

for real-time monitoring.  

Similarly, the multivariable approach 

used in this study aligns with that proposed by 

Lai et al. [2019], where the integration of clinical, 

demographic, and lifestyle data through 

supervised models significantly improved 

predictive capacity. This convergence indicates 

that the model developed in the present research 

is aligned with current best practices and 

reinforces its validity for real-world applications. 

Furthermore, unlike traditional studies based 

solely on clinical or biochemical parameters, the 

present work incorporates real-time 

physiological inputs captured through wearable 

plantar pressure sensors, offering a novel 

approach for early detection outside of clinical 

settings [Totaganti et al., 2023]. 
 

Conclusions 
 

This study demonstrated the feasibility of 

implementing a multivariate predictive model 

supported by artificial intelligence to estimate 

the risk of developing Type 2 Diabetes Mellitus 

[T2DM] using non-invasive data. The model, 

based on an artificial neural network [ANN] and 

fed with information obtained from NIRS and 

FSR sensors, along with the IMEVID 

questionnaire, achieved competitive 

performance—with an overall accuracy of 82% 

and appropriate discrimination across different 

risk levels. 
 

The results confirm that the combination 

of emerging biomarkers and lifestyle variables 

improves early detection of T2DM risk. The 

model’s accurate classification of individuals 

with no risk and those with a confirmed 

diagnosis, along with a consistent tendency to 

identify intermediate-stage subjects as positive, 

reinforces the system’s utility in preventive 

contexts. Moreover, the cross-validation applied 

to the model and its comparison with other 

algorithms [such as logistic regression, SVM, 

and random forests] showed that the proposed 

ANN offers a more robust solution to the 

complexity of multivariate data. This approach 

represents a step forward toward accessible, 

personalized, and non-invasive screening tools 

with potential for implementation in community 

settings or as a complement to public health 

strategies.  
 

For future work, it is recommended to 

expand the population sample, incorporate new 

physiological variables, and explore more 

complex architectures to further increase model 

precision. 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7
https://doi.org/10.3390/technologies12110231
https://doi.org/10.1186/s12902-019-0436-6
https://doi.org/10.1016/j.matpr.2023.04.236


6 

Journal of Engineering Applications                                                               12[33]1-7: e21233107 

Article 
 

 
 

ISSN: 2410-3454. 

RENIECYT: 1702902 

ECORFAN® All rights reserved. 

 

Rodríguez-Silva, Jesús Rolando, Pérez-Briones, Nancy Griselda, 

Ventura-Sobrevilla, Janeth Margarita and Boone-Villa, Victor Daniel. 

[2025].  Predictive model for Type 2 Diabetes Risk using Artificial 

Intelligence and multivariate data. Journal of Engineering Applications. 

12[33]1-7: e21233107. 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7 

Declarations 

 

Conflict of interest 

 

The authors declare no interest conflict. They 

have no known competing financial interests or 

personal relationships that could have appeared 

to influence the article reported in this article. 

 

Author contribution 

 

Rodríguez-Silva, Jesús Rolando: Conceived the 

project, designed and implemented the neural 

network architecture, developed and integrated 

the non-invasive sensors, and led the overall 

execution of the predictive system. 

 

Pérez-Briones, Nancy Griselda: Collaborated in 

the design and adaptation of the IMEVID digital 

questionnaire used for lifestyle data collection. 

 

Ventura-Sobrevilla, Janeth Margarita: 

Conducted statistical analysis, assisted in model 

evaluation, and contributed to the interpretation 

of results and performance metrics. 

 

Boone-Villa, Victor Daniel: Contributed to the 

manuscript writing and review, prepared the 

figures and diagrams, and supported the 

comparative analysis with baseline models. 

 

Availability of data and materials 
 
The datasets generated and analyzed during the 

current study are available from the 

corresponding author upon reasonable request. 

Due to privacy considerations, raw data 

containing personal or sensitive information 

have been anonymized prior to analysis. 

 
Funding 

 

This research was partially funded through the 

project FONCYT-COAH-2022-C19-C020, 

titled "Desarrollo de un dispositivo auxiliar no 

invasivo para la medición de presión plantar en 

el diagnóstico preventivo de la diabetes tipo 2 en 

adultos coahuilenses", supported by the Fondo 

para el Desarrollo de la Ciencia y la Tecnología 

del Estado de Coahuila [FONCYT], under the 

2022 Call – Modality C, granted by the Consejo 

Estatal de Ciencia y Tecnología de Coahuila 

[COECYT]. The funding supported the 

development and integration of the plantar 

pressure sensor system based on Force Sensing 

Resistor [FSR] technology. 

Acknowledgements 

 

We thank the Universidad Autónoma de 

Coahuila for the support and facilities provided 

for the completion of this project. 

 

Abbreviations 

 

AI  Artificial Intelligence 

AUC  Area Under the Curve 

ANN  Artificial Neural Network 

T2DM  Type 2 Diabetes Mellitus 

FPG Fasting Plasma Glucose 

FSR  Force Sensing Resistor 

HbA1c Glycated Hemoglobin 

IMEVID Instrument for Measuring 

Lifestyle in Diabetics 

MSE  Mean Squared Error 

NIRS  Near-Infrared Spectroscopy 

OGTT Oral Glucose Tolerance Test 

ReLU Rectified Linear Unit 

ROC  Receiver Operating 

Characteristic 

R² Coefficient of Determination 

SVM  Support Vector Machine 

 

References 

 
Antecedents 

 

World Health Organization. [2016]. Global 

report on diabetes.  

 

International Diabetes Federation. [2021]. IDF 

diabetes atlas [10th ed.].  

 

Basics 

 

American Diabetes Association. [2023]. 

Classification and diagnosis of diabetes. 

Diabetes Care, 46[Suppl. 1], S19–S40.  

 

Bonora, E., & Tuomilehto, J. [2011]. The pros 

and cons of diagnosing diabetes with 

A1C. Diabetes care, 34 Suppl 2[Suppl 2], S184–

S190.  

 

Guerrero-Romero, F., & Rodríguez-Morán, M. 

[2005]. Diagnosis of diabetes mellitus. Revista 

Médica del IMSS, 43[4], 325–332. 

 

Acosta, J. N., Falcone, G. J., Rajpurkar, P., & 

Topol, E. J. [2022]. Multimodal biomedical AI. 

Nature Medicine, 28[11], 1773–1784.     

 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7
https://apps.who.int/iris/handle/10665/204871
https://apps.who.int/iris/handle/10665/204871
https://diabetesatlas.org/atlas/tenth-edition/
https://diabetesatlas.org/atlas/tenth-edition/
https://doi.org/10.2337/dc23-S002
https://doi.org/10.2337/dc11-s216
https://doi.org/10.2337/dc11-s216
https://doi.org/10.2337/dc11-s216
https://doi.org/10.1038/s41591-022-01981-2


7 

Journal of Engineering Applications                                                               12[33]1-7: e21233107 

Article 
 

 
 

ISSN: 2410-3454. 

RENIECYT: 1702902 

ECORFAN® All rights reserved. 

 

Rodríguez-Silva, Jesús Rolando, Pérez-Briones, Nancy Griselda, 

Ventura-Sobrevilla, Janeth Margarita and Boone-Villa, Victor Daniel. 

[2025].  Predictive model for Type 2 Diabetes Risk using Artificial 

Intelligence and multivariate data. Journal of Engineering Applications. 

12[33]1-7: e21233107. 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7 

Beam, A. L., & Kohane, I. S. [2018]. Big data 

and machine learning in health care. JAMA, 

319[13], 1317–1318.  

 

Supports 

 

Kavakiotis, I., Tsave, O., Salifoglou, A., 

Maglaveras, N., Vlahavas, I., & Chouvarda, I. 

[2017]. Machine learning and data mining 

methods in diabetes research. Computational 

and Structural Biotechnology Journal, 15, 104–

116.  

 

Han, G., Yu, X., Xia, D., Liu, R., Liu, J., & Xu, 

K. [2017]. Preliminary Clinical Validation of a 

Differential Correction Method for Improving 

Measurement Accuracy in Noninvasive Blood 

Glucose Using Near‑Infrared Spectroscopy. 

Applied Spectroscopy, 71[9], 2177–2186.  

 

Differences 

 

Totaganti, N. V. S. K., Basha, S. M., Kumar, D. 

P., & Rao, G. V. P. [2023]. Prediction of type-2 

diabetes mellitus using supervised machine 

learning algorithms. Materials Today: 

Proceedings, 84[Part 6], 2036–2041.  

 

Discussions 

 

Agrawal, D. K., Jongpinit, W., Pojprapai, S., 

Usaha, W., Wattanapan, P., Tangkanjanavelukul, 

P., & Vitoonpong, T. [2024]. Smart Insole-

Based Plantar Pressure Analysis for Healthy and 

Diabetic Feet Classification: Statistical vs. 

Machine Learning 

Approaches. Technologies, 12[11], 231.  

 

Lai, H., Huang, H., Keshavjee, K., Guergachi, A., 

& Gao, X. [2019]. Predictive models for diabetes 

mellitus using machine learning 

techniques. BMC endocrine disorders, 19[1], 

101.  

 

https://doi.org/10.35429/JEA.2025.12.33.2.1.7
https://doi.org/10.1001/jama.2017.18391
https://doi.org/10.1001/jama.2017.18391
https://doi.org/10.1016/j.csbj.2016.12.005
https://doi.org/10.1016/j.csbj.2016.12.005
https://doi.org/10.1177/0003702816685335
https://doi.org/10.1177/0003702816685335
https://doi.org/10.1177/0003702816685335
https://doi.org/10.1177/0003702816685335
https://doi.org/10.1016/j.matpr.2023.04.236
https://doi.org/10.1016/j.matpr.2023.04.236
https://doi.org/10.1016/j.matpr.2023.04.236
https://doi.org/10.3390/technologies12110231
https://doi.org/10.3390/technologies12110231
https://doi.org/10.3390/technologies12110231
https://doi.org/10.3390/technologies12110231
https://doi.org/10.3390/technologies12110231
https://doi.org/10.1186/s12902-019-0436-6
https://doi.org/10.1186/s12902-019-0436-6
https://doi.org/10.1186/s12902-019-0436-6


1 

Journal of Engineering Applications                                                             12[33]1-11: e31233111 

Article 
 

 
 

Improvement proposal continues developing the EFQM and Hoshin Kanri models 

in the parmaceutical industry 

 

Propuesta de mejora continúa desarrollando los modelos EFQM y Hoshin Kanri en 

la industria farmacéutica 
 

Dorantes-Benavidez, Humberto * a
, Gutiérrez-Lugo, Lucía Monserrat b, Martínez- Cruz, Miguel Ángel c 

and Núñez-Martínez, Gisela d 
 
a  Tecnológico Nacional de México TESOEM - Instituto Politécnico Nacional Esime Zacatenco •  KFQ-2120-2024 • 

 0000-0003-1490-1873 •  776677 
b  Tecnológico Nacional de México – Tecnológico de Estudios Superiores del Oriente del Estado de México •  ODK-

8171-2025 •  0000-0002-8238-0806  
c  Instituto Politécnico Nacional – Esime Zacatenco •  ADX-7792-2022 •  0000-0002-4431-9262 •  208501 
d  Instituto Politécnico Nacional – Esime Zacatenco •  KMA-1141-2024 •  0009-0009-7581-1039 •  1003771 

 

Classification:  

 

Area: Engineering 
Field: Engineering 

Discipline: System engineer 

Subdiscipline: Systems and quality 

 

 https://doi.org/10.35429/JEA.2025.12.33.3.1.11 
History of the article: 

Received: May 30, 2025 

Accepted: September 30, 2025 

 

*  [humber.dorantes@tesoem.edu.mx]

Abstract 
 

This research proposes the incorporation of the Hoshin Kanri process and the 

EFQM model as an improvement strategy in the pharmaceutical industry. Both 

methodologies will provide a comprehensive approach, which is a constant in the 

process of making boxes of medicines for this industry, one of the elements of 

evaluation is the absence of strategic planning, since it is an international problem, 

for this purpose the present research proposes both methodologies to address the 

problem of returns and delays in deliveries,  The results shown are encouraging, 

going from 79.88% compliance to 92.30% satisfaction, and steadily reducing the 

rate of delays in deliveries from 28% to 19.19%. By implementing both 

methodologies, Through the Cycle [PDCA], feedback actions will be promoted 

with a systemic and strategic approach promoting continuous improvement in the 

organization.  

 

 

EFQM Model, Hoshin Kanri Porcess, Continuous 

improvement 

Resumen 
 

La presente investigación propone la incorporación del proceso Hoshin Kanri y el 

modelo EFQM como estrategia de mejora en la industria farmacéutica. Ambas 

metodologías proporcionarán un enfoque integral, el cual es una constante en el 

proceso de elaboración de cajas de medicamentos para dicha industria, uno de los 

elementos de evaluación es la ausencia de la planificación estratégica, dado que es 

un problema internacional, para tal efecto la presente investigación propone ambas 

metodologías aborden el problema sobre devoluciones y demoras en las entregas, 

los resultados mostrados son alentadores, pasando del 79.88% de cumplimiento al 

92.30% de satisfacción, y reduciendo de manera constante el índice de demoras en 

las entregas del 28% al 19.19%. Al implementar ambas metodologías, A través del 

ciclo [PDCA], se impulsarán acciones de retroalimentación con un enfoque 

sistémico y estratégico impulsando la mejora continua en la organización.  
 

 
Modelo EFQM, Proceso Hoshin Kanri, Mejora 
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Introduction 

 

The present research develops both 

methodologies, Hoshin Kanri [HK] and EFQM 

as an improvement strategy in an organization 

specialized in the production of boxes for 

medicines for the pharmaceutical industry. The 

results are encouraging, going from 79.88% to 

92.30% customer satisfaction. All organizations 

are exposed to constant and rapid changes in the 

social, economic, political and even cultural 

context, propelling them into an increasingly 

globalized and complex world. In addition, by 

developing both methodologies, they provide 

quality indicators, contributing to the continuous 

improvement of the entire process.   

 

The challenge of any organization lies in 

making strategic planning capable of 

revolutionizing current procedures and giving 

certainty to quality processes. Each department 

has goals capable of being achieved with a 

strategic vision and a focus on quality. The 

following research proposes a solution to 

increase customer satisfaction by developing a 

strategic planning model that includes the 

EFQM model, considering the use of probability 

in any teaching-learning process in the 

innovation of any system as a learning process 

[Rueda, 2019]. However, the existence of 

strategic organizational thinking in the field or in 

practice for decades makes it increasingly 

complex [Sanabria, 2004]. One of the 

characteristics of HK and its elements that 

distinguish it from conventional strategic 

planning is an expansion from seven to ten steps 

[Jolayemi, 2008].  

 

The HK methodology refers to the 

following points: the plans are developed in a 

systematic way, the progress in the goals by each 

area within the organization is meticulously 

supervised, modifications are made to the plans 

when required, the established goals are 

achieved, the planning process is standardized 

carrying out constant improvement within the 

organizations [Kenyon, 2007]. 

 

Currently, the literature highlights the 

absence of standards and successful examples in 

the application of Lean, the culture and the work 

environment make employees could influence 

how the HK and Lean methodology are carried 

out. [Gubinelli, Cesarotti, & Introna, 2020].  

 

 

The purpose of combining both HK and 

EFQM methodologies is to create a functional 

model, evaluating long-term activities within the 

organization, so that a higher level manages the 

strategic fit of senior management with day-to-

day management. [Witcher B. y., 2007]. Hoshin 

Kanri could be efficiently used to implement 

tactics and improve top-down matchmaking.  

This goal needs to be achieved so that experts are 

properly trained and frontline staff are involved 

in daily continuous improvement efforts. [MHA 

& Soliman, 2020]. The EFQM excellence model 

proves to be an outstanding model as an 

instrument of systematic self-assessment of an 

organization, guiding the analysis towards 

possible parameters of excellence and firmly 

prioritizing progress in terms of constant 

improvement.  

 

Therefore, it facilitates the acquisition of 

a critical vision of the organization's situation, 

recognizing the potential strengths and areas for 

improvement within the organization. The 

EFQM model allows us to self-evaluate and 

determine "where the organization is and thus 

where we are going", however, it is necessary to 

move from reality to a situation of improvement, 

through inclusion through an action plan and 

monitoring. Quality management has numerous 

techniques and tools to facilitate its activities, 

and is integrated in parallel with other methods 

of strategic and operational planning, 

management and administration, to link the 

realities and needs of an organization.  

 

A methodology that allows a 

systematization of the objectives of a 

company/organization in a disaggregated way, 

with a systematic development and involving the 

different levels of the organization, is the Hoshin 

Kanri deployment as a management system of 

administration by policies. [Balo & Santos, 

2004] 

 

The Hoshin planning system, created in 

Japan after World War II, incorporates 

management tools specifically designed for the 

organization of new procedures. There are seven 

instruments that can be applied individually or in 

any mix: affinity diagrams, interrelation 

diagrams, systematic diagrams, matrix 

diagrams, program charts for process decision-

making, arrow diagrams, and prioritization 

matrices. [D&C, 1995].  
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Effective planning and long-term 

strategy are essential to developing a strategic 

vision within any organization. Lean and Six-

sigma are powerful tools of constant 

improvement that are widely used to increase 

quality, productivity, profitability and 

competitiveness in the contemporary market 

[Agustiady & Cudney A, 2015]. The strategic 

management model suggested by [HK] suggests 

harmonizing functions and actions with the 

organization's most relevant strategic objectives 

[Santos & V, 2022]. This research suggests 

developing the stages of the EFQM model: 

Management, Organization, Execution and 

Results using and analyzing quantitative and 

graphical factors as standards of customer 

satisfaction, among others. In combination with 

the methodology [HK], the findings are 

motivating for the quality and customer 

monitoring department. 

