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Abstract

This research presents a diagnosis of safety and health at work based on the Italian Worker’s
Model, for the identification of occupational risk factors of 10 firefighters from Chihuahua, Mexico.
The study variables were: noise, hearing threshold (UA by its acronyms in Spanish), suspended
particles, weight, and body mass index (BMI). The REBA method was employed to detect
ergonomic risks in ascending-descending to the fire unit. Psychosocial demands were evaluated
through DAAS 21 instrument. The level of correlation among hearing threshold (UA), seniority,
age, and BMI were analyzed. The noise exceeded the Maximum Permissible Level (MPL)
established by the Mexican standard. Firefighters with mild to moderate hearing loss were
detected. All the firefighters except one were overweight and obese (BMI = 23 to 30). There was no
correlation between BMI and UA, which indicates the condition of overweight and obese are not
associated with the firefighters” hearing loss. The concentration of PM2s5 and PMu particles was
found within the MPL. The ergonomic risk was categorized from medium to very high. The results
of the DASS 21 for each worker showed the presence of moderate stress, moderate anxiety, and
severe anxiety. The research provides scientific evidence that shows occupational risk factors and

helps to take preventive measures.

Key words: Italian Worker’s Model, firefighters, occupational risk factors, working conditions,
safety and health at work.
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Resumen

Esta investigacion presenta un diagndstico de seguridad y salud en el trabajo basado en el Modelo
Obrero Italiano, para identificacion de factores de riesgo ocupacional en 10 bomberos de
Chihuahua, México. Las variables de estudio fueron: ruido, pérdida auditiva, particulas en
suspension, peso e indice de masa corporal (IMC). Se empled el método REBA para evaluar riesgos
ergonomicos. Las demandas psicosociales se valoraron mediante el DAAS 21. Se analizé el nivel de
correlacion entre umbral de audicién (UA), antigiiedad, edad e IMC. El ruido excedié el Maximo
Nivel Permitido (MPL) establecido por norma mexicana. Se detectaron bomberos con hipoacusia
leve a moderada. Todos los bomberos, excepto uno, tenian sobrepeso y obesidad (IMC = 23 a 30).
No existié correlacion entre IMC y UA, lo que indicd que la condicion de sobrepeso y obesidad no
esta asociada a la hipoacusia de los bomberos. La concentracion de PM25 y PMio estuvo dentro del
MPL. El riesgo ergonémico se categorizdé de medio a muy alto. Los resultados del DASS 21 para
cada trabajador mostraron la presencia de estrés moderado, ansiedad moderada y severa. La
investigacion brinda evidencia cientifica que muestra factores de riesgo ocupacional y coadyuva a

la toma de medidas de prevencion.

Palabras clave: Modelo Obrero Italiano, bomberos, factores de riesgo ocupacional, condiciones
de trabajo, seguridad y salud en el trabajo.

1. Introduction

In occupational health, firefighting is classified as a high-risk activity because it takes place in
dangerous environments and conditions. It might cause a permanent disability, injuries in different
parts of the body, hearing loss, burns, and muscle contractions, respiratory damages due to
exposures to leaks of hazardous chemical compounds, combustion, and deadly gases (Guidotti &
Clough, 1992; Diaz et al., 2016; Prell et al., 2020). More than 50% fire-related deaths are due to the
exposure to smoke not due to burns. There are mortal accidents of firefighters caused by the
collapse of architectural elements that sometimes block the possible evacuation routes during a
disaster (Barr et al., 2010; Yang et al., 2014). The firefighter’s brigade, between the general working
population, frequently shows symptoms related to stress, headache, sleep disorders, fatigue, and
irritability (Duran et al., 2018). The working conditions of firefighters are most distinctive among
the working population because of the 24-hour work shifts, the quasi-military work organization,
and the pattern of generally routine firehouse-based activities interspersed with unpredictable calls
for emergency medical care or to fight structural or wildland fires.