 

However, in order to encourage 

participation and support for customer service 

strategies, organizations must invest in 

personalized communication, training, and 

recognition systems that ultimately contribute to 

providing solutions to different departments by 

contributing to the field of research by 

contributing to the development of the 

company's corporate "Corporate Sustainability 

in Practice" and "Corporate Sustainability in 

Practice" Recognize the main opportunities and 

challenges that facilitate strategic customer 

follow-up activities. [Kabykenova, 2025] 

 

Literature Review 

 

The EFQM model of Excellence has been 

consolidated as one of the pillars in the 

administration and has optimised the 

performance of entities, both European and 

Spanish and other countries around the world for 

more than 25 years. In this period, it has 

established a scheme of improvement at the 

methodological level, it has been a support in the 

articulation of systematic mechanisms of 

improvement in all the essential elements of the 

administration. The transformation of the 

paradigm, the change in the social and cultural 

context, together with the emergence of a faster 

and more digital world, have demanded that the 

model not only adapt, but transform to give 

certainty to the companies of the new century 

and to the new emerging marketers.  

 

 

The EFQM model offers a guide to 

organizations in their persistent desire for 

excellence. Organizations, both public and 

private, in health, among others, choose to 

professionalize their administration through a 

model that makes it easier for them to evaluate 

their progress. [Nicolás & Castillo, 2020]. 

 

In contrast, there are works that address 

performance in SMEs, proposing their 

hypotheses on the functions of resource 

management and personnel administration with 

the aim of prioritizing operations in SMEs [BE 

Narkhede, 2012], one of the works in which the 

Hoshin Kanri methodology is used. It is based on 

the process of constant improvement that 

establishes a relationship between the strategic 

goal and its application in the daily management 

of the company [Butterworth, 1999].  

 

One of the upcoming studies that deals 

with the issue of Hoshin kanri and the critical 

success factors in quality management and lean 

production, mentions that strategic planning is 

an element of TQM/lean production and that its 

elements are framed in Hoshin [John, 2016]. The 

integrated management system and the Hoshin 

Kanri perspective as integrative dynamic skills 

drive the strategic management process, as noted 

in his article Balanced Scorecard and Hoshin 

Kanri: Dynamic Skills for Managing Strategic 

Fit [Witcher & Sum, 2007]. 

 

In contrast to conventional measurement 

methods, the EFQM model offers the possibility 

of optimizing the organization's strategies while 

enhancing business objectives, however, it is 

effective in evaluating business performance by 

presenting different optimal tactics for each 

company, allowing the past, present and future 

to be analyzed simultaneously, the prevailing 

opinion indicates that only 10% of companies 

are able to put into practice their strategies. 

[Hıdıroğlu, Self-assessment Performance 

Measurement in Construction Companies: An 

Application of the EFQM Excellence Model on 

Processes and Customer Stages, 2019]. 

 

The method [HK] allows us to implement 

and apply in any area of the organization as 

mentioned in the work entitled. The Hoshin 

Kanri planning process in human resource 

management: hiring in a high-tech company, 

highlights the relevance of strategic 

management and enhances its actions to achieve 

the organization's goals. [Su & Yang, 2015].  

https://doi.org/10.35429/JEA.2025.12.33.3.1.11
https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=9206660&fileOId=9206669
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Through the transformation and 

evolution of paradigms and an adequate strategic 

reorientation, the tree [HK] emerges, which is 

based on the standardization and learning 

rhythms for the creation of Industry 4.0 

organizations mentioned in the study The 

HOSHIN KANRI TREE. Lean Shopfloor 

Management crossplant [Javier Villalba Diez, 

2015]. The industrial applications of [HK] have 

been forced to focus on the Japanese 

organization as it is the means for 

implementation over total quality management. 

[Charles & Paul, 2000]. 

 

The interest in applying the Hoshin [HK] 

methodology in the organization is due to the 

constant need to establish policies that accelerate 

work in organizations, as indicated [Lee, 1998]. 

This study highlights a management 

management system that facilitates constant 

progress in the organization, through the 

development of a plan of policies defined each 

year. 

 

Methodology  

 

The purpose of this research is to expose the 

optimal functioning of both methodologies, the 

Hoshin Kanri and the EFQM model, in a 

company dedicated to the production of a box for 

medicine, and to demonstrate their practical 

application in relation to two phases: returns and 

delays in deliveries. The EFQM model 

maintains that customer and employee 

satisfaction, as well as the impact on society and 

consumers, can be achieved through leadership 

that promotes the necessary policies and 

strategies that strengthen alliances in the 

different departments of the entity. The EFQM 

framework represents a reference model for 

project development. non-prescriptive work 

based on 9 criteria, which in turn are evaluated. 

They are segmented into sub-criteria, which can 

be used to assess performance. An entity's 

progress towards excellence, since it facilitates 

the comparison of the current situation of the 

organization with a theoretically ideal 

circumstance. 

 

 The principles of excellence on which the 

model is based are: results-oriented; customer 

orientation; leadership and coherence; 

management by processes and facts; 

development and involvement of people; 

continuous process of learning, innovation and 

improvement; development of alliances; social 

responsibility.  

 The criteria are grouped into 2 blocks as 

shown in the following [table 1]: facilitating 

agents [what the organization does and how it 

does it] and results [what the organization 

achieves]. [Davins Miralles, 2007] 

 

Box 1 
Table 1 

Facilitating agents [what the organization does 

and how it does it] and results [what the 

organization achieves].  
 

Criteria Results 

Leadership Results for customers 
Policy and Strategy Results for people 
Personnel Results for society 
Partnerships and 

Resources 
Key results 

Processes - 
Source: [Davins Miralles, 2007] 

 
Process stage 

 

In the EFQM model, the process phase refers to 

the optimal design of the organization and 

management systems through the development 

of processes with the aim of achieving customer 

satisfaction and generating considerable value 

for customers and shareholders. To achieve this 

phase of process excellence, companies need to 

design their processes based on policies and 

strategies based on quality standards. To 

successfully manage the customer service stage, 

it is necessary to manage and improve customer 

relationships. Thus, companies must examine 

the positive or negative opinions of their 

customers, including complaints, or negative 

comments of products on a daily basis, and then 

they must ensure that their operations, such as 

sales, advertising and distribution, are updated 

through exit surveys on product satisfaction to 

the end customer. A relevant factor to consider 

in companies is the constant communication 

between employers and organization, in order to 

know the current needs of the market.  

 

Customer Stage 

 

One of the nine crucial phases of the EFQM 

model is the customer phase, where it is possible 

to carry out a customer-centric performance 

appraisal. The customer-centric approach has a 

global influence on the activities of the 

organization. The crucial step is to realistically 

set customer expectations and requirements.  

  

https://doi.org/10.35429/JEA.2025.12.33.3.1.11
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To successfully manage the customer service 

stage, it is necessary to manage and improve 

customer relationships. Thus, companies must 

examine the positive or negative opinions of 

their customers, then companies must establish 

communication with their customers to increase 

the added value of their supply chain. Finally, 

companies have a duty to communicate to their 

customers about their products in order to 

increase their recognition. [Hıdıroğlu, Self-

assessment Performance Measurement in 

Construction Companies: An Application of the 

EFQM Excellence Model on Processes and 

Customer Stages, 2019] 

 

Strategic management of the Hoshin kanri 

[HK] 

 

The Hoshin Kanri is an organizational 

framework that allows for strategic management 

within any organization. It is made up of four 

main tasks which are mentioned below: The first 

focuses on the organization's attention to 

corporate management by establishing vital 

strategic priorities. Secondly, there are the lines 

with local strategic plans and programs. Third, it 

is integrated with the management that is carried 

out daily among employees; Finally, it provides 

for a detailed structured review of its progress. 

 

 A fundamental need for every 

organization is to carry out the strategy that 

allows it to be a guide for decision-making, in 

daily work it is a central concern of strategic 

management. This is particularly true in the 

work that emphasizes the importance of 

organizational transparency for the 

implementation and self-management of 

strategic intent. 

 

 Hoshin Kanri originated in the 1960s, 

when the Japanese turned statistical quality 

control and management into goals. In an 

integrated modality of organizational 

management, which they called total quality 

control and which later spread in the West as 

total quality management [TQM].  

 

 Japan's powerful paper proposed Hoshin 

Kanri as an essential framework for 

comprehensive forms of TQM. It is argued that 

this model provides an organizational and 

transparent architecture, which is necessary for 

strategy and daily management to be combined 

in the use of TQM. 

 

 TQM offers the resources and discipline 

for self-management at any level of 

administration, not just for managing an 

operational process in everyday work. An 

essential component of this is the PDCA cycle, 

which defines good management as a cyclical 

process that follows the sequence of planning, 

performing, verifying, and acting. [Witcher & 

Butterworth, 1999] 

 

Model Development 

 

The proposal suggests an approach as suggested 

in his work [Mary Malone, 1995], indicates that 

the implementation of this plan demands the 

involvement and cooperation of all employees of 

the company, including the following four key 

components. 

 

 Mission: The purposes to be achieved are 

usually competitive in nature. Goals: Indicators 

of the achievement of goals, which must be set 

in a very objective way to be measurable.  

 

 Strategies: Detail the strategy and 

method to achieve the established objectives and 

goals. Execution Evaluation: Establish the 

progress or competence of the strategy to assess 

its Execution. [Babich, 2006] An example of the 

creation is placed on top of the action plan: 

Hoshin Kanri planning format. 

 

Box 2 
Table 2 

Description of the main objective 
 

Specific objectives 
Setting the 

objectives 

Description of the main 

objective 

 

Strategies to achieve the objective. 

Strategy Objectives 

Strategy 1 Objectives 

Strategy 2  

Strategy.......n  

Source: Own elaboration 
 

 
In this part, the appropriate model for the 

Hoshin Kanri planning system is shown with the 

aim of knowing the satisfaction of our customers 

and providing a solution to the problem. 

Objective: To collect information about current 

productivity rates, as well as customer 

satisfaction evaluations. Specifically, the 

information sought is: 
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- Causes that affect productivity. 

- Dissatisfied customer indicator. 

- Causes of customer dissatisfaction 

 
Once the objective to be evaluated 

through the EFQM model was defined, a work 

team was formed to carry it out. The duration of 

the study was 25 days, the development of which 

is described in the following table. 

 

Box 3 
Table 3  

Schedule for the month of June 2024 
 

 June  

ACTIVITY 1 4 5 6 7 8 
1

1 

1

2 

1

3 

1

4 

Responsi

ble 

Cycle 

planning. 

Identify 

and select 

sources 

of 

informati

on. 

          Author, 

DO 

Author, 

DO 

Collectio

n of 

Informati

on. 

          
Author, 

DO, 

P,JP 

Informati

on 

processin

g. 

          
Author, 

DO, P, 

PE 

Informati

on 

analysis. 

Present 

results. 

          
Author, 

DO 

Author, 

DO 

Source: Own elaboration 
 

 The team that was integrated to carry out 

the application of the methodology was: 

 

1. Author 

2. DO – Director of Operations 

3. P – Production 

4. JP – Planning 

 

 Once the planning process of the EFQM 

model was completed, the process of compiling 

and evaluating the following indicators began. 

Two types of indicators were identified to 

determine current productivity. [Rodriguez & & 

Gomez, 1991]:  

 

 Effectiveness in compliance: Through 

this type of indicator we evaluate the degree of 

compliance, in terms of the quantity of the 

product delivered, its general form is the 

following Ec.1  

 

EC= [PR]/PP       [1] 

                                                                                                            

 Where the effectiveness of EC. Which is 

given as the ratio of actual production PR to 

scheduled production PP  

  

 Taking the history of the month of June 

2024, we have the following information: The 

quantity that was scheduled to be produced in 

that month was 5,001,000 pieces and since the 

quantity produced in that month was 3,994,872 

pieces, we obtain the effectiveness of 

compliance Ec. [2]. 

 

EC= [3,994,872] / 5,001,000 = 0.7988   [2] 

                                                                      

 Which represents 79.88% 

 

 Delivery effectiveness: If a product is not 

finished at the requested time, it cannot meet the 

customer's needs, being the same as a product 

with defects.  

 

 That is why it is important to control 

compliance with delivery dates. The indicator to 

evaluate this type of situation in the delay in 

delivery, its general form is as follows 

 

RE= [N_o E.  Delayed] / [N_o E. Performed] [3] 

 

 Where RE represents the delivery delay. 

Taking the history of a month, we have the 

following information:  

 

 Since the number of deliveries made in 

that month was 99 and the number of deliveries 

with delay was 2, the delay in deliveries is Ec. 4. 

 

RE=28/99= 0.28      [4] 

                                                                                                              

 This represents a delivery delay of 28% 

 

 The instrument that was applied to the 

seven customers with the highest demand for 

medicine box products is shown below, and the 

following results were obtained. 
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Box 4 
Table 4 

Information gathering instrument. 
 

Weight Attribute Degree of Satisfaction 

Deficient Good Excellent 

10% How do you 

evaluate the 

speed of 

response to 

quotes? 

   

10% How do you 

evaluate the 

care received? 

   

10% How do you 

evaluate 

feedback from 

your in-

process 

product? 

   

10% How do you 

evaluate the 

delivery time 

of your 

product? 

   

10% How do you 

evaluate the 

quality of the 

delivered 

product? 

   

10% How do you 

evaluate the 

condition in 

which you 

received your 

product? 

   

10% How do you 

evaluate our 

company's 

quality 

management 

system? 

   

10% How do you 

evaluate the 

technical 

advice 

provided on 

your product? 

   

10% How do you 

evaluate the 

speed and 

clarity of 

response to 

questions and 

complaints? 

   

10% How do you 

evaluate our 

company's 

overall 

service? 

   

Source: Own elaboration 

 

 We show the behavior graphically the 

general evaluation of customer satisfaction. 

 

Box 5 
 

 
Figure 1 

Overall customer satisfaction assessment 
 Source: Own elaboration 

Results 

 

To carry out the proposal for continuous 

improvement, the results of both methodologies 

are taken, developing the following innovation 

system throughout the manufacturing process of 

the medicine box, as shown below. 

 

Box 6 
 

 
 

Figure 2 

Proposed system including innovation as a 

strategic factor throughout the process 
Source: Source: Own elaboration  

 

 The conventional manufacturing system 

was restructured, following up on the 

management proposal where the term innovation 

is integrated. Those responsible for the 

manufacturing area implemented the process in 

the manufacture of the medicine box, complying 

with the customer's requirements and thus 

reducing delays. 

 

 The next stage consists of selecting, 

collecting and processing the different sources of 

information. Information can be divided into two 

types: primary and secondary.  

 

 Primary information is information that 

has not been processed and that can be obtained 

directly from interviews, observation and 

experimentation. On the contrary, secondary 

information is that which has already gone 

through a previous processing or interpretation 

as shown in the following process where both 

methodologies are implemented. 
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Box 7 
 

 
Figure 3 

Integration of the EFQM model 
Source: Source: Own elaboration  

 

Information collection and analysis 

 

Setting the key objective is the first step. The 

company's objective was analyzed and its 

elements were prioritized. In this case, it was not 

necessary to carry out the affinity diagram 

proposed in the methodology, because the 

company is clear about its key objective: To be 

a highly profitable, productive company with a 

high degree of commitment to the customer. 

 

 Its focus is on the area of quality. The 

particular element of the key objective is aimed 

at satisfying the company's potential customers, 

and in a cascading way it seeks to provide results 

to other customers, providing product 

satisfaction.  

 

Box 8 
Table 5 

Validation of the instrument using Cronbach's 

Alpha 
 

Respo

ndents 

 

ITEMS     

addi

tion 

 

 1 2 3 4 5     

E1 5 2.5 5 5 5 5 5 2.5 2.5 2.5 40 

E2 2.5 2.5 2.5 5 5 5 5 5 2.5 2.5 37.5 

E3 2.5 5 5 5 5 5 5 5 2.5 5 45 

E4 5 5 2.5 5 5 5 5 2.5 2.5 5 42.5 

E5 2.5 2.5 2.5 5 5 5 5 2.5 2.5 2.5 35 

E6 2.5 2.5 2.5 5 5 5 5 2.5 2.5 2.5 35 

E7 5 5 2.5 5 5 5 5 5 5 5 45 

Varia

nce 

 

1.5

31 

1.5

31 

1.2

76 

0.0

00 

0.0

00 

0.0

00   

0.0

00   

1.5

31 

0.0

00   

1.5

31 

 

summat

ion of 

varianc

es 

 

4.337 

 

varianc
e of the 

sum of 

the 

items 

 

16.071 

Source: Own elaboration 
 
 

The instrument provided us with a 

confidence coefficient of 81.12%, in a range of 

excellent confidence. 

 

Box 9 
Table 6 

Validation of the instrument using Cronbach's 

Alpha 

 
Questionnaire reliability 

coefficient 

0.811 

Number of items in the instrument 10 

Summing the variances of the items 4.33 

Total Instrument Variance 16.07 

RANGO RELIABILITY 

0.53 Menos Zero reliability 

0.54 a 0.59 Low reliability 

0.60 a 0.65 Reliable 

0.66 a 0.71 Very reliable 

0.72 a 0.99 Excellent 
reliability 

1 Perfect reliability 

Source: Own elaboration 
 

The following graph shows an increase 

in deliveries, by applying both EFQM 

methodologies it will be possible to obtain 99% 

satisfaction in the not too distant future, applying 

actions in conjunction with senior management, 

by integrating Hoshin Kanri [HK], as shown in 

November of this year. 
 

Box 10 
 

 
Figure 4 

Customer satisfaction evaluation. 
 Source: Own elaboration 

 

 The quantity that was scheduled to be 

produced in the month of November was 

6,500,000 pieces. 

 

 The quantity produced in that month was 

5,999,892 pieces, thus representing an 

effectiveness of compliance with Ec.5 

 

EC=5,999,892/6,500,000=0.9230                  [5]                                                                     

0

20

40

60

80

100

0 2 4 6 8
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 Which represents 92.30%. 

 

 Delivery effectiveness: If a product is not 

finished at the requested time, it cannot meet the 

customer's needs, being the same as a product 

with defects. That is why it is important to 

control compliance with delivery dates.  

 

 On the other hand, taking the history of 

one month we obtain the delay in deliveries. We 

have that the number of deliveries made in that 

month was 99.  

 

 The number of late deliveries was 19 

therefore we get. 

 

RE=19/99=0.1919                                           [6]                                                                                                                                                                              

 

 This represents a percentage of delivery 

delay of 19.19%. 

 

 Thus, by combining both methodologies, 

the delay in the deliveries of boxes for medicine 

was reduced, at the same time the effectiveness 

in compliance being 92.30%, achieving a 

comprehensive continuous improvement 

throughout the organization, undoubtedly a great 

collaborative and managerial effort. 

 

Discussion of results 

 

The Integration model, which improves the 

production process of medicine boxes in an SME 

under both Hoshin Kanri methodologies, and 

EFQM, as an improvement proposal, integrating 

senior management as the main part in the 

implementation of a strategic vision, with clear 

objectives in the short and medium term giving 

certainty of compliance considering the 

following factors to be evaluated:  Returns and 

delays in deliveries, the results presented are 

encouraging, going from 79.88% compliance to 

92.30% satisfaction, and consistently lowering 

the rate of delay in deliveries from 28% to 

19.19%, when applying both EFQM 

methodologies and integrating Hoshin Kanri 

[HK], the cycle of continuous improvement is 

enhanced as a factor of change in the system,  

giving priority to customer satisfaction, through 

the cycle [PDCA], feedback will be sought 

through a strategic approach allowing the 

inclusion of all the personnel of the organization, 

achieving results in the short term. 

 

 

 

The implementation of both 

methodologies in the business planning process 

generated a broad understanding of the context, 

simplified data collection; in addition, it made it 

possible to develop and execute an action plan, 

in accordance with the main purpose of the 

organization. This action plan, apart from being 

detailed on a large scale, was suggested by the 

entire team. Thus, each goal and each goal was 

met considering the observations and 

contributions of all. 

 

During the execution of the plan, a 

greater commitment of the participants was 

noticed, since they understood the relevance of 

the strategies defined to achieve the objectives 

set.  

 

As a result, aspects of improvement were 

incorporated throughout the process, as an effect 

of inclusion of all the organization's employees. 

This allows strategic actions to be planned in 

advance not only in the present but also in the 

future. 
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Abstract 
 

The main objective of the project “Waiting and service time at checkout 

counters in the 24-hour supermarket: Based on queuing theory” is to 

analyze and improve waiting and service times at the checkout counters 

of the 24-hour supermarket in Delicias, Chihuahua. To achieve this, the 

application of the mathematical model of queuing theory M/M/S is 

proposed, which allows studying the arrival of customers, the time they 

spend in line and the service at the checkouts, in order to optimize the 

process and improve the customer experience. The problem identified 

focuses on the long waiting times that customers face, a situation that 

generates bottlenecks, leading to dissatisfaction, loss of customers and 

possible negative impacts on sales. The expected results of the study 

include the reduction of waiting times. The use of tools such as ProModel 

in the analysis and simulation of data will allow knowing the number of 

cash registers that should be available. 
 

Analysis of waiting lines at the checkout system in a 24-hour 

supermarket on weekends in Delicias, Chihuahua 

Objectives Metodology Contribution 

Define the waiting and 

service time at the 

checkout counters of 

the 24-hour 

supermarket in 

Delicias, Chihuahua, 

through the analysis 

and application of 

queuing theory, 

specifically the M/M/S 

model. 

Application of the 

number of 

customers to be 

sampled for the 

study. 

MMS model 

Simulation using 

ProModel 

software. 

Analyze waiting times in 

the queue and customer 

service. 

Identify if there is stability 

in the system. 

Determine the optimal 

number of cash registers 

that should be open at each 

time slot analyzed. 

 

Teoría de colas, Clientes, Supermercado 

 

Resumen 
 

El proyecto “Tiempo de espera y de servicio en las cajas en el 

supermercado 24 horas: Basado en la teoría de colas”, tiene como 

objetivo principal analizar y mejorar los tiempos de espera y servicio en 

las cajas del supermercado 24 horas en Delicias, Chihuahua. Para 

lograrlo, se propone la aplicación del modelo matemático de teoría de 

colas M/M/S, que permite estudiar la llegada de clientes, el tiempo que 

pasan en fila y la atención en las cajas, con el fin de optimizar el proceso 

y mejorar la experiencia del cliente. El problema identificado se centra 

en los largos tiempos de espera que los clientes enfrentan, situación que 

genera cuellos de botella, lo que provoca insatisfacción, pérdida de 

clientes y posibles impactos negativos en las ventas. Los resultados 

esperados del estudio incluyen la reducción de los tiempos de espera, El 

uso de herramientas como ProModel en el análisis y simulación de datos 

permitirá conocer el número de cajas que debe estar disponible. 
 

Análisis de líneas de espera en el sistema de cajas en un 

supermercado 24 horas los fines de semana en Delicias, Chihuahua 

Objetivos Metodología Contribución 

Definir el tiempo de 

espera y de servicio 

en las cajas del 

supermercado 24 

horas en Delicias, 

Chihuahua, a través 

del análisis y 

aplicación de la 

teoría de colas, 

específicamente el 

modelo M/M/S. 

Aplicación del número 

de clientes que se 

requiere muestrear 

para el estudio. 

Modelo MMS 

Simulación mediante 

el software ProModel. 

Analizar los tiempos de 

espera en la fila y en el 

servicio de los clientes. 

Identificar si existe 

estabilidad en el sistema. 

Determinar el número de 

cajas óptimas que deben 

estar abiertas en cada 

horario analizado.  
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Introduction 

 

Queuing theory began with the studies of Agner 

Krarup Erlang, a Danish engineer who worked 

for the Danish telephone company. Erlang 

developed the first mathematical model of 

queues to analyze telephone traffic and optimize 

the capacity of automatic switches. His work 

“The Theory of Probabilities and Telephone 

Conversations” [Kingman, 2019] is considered 

the first formal work on queueing theory. 

 

Queuing theory studies the behavior of 

service systems subject to different operating 

conditions, in which customers sometimes have 

to wait for service.  

 

Its applicability is very broad, as it 

quantifies the dilemma faced by many 

companies and institutions between 

effectiveness [providing good service] and 

efficiency [keeping costs low] [Singer et al., 

2008]. 

 

The checkout area of a supermarket is a 

critical point in the customer experience. 

Throughout the shopping process, customers 

may encounter a number of factors that influence 

their perception of service, but few are as 

decisive as the time spent waiting in line to pay. 

This final moment of the shopping experience is 

crucial, as a long wait can transform a 

satisfactory shopping experience into a source of 

frustration and discontent. Furthermore, from an 

operational point of view, long queues can 

indicate inefficiencies in customer flow 

management, which could result in financial 

losses for the supermarket [Otero, 2010]. 

 

The problem identified in this study 

focuses on the observation that customers at the 

24 Horas supermarket are experiencing 

excessive waiting times at the checkout, 

suggesting the existence of bottlenecks in the 

service process. This problem not only generates 

consumer dissatisfaction, but can also have 

broader repercussions, such as a decrease in 

customer retention rates, a negative impact on 

the reputation of the 24-hour supermarket, and a 

reduction in overall sales as customers may 

choose to shop at other establishments where the 

checkout process is faster and more efficient. 

 

Identifying and analyzing the underlying 

causes of these long wait times is the first step in 

addressing the problem.  

 

Factors that could be contributing to this 

situation include: an insufficient number of open 

checkouts during peak hours, a lack of adequate 

staff training in checkout operation, problems 

with the layout of the checkout area that hinder 

the efficient flow of customers, the ineffective 

implementation of payment technologies, and 

variability in service times due to the complexity 

of transactions or the lack of homogeneity in 

cashiers' skills. 
 

To address these issues, the study 

proposes the application of queueing theory 

models, which allow different operating 

scenarios, such as arrivals and customer service, 

to be simulated and analyzed. Through 

mathematical modeling of the checkout system, 

it is possible to obtain an accurate representation 

of the customer arrival process, the time spent in 

line, and the service time at the checkout 

counters. This approach allows for the 

identification of congestion points and the 

evaluation of how different variables, such as the 

number of cashiers, the customer arrival rate, 

and the service time per customer, affect the total 

waiting time. 
 

Justification 

 

The 24-hour supermarket faces one main 

problem: long wait times at the checkout, which 

affects customer satisfaction. Implementing a 

project based on queueing theory can bring 

benefits to both customers and the business. This 

model will allow analysis of when customers 

arrive and how long they wait to be served, 

helping to identify problems that cause long 

waits. Increasing the number of cashiers during 

peak times will significantly reduce queues and 

speed up the checkout process. 
 

More efficient service will improve the 

shopping experience, increasing customer 

loyalty and the likelihood of their return. 

Resources can also be optimized and costs 

reduced through better staff management. In 

addition, improving the payment system and the 

design of the checkout area will facilitate a more 

efficient flow of customers. 
 

General Objective 

 

Define the waiting and service times at the 

checkouts of the 24-hour supermarket located at 

Av. Fernando Baeza Meléndez 200, Delicias, 

Chihuahua, through the analysis and application 

of queueing theory, specifically the M/M/S 

model. 

https://doi.org/10.35429/JEA.2025.12.33.4.1.8
https://www.basicknowledge101.com/pdf/Queueing%20theory.pdf
https://www.academia.edu/25442431/Una_introducci%C3%B3n_a_la_teor%C3%ADa_de_colas_aplicada_a_la_gesti%C3%B3n_de_servicios
https://www.academia.edu/25442431/Una_introducci%C3%B3n_a_la_teor%C3%ADa_de_colas_aplicada_a_la_gesti%C3%B3n_de_servicios
http://ceajournal.metro.inter.edu/fall10/oterogonzalez0602.pdf
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Problem Statement 

 

There are four supermarkets in the city of 

Delicias, Chihuahua. These are: Supermercado 

Plus, at Privada Av. Ferrocarril Ote. 401; 

Supermercado Centro, at Ave. Primera Pte. and 

Tercera Poniente; Supermercado 24 horas, at Av. 

Fernando Baeza Meléndez 200; and 

Supermercado Sur, at Av. Fernando Baeza 

Meléndez 1223. The study focuses on customers 

of the 24-hour supermarket. The city of Delicias 

has a population of approximately 146,033 

inhabitants and combines agriculture and 

industry, which affects the purchasing habits of 

residents. 

 

Box 1 
 

 
Figure 1 

Location of Supermarkets 
      Source: Google Maps 

 

Materials and Methods  
 

Customer shopping behaviour in the 24-hour 

Supermarket varies significantly by day of the 

week and time of day, which are key factors in 

analysing the study population. Behavioural 

patterns have a direct impact on waiting time and 

checkout service, as they influence the number 

of customers in the queues at certain times, and 

the amount of products they buy.  
 

Box 2 
 

 
Figure 2 

Traditional Supermarket Boxes 
Source: El Heraldo de Saltillo 

The 24-hour supermarket has 37 

multifunctional employees, all of whom are 

trained to perform the role of cashiers in the 3 

shifts for 10 checkouts and 2 express checkouts. 

 

Queuing Theory 

 

Queuing theory seeks to find the best level of 

service that organisations should offer [Moya, 

1999]. The aim is to satisfy customer demand 

and keep costs low, without compromising 

service quality [Abad, 2002] [Présiga et. al., 

2023]. Certain terms are used to measure the 

performance of the system under analysis  

[Hillier & Liebenmen, 2010].  

 

λ is the average arrival rate of units in the system.  

 

1/λ is the average time between arrivals. 

 

µ is the average speed of the service.  

 

1/µ is the average time required to service each 

unit.  

 

p indicates the length of time the provider works 

with customers.  

 

Pn is the probability that n units are in the system.  

 

Lq is the average number of units in queue. 

 

Ls is the average number in the system.  

 

Wq is the waiting time in the queue. 

 

Ws is the total time in the system. 

 

s represents the number of servers.  

 

M/M/S model. 

 

Features. 

 

- Multiple servers [c], all in parallel. 

- Arrivals and service times also follow a 

Poisson distribution. 

- The queue has infinite capacity and is 

handled in First Come First Serve PEPS 

order. 

- Application: It is ideal for situations such 

as a supermarket, where there are several 

checkouts serving customers at the same 

time. It allows to analyse the influence of 

the number of cashiers on the waiting 

time and on the probability that 

customers have to queue.[Pérez, 2020]. 

https://doi.org/10.35429/JEA.2025.12.33.4.1.8
https://dudasytareas.wordpress.com/wp-content/uploads/2017/05/hillier_lieberman.pdf
https://diposit.ub.edu/dspace/bitstream/2445/178018/2/178018.pdf
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Box 3 
 

 
Figure 3 

Graphical representation of the MMS model 
      Source: New Granada Military University 

 

Results 

 

Determination of the universe and obtaining 

the sample 

 

The study population focuses on the city of 

Delicias, Chihuahua, obtaining a sample of 660 

people over 15 years of age. Given the finite 

population sampling [Hernandez et al., 2014], 

where: 

 

𝑛 =
𝑁∗𝑍2∗𝑝∗𝑞

(𝑁−1)∗𝑒2+𝑍2𝑃[1−𝑞]
                                    [1] 

 

Where: 

 

Z = confidence level = 2.576, corresponding to 

the z-value at a 99% confidence level. 

N = universe or population = 146,033 inhabitants 

in Delicias city. 

p = probability in favour = 0.5 

q = probability against = 0.5 

e = estimation error [precision of results] = 0.05 

n = number of items [sample size] 

 

Substituting, the result gives: n=660 

persons to be included in the study. 

 

Time Collection 

 

The data collection was carried out on weekends 

[Saturdays and Sundays], 3 times a day: from 9 

to 10 am, from 3 to 4 pm and from 9 to 10 pm; 

the time collection was carried out during one 

month in the 24 hour Supermarket, taking each 

customer when being served in the checkout area, 

the data were as follows as follows 

 

 

 

 

 

Box 4 
Table 1 

Recording of times taken from customers in 

minutes 
Day Timetable Arrival Remarks Promedio Boxes   

S
u

n
d

a
y

 

1
 

09:00-

10:00 

133 105.0, 98.3, 102.1, 99.5, 
100.9, 99.8, 104.2, 97.4, 

103.0, 99.0, 101.2, 98.4, 

102.0, 100.3, 99.6, 102.7, 

98.0, 101.0, 103.8, 98.6 

100.74 4 

15:00-

16:00 

162 187.02, 99.71, 96. 46, 

88.83, 92.43, 91. 74, 94.77, 

126.83, 86.41, 85.43, 

197.54, 131.49, 96.43, 
85.83, 93.68, 115.82, 88.43, 

90.18, 98.52, 165.05 

110.63 5 

21:00-

22:00 

131 187.07, 48.50, 58.41, 78.44, 

72.33, 155.02, 64.28, 

100.45, 85.67, 58.90, 
175.11, 130.22, 54.71, 

160.09, 91.38, 66.50, 

115.77, 182.06, 71.12, 

121.34 

103.86

85 

3 

S
a

tu
r
d

a
y
 

1
 

09:00-

10:00 

106 59.88, 108.46, 143.29, 
81.05, 137.63, 52.94, 90.21, 

103.48, 128.80, 77.12, 

60.07, 169.39, 147.88, 

62.43, 120.18, 151.67, 
93.55, 56.10, 70.01, 101.13 

100.76

35 

3 

15:00-

16:00 

171 134.2, 89.7, 124.5, 95.8, 

110.6, 85.4, 115.2, 100.9, 

124.7, 80.1, 139.2, 70.2, 
104.8, 134.6, 74.9, 95.5, 

110.3, 85.6, 119.8, 96.4 

104.62 5 

21:00-

22:00 

113 120.5, 75.3, 95.8, 85.6, 

90.2, 80.1, 92.7, 88.3, 96.5, 

79.9, 125.0, 70.0, 89.4, 
119.8, 74.5, 85.7, 91.3, 

82.1, 97.2, 115.9 

92.79 3 

S
u

n
d

a
y

 

2
 

09:00-

10:00 

141 115.3, 90.4, 118.0, 95.1, 

110.6, 85.2, 105.9, 116.0, 
123.0, 80.5, 112.7, 75.8, 

100.2, 118.9, 88.6, 92.4, 

107.3, 84.7, 117.0, 100.8 

101.92 4 

15:00-

16:00 

179 160.5, 75.8, 220.1, 103.4, 

150.7, 130.2, 280.3, 180.6, 
93.2, 165.9, 120.4, 155.1, 

135.0, 200.7, 90.5, 80.3, 

145.9, 125.0, 230.8, 112.0 

147.82 6 

21:00-

22:00 

111 101.5, 95.0, 98.2, 93.8, 

100.4, 90.7, 97.9, 102.1, 
96.5, 90.6, 95.8, 89.4, 99.5, 

103.7, 92.2, 93.0, 96.0, 

101.3, 101.4, 94.4 

96.67 3 

S
a

tu
r
d

a
y
 

2
 

09:00-

10:00 

129 50.36, 67.34, 128.11, 
141.87, 96.04, 111.79, 

67.85, 135.26, 100.53, 

146.04, 85.77, 107.26, 

116.91, 74.48, 123.56, 
93.22, 139.61, 90.32, 

106.88, 97.40 

104.03 4 

15:00-

16:00 

158 215.67, 129.88, 86.73, 

162.94, 196.45, 83.57, 

174.32, 119.48, 90.62, 
124.37, 148.26, 125.58, 

69.72, 161.09, 183.45, 

152.74, 94.13, 110.87, 

147.33, 173.4 

137.53 6 

21:00-

22:00 

105 54.04, 29.25, 56.02, 61.45, 
111.20, 69.37, 119.3, 84.72, 

170.11, 57.98, 101.87, 

138.06, 76.10, 46.99, 
118.66, 88.59, 162.47, 

70.99, 134.22, 59.01 

90.52 2 

S
u

n
d

a
y

 