In addition to the factors mentioned above, obesity is a firefighter’s risk factor, which has been
linked to increased hearing thresholds. The body mass index (BMI) is a measure of body
composition. Overweight and obesity are associated with an increased risk of hearing loss, and
metabolically unhealthy obesity may confer additional risk (Choi et al., 2011; Hu et al., 2020).
Hearing loss contributes to social isolation, depression, and possibly dementia risk (Croll, 2019).
Firefighters are exposed to other demands such as disaster missions, rescue services, as well as
firefighting in extremely hot and hostile environments (Prell et al., 2020). Due to the firefighter’s
brigade, before the general working population, they frequently show symptoms related to stress,
headache, sleep disorders, fatigue, and irritability (Duran et al., 2018). The Depression, Anxiety, and
Stress Scale (DASS 21), evaluates these negative effects.
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Due to health and safety implications in firefighting, new research needs to be conducted to
examine how firefighters' task characteristics and their work demand influence the development of
work-related musculoskeletal disorders (Kodom-Wiredu, 2019). Currently, research models are
used to contribute to the knowledge base about the ergonomics of firefighting, in particular to find
the multi-variate demands of the job and the attributes and capabilities of operators to cope with
these demands (Gentzlez, 2010). The work-related musculoskeletal disorders imply a wide range of
inflammatory and degenerative conditions affecting muscles, tendons, ligaments, joints, peripheral
nerves, and supporting blood vessels (Kodom-Wiredu, 2019). Regarding ergonomy, the method
Rapid Entire Body Assessment (REBA), allows the analysis of adopted positions by upper body
limbs (arm, forearm, wrist), trunk, neck, and legs.

Firefighters are exposed to a wide range of toxic chemicals due to combustion (volatile organic
compounds, semi-volatile organic compounds, and metals) (Engelsman et al., 2020). On the other
hand, firefighters may be exposed to diesel exhaust, which is classified as a Group 1 carcinogen by
the International Agency for Research on Cancer (IARC) and particulate matter (PM) from vehicles
and off-gas (volatile organic compounds (VOCs), formaldehyde, among others) emitted from idling
vehicles and firefighting equipment, such as clothes, boots, and gloves, from the fire scene (Kim et
al., 2019).

Due to the complexity in the administrative organization and its work processes, it is hard to
evaluate the multiple risks and demands to which firefighters are exposed. There are discrepancies
between the international standard and the health and safety regulations of each country (Ehlers et
al., 2015; Alvarez et al., 2016; Duran ef al., 2018; Cohen et al., 2019; Prell et al., 2020).

From this point of view, the objective of this research was to perform a diagnosis of safety and
health at work based on the Italian Worker’s Model, for risk identification and the determination of
physiological and psychological demands in a fire station in Chihuahua, Mexico.

2. Materials and Methods

2.1. Subjects and design

This was an exploratory, cross-sectional study. It involved ten firefighters from a fire station
located in the city of Chihuahua, Mexico. All of them aged between 27-47 years old having a
traditional or rotating work schedule. The study protocol was evaluated by the Institutional Review
Board of the Faculty of Nursing and Nutriology, at the Autonomous University of Chihuahua,
Chihuahua, Mexico, according to the Declaration of Helsinki. The data was recollected in the year
2019.

2.2. Instruments and evaluations

221  Italian Worker’s Model and the PROESSAT survey

The Italian Worker’s Model, recognizes the collective intelligence of the workers as experts
regarding to working conditions and it operates under three fundamental values: working
experience, consensual validation and the non-delegation (Marin & Pico, 2004). The risks are
studied in three groups: physical (I), chemical and biological (II), and mechanical (V); and the
demands in two groups: physiological (III) and psychological (IV) (Noriega, 1995). They originate
from the different compound elements that make up the process work: in work environments,
objects, activity, organization, and work division (Voguel, 2016). The Italian Worker’s Model has
two basic instruments: I) Collective survey: it collects information, elements, and organization,
through the guide for the study of the labor process and the group questionnaire; II) Risk map: it is
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the visual representation through drawings, schemes, diagrams or any similar form of the results
from the research (Zarate-Amador, 2013).

Its application began with the recognition of the work process and some of the places where the
workforce carried out their activities. The homogeneous group was conformed. A deep interview
based on the questionnaires that make up the instrument within the working hours, was
conducted, using a PowerPoint presentation to visually present the questionnaires. The
participations were audio recorded to ease the analysis of the information. The procedure included
eight sessions of three hours each within the working day and with informed consent, being the
recordings eliminated after their capture.

An epidemiological type survey such as the “Workers’ Health Evaluation and Monitoring
Program” in Mexico (PROESSAT by its acronyms in Spanish), was used to capture the
demographic, social, risks, demands, and health issues (Balderas-Lépez, 2019). The PROESSAT
survey identifies the presence of symptoms that allow make up presumptive diagnoses of various
health damages, including mental, psychic, psychosomatic disorders, and musculoskeletal. The
printed form of the PROESSAT survey was given to the firefighters who voluntarily participated in
its filling.

2.2.2  DASS 21 instrument

The DASS 21 instrument has the advantage of being a self-report instrument; short, easy to answer
with valuable psychometric properties (alpha values from 0.87 to 0.88 for depression, between 0.72
and 0.79 for anxiety and from 0.82 to 0.83 to stress) in several studies (Elbay et al., 2020; Jian et al.,
2020). It was done in writing, each item is answered according to the presence and intensity of each
symptom, on a Likert-type response scale of 0 to 3 points. Each scale has seven items and its total
score varies between 0 and 21 points to know the levels of stress, anxiety, and depression (Elbay et
al., 2020).

2.23  Noise Measurements

The noise coming from the Ford Model 1982 extinguishing class was evaluated, in its different
sirens; truck in moto-pump phase (in areas of the control panel and water intakes); fan noise and
hydraulic tool motor. A total of 180 measurements were executed by generating source. The
integrating sound level meter was used (SoundPro ™ Datalogging, 3 M brand, US) following the
recommendations of the Mexican regulation (NOM-011-STPS-2001).

224  Audiometry study and BMI calculations

It was carried out based on the method of American Medical Association (AMA), to know the
auditory sensitivity of the firefighters. The auditory canal was examined with a stethoscope, to
verify that the ducts were free and there was not any inflammation or pathology. The participant
had to stay 15 minutes previous to the trial, outside of a noisy environment and without making
major physical efforts. It was played only the audiometry tone in a cabin with an INVENTIS
instrument (model Bell basic/plus AU1D-31, US). The data was processed by a DAISY Inventis
Software computer. The firefighter responded to the auditory impulses he perceived by pressing a
button. The frequencies evaluated were 250, 500, 1000, 2000, 4000, 6000, 8000 Hz. Then, it was
proceeded to weigh and measure the participant’s height, to calculate their body mass index (BMI).
2.2.5 Measurements of gases and suspended particles

It was performed in three different areas: machines room, out-of-room station, and the living room.
In the mobile unit 871, three measurements of 15 minutes were executed, placing the environmental
monitor at 1.5 meters from the exhaust of the mobile unit, simulating the distance and height at
which the personnel are at the time of work. The instrument used was a 3M ™ EVM-7 air and
particle quality monitor, US. The density of the evaluated particles was 2.5 and 10 ug-m- and the
toxic gases selected for the environmental measurements were: dioxide and monoxide carbon (CO:
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and CO), acetaldehyde, propaldehyde and volatile organic compounds (VOC), such as:
chlorobenzene, formaldehyde, toluene, and benzene. Based on what is stablished in the Mexican
regulations NOM-010-STPS-2014 and NOM-025-SSA1-2014 (NOM-025-SSA1-2014 & NOM-010-
STPS-2014), the data analysis was carried out.

2.2.6  Ergonomics analysis

The REBA applications are related to preventing injury risks, which are associated with the posture,
mainly of the musculoskeletal type, indicating corrective actions. It is the result of cooperative work
carried out by teams of ergonomists, physiotherapists, and nurses after identifying/analyzing
around 600 working postures (Hita-Gutiérrez et al., 2020).

Two work activities were considered: approaching the unit and rolling hoses, which are carried out
regularly for the workday and marked as potentially harmful by the worker, due to uncomfortable
positions adopted and repetitiveness. It was observed the ascent-descent of the personnel to the
unit and techniques of rolling hose in the ground, during 72 hours to be registered and evaluated in
photos and video. The information was processed in an Excel spreadsheet, the degrees of
inclination of joints, extra loads, and sudden movements were evaluated to quantify the level of
risk in the adopted positions. The risk factors evaluated are: static muscular works, important
postural changes, repetitive movements, obtaining punctuation, level of action, risk and required
action.

2.3. Statistical analysis

Data were presented characterized in their central tendency and dispersion through the mean
1+SD (standard deviation), respectively. Additionally, and assuming the data distribution was
normal the Pearson correlation between pairs of variables was obtained. The most frequently used
a values are: 0.01, 0.05, and 0.10 (Wayne, 2005). The p-value or significance level of 0.1 was
stipulated at the authors' discretion. The SAS 9.1 (SAS, 2006) software was used in the analysis.