3
 

09:00-

10:00 

146 156.34, 88.57, 146. 21, 

64.39, 84.22, 90.23, 41.78, 

97.45, 96.22, 136.52, 61.56, 
83.17, 80.32, 171.45, 93.26, 

89.44, 144.55, 67.98, 

105.12, 91.33 

99.51 4 

15:00-

16:00 

183 78.65, 112.39, 139.82, 

67.41, 146.7, 151.83, 95.28, 
160.24, 118.53, 171.4, 

184.77, 89.66, 162.85, 

173.29, 84.16, 121.92, 

143.6, 75.48, 163.31, 
113.51 

127.74 6 

21:00-

22:00 

106 90.68, 94.23, 147.89, 69.54, 

92.34, 141.76, 78.56, 

100.12, 183.8, 109.43, 
61.87, 87.23, 153.45, 75.34, 

96.78, 104.67, 42.89, 67.54, 

91.23, 167.45 

102.84 3 

S
a

tu
r
d

a
y
 

3
 

09:00-

10:00 

129 98.45, 189.78, 79.21, 96.33, 

93.14, 83.56, 105.12, 
113.45, 64.78, 95.34, 

151.46, 79.39, 100.67, 

108.99, 144.56, 71.23, 

95.92, 128.36, 87.74, 
161.12 

107.43 4 

15:00-

16:00 

135 198.53, 174.86, 243.75, 

182.34, 196.41, 161.27, 

209.68, 227.39, 189.53, 

206.13, 176.48, 215.24, 
186.29, 233.86, 194.95, 

106.74, 204.32, 165.81, 

192.25 6 

https://doi.org/10.35429/JEA.2025.12.33.4.1.8
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222.08, 149.34 

21:00-

22:00 

95 99.67, 107.89, 144.98, 
70.12, 94.56, 110.45, 

86.01, 160.45, 97.23, 

149.56, 72.34, 195.87, 

43.78, 82.45, 104.12, 
112.34, 63.79, 92.56, 

156.78, 78.45 

106.17 3 

S
u

n
d

a
y

 

4
 

09:00-

10:00 

112 80.6, 118.7, 97.4, 96.5, 

110.8, 74.2, 91.6, 104.1, 
68.9, 98.2, 85.3, 106.7, 

77.4, 93.5, 89.1, 108.6, 

64.9, 97.8, 72.1, 111.0 

92.37 3 

15:00-

16:00 

167 141.4, 189.6, 175.3, 162.7, 

198.9, 147.8, 184.2, 165.1, 
192.5, 170.3, 180.6, 159.4, 

200.8, 144.7, 193.1, 176.9, 

186.3, 155.2, 167.5, 202.9 

174.76 7 

21:00-

22:00 

129 85.4, 100.2, 77.1, 120.7, 

93.6, 115.1, 78.9, 125.4, 
105.8, 88.3, 132.1, 99.7, 

107.6, 114.5, 84.2, 123.9, 

90.4, 118.3, 94.8, 97.2 

102.66 3 

S
a

tu
r
d

a
y
 

4
 

09:00-

10:00 

99 60.3, 112.8, 75.5, 98.7, 
121.4, 110.9, 130.1, 85.6, 

118.3, 103.7, 95.2, 125.6, 

80.4, 134.7, 99.8, 115.5, 

107.3, 137.2, 91.9, 102.1 

105.35 3 

15:00-

16:00 

145 44.3, 81.6, 102.2, 120.1, 
70.5, 120.3, 95.7, 85.9, 

130.4, 102.2, 88.6, 140.1, 

65.8, 118.7, 78.9, 100.5, 

90.3, 125.4, 105.7, 89.4 

97.83 4 

21:00-

22:00 

108 80.5, 140.2, 155.4, 97.3, 

140.3, 165.1, 95.6, 180.4, 

120.8, 155.7, 130.9, 145.3, 

170.6, 115.4, 135.8, 160.2, 
100.1, 185.5, 125.0, 140.5 

133.43      3 

 

With the data obtained, we proceed to 

apply the MMS model of queuing theory by day 

and hour. 

 

Application of the MMS model formulas 

 

The results obtained and the application of the 

formulas for Sunday 1 between 09:00 and 10:00 

hours are explained. The same procedure will be 

followed for the following days included in the 

study.  

 

Sunday 1 

λ= 133 customers/hour 

µ = [3600 seg/Hour]/[100.74 seg/ client] = 35.73 

= 36 customers/hour 

S = 4  OPEN BOXES 

 

𝜌 =
133

36∗4
= .923 = 92.3%                                             [2]        

 𝜌
0

= [[∑ [
133

36

𝑛=0,1,2,3

𝑛=0,1,2,3

]4−1
𝑛=0 ] + {

(
133

36
)

4

4!
∗ (

1

1−0.923
)}]

−1

= 0.008  [3]                 

𝐿𝑠 = 133 ∗  0.099 = 13.167 = 14 𝑐𝑙𝑖𝑒𝑛𝑡𝑒𝑠                  [4]    

𝑊𝑠 = 0.072 +
1

36
 =  0.099 ℎ𝑟𝑠 ∗ 60 𝑚𝑖𝑛 = 5.94 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚                [5] 

𝐿𝑞 =
0.008(

133

36
)

4
∗0.923

4!(1−0.923)2 = 9.67 = 10 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑞𝑢𝑒𝑢𝑒   [6]  

 

𝑊𝑞 =
9.667

133
= 0.0726 ℎ𝑟𝑠 ∗ 60 𝑚𝑖𝑛 = 4.35 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑖𝑛 𝑙𝑖𝑛𝑒   [7] 

 

Between 9:00 and 10:00 a.m., it was 

found that customers spend an average of 5.94 

minutes in the system, which includes the time it 

takes for customers to enter the checkout area 

and leave as served customers.  

 

Of that time, customers spend 4.35 

minutes waiting to be served. At the same time, 

it was found that there are an average of 10 

customers in line and 14 in the system, which 

means that there are four people in the process of 

scanning and paying for products at the four 

checkouts that the supermarket has available for 

service. As can be seen, four checkouts are 

sufficient to serve customers in a reasonable 

waiting time of almost six minutes. 

 

System Status 

 

The data obtained on each day that information 

was collected is shown, specifying the number 

of checkouts that were open as well as the 

service offered in the various analyses that were 

carried out. 

 

Box 5 
Table 2 

Status of the supermarket checkout system 
Day Horario Average 

 

Boxes   Stable 

 

Maximum Inestable 

S
u

n
d

a
y

 

1
 

09:00-

10:00 

100.74 4 
✓ 

  

15:00-

16:00 

110.63 5  
✓ 

 

21:00-

22:00 

103.868

5 

3   ✓ 

S
a

tu
r
d

a
y
 

1
 

09:00-

10:00 

100.74 4  ✓ 
 

15:00-

16:00 

110.63 5  
✓ 

 

21:00-

22:00 

103.868

5 

3  
✓ 

 

S
u

n
d

a
y

 

2
 

09:00-

10:00 

100.74 4  ✓ 
 

15:00-

16:00 

110.63 5   ✓ 

21:00-

22:00 

103.868

5 

3  
✓ 

 

S
a

tu
r
d

a
y
 

2
 

09:00-

10:00 

100.74 4 
✓ 

  

15:00-

16:00 

110.63 5  ✓ 
 

21:00-

22:00 

103.868

5 

3   ✓ 

S
u

n
d

a
y

 

3
 

09:00-

10:00 

100.74 4  
✓ 

 

15:00-

16:00 

110.63 5   
✓ 

21:00-

22:00 

103.868

5 

3  ✓ 
 

S
a

tu
r
d

a
y
 

3
 

09:00-

10:00 

100.74 4 
✓ 

  

15:00-

16:00 

110.63 5   
✓ 

21:00-

22:00 

103.868

5 

3 
✓ 

  

S
u

n
d

a
y

 

4
 

09:00-

10:00 

100.74 4  ✓ 
 

15:00-

16:00 

110.63 5   ✓ 

21:00-

22:00 

103.868

5 

3   
✓ 

S
a

tu
r
d

a
y
 

4
 

09:00-

10:00 

100.74 4 
✓ 

  

15:00-

16:00 

110.63 5  ✓ 
 

21:00-

22:00 

103.868

5 

3   ✓ 
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The results show that on weekends, 

whether Saturday or Sunday, most of the results 

of the MMS study indicate that the 24-hour 

supermarket is operating normally in the 

mornings. In the afternoons and evenings, the 

system is operating at maximum capacity in the 

checkout area most of the time, but is clearly 

unstable at night due to a limited number of open 

checkouts [between 3 and 4]. On the other hand, 

the highest customer traffic is concentrated in 

the afternoons on weekends, resulting in a 

breakdown of the MMS model due to the lack of 

capacity in the checkout area, making it 

necessary to consider opening more checkouts 

during the specified periods. 

 

PROMODEL simulation 

 

Data analysis is applied in the ProModel 

simulator to identify how many checkouts 

should be open according to customer traffic 

records when the MMS model is not met, i.e., 

when the condition p>1 arises, as it is identified 

that the process is exceeding its capacity. The 

evaluation is carried out in percentages, where 

0% is when the checkout is not being used and 

100% is when it is being used to full capacity; 

when 100% is exceeded, bottlenecks would 

quickly arise because the system does not have 

the capacity to cope, and each simulation and the 

adjustment made is explained in detail. 

 

The average operating time at the cash 

registers is efficient, varying between 2.4 and 2.5 

minutes. In turn, the simulation run indicates a 

problem with waiting times in line and system 

times for customers, with times ranging from 34 

to 40 minutes, respectively. This is because there 

are only three open cash registers, which means 

that only three customers can be served 

simultaneously. 

 

Box 6 
Table 3 

Simulation under current conditions at ProModel on 

Sunday 1 from 21:00 to 22:00 hrs.. 
Setting Numbe

r 

Total 

Output

s 

Average 

Time in 

System 

[min] 

Average 

Time in 

Queue 

[min] 

Average 

operatin

g time 

[min] 

Averag

e 

blockin

g time 

[min] 

Baseline 

1 

Cliente 

1 

43 38.787 34.6602

6 

2.436 1.6907 

Baseline 2 Cliente 

2 

44 39.687

5 

35.5248

4 

2.471 1.6916 

Baseline 3 Cliente 

3 

43 38.85 34.6602

6 

2.499 1.6907 

Source ProModel Simulator 

 

 

 

Box 7 
 

 

 
 

Figure 3 

Percentage of waiting times, system and 

current operation  
Source: ProModel 

 

ProModel shows that of the total time 

spent by customers in the checkout process, 90% 

of the time is spent waiting in line, where only 

5% is spent scanning goods, collecting and 

packing products. At the same time, it is 

identified that the 3 cash registers that are open 

for customer service are 96-99% utilised, which 

means that there is no possibility of idle time.  

 

The simulation was carried out again, 

now considering the arrivals and the service to 

determine the optimal number of checkouts, 

considering to reduce the waiting time 

percentages. 

 

Box 8 
Table 4 

ProModel simulation proposal on Sunday 1 from 21:00 

to 22:00 hours. 
Setting Number Total 

Outputs 

Average 

Time in 

System 

[min] 

Average 

Time in 

Queue 

[min] 

Average 

operating 

time 

[min] 

Average 

blocking 

time 

[min] 

Baseline 

1 

Cliente 

1 

17 16.284 12.2188 2.436 1.6291 

Baseline 
2 

Cliente 
2 

19 18.041 13.9391 2.462 1.6398 

Baseline 

3 

Cliente 

3 

19 18.115 13.9391 2.536 1.6398 

Baseline 

4 

Cliente 

4 

19 18.101 13.9391 2.522 1.6398 

Baseline 
5 

Cliente 
5 

19 18.087 13.9391 2.508 1.6398 

Baseline 

6 

Cliente 

6 

19 17.995 13.9391 2.416 1.6398 

Baseline 

7 

Cliente 

7 

19 18.101 13.9391 2.522 1.6398 
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Box 9 
 

 

 
Figure 4 

Percentage of waiting times, system and proposed 
operation 

Source: ProModel 
 

The results show that for an operation of 

the checkout system for Sunday 1 from 21:00 to 

22:00 hours, 7 open checkouts should be 

attended [the same behaviour from 6 cash 

registers as shown in figure 4], which decreases 

the queue times to 14 minutes from the current 

35 minutes, and the waiting percentage is 

reduced to 75% and the checkout operation 

percentages are at 96%. 

 

Simulation in ProModel for Unstable Days 

 

Once the unstable days were identified and the 

excess of demand over system capacity was 

observed, a simulation run was made to identify 

the optimal number of checkouts to operate the 

supermarket 24 hours a day. 

 

Box 10 
Table 5 

Simulation of unstable days in ProModel. 

D
a

y
 

ti
m

et
a

b
le

 

 

Unstable System Stable System 

Boxes Average 

Time in 

System 

[min] 

Average 

or 

Queue 

Time 

[min] 

boxes Average 

Time in 

System 

[min] 

Average 

Time in 

Queue 

[min] 

S
u

n
d

a
y
 

2
 

1
5

:0
0

-

1
6

:0
0
 6 26.544 22.722 8 16.422 14.52 

S
a

tu
rd

a
y
 

2
 

2
1

:0
0

-

2
2

:0
0
 2 41.103 37.753 4 20.651 17.411 

S
u

n
d

a
y
 

3
 

1
5

:0
0

-

1
6

:0
0
 6 34.604 29.874 8 24.96 20.32 

S
a

tu
rd

a
y
 

3
 

1
5

:0
0

-

1
6

:0
0
 

6 38.808 32.179 8 27.654 21.06 

S
u

n
d

a
y

 

4
 

1
5

:0
0

-

1
6

:0
0
 8 32.443 26.355 10 19.8 21.05 

S
u

n
d

a
y

 

4
 

2
1

:0
0

-

2
2

:0
0
 3 38.182 34.259 6 18.1 14.62 

S
a

tu
r
d

a
y
 

4
 

2
1

:0
0

-

2
2

:0
0
 3 37.808 34.259 6 21.2 16.803 

After the simulation carried out in 

ProModel, it is proposed that on most days when 

instability occurs, at least two additional boxes 

should be opened in addition to the service 

offered by the supermarket.  

 

Conclusion 

 

As shown in the simulations in ProModel and in 

the analysis in the MMS mathematical model, 

carried out on each of the days included in the 

study, the days on which the model was unstable, 

i.e., exceeded 100% of the system's operating 

capacity, were of greater relevance and required 

immediate attention. Of the 24 schedules 

analysed in the study, 8 showed instability, 

indicating a decrease in the capacity offered 

[servers] to meet the required demand for the 

service. From this, it can be identified that the 

optimal number of checkouts to function 

properly in the three shifts analysed is 4 

checkouts in the morning, 9 checkouts in the 

afternoon and 6 checkouts in the evening. 

Although the 24-hour supermarket has 10 

conventional checkouts and 2 express checkouts, 

the problem of unopened checkouts is not due to 

a lack of them, but rather to the scheduling of 

openings at different times according to the 

monitoring of customer demand, queue times 

and service times, in order to determine the 

number of servers required at the right time, 

bearing in mind that a solution is not to open the 

maximum number of available checkouts, as this 

would present a problem for the supermarket 

with idle servers. 
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Abstract                 
 
The green synthesis of zinc oxide nanoparticles [ZnO-NPs] using Aloe 

vera extract represents a sustainable alternative to traditional methods 

that employ toxic reagents and energy-demanding conditions. In this 

study, aqueous extracts of the plant were prepared to be used as reducing 

and stabilizing agents in the formation of ZnO-NPs, which were later 

characterized by SEM-EDS, XRD and UV-Vis spectroscopy. The results 

confirmed the obtaining of nanocrystals with a hexagonal structure, 

average size of 27.75 nm and the presence of plant metabolites associated 

with their surface, which contributed to their stability. Likewise, 

microbiological tests revealed a marked inhibitory effect against 

Escherichia coli, Salmonella typhi and Shigella flexneri, evidencing that 

at concentrations above 50 mg the bacteria did not show growth. These 

findings demonstrate the potential of ZnO-NPs synthesized with Aloe 

vera as antimicrobial agents and promote their application in biomedical, 

agricultural and environmental settings. 

 

  
 

Synthesis, Characterization, Zinc Nanoparticles 

 

Resumen 

 
La síntesis verde de nanopartículas de óxido de zinc [ZnO-NPs] mediante 

extracto de Aloe vera representa una alternativa sostenible frente a los 

métodos tradicionales que emplean reactivos tóxicos y condiciones 

energéticamente demandantes. En este estudio se prepararon extractos 

acuosos de la planta para utilizarlos como agentes reductores y estabilizantes 

en la formación de ZnO-NPs, las cuales fueron posteriormente caracterizadas 

por SEM-EDS, XRD y espectroscopía UV-Vis. Los resultados confirmaron 

la obtención de nanocristales con estructura hexagonal, tamaño promedio de 

27.75 nm y presencia de metabolitos vegetales asociados a su superficie, lo 
que contribuyó a su estabilidad. Asimismo, las pruebas microbiológicas 

revelaron un marcado efecto inhibitorio frente a Escherichia coli, Salmonella 

typhi y Shigella flexneri, evidenciando que a concentraciones superiores a 50 

mg las bacterias no presentaron crecimiento. Estos hallazgos demuestran el 

potencial de las ZnO-NPs sintetizadas con Aloe vera como agentes 

antimicrobianos y promueven su aplicación en ámbitos biomédicos, agrícolas 

y ambientales. 
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Introduction 

 

Nanotechnology has revolutionized multiple 

scientific fields by enabling the design of 

materials with unique properties at the 

nanometric scale [Rivera Mendoza, 2025]. 

Among these materials, zinc oxide nanoparticles 

[ZnO-NPs] have garnered special attention due 

to their antimicrobial, photocatalytic, optical, 

and electronic properties [Raghupathi et al., 

2011]. Traditionally, the synthesis of ZnO-NPs 

has been carried out using physical and chemical 

methods that, although effective, often involve 

the use of toxic reagents, high temperatures, and 

unsustainable laboratory conditions [Sirelkhatim 

et al., 2015]. 

 

In response to these challenges, green 

synthesis has emerged as an ecological 

alternative that employs natural extracts as 

reducing and stabilizing agents. This approach 

not only reduces environmental impact but can 

also confer additional bioactive [Aranda, 2025] 

properties to the nanoparticles. Aloe vera extract, 

rich in phenolic compounds, flavonoids, and 

enzymes, has proven to be an excellent candidate 

for the green synthesis of ZnO-NPs [Muruchi 

Arispe et al., 2025], facilitating the formation of 

nanometric structures without the need for 

synthetic additives [Perez Adassus et al., 2020]. 

 

Various studies have explored the use of 

plant extracts such as Ruta chalepensis 

[Mendoza Pérez, 2023], Camellia sinensis 

[Alarcón Hernández, 2022], and Aloe 

barbadensis [Galindo, 2023], demonstrating that 

the nature of the extract directly influences the 

morphology, size, and biological activity of the 

nanoparticles obtained. In particular, ZnO-NPs 

synthesized with Aloe vera extract have shown 

significant antimicrobial activity against 

pathogenic bacteria such as Escherichia coli and 

Staphylococcus aureus, attributed to the 

generation of reactive oxygen species [ROS] and 

the release of Zn²⁺ ions [Sirelkhatim et al., 2015]. 

 

Furthermore, the characterization of 

these nanoparticles using techniques such as X-

ray diffraction [XRD], UV-Vis spectroscopy, 

and electron microscopy [SEM] has confirmed 

their zincite-type crystalline structure, sizes 

between 10 and 50 nm, and the presence of 

functional groups derived from the plant extract 

that contribute to their stability [Perez Adassus 

et al., 2020; Mendoza Pérez, 2023]. 

 

In this context, the present work focuses 

on the synthesis, characterization, and 

antimicrobial evaluation of ZnO-NPs [Chávez et 

al., 2025] obtained using Aloe vera extract, with 

the aim of contributing to the development of 

functional and sustainable materials for 

biotechnological and environmental applications 

[Ramírez et al., 2025]. 

 

Methodology 

 

Synthesis  

 

The process began by cutting Aloe vera leaves 

into very small fragments, which were mixed 

with 80 mL of distilled water and heated to a 

controlled temperature between 60 and 70 °C, 

with the aim of promoting the release of 

bioactive compounds into the aqueous medium. 

 

Box 1 
 

 
Figure 1 

Aloe Vera Extract  

     Own Source 

 

This mixture was then filtered and stored 

at 20 °C for later use. In parallel, a solution of 

0.1 M zinc acetate [Zn [CH₃COO] ₂] was 

prepared in 50 mL of distilled water under 

constant agitation, ensuring its complete 

homogenization.  

 

To carry out the synthesis of zinc oxide 

[ZnO] nanoparticles, 4 mL to 7 mL of the 

previously cooled Aloe vera extract was added 

to the zinc acetate solution, maintaining a 

constant stirring for 20 minutes to promote the 

interaction between the organic compounds and 

the metal ions.  
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Box 2 
 

 
Figure 2 

Aloe Vera Extract and Zinc Mixture 

     Own Source 

 

Subsequently, the pH was adjusted by 

adding a solution of sodium hydroxide [NaOH] 

to 2 M drop by drop, until a pH value of 12 was 

reached, a condition that favored the formation 

of the ZnO precipitate.  

 

Box 3 
 

 
Figure 3 

Precipitate Obtained 

     Own Source 

 

The solution obtained was left to rest to 

allow the sedimentation of the solid, which was 

recovered by filtration, drying and subjected to a 

calcination process at 600 °C, thus obtaining the 

nanoparticles in powder form. 

 

 

 

 

 

Box 4 
 

 
Figure 4 

Calcination of the Precipitate and Obtaining the 

Nanoparticle Powder 

     Own Source 

 

Microbiologic analysis 

 

An analysis of the antimicrobial effect was 

carried out using the Kirby Bauer method, the 

sensidiscs were impregnated with 1, 2 and 3 

drops of the nanoparticles obtained respectively. 

Müller Hinton agar was used and tested in 

triplicate with E. colli cultures, which were 

incubated for 24 and 96 hours at 37°C, in 

addition a control box was cultured to verify the 

correct growth of the bacteria. 

 

Once the time had elapsed, the growth of 

the microorganisms was verified in the case of 

the control, while for the antimicrobial tests the 

diameter of the inhibition halos was measured 

with a vernier’s help. 

 

Results 

 

Box 5 
 

 
Figure 5 

SEM-EDS Characterization 

     Own Source 
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Morphological and elemental 

characterization by SEM-EDS 

 

Micrographs obtained by scanning electron 

microscopy [SEM] reveal a predominantly 

irregular morphology, with the formation of 

nanometer-sized surface aggregates scattered 

over a heterogeneous matrix [Panel A]. This 

distribution indicates an anisotropic growth 

typical of plant extract-assisted synthesis, in 

which bioactive metabolites – such as saponins, 

flavonoids or tannins present in Aloe vera – act 

as reducing and stabilizing agents during ZnO 

nucleation. 

 

Elemental mapping analysis by energy 

dispersive spectroscopy [EDS] on Panels B and 

C confirms a uniform signal of zinc [Zn] and 

oxygen [O], demonstrating good compositional 

dispersion of zinc oxide over the entire surface. 

In particular, the intensity of the Zn [~1 keV and 

~8.6 keV] and O [~0.5 keV] peaks in the EDS 

spectrum [Panel D] coincides with the expected 

presence of ZnO, while the appearance of a 

secondary sulfur signal [~2.3 keV] suggests the 

inclusion of traces of residual organosulfur 

compounds from the plant extract, without 

affecting the elemental purity of the material. 

 

This comprehensive characterization 

corroborates the successful formation of ZnO-

NPs by green synthesis, highlighting the 

chemical interaction between the biocomponents 

of Aloe vera and the surface of the particles. In 

addition, the morphology and composition 

observed reinforce the potential of these 

nanoparticles for antimicrobial applications. 

 

Box 6 
 

 
 

Figure 6 

X-ray Diffraction Characterization 

      Own Source 

 

 

 

X-ray Diffraction [XRD] 

 

The sample was characterized by powder X-ray 

diffraction using a diffractometer operating in 

coupled mode [θ–2θ], employing CuKα₁ 

radiation [λ = 1.5406 Å]. The diffraction pattern 

was recorded in the range of 20° to 75° 2θ, 

allowing the identification of the crystalline 

phases present. 

 

The observed peaks correlate with PDF 

file 99-100-4743 from the ICDD, corresponding 

to the zincite phase of zinc oxide [ZnO], with a 

hexagonal compact structure [space group 

P6₃mc]. The coincidence in diffraction angles 

with crystallographic planes such as [100], [002], 

[101], and [110] confirms the formation of pure 

ZnO. The absence of peaks attributable to 

impurities suggests a high structural purity of the 

synthesized material. 

 

Crystallite Size Estimation: Scherrer equation 

 

The average size of the crystalline domains was 

estimated using the Scherrer equation: 

 

𝐷 =
𝐾𝜆 

𝛽 cos 𝜃
                                                            

 

Where : 

 

𝐷 = 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑟𝑦𝑠𝑡𝑎𝑙 𝑠𝑖𝑧𝑒 

𝐾 = 𝑖𝑠 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚 𝑓𝑎𝑐𝑡𝑜𝑟 [0.9] 

𝜆 = 𝑡ℎ𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑠 1.5406 Å 

𝛽 = 𝐹𝑊𝐻𝑀 𝑖𝑠 𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦 0.0052 𝑟𝑎𝑑 

𝜃 = 𝑑𝑖𝑓𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 𝑖𝑠 𝑎𝑟𝑜𝑢𝑛𝑑 18.125° 
 

Applying experimental values, an 

average crystal size of 27.75 nm was determined, 

corresponding to the [101] plane located at 2θ ≈ 

36.25°. Where: D is the crystal size; K is the 

shape factor [0.9]; λ is the wavelength of 

radiation [1.5406 Å]; β is the FWHM in radians 

[≈ 0.0052 rad]; and θ is the diffraction angle [≈ 

18.125°].  

 

This value confirms the formation of 

nanocrystals, consistent with eco-friendly 

synthesis processes. The low dispersion of the 

peaks indicates high crystallinity and structural 

uniformity.  

 

The formation of ZnO nanometric 

suggests potential in photocatalytic and 

antimicrobial applications, particularly in 

aqueous media. 
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UV-VIS Characterization 

 

Box 7 
 

 
Figure 7 

UV-Vis Characterization 

      Own Source 

 

The UV-Vis spectrum obtained shows an 

intense absorption band at 255 nm, possibly 

attributed to residual organic compounds of the 

plant extract, followed by a second band 

centered at 355 nm, corresponding to the 

excitonic border of ZnO. From the latter, a 

bandgap energy of 3.49 eV was estimated, 

higher than the typical value reported for 

commercial ZnO [~3.37 eV], which suggests a 

quantum confinement effect and a possible 

surface interaction with bioactive metabolites 

present in the Aloe vera extract.  

 

These results are consistent with 

previous studies that report optical modifications 

in ZnO-NPs functionalized with plant extracts, 

highlighting their potential in photocatalytic and 

antimicrobial applications. 

 

Sensitivity Testing 

 

As can be seen in the figure 8, for E. coli, S. typhi 

and S.flexneri, a slight growth can be observed 

in the box with a concentration of 20mg of 

ZnONp's, however, for the concentrations of 50 

and 100mg no bacterial growth is observed in 

any of the cases, which indicates that these 

bacteria have a high sensitivity to ZnONp's.  

 

This effect has already been previously 

reported in the literature [Gupta et al., 2018; 

Muthuvel et al., 2020; Sarillana et al., 2021], 

where it has been reported that ZnONp's 

synthesized from plants have antibacterial 

activity. 

 

 

Box 8 
 

 
Figure 8 

Sensitivity Test  
      Own Source 

 

Conclusions 

 

The present research confirms that the green 

synthesis of zinc oxide nanoparticles [ZnO-NPs] 

using Aloe vera extract is an efficient, 

reproducible and environmentally friendly 

strategy for obtaining nanomaterials with 

outstanding antimicrobial properties. The use of 

plant extracts as reducing and stabilizing agents 

eliminates the need to employ toxic compounds, 

high pressures or extreme temperatures, thus 

reducing the environmental impact and costs 

associated with the process. 

 

The characterization techniques used, 

such as SEM-EDS, XRD and UV-Vis, allowed 

confirming the formation of nanoparticles with a 

hexagonal zincite-type crystal structure, an 

average size close to 27.75 nm and a surface 

functionalized by bioactive metabolites of the 

plant, which contributed to their stability and 

potential biological interaction. Such structural 

and optical properties, together with the 

observed quantum confinement effect, position 

these nanoparticles as functional materials with 

multifaceted applications. 
 

In the microbiological field, the tests 

demonstrated significant inhibition of the 

growth of pathogenic bacteria of clinical and 

food importance such as Escherichia coli, 

Salmonella typhi and Shigella flexneri. At 

concentrations of 50 and 100 mg, bacterial 

growth was completely inhibited, which 

confirms the sensitivity of these microorganisms 

to the ZnO-NPs obtained and opens the 

possibility of using them as alternative agents 

against the growing antimicrobial resistance. 
 

Overall, the results obtained not only 

validate the feasibility of using Aloe vera in the 

green synthesis of metal nanoparticles, but also 

provide solid evidence on its potential in 

biomedical, agricultural and environmental 

applications. 
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 Future research could focus on the 

control of morphology and size distribution, 

evaluation against a broader spectrum of 

microorganisms, as well as toxicity and 

biocompatibility studies in in vitro and in vivo 

models.  

 

In this way, it will be possible to establish 

more solid foundations for its incorporation into 

innovative strategies aimed at health care and 

environmental sustainability. 
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Abstract   
 
With the EES software, Electromechanical efficiency of a Deep 
submersible well pumping system in San Francisco de 
Campeche, Campeche, Mexico, was simulated. Real data from a 
pumping station were used. It was observed that the highest 
electromechanical efficiency [ηE] at the same demand current 
value is obtained at the highest flow rate and highest dynamic 

head. It was observed that there are almost coincident points for 
different flow rates and different dynamic heads. This provides 
important information for an operating engineer controlling the 
pumping system; they will be able to decide whether to favor a 
higher dynamic head or a higher flow rate depending on the 
needs at that moment. This work provides a clear overview of the 
variables to be controlled in real pumping processes and to 
achieve the highest possible electromechanical efficiencies with 

specific variables.  
 

 
  

Electromechanical efficiency, Deep submersible well 

pump, energy saving. 

Resumen  

 
Con el software EES se simuló la eficiencia electromecánica de 
un sistema de bombeo, en San Francisco de Campeche, 
Campeche, México. Se usaron datos reales de una estación de 
bombeo. Se observó que la mayor eficiencia electromecánica 
(𝜂𝐸) a un mismo valor de corriente de demanda, se obtiene al 
mayor caudal y mayor altura dinámica . Existen puntos casi 
coincidentes para diferentes caudales y diferentes alturas 
dinámicas. Es información importante para un ingeniero 
operativo que controla el sistema de bombeo; podrá decidir si 

favorece mayor carga dinámica o mayor caudal según la 
necesidad de ese momento. El trabajó permite un panorama claro 
sobre las variables a controlar en procesos reales de bombeo y 
alcanzar las mayores eficiencias electromecánicas posibles, con 
variables específicas.  
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Introduction 

 

Energy efficiency in pumping systems is very 

important for reducing operating costs and 

ensuring sustainability in various industries, as 

well as protecting the environment. Pumping 

systems often have high energy consumption 

[usually electrical]; Arun Shankar et al indicate 

that centrifugal pumps consume up to 20% of the 

total energy generated worldwide [Arun Shankar 

et al., 2016], so improving efficiency has a major 

impact on reducing energy consumption. 

 

Making pumping systems efficient 

contributes directly to reducing greenhouse gas 

emissions and the carbon footprint [de Almeida 

et al., 2003]; it also has an impact on the 

environmental responsibility objectives of 

companies and governments [Contreras, 2025]. 

Koaceli University, Turkey, indicates that 30% 

of the energy consumed by pumps can be saved 

through good system design and the selection of 

appropriate pumps [Kaya et al., 2008]. The most 

important elements are the motor and the pump 

[CONAGUA, 2019].  

 

These two elements perform the energy 

transformation; they must be correctly selected 

to avoid the lowest percentage of heat or 

mechanical losses. In three-phase motors, which 

are the case in this study, the factors that 

influence losses are the load torque and the stator 

current [Boglietti et al., 2004]. These factors are 

particularly detrimental at start-up, when energy 

consumption is at its highest during operation. 

Spanish research on irrigation pumps proposes a 

sequential pump activation system to make the 

hydraulic system more efficient [Moreno et al., 

2007]. In Mexico, this issue has great potential 

to improve energy efficiency and reduce costs in 

key sectors such as agriculture and water 

management.  

 

The implementation of advanced 

technologies, proper maintenance, and optimal 

system design are fundamental strategies for 

achieving these objectives [Hector Camacho, 

2017]. The Mexican Institute of Water 

Technology [IMTA] has conducted studies in 

the agricultural sector. They have identified 

opportunities to improve energy efficiency 

through proper pump selection. However, this is 

not enough to achieve an efficient system 

[Lobato Sánchez & Mejía Estrada, 2021]. 

Studies carried out by the National Commission 

for the Efficient Use of Energy [CONUEE] have 

explored the efficiency of pumping systems.  

They recommend the implementation of 

advanced technologies, as well as continuous 

monitoring, which can reduce energy 

consumption by 15% to 30% [National 

Commission for the Efficient Use of Energy, 

2011]. A study conducted in the Mezquital 

Valley, Hidalgo, evaluated the energy efficiency 

of pumping systems used for irrigation, 

identifying opportunities for energy savings 

through the optimisation of pumping system 

design [CONAGUA, 2016] [CONAGUA, 2019]. 

In this study, with the help of EES software, the 

electromechanical efficiency of a deep well 

pumping system with a submersible motor was 

characterised in order to optimise the electrical 

system. 

 

1. The evolution of pumping systems. 

 

The development of water transport systems 

covers many technological and scientific 

developments that have evolved over time to 

meet the needs of societies for water supply, 

distribution, treatment and management. From 

the earliest civilisations to modern systems, 

water transport has made significant advances. 

Early societies settled near water sources [rivers, 

streams or springs], creating the first 

rudimentary water transport and distribution 

systems. These generally consisted of simple 

canals or ditches to direct water from its source 

to populated areas. Early water systems relied on 

gravity, which often made them inefficient 

because they depended on natural flow. It was 

not until the advent of the industrial revolution 

that the first hydraulic pumps were introduced. 

Figure 1. 

 

Box 1 
 

 
 

Figure 1 

Timeline of the development of water transport, from 

ancient civilisation to the contemporary era. 
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2 Components of a pumping system. 

 

Extracting groundwater through deep wells to 

provide drinking water to communities is an 

important global issue, according to Agenda 

2030, signed by several countries of the United 

Nations [UN]. It is the sixth goal, which aims to 

achieve universal and equitable access to 

drinking water [ASF, 2020]. 

 

 In addition to the correct identification 

of the aquifer and the efficiency and safety of the 

deep well, it is also important to select and install 

its constituent elements appropriately [Driscoll 

F.G., 2007]. We classify these components into 

two types: mechanical and electrical. Both are 

essential for the operation of the well. 

 

2.1 Mechanical elements 

 

A mechanical element is defined as a part or 

component used in mechanical systems to 

transmit motion, force, or energy [Secretariat of 

Energy, 2015]. They ensure the effective 

functioning of several parts together. They serve 

different purposes: to support and guide loads, 

reduce friction, and join other parts. 

 

2.1.1 The pump 

 

This is one of the most important elements in a 

PPMS, providing the energy needed to transport 

the fluid to a higher point. At great depths, 

greater pumping pressure is required to transport 

the water to its final destination. Without a pump, 

it would be impossible for the water or fluid to 

rise naturally. There are different types of pumps; 

they are designed according to their function and 

operating conditions. Figure 2 shows a general 

classification of these according to CONAGUA.  

  

Box 2 
 

 
Figure 2 

Classification of pumps according to NOM 

CONAGUA. 

The pumps used in PPMS are also called 

bowl bodies [Department of Energy, 2015] 

[Sosa et al., 2005], because they are made up of 

concave elements that contain the impellers 

inside. Each bowl increases the fluid pressure to 

overcome a total dynamic load [Secretariat of 

Energy, 2015], Figure 3.  

  

Box 3 

 

Figure 3 

 [a] Stainless steel bowl body [b] Turbine-type bowl 

body. 

 

2.1.2 Pump column. 

 

This element is a set of pipes connecting the 

submersible pump to the discharge train 

[Driscoll F.G., 2007], Figure 4, which represents 

a pumping column for a PPMS. The length of the 

pumping column depends on the construction 

characteristics of the well: depth, capacity, water 

table, well recovery time, casing and pump 

discharge [Secretariat of Energy, 2015] [Driscoll 

F.G., 2007]. The diameter of the pumping 

column depends on the flow rate delivered by the 

pump [BREIER, 2006][López, n.d.]. 

 

Box 4 

 

Figure 4 

 PPMS pumping column. 

 

2.1.3 Unloading train. 

 

All pumping systems have elements for 

controlling, monitoring, and measuring their 

operation. These are known as the discharge 

train. Figure 5. This is a set of valves and 

instruments installed in the discharge pipe of a 

PPMS. Each element of the train has a specific 

function. 

b a 
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Box 5 

Figure 5 

Deep well discharge train with submersible pump with 

external motor. 

 

2. Hydrodynamics of a Deep Well with 

Submersible Motor 

 

Electromechanical efficiency in deep wells is 

becoming increasingly important in modern 

engineering. It has a direct impact on the 

optimisation of energy resources and the 

sustainability of water extraction operations.  
 

These wells combine hydraulic and 

electrical components, which require 

comprehensive analysis to maximise their 

performance. Among the hydraulic variables, we 

can mention: flow rate [Q], the volume of fluid 

moved per unit of time; fluid density [ρ], which 

affects the hydraulic load; gravity [g], which 

influences the potential energy of the system; 

and load losses, which represent the dissipation 

of energy due to friction and other factors in fluid 

conduction [Sosa et al., 2005] [BREIER, 2006]. 

On the other hand, the electrical variables are: 

current [I], voltage [V] and power factor [PF], 

which are decisive in the efficiency of the 

submersible motor; they define energy 

consumption and the capacity to convert 

electrical energy into mechanical energy 

[Pechenik et al., 2019]. 
 

The way these variables interact 

describes the overall efficiency of the system. 

Previous studies highlight the importance of 

proper design and continuous monitoring to 

minimise losses and ensure efficient operation 

[Pechenik et al., 2019] [Vaschetti et al., 2012] 

[Secretaria de Energia, 2016].  
 

This paper presents an analysis of the 

electromechanical efficiency in deep wells with 

submersible motors, with the help of ees 

software, taking into account a multidisciplinary 

approach that integrates principles of hydraulics 

and electrical engineering. 

3. Electromechanical efficiency 

 

The importance of a Deep Well with 

Submersible Motor [PPMS] lies in its ability to 

provide groundwater for both human 

consumption and various industrial and 

agricultural uses. Consequently, during the 

design stage, consideration must be given not 

only to its construction, but also to its correct 

operation, as well as the projection of its future 

costs for maintenance and electricity 

consumption.  

 

Operating costs are evaluated for a well 

life of 20 years [Mala-Jetmarova et al., 2018]. 

Studies by the Mexican government indicate that 

30% of electrical energy can be saved with good 

system design and the choice of appropriate 

pumps [Agriculture|dgsiap, 2024]. Although the 

pumps are highly efficient, this alone is not 

enough for a pumping system to operate at 

maximum efficiency [Agricultura|dgsiap, 2024].  

 

Therefore, it is necessary to properly 

design the entire Submersible Motor Pumping 

Station [EBMS] installation to achieve adequate 

electromechanical efficiency. The 

electromechanical efficiency of an EBMS is 

defined as the ratio between the power 

transmitted to the fluid [pump output power] and 

the power input to the pump [motor input power]. 

This ratio is represented in equation 1 [Secretaría 

de Energía, 2015]. 

 

𝜂𝐸 =
𝑃𝑠

𝑃𝑒
=

𝑃𝑜𝑡𝑒𝑛𝑐𝑖𝑎 𝑑𝑒 𝑠𝑎𝑙𝑖𝑑𝑎 𝑑𝑒 𝑙𝑎 𝑏𝑜𝑚𝑏𝑎

𝑃𝑜𝑡𝑒𝑛𝑐𝑖𝑎 𝑑𝑒 𝑒𝑛𝑡𝑟𝑎𝑑𝑎 𝑎𝑙 𝑚𝑜𝑡𝑜𝑟
                      [1] 

 

Power values are given in kilowatts [kW]; 

the efficiency value is dimensionless. To 

determine the electromechanical efficiency 

value, variables involved in equation 1, both 

hydraulic and electrical, must be taken into 

account. 

 

3.1 Hydraulic variables. 

 

3.1.2 Flow rate [Q] 

 

The amount of water flowing through the cross-

section of a pipe in a given period of time is 

defined as flow rate or discharge, expressed in 

m3/s [Secretariat of Energy, 2015]. 

 

Different methods or instruments can be 

used to measure flow rate, which will give an 

approximate value of the actual rate. 
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3.1.2 Fluid density. 
 

For flow rate, an important physical property 

must be taken into account: density. This is a 

critical factor in pump selection. Density is 

defined as the unit of mass per unit of volume 

[kg/m³] occupied by the fluid. For water, the 

density value is 1,000 kg/m³ [Secretariat of 

Energy, 2015]. 
 

3.1.3 Gravity [g] 

 

Gravity influences the height to which a pump 

can lift the liquid. The maximum lift height is 

determined by the pump's ability to overcome 

the resistance of gravity while pumping the 

liquid upwards. 

 

3.1.4 Total dynamic head [H] 

 

This parameter is the algebraic sum of the gauge 

pressure measured at the discharge [converted to 

metres of water column and corrected for the 

height to the centre line of the pressure signal 

intake], the dynamic level, the friction losses in 

the column and the velocity head. Its 

mathematical expression is given by equation 2 

[Secretaría de Energía, 2015][Otto Caro Niño, 

2025]. 

 

𝐻 = 𝑃𝑔𝑑 + 𝑍𝑑 + ℎ𝑓𝑐 + ℎ𝑣                              [2] 

 

Where: 

 

H Total pumping load [m.c.a] 

Pgd Pressure at discharge, [m.c.a] 

Zd Dynamic level [m.c.a]  

Hfc Friction losses [m.c.a] 

Hv Speed load [m.c.a] 

 

The above parameters represent the 

power supplied to the fluid and converge in 

equation 3 [Secretaría de Energía, 2015]. 
 

𝑃𝑠 = 𝑄𝜌𝑔𝐻                                                         [3] 
 

Where: 

Ps Pump output power [kW] 

Q Flow rate [m3⁄s] 

G Acceleration due to gravity, 9.81 [m⁄s2] 

H Total dynamic load [m.c.a] 
 

3.2 Electrical variables of the input power to the 

motor. 

 

The variables involved in the motor input power 

in the study of electromechanical efficiency are: 

voltage, current, and power factor. 

3.2.1 Voltage [V] 

 

The importance of the potential differential in a 

three-phase motor lies in the fact that it 

determines the speed and output power of the 

motor. An adequate voltage profile provides 

information about the stability of the power 

supply and is crucial for keeping the electrical 

system operating safely [Vaschetti et al., 2012]. 

In an EBMS, submersible motors operate at a 

voltage of 220/440 V three-phase system. 

 

3.2.2 Current [I] 

 

The electrical current consumed by a motor in an 

EBMS is directly related to the energy it uses.  

 

The higher the current, the higher the 

energy consumption. According to some 

estimates from global practice, electricity 

consumption by pumping systems varies from an 

average of 20 to 50% of their global production 

[Pechenik et al., 2019]. Various instruments can 

be used to measure this, such as an electrical 

network analyser or a clamp ammeter. 

 

3.2.3 Power factor [PF] 

 

An indicator used to measure the degree of 

electrical efficiency in a system. It is a ratio of 

the actual power flowing to the load and the 

apparent power in the circuit; it ranges from 0 to 

1 [‘IEEE Standard Definitions for the 

Measurement of Electric Power Quantities 

Under Sinusoidal, Nonsinusoidal, Balanced, or 

Unbalanced Conditions,’ 2010] [Warne, 2005]. 

A low PF represents energy losses in the system 

and results in penalties from the electricity 

supplier [CFE in Mexico]. The official CFE 

website states that users must maintain a PF as 

close to 100% as possible; if the PF is <90%, the 

supplier will charge the user the amount 

resulting from applying the surcharge 

percentage to the bill. If the PF is greater than 

90%, the supplier will be obliged to give the user 

a credit [ELECTRICIDAD, 2025]. 

 

When performing an energy balance, we 

know that, in any system, there will be incoming 

energy, which, in the case of an EBMS, is 

electrical energy. Therefore, the input power to 

the motor [Pe] is defined by 4 [Secretaría de 

Energía, 2015]. 

 

𝑃𝑒 = √3𝑉𝐼𝐹𝑃                          [4] 
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Where: 

V Potential difference [V] 

I Current [A] 

FP Power factor [dimensionless]  
 

Substituting equations 3 and 4 into 

equation 1, we obtain equation 5: 
 

𝜂𝐸 =
𝑃𝑠

𝑃𝑒
=

𝑄𝜌𝑔𝐻

√3𝑉𝐼𝐹𝑃
                        [5] 

 

This is the equation that represents 

electromechanical efficiency, taking into 

account mechanical and electrical parameters. 
 

Methodology 
 

The methodology used in this study was as 

follows: actual values were considered in a well 

in the city of San Francisco de Campeche, 

Campeche, Mexico. First, a constant 

volumetric flow of water of 0.005 m³/s was 

considered, with a density of 1000 kg/m³ at 25 

to 30 °C, earth's gravity of 9.81 m/s², and a 

constant total dynamic height of 60 m. 

Furthermore, it was assumed that the potential 

difference of the electric motor remained 

constant at 220 V and the power factor at 0.9 

[dimensionless]. 
 

- Initially, the electromechanical 

efficiency of the deep well pumping 

system was characterised with the help 

of EES software, using the above 

values. The flow was kept constant and 

the current was modified. 

 

- The electromechanical efficiency of the 

pumping system was characterised 

parametrically by modifying the 

expenses and currents. 

 

- The electromechanical efficiency of the 

pumping system was characterised 

parametrically for four representative 

expenses and by modifying the 

operating currents. 

 

Results 

 

We worked with real values in a well in the city 

of San Francisco de Campeche, Campeche, 

Mexico. The operation of the pumping system 

was simulated using EES software. Initially, a 

constant volumetric flow of water [0.005 m3/s] 

was considered with a three-phase submersible 

pump at 220VC, and the motor's consumption 

current was varied. The results are shown in 

Figure 6. 

 

Box 6 

Figure 6 

Electromechanical efficiency of a pumping system with 

a constant flow rate [0.005 m3/s] and varying current 

consumption. 

 

Similarly, the operation of the pumping 

system was simulated [EES software] 

parametrically by varying the flow rate for 

different current demand values and keeping the 

total dynamic load constant. Figure 7. 

 

Box 7 

Figure 7 

 Electromechanical efficiency of a pumping system 

with different flow rates and different consumption 

currents. 

 

Similarly, the operation of the pumping 

system was simulated [EES software] 

parametrically by varying the demand current 

for four different dynamic head values and 

keeping the flow rate constant. Figures 8 and 9. 

 

Box 8 
 

 
Figure 8 

 Electromechanical efficiency of a pumping system for 

three dynamic heights [H, 50, 60, 70] and flow rates [Q, 

0.003, 0.004] when varying the demand current. 
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Box 9 
 

 
Figure 9       

Electromechanical efficiency of a pumping system for 

three dynamic heights [H, 50, 60, 70] and flow rates [Q, 

0.005, 0.006] when varying the demand current. 

 

Conclusions 

 

With the help of EES software, the 

electromechanical efficiency of a pumping 

system with a constant flow rate [0.005 m3/s], a 

typical value for this type of pumping system, 

was simulated. 

 

 The current consumption was varied to 

simulate all the characteristics of the system in 

the city of San Francisco de Campeche, 

Campeche, Mexico, as shown in Figure 6. This 

served as a frame of reference to ensure that the 

results were consistent with the actual situation 

in San Francisco de Campeche, Campeche, 

Mexico. A three-phase submersible pump at 

220VC was considered, discharging at a 

dynamic height of 60 m, and the motor 

consumption current was varied. 

 

From Figure 7, we can see that for a deep 

well pumping system with the same flow rate 

and dynamic height of 60 m [typical value for a 

well in San Francisco de Campeche], we can 

obtain different electromechanical efficiencies 

by varying the demand current. In engineering 

practice, this graph provides information for 

selecting preferably high-efficiency pumps or 

for having a clear idea of the operating amperage 

limit, in order to seek options for reducing the 

amperage demand. For example, using 

frequency converters, increasing pipe diameter, 

internal pipe coatings, among others. We can 

even identify which amperage values cannot be 

found on the pump market, as they represent 

idealised cases. 

 

 

From Figure 8, we can see that the 

highest electromechanical efficiency at the same 

demand current value, 20 A, is obtained at the 

highest flow rate [0.004 m3/s] and highest 

dynamic head [70 m]. If we analyse each of the 

current values, at the same value we will always 

have the highest efficiency at the highest flow 

rate and dynamic head; however, we can also see 

that there are almost coinciding points for 

different flow rates and different dynamic heads 

in the centre of the graph. The efficiency with Q 

of 0.003 and dynamic head of 70 is very similar 

to the efficiency with Q of 0.004 and dynamic 

head of 50. 

 

From Figure 9, we can see that the 

highest electromechanical efficiency at the same 

demand current value of 20 A is obtained at the 

highest flow rate [0.006 m3/s] and highest 

dynamic head [70 m], as we also see in Figure 8. 

If we analyse each of the current values, at the 

same value we will always have the highest 

efficiency at the highest flow rate and dynamic 

head; however, we can also see that there are 

almost coinciding points for different flow rates 

and different dynamic heads in the centre of the 

graph.  

 

The latter is very important for an 

operational engineer who is controlling the 

pumping system, because at the time they will be 

able to decide whether to favour greater dynamic 

head or greater flow rate according to the needs 

at that moment; it should be noted that pumping 

is often not constant and must be adapted to the 

needs of demand.  

 

A more general overview is presented in 

Figure 10, combining the values from Figures 8 

and 9. 

 

Box 10 
 

Figure 10       

Electromechanical efficiency of a pumping system for 

three dynamic heights [H, 50, 60, 70] and flow rates [Q, 

0.003 to 0.006] when varying the demand current. 
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We believe that this simulation tool 

provides a clear overview of the variables to be 

controlled in real pumping processes, thereby 

achieving the highest possible electromechanical 

efficiencies in processes with specific variables. 

We identify the theoretical operating limits 

[lower and upper] of the systems. 
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Abbreviations 

 

CFE Federal Electricity Commission 

CONAGUA National Water Commission 

CONUEE National Commission for the 

Efficient Use of Energy 

EBMS Submersible Motor Pumping 

Station 

EES Engineering Equation Solver 

IMTA Mexican Institute of Water 

Technology 

NOM Official Mexican Standard 

ONU United Nations 

PPMS Deep Well with Submersible 

Motor 

 

Variables 

FP Power factor dimensionless 

g Earth's gravity m/s2 

H Dynamic height m 

I Current A 

Pe Motor drive power kW 

Q Flow rate l/s 

V Voltage  V 

 

Greek letters 

ηE Electromechanical 

Efficiency 

dimensionless 

ρ Density kg/m3 
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Abstract 
 

The sugarcane agroindustry holds significant importance in Mexico, 

particularly in the state of Veracruz, which is home to 17 of the country’s 

50 sugar mills. Although this sector provides substantial economic and 

productive benefits, it faces several challenges, including low 

productivity, water scarcity, and the limited effectiveness of biofertilizers 

against pests and diseases. As an alternative, this study evaluated four 

natural extracts used as biostimulants—Elodea densa, dandelion 

[Taraxacum officinale], marigold [Calendula officinalis], and spirulina 

[Arthrospira platensis]—to analyze their effects on sugarcane nodes 

through growth and germination indicators. The results indicated that the 

dandelion extract at a 0.5% concentration was the most effective, 

significantly improving the analyzed characteristics of sugarcane. Elodea 

densa ranked second, showing consistently favorable effects across all 

evaluated parameters. 

 

 
Sugarcane, Natural Biostimulants, Sprouting and 

Rooting of nodes. 

Resumen 
 

La agroindustria de la caña de azúcar es de gran relevancia en México, 

especialmente en Veracruz, que alberga 17 de los 50 ingenios del país. 

Aunque esta actividad genera importantes beneficios económicos y 

productivos, enfrenta retos como la baja productividad, la escasez de 

agua y la resistencia de biofertilizantes ante plagas y enfermedades. 

Como alternativa, este estudio evaluó cuatro extractos naturales 

utilizados como bioestimulantes, [Elodea densa, diente de león, 

caléndula y espirulina], se analizó su efecto en nudos mediante 

indicadores de crecimiento y germinación. Los resultados mostraron que 

el extracto de diente de león con una concentración de 0.5% fue el más 

eficaz, logrando mejorar significativamente las características analizadas 

de la caña de azúcar, como segundo extracto con mejores beneficios fue 

la Elodea densa, ambos con efectos consistentemente favorables en todos 

los parámetros evaluados. 

 

 
Caña de azúcar, Bioestimulantes naturales, Brotación 

y Enraizamiento de nudo
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Introduction 

 

The sugarcane [Mex 69-290] agroindustry is one 

of the most significant economic activities in 

Mexico, generating multiple benefits such as 

employment, energy production, sugar, paper, 

biofuels, fertilizers, and animal feed, among 

others. In the state of Veracruz, 17 of the 46 

sugar mills that participated in the 2024/2025 

harvest season are located [CONADESUCA, 

2025]. Moreover, more than 330,000 hectares 

are harvested annually out of the 850,000 

cultivated nationwide, allowing the processing 

of approximately 22.5 million tons of sugarcane, 

with a field yield of less than 68 t/ha and an 

industrial yield exceeding 11% [Herrera et al., 

2023]. 

 

Currently, the sugarcane agroindustry 

faces several challenges, including water 

scarcity and the limited effectiveness of 

biofertilizers against pests, which affect 

profitability and damage crops, thereby 

impacting producers and related employment. 

 

A promising alternative to address these 

issues is the use of natural biostimulants. These 

products provide essential nutrients and 

minerals that stimulate physiological 

processes and root development, enhancing 

nutrient absorption, soil quality, and 

consequently, the productivity and quality of 

sugarcane. 

 

Sugarcane 

 

Saccharum officinarum L. is primarily used 

for sugar production, while its by-products or 

residues are utilized as fertilizer, animal feed, 

or in paper manufacturing. Sugarcane juice, 

another derivative, is used in the production of 

industrial alcohol and alcoholic beverages. 

Sugarcane is considered a cost-effective 

energy source and one of the crops with the 

greatest capacity to convert solar energy into 

biomass [SADR, 2020]. 

 

Sugarcane Growth Cycle 

 

The growth cycle of the sugarcane crop, from 

planting to harvest, can last between 14 and 18 

months [Figure 1]. During this period, sugarcane 

undergoes five distinct stages [SADR, 2019]: 

 

 

 

Germination and emergence: This stage 

begins approximately 7 to 10 days after 

planting and lasts up to 35 days, during 

which the initial growth of the sugarcane 

occurs. 

 

Emergence: This phase starts around 35 to 40 

days after planting and is characterized by the 

development of secondary shoots from the 

basal nodes. It is a critical stage, as it 

determines the potential number of 

harvestable stalks. 

 

Rapid growth: In this stage, the sugarcane 

exhibits rapid stem elongation and reaches its 

maximum leaf area. Its duration depends on 

the variety, temperature, and humidity. 

 

Maturation: This phase occurs during the last 

2 to 3 months of the cycle and involves the 

synthesis and accumulation of sucrose in the 

stalks, beginning from the base and 

progressing toward the upper sections. 

 

Harvest: Carried out between 11 and 16 

months after planting, mature stalks are 

identified by dry leaves and a brittle rind. Prior 

to harvesting, the field is typically burned to 

eliminate weeds and pests, and the sugarcane is 

then harvested either manually or 

mechanically. 

 

Box 1  

 

  
1. Germination  

and emergence      2. Emergence 3. Rapid growth    4. Maturation         5. Harvest  

 

Figure 1 

Stages of sugarcane growth 
Source: SADR, 2020 

 

Biostimulants 

 

A plant biostimulant is any substance or 

microorganism applied to plants with the aim 

of improving nutritional efficiency, abiotic 

stress tolerance and/or crop quality 

characteristics, regardless of its nutrient 

content [du Jardín, 2015]. 

 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
https://www.gob.mx/cms/uploads/attachment/file/983635/01__Listado_de_ingenios_CONADESUCA_Zafra_2024-2025_13.pdf
https://www.gob.mx/cms/uploads/attachment/file/983635/01__Listado_de_ingenios_CONADESUCA_Zafra_2024-2025_13.pdf
https://doi.org/10.47808/revistabioagro.v11i1.456
https://doi.org/10.47808/revistabioagro.v11i1.456
https://www.gob.mx/agricultura/es/articulos/cana-de-azucar-una-dulce-produccion-237168
https://www.gob.mx/agricultura/articulos/etapas-del-cultivo-de-cana
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Types of Biostimulants 

 

Biostimulants originate from natural sources and 

can be effectively categorized into four main 

groups [Figure 2]: 

 

Microbial: Microbial biostimulants, such as 

Plant Growth-Promoting Rhizobacteria 

[PGPR], arbuscular mycorrhizal fungi, and 

Trichoderma spp., enhance plant growth 

through biological nitrogen fixation, nutrient 

solubilization, and increased nutrient 

availability, even under adverse conditions.  

 

They also produce volatile organic 

compounds and strengthen tolerance to abiotic 

stress. These can be applied to the rhizosphere 

or through seed treatments, using single 

strains or mixtures of microorganisms with 

synergistic effects [Hasanuzzaman et al., 

2021]. 

 

Acids: Humic substances [humic acid, HA; 

fulvic acid, FA; humins], amino acids, fatty 

acids, and organic acids are considered 

members of this group of biostimulants 

[Hasanuzzaman et al., 2021]. Humic 

substances are primarily soil organic matter 

naturally produced not only through 

decomposition processes but also via 

microbial activity [Rouphael & Colla, 2018]. 

They improve plant growth and stress 

tolerance by enhancing water and nutrient 

uptake [Bulgari et al., 2019]. 

 

Other types: Beneficial elements such as Al, 

Si, Na, Se, and Co are not required by all plant 

species but are essential for the growth 

promotion of specific plants. These elements 

are found in plants and soils as inorganic salts 

such as chlorides, carbonates, silicates, 

phosphates, and phosphites [Hasanuzzaman et 

al., 2021]. 

 

Extracts: This is a vast group consisting of 

different types of products originating from 

different organisms, including seaweed, 

chitosan, bioactive substances derived from 

plants, polyphenols, and allelochemicals.  

 

These extracts stimulate faster 

recovery of the plant from abiotic stress 

through increased membrane stability, 

elimination of reactive oxygen species [ROS] 

due to their role as cofactors in antioxidant 

activity and thus improve tolerance to 

oxidative stress [Van Oosten et al., 2017]. 

Box 2 

 

 

 
Figure 1 

Main categories of biostimulants 
Source: Hasanuzzaman et al., 2021 

 

Advantages and Benefits of Biostimulants 

 

The use of biostimulants helps stimulate root 

system development and plant growth 

throughout all reproductive stages, optimize 

nutrient availability and uptake, and improve the 

quality of fruits and vegetables in terms of 

firmness, diameter, sugar content, and 

postharvest shelf life. 

 

 Additionally, biostimulants enhance 

crop tolerance to both abiotic and biotic stress 

factors, promote soil fertility through the 

enrichment of microbiota and improvement of 

soil structure, and regulate water availability 

for plants, thereby reducing production losses. 

 

Agricultural production must move 

toward more productive, efficient, and 

sustainable systems. In this context, the use of 

biostimulants contributes to a more efficient 

utilization of resources such as water and 

reduces the dependence on chemical products 

[MANVERT, 2023]. 

 

Extracts Used as Biostimulants 

 

Marigold [Calendula officinalis], belonging to 

the Asteraceae family, has been shown to 

possess a wide range of pharmacological 

properties, including anti-inflammatory, anti- 

edematous, antioxidant, antibacterial, 

antifungal, wound-healing, and 

immunostimulant activities [Patil et al., 2022].  

 

 

 

 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
https://www.mdpi.com/2073-4409/10/10/2537
https://www.mdpi.com/2073-4409/10/10/2537
https://doi.org/10.3390/agronomy9060306
https://www.mdpi.com/2073-4409/10/10/2537
https://www.mdpi.com/2073-4409/10/10/2537
https://manvert.com/medios/que-son-bioestimulantes
https://doi.org/10.7860/JCDR/2022/52195.16024
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Known for its biopesticide activity on 

various strawberry cultivars—particularly 

enhancing root system development—it has 

also demonstrated a positive impact on plant 

growth, especially on root traits associated 

with nutrient absorption [Furmanczyk et al., 

2023]. 

 

Spirulina is a fast-growing microalga 

widely produced and valued in agroindustry as 

an agricultural biostimulant. It generates 

bioactive molecules [such as polysaccharides, 

amino acids, and phytohormones] that 

promote plant growth and increase tolerance to 

both biotic and abiotic stress [Arahou et al., 

2022]. Studies have reported that treatment 

with spirulina increased the size of tomato and 

pepper plants by 20–30% compared to 

untreated plants, and also enhanced leaf size, 

measured as leaf area, by 57% and 100% in 

the same species, respectively [Farmaquimica 

Sur, 2020]. 

 

Elodea densa, also known as Egeria 

densa, is a freshwater aquatic plant that grows 

submerged and forms dense, homogeneous 

populations that restrict water flow, retain 

sediments and cause fluctuations in water 

quality [GISD, 2019]. It can be found in 

abundance in freshwater ecosystems such as 

ditches, lakes, ponds, rivers, and streams. 

These algae could be considered a pest due to 

its easy propagation and the damage it causes 

to infrastructure and ecosystems [North 

Carolina University, 2023]. Studies conducted 

by [Munhoz et al. 2025] showed that Elodea 

densa extract resulted in a 15% increase in 

height and dry biomass in Cucumis saltivus 

[cucumber] and Urochloa decumbens [grass] 

plants.  

 

These findings highlight the potential 

of Elodea densa as a sustainable biostimulant 

and a solution to macrophyte overgrowth, 

supporting agricultural and environmental 

objectives. 

 

Dandelion, also known as Taraxacum 

officinale, has been shown in recent studies to 

be effective as a plant biostimulant. Research 

by [Biesiada et al. 2019] revealed that 

dandelion-based extracts showed the highest 

biostimulant activity in cabbage seedlings 

compared to other plant extracts analysed 

[common mugwort, chamomile, basil, or 

purple coneflower]. 

 

 Specifically, cabbage seedlings treated 

with a 2.5% concentration of dandelion flower 

extract showed 37% longer shoots, while 

those treated with 0.5% leaf extract had 76% 

longer roots compared to the control groups 

[Biesiada et al., 2019]. 

 

Methodology 

 

Sugar cane harvesting 

 

The sugar cane [variety Mex 69-290] was 

provided by farmers from the municipality of 

Santa Ana, Atzacan, Veracruz, located in the 

central mountainous region of the state, at 

coordinates 18°53'09"N 97°05'37 W [Figure 

3], at an altitude of 1280 meters above sea 

level. Twenty stems in good condition and 18 

months old were selected. 

 

 Box 3  

 

 
 Figure 3  

Location of the site where the raw material is 

obtained 
Source: Google Earth 

 

Selection of sugarcane stalks 

 

The best stalks were selected from which 

knots and seedlings in good condition and 

without defects were obtained for subsequent 

rooting. To do this, the leaves were removed to 

expose the knots and buds; The healthiest 

nodes, free of physical or mechanical 

abnormalities, were then selected and cut 

vertically, leaving a margin of 3 cm above and 

below the bud, for a total of 6 cm [Figure 4]. 

 

The nodes were classified according to 

their diameter and size, and two washes were 

carried out: 1] with water and multi-purpose 

disinfectant, adding 10 ml of disinfectant per 1 

L of water, and 2] with citric acid dissolved in 

water at a concentration of 10 g of citric acid 

per 1 L of water. 

 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
https://doi.org/10.1007/s12155-022-10537-8
https://doi.org/10.1007/s12155-022-10537-8
https://farmaquimicasur.com/wp-content/uploads/2022/04/Espirulina.pdf
https://farmaquimicasur.com/wp-content/uploads/2022/04/Espirulina.pdf
https://doi.org/10.3390/su11195317
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Obtaining biostimulants 

 

Biostimulants were obtained from four 

different plant sources: microalgae [Spirulina 

and Egeria densa], dandelion flowers 

[Taraxacum officinale] and coyol bark 

[Acrocomia aculeata]. The samples were dried 

in a convection oven [VEVOR] at 40 °C for 12 

hours. They were then ground in a blade mill 

[Estrella, model 11540] at 300 rpm and sieved 

with a #40 mesh. 

 

Box 4 

 

 
 Figure 4 

Cutting the sugarcane knot 

 

For extraction, 200 g of each sample 

was weighed and placed in Erlenmeyer flasks, 

adding 500 ml of 70% ethanol. The samples 

were subjected to an ultrasonic bath [Cole- 

Parmer, 40 kHz] for 30 min and filtered with 

Whatman #1 paper. The filtrate obtained was 

concentrated to dryness in a rotary evaporator 

[Buchi] at 40 °C. Finally, the extracts were 

prepared at concentrations of 0.5% and 1% 

[w/v]. 

 

Physicochemical characterization of plant 

species 

 

Physicochemical analysis was performed on 

plant species that served as natural 

biostimulants: calendula, spirulina, dandelion, 

and Elodea densa, in accordance with 

Mexican standards, as shown in Table 1. 

 

 

 

 

 

 

 

Box 5 

Table 1 

Standards used for the 

physicochemical characterization of natural 

biostimulants 

 
Characterization Standard and/or method for such 

characterization 

pH NOM-F-317-S-1978 

Acidity NMX-F-102-NORMEX-2010 

Humidity NOM-008-SCFI-1993 

Ash NMX-F-607-NORMEX-2020 

Fat PROY-NMX-F-615-NORMEX-

2018 

Protein NOM-F-68-S-1980 

Color CIELAB [Spectrophotometer CM-

36d] 

 
 

 

 

Application of Treatments in the Planting 

of Sugarcane Buds 

 

The experiments were conducted using 

experimental units, with seven replicates per 

treatment and a control group [distilled water] 

also consisting of seven replicates. Cultivation 

bags were used for this procedure, each filled 

with 80 g of soil without compost and 20 g of 

gravel at the bottom. 

 

Subsequently, 500 mL of solution was 

prepared for each of the biostimulants under 

study at two concentrations [0.5% and 1% 

w/v], and the sugarcane nodes were immersed 

in the corresponding solution for 15 minutes 

according to the treatment. After immersion, 

the cuttings were planted at a depth of 5 cm in 

each of the experimental units of this study 

[Figure 6] and arranged randomly according 

to the design 24. 

 

Box 6 

 

 
Figure 5 

Planting sugarcane knots 
Source: Own work 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
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Irrigation During Sprouting and Rooting of 

Sugarcane Nodes 

 

The biostimulants at both concentrations 

[0.5% and 1% w/v] were applied to the 

sugarcane nodes every seven days after 

planting, for a total period of 60 days. 

Applications were performed by spraying until 

reaching a moisture level of 60%, and distilled 

water was added every three days to maintain 

this level of humidity. 

 

Plant Growth Evaluation 

 

Once the nodes germinated, growth data was 

collected every third day over a 60-day period. 

During this time, the germination index was 

monitored and determined by evaluating 

several parameters: longitudinal stem growth 

[measured with a tape measure], stem thickness 

or diameter [measured with a Mitutoyo Series 

500 digital caliper], root area—assessed through 

horizontal, vertical, and diagonal 

measurements [using a tape measure]—and 

the number of leaves. 

 

After 60 days of growth, the aerial part 

[leaves and stem] and the basal part [root] 

were separated and placed in kraft bags for 

subsequent analysis. They were then placed in 

a drying oven [Thermo Scientific Heratherm, 

Model IGS-60] for 72 hours at 65°C to remove 

moisture from the tissues. A digital scale [Uline 

Balanza, model H-9885] was used to determine 

the total dry matter [TDM]. Prior to drying, the 

length [cm] was determined. 

 

Soil Characterization with Treatments 

 

At the end of the 60-day period and following 

plant removal, a physicochemical 

characterization of the soil was conducted 

using the most effective biostimulant. The 

analysis included the evaluation of organic 

matter, pH, bulk density, gravimetric moisture, 

extractable phosphorus, inorganic nitrogen, 

and cation exchange capacity. 

 

The characterization was performed in 

triplicate and in accordance with the NOM-

021- RECNAT-2000 standard to assess the 

nutrients contributed by the biostimulant to the 

sugarcane cuttings. These parameters were 

compared with those obtained from the 

untreated control [Sample]. 

 

Statistical Analysis of Sprouting and Rooting 

Growth in Sugarcane Nodes 

 

The study of sugarcane involves multiple 

variables which, when analyzed together, can 

be complex. To simplify interpretation and 

identify relationships among them, Principal 

Component Analysis [PCA] was employed a 

statistical technique that condenses 

information into a few components without 

losing the most relevant aspects. 

 

Morphological characteristics [stem 

thickness, height, number of leaves], soil 

nutrients [nitrogen, phosphorus, potassium], 

chemical parameters [pH, electrical 

conductivity, moisture], and biometric weights 

[stem and root] were considered. The data were 

standardized to avoid bias caused by differences 

in measurement units and subsequently 

analyzed in R using the factoextra package. 

 

The resulting biplot allowed for the 

visualization of how each variable contributed 

to the principal components and how samples 

clustered according to their experimental 

conditions, revealing common patterns and 

key trends in sugarcane development. 

 

Results 

 

Physicochemical Characterization of Plant 

Species 

 

The results of the physicochemical 

characterization of the plant species used as 

natural biostimulants are presented in Table 2. 

 

Box 7 

Table 2 

Results of characterization of natural 

biostimulant 

 
Trata 

miento 
pH Acidity 

[%] 
Humid 

ity 
[%] 

Ash 
[%] 

Fat 
[%] 

Protei 
n 

[gr] 

Color 

Elodea 7 
±0.5 

0.0013 
±0.01 

94.3 
±0.24 

22.87 
±0.08 

37.62 
±0.14 

1.44 
±0.30 

6.92 
±0.18 

Dandel 
ion 

5.33 
±0.09 

0.23 
±0.02 

76.77 
±1.65 

10.40 
±0.28 

0.7 
±0.01 

2.7 
±0.22 

10.63 
±0.24 

Marigo 
ld 

5.33 
±0.09 

0.0026 
±0.01 

75.70 
±1.15 

10.40 
±0.28 

0 0.8 
±0.11 

28.35 
±0.04 

Spiruli 
na 

6.49 
±0.22 

0.4537 
±0.05 

90.1 
±0.3 

9.04 
±0.01 

7.5 
±0.01 

58.8 
±0.14 

3.182 
±0.01 

 

 

 

Based on the results presented in Table 2, 

spirulina exhibits the most favorable 

characteristics for use as a biostimulant.  

 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
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This is primarily due to its high protein 

content, as some plants are capable of utilizing 

not only inorganic nitrogen but also intact 

amino acids and short peptides [proteins].  

 

According to studies, the roots of 

various agricultural and wild plant species can 

exude proteases and use them to create an 

accessible nitrogen reserve [Adamczyk et al., 

2010]. Additionally, its slightly acidic to 

neutral pH favors optimal nutrient 

availability and overall plant health [Yara, 

2019]. Likewise, fat and acidity levels are 

considered non- representative values, 

whereas ash content indicates the amount of 

minerals present in the biostimulants. 

 

Plant growth assessment 

 

Sixty days after planting the cane nodes, they 

were sacrificed and the best biostimulant at the 

germination stage was determined. 

 

Effect of biostimulant application on plant 

height. 

 

The height of sugarcane plants with each 

natural biostimulant is shown in Table 3. 

 

Box 8 

Table 3 

Sugarcane height data  
Treatment Height [cm] 

Marigold 0.5% 13 

Marigold 1% 11 

Dandelion 0.5% 14 

Dandelion 1% 14.5 

Elodea 0.5% 13 

Elodea 1% 10 

Spirulina 0.5% 11 

Spirulina 1% 15 

Control 9 
 

 

According to the results obtained, the 

most effective biostimulant for promoting plant 

height was spirulina at a 1% concentration, 

achieving an average height of 15 cm, 

followed by dandelion at 1% with 14.5 cm, 

and dandelion at 0.5% with 14 cm, with no 

significant difference observed between the 

latter two treatments. These results indicate a 

notable increase in height compared to those 

reported by Ghallab et al. [2024], who 

documented a maximum height of 253.63 cm 

for spirulina-treated plants over an 18-month 

period.  

However, no studies have been found on 

the use of dandelion as a natural biostimulant 

for sugarcane growth. Conversely, the lowest 

growth in terms of height was recorded for the 

control treatment [distilled water], which 

reached only 9 cm. 

 

Similarly, based on the findings of 

Medina [2025], the use of the bacterium 

Azospirillum resulted in a plant height of 

59.33 cm in blueberry plants when applied at a 

dose of 20 mL with a single application.  

 

However, when the Kelpak 

biostimulant derived from seaweed was 

applied at a 10 mL dose with five applications, 

a greater height of 60.25 cm was obtained. In 

contrast, the control treatment, which received 

neither dosage nor application, reached only 

47.50 cm. This experiment was conducted 

over a period of 152 days. 

 

Another study conducted by Vega et al. 

[2025], investigated the use of growth 

regulators on forage triticale over a six-month 

period. The Biozyme regulator proved to be 

the most effective, achieving a plant height of 

1.06 m, differing significantly from the 

treatment without growth regulators, which 

was applied at a rate of 1 liter per 200 liters of 

water. 

 

Effect of biostimulant application on plant 

diameter 

 

The diameter values presented in Table 4 

show no significant differences between the 

treatments with biostimulants and the control 

treated only with water. 

 

Box 9 

Table 4 

Results of sugarcane diameter treatments 

Treatment diameter [cm] 

Marigold 0.5% 1.3 

Marigold 1% 1.2 

Dandelion 0.5% 1.4 

Dandelion 1% 1.1 

Elodea 0.5% 1.2 

Elodea 1% 1.2 

Spirulina 0.5% 1.2 

Spirulina 1% 1.2 

Control 1.15 
 

 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
https://doi.org/10.4161/psb.5.7.11699
https://doi.org/10.4161/psb.5.7.11699
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According to the results obtained, the 

most favorable treatment for the stem 

diameter parameter corresponded to dandelion 

at a 0.5% concentration. In second place was 

marigold at 0.5%, with a difference of only 0.1, 

which does not represent a statistically 

significant variation. In contrast, dandelion at 

1% exhibited the lowest value recorded for 

this parameter. When comparing the value 

obtained for spirulina with the findings of 

Ghallab et al. [2024], a stem diameter of 2.97 

cm was reported in sugarcane compared to 

2.30 cm in the control treatment. These 

measurements were taken at harvest, 

corresponding to a growth period of 16–18 

months. 

 

Similarly, Medina [2025] reported that 

treatments with Azospirillum [20 mL, five 

applications] and Kelpak [10 mL, one and five 

applications] resulted in the same stem 

diameter of 0.86 cm, compared to 0.48 cm in 

the control after 152 days. 

 

In another study, Lanche et al. [2024], 

focused on determining the effect of 

pseudostem colostrum on the vegetative 

growth of suckers, evaluating multiple doses. 

For the diameter parameter, no statistically 

significant differences were found among the 

treatments evaluated. However, it is worth 

noting that the T5 [control] treatment showed 

the highest average value of 15.10 cm, 

compared to the lowest value of 15.06 cm 

obtained with a 0.75 L/ha dose, both measured 

45 days after treatment. 

 

Effect of Biostimulant Application on the 

Number of Leaves 

 

The number of leaves per plant was manually 

counted, considering only those that exhibited 

uniform growth. The results are presented in 

Table 5. 

 

Box 10 

Table 5 

Sugar cane leaf data numbers 
Treatment Number of sheets 

Marigold 0.5% 3 
Marigold 1% 3 
Dandelion 0.5% 4 
Dandelion 1% 3 
Elodea 0.5% 3 
Elodea 1% 3 
Spirulina 0.5% 2 
Spirulina 1% 3 
Control 2 

 

The biostimulant that resulted in the 

greatest number of leaves was dandelion at a 

0.5% concentration. Most of the other 

biostimulants produced between two and three 

leaves, indicating that there was no notable 

variation in this parameter. 

 

Effect of Biostimulant Application on Stem 

and Root Weight 

 

The results presented in Table 6 are 

particularly relevant, as they reflect one of the 

primary objectives of biostimulant application. 

 

Box 11 

Table 6 

Data on the weight of the stem and root of 

sugar cane 
Treatment Stem Weight 

[gr] 

Root Weight [gr] 

Marigold 0.5% 5.31 59.33 

Marigold 1% 4.30 57.89 

Dandelion 0.5% 13.16 83.79 

Dandelion 1% 7.83 81.88 

Elodea 0.5% 8.61 77.76 

Elodea 1% 4.61 62.69 

Spirulina 0.5% 1.77 47.10 

Spirulina 1% 3.66 55.59 

Control 1.75 55.07 
 

 

The best-performing treatment was 

dandelion at 0.5%, which produced the highest 

stem and root weight compared to the other 

treatments. 

 

The least effective treatment was 

spirulina at 1%; however, Ghallab et al. [2024] 

reported a stem weight of 1.47 kg, although 

under longer observation periods. 

 

Effect of Biostimulant Application on pH 

 

The optimum soil pH is around 6.5, which 

maximizes nutrient availability. However, 

crops can tolerate a considerable level of 

acidity and alkalinity in the soil. [Yara, 2019].  

 

In this context, Table 7 presents the 

data obtained. 
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Box 12 

Table 7 

Soil pH data with biostimulants 

Treatment pH 

Marigold 0.5% 7 

Marigold 1% 6.67 

Dandelion 0.5% 6.63 

Dandelion 1% 6.74 

Elodea 0.5% 6.66 

Elodea 1% 6.84 

Spirulina 0.5% 6.65 

Spirulina 1% 6.83 

Control 6.27 
 

 

Among the treatments evaluated in 

Table 7, calendula at 0.5% exhibited a pH of 7, 

the value closest to neutrality, making it the 

most favorable treatment compared to the 

others, whose pH values ranged between 6.27 

and 6.84. Nevertheless, all treatments 

remained within or near the optimal range for 

sugarcane cultivation. 

 

Effect of Biostimulant Application on 

Moisture 

 

Moisture content was determined following 

the AS-05 method, adhering to all specified 

procedural steps. The results are shown in 

Table 8. For optimal sugarcane development, 

particularly during the maximum growth stage, 

a relative humidity [RH] between 80% and 

85% is required to promote stalk elongation. 

 

Box 13 

Table 8 

Soil moisture data with biostimulants  
Treatment Humidity 

Marigold 0.5% 45.36 

Marigold 1% 35.36 

Dandelion 0.5% 44.36 

Dandelion 1% 51.62 

Elodea 0.5% 46.91 

Elodea 1% 46.26 

Spirulina 0.5% 46.15 

Spirulina 1% 39.87 

Control 47.20 
 

 

Relative humidity [RH] above 40%, 

combined with a warm climate, promotes the 

vegetative growth of sugarcane, while an RH 

between 45% and 65%, along with limited 

water supply, is favorable during the 

maturation phase [Vandana et al., 2020].  

 

Based on this information and 

considering that the samples were collected 

during the maturation stage, it can be 

concluded that moisture levels were within the 

optimal range for most biostimulant 

treatments, except for Spirulina at 1%, which 

showed a value below the optimal range. 

 

Soil Characterization with the Best 

Biostimulant 

 

After completing the germination analysis, a 

physicochemical characterization of the soil 

treated with the most effective natural 

biostimulants was conducted following a 60-day 

period. 

 

Effect of Biostimulant Application on 

Electrical Conductivity 

 

The soil’s electrical conductivity [E.C.] serves as 

an indirect indicator of salt concentration. 

Naturally, soil contains dissolved salts; 

therefore, its electrical conductivity can be 

very low but never null [Cremona et al., 2020].  

 

In this study, a device capable of 

directly measuring electrical conductivity was 

employed, and the resulting data are presented 

in Table 9. 

 

Box 14 

Table 9 

Soil electrical conductivity [EC] data with 

biostimulants  

Treatment E.C. [us/cm] 

Marigold 0.5% 31 

Marigold 1% 26 

Dandelion 0.5% 109 

Dandelion 1% 49 

Elodea 0.5% 55 

Elodea 1% 40 

Spirulina 0.5% 101 

Spirulina 1% 66 

Control 37 
 

 

A lower electrical conductivity in plant 

extract solutions indicates a reduced 

concentration of dissolved salts, which 

translates into a lower risk of osmotic stress and 

phytotoxicity within biological systems. In 

this regard, the treatment with Calendula at 

1% proved to be the most favorable, as it 

maintained conductivity within a low and safe 

range. 

 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
https://ri.conicet.gov.ar/handle/11336/209253
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This finding is consistent with the 

results reported by Moncada et al. [2020], who 

noted that high electrical conductivity levels in 

culture solutions can negatively affect nutrient 

absorption and seedling growth, whereas 

moderate or low values promote better 

physiological development and overall system 

stability. 

 

Effect of Biostimulant Application on Organic 

Matter 

 

The analysis of soil organic matter is essential 

for understanding soil quality and its influence 

on physical, chemical, and biological 

properties. This information enables farmers 

to determine which amendments [such as 

compost or organic fertilizers] and what 

quantities are required to enhance soil fertility, 

thereby optimizing crop productivity. 

 

Box 15 

Table 10 

Data on organic matter in soil with 

biostimulants  

Treatment Organic matter 

Marigold 0.5% 6.87 

Dandelion 0.5% 6.66 

Elodea 0.5% 7.66 

Spirulina 1% 6.0 

Control 5.91 
 

 

A higher organic matter content in the 

soil is associated with improvements in 

structure, aeration, water retention, and 

nutrient availability, thereby creating a 

favorable environment for plant growth. In 

this context, the treatment with Elodea at 0.5% 

proved to be the most advantageous, as it 

contributed to the greatest increase in organic 

matter. 
 

These results are consistent with the 

findings of Lal [2020], who emphasized that 

organic matter is a key indicator of soil health 

and that higher levels are directly linked to 

greater agricultural productivity and 

sustainability. 

 

Effect of Biostimulant Application on 

Soil N, K, and P 

 

The data on nitrogen [N], phosphorus 

[P], and potassium [K] indicate the 

concentration of dissolved nutrients in the soil 

before and after the experimental period, as 

presented in Table 11. 

Box 15 

Table 10 

N, K and P data in soil with biostimulants 
Treatment N [mg/kg] P [mg/kg] K [mg/kg] 

Marigold 0.5% 3 2 5 

Marigold 1% 2 3 6 

Dandelion 0.5% 3 4 9 

Dandelion 1% 7 10 21 

Elodea 0.5% 2 5 8 

Elodea 1% 3 5 11 

Spirulina 0.5% 4 6 13 

Spirulina 1% 7 10 20 

Control 2 3 7 
 

 

Nitrogen participates in protein 

synthesis and is therefore vital for all 

metabolic activities in plants [Aguilar et al., 

2019]. Phosphorus is an essential nutrient for 

plant growth and a key factor influencing 

vegetation development and long-term 

ecosystem sustainability [Hongtao et al., 

2017]. Potassium, due to its high mobility, 

acts as a neutralizing agent for organic acids 

produced during metabolism, thus 

maintaining the hydrogen balance within plant 

cell sap [Menese et al., 2017]. 
 

Based on the results shown in the table 

and in comparison, with Aguilar et al. [2019], 

who evaluated nitrogen, phosphorus, and 

potassium to determine the agronomic 

performance of maize canguil the treatment 

consisting of 150 kg/ha of nitrogen, 27 kg/ha 

of phosphorus, and 102 kg/ha of potassium 

produced improvements in plant height, stem 

diameter, and grain weight. Therefore, 

considering these findings, the dandelion 

extract, which presented the highest content of 

these nutrients, demonstrated superior results in 

parameters such as stem thickness, leaf number, 

stem weight, and root weight. 
 

Results of the Statistical Analysis of the 

Experimental Design 
 

The Principal Component Analysis [PCA] 

was performed to reduce the dimensionality of 

the dataset and to examine the relationships 

among the morphological, chemical, and 

biometric variables of the samples grouped 

into five experimental treatments: Calendula 

[C], Dandelion [D], Elodea [E], Spirulina [S], 

and Control [T]. The first two principal 

components [Dim1 and Dim2] together 

explained 69.7% of the total variance [41.7% 

and 28.0%, respectively], indicating that they 

adequately represent the variability of the 

dataset. 

https://doi.org/10.35429/JEA.2025.12.33.7.1.13
https://doi.org/10.1016/j.apsoil.2017.08.006
https://doi.org/10.1016/j.apsoil.2017.08.006
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The biplot derived from the multivariate 

analysis revealed a clear separation among the 

experimental groups. Samples from groups C 

and S were primarily located in the positive 

region of the first component, associated with 

higher nutrient content in the soil [N, P, K] and 

greater stem weight, whereas groups D, E, and 

T were positioned in the negative region, 

highlighting distinct morphological and 

growth- related differences. 

 

Box 16 

 

Figure 6 

Principal Component Analysis [PCA]  

 

The biplot from the multivariate 

analysis revealed a clear separation among the 

experimental groups. Samples from groups C 

and S were primarily located in the positive 

region of the first component, associated with 

higher soil nutrient content [N, P, K] and 

greater stem weight, whereas groups D, E, and 

T were positioned in the negative region, 

highlighting morphological and growth-

related differences. 

 

Additionally, variables such as pH, 

moisture, and stem diameter influenced 

differentiation along the second component, 

while temperature, plant height, and number of 

leaves were more closely related to groups D 

and T. Finally, root weight showed an 

opposite trend to nutrient content and stem 

weight, suggesting a possible negative 

relationship between these traits. These findings 

indicate that both soil chemical properties and 

plant biometric attributes vary depending on 

the treatment, contributing significantly to the 

observed differentiation in sugarcane growth. 

 

 

Conclusion 

 

The results of the Principal Component Analysis 

[PCA] revealed that variables related to 

nutrient concentration [N, P, K] are strongly 

associated with stem weight, suggesting that the 

availability of these nutrients in the soil 

promotes the biometric development of plants.  

 

This finding aligns with previous 

studies emphasizing the critical role of 

nitrogen and potassium in plant growth and 

biomass accumulation [Ma et al., 2022]. 

 

The results demonstrated that the 

application of biostimulants is beneficial for 

both root development and various 

morphological and physiological 

characteristics of sugarcane. 

 

Among the treatments evaluated, the 

0.5% dandelion-based biostimulant showed 

the most outstanding performance across most 

analyzed parameters, recording the highest 

values in stem diameter, leaf number, stem and 

root weight, and electrical conductivity [EC]. In 

second place, the 1% dandelion treatment also 

exhibited positive effects, particularly on plant 

height and moisture content. 

 

Conversely, the spirulina biostimulant, 

at both concentrations [0.5% and 1%], showed 

the lowest performance in most of the 

evaluated indicators, including leaf number, 

stem and root weight, electrical conductivity, 

and moisture— ranking only slightly above 

the control treatment. 

 

Overall, these results confirm that the 

application of natural biostimulants produces 

significant benefits in sugarcane development, 

supporting their use as an effective agronomic 

strategy to enhance crop yield and quality. 
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