3. Results and Discussion

3.1. Diagnosis of safety and health at work

In México, there is not much information available in this regard, partly because firefighters only
have initial medical assistance (medical consultation) within the services allowed by the Mexican
Institute of Social Security (IMSS by its acronyms in Spanish), but workplace risks and accidents are
addressed by the State Health Department, as this institution is not obliged to generate statistics for
occupational diseases, it is difficult to have concrete figures (Meléndez-Lopez et al., 2018).
Other relevant problems are the lack of financial resources for the payment of salaries similar to
purchase and equipment, and more training. All of the above affects fire departments with very few
personnel, since, in certainty, this public service becomes an altruistic endeavor rather than a job
(Barcenas-Castro & Aguilera, 2012). The subjective identification of the risks and demands through
the Italian Worker's Model questionnaires, are presented in Figure 1. The application of the
PROESSAT survey allowed describing the generalities of the study population and allows the
calculation of a risk percentage. The age range was around 27-44 years old, with an average of 37
years. The working seniority varies around 4-23 years, 50% of the firefighters present a high
domestic load index and 100% is identified and proud of their work. Both methodologies were in
agreement with the individual characterization of the physical risks (sudden changes in
temperature, poor lighting, and humidity), chemical risks (dusts, fumes, and gases or vapors), and
physiological demands (awkward positions and musculoskeletal disorders) and psychosocial
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demands (high concentration, meticulous tasks, night work, strict supervision, rescue of people in
danger). Regarding worker’s health it was identified damages to the musculoskeletal and
respiratory system and other symptoms such as physical fatigue, depression and anxiety, sleep
disorder, migraine, and low back pain were identified. Most of the activities of the firefighters are
carried out outside the facilities, which makes it difficult to graphically represent the risks and
demands in a static and geographically located plane. Therefore, it was not possible to design a risk
map.

| Diagnosis of Safety and Health at Work

PAINS 1VSS30Ud

= Physical risks (Group I)
7 z Risks detected % Risk
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Figure 1. Subjective identification of risks and demands through the Italian Worker’s Model and PROESSAT
survey.

Figura 1. Identificacion subjetiva de riesgos y demandas mediante el Modelo Obrero Italiano y la encuesta
PROESSAT.

This research performed a diagnosis of safety and health at work based on the Italian Worker’s
Model and PROESSAT survey for the identification of risks at a fire station in Chihuahua, Mexico.
The main risks and demands found are related to other studies, where five large risk areas for
firefighters are mentioned: exposure to hazardous substances, ergonomic factors and of physical
load, exposure to noise, psychosocial aspect and exposure to biological and chemical risks (Duran et
al., 2018; Prell et al., 2020).
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3.2. The DAAS 21 results

The DASS21 measurements were realized as follows: The instrument has 21 items, with four
response alternatives in Likert format, which range from 0 ("It does not describe anything that
happened to me or I felt during the week") to 3 ("Yes, this happened to me a lot, or almost always ").
To answer, the slogan establishes to indicate to what extent the sentence describes what happened
or felt the person during the last week. This instrument has the advantage of being a self-reporting
scale, short, easy to administer and answer, and its interpretation is simple. The obtained results for
stress (6.9-10.4), anxiety (5.3-5.4) and depression (2.5-2.8), are within the normal range for the three
scales (0-14, 0-7, 0-9 for stress, anxiety, and depression, respectively) in a general analysis. However,
six of the participants presented moderate stress, three mild anxieties and another one severe
anxiety. These results were similar to those obtained with the PROESSAT in its section Assessment
of Risk and Demands. The psychosocial risk assessment was carried out by a student with a
master's degree in Occupational Health and he is not a specialist in the administration of
psychological tests, which requires making recommendations that are not of such a specialized
interpretation. The results must be expressed simply and clearly to the company management since
psychosocial risks related to working concern aspects of work management, social and
organizational contexts, with the ability to generate psychological or physical damage. Psychosocial
risks cannot, analysed as environmental measurements rather than individual measurements
(psychological attributes). The individual results for each worker’s DASS 21 scale show the fact that
six firefighters had moderate stress, three firefighters had moderate anxiety and one firefighter had
severe anxiety, that is to say, these three pathologies are present even though the DASS-21 general
analysis scale does not detect them. Besides, health damage analysis (PROESSAT survey) also
showed physical fatigue, depression, stress, anxiety, sleep disorder, and migraine. From these
points of view, it was possible to determine that psychosocial risks were present in the firefighters'
sample. This fact was important due to these pathologies: stress, anxiety, and depression. Their
consequences are the core point of interest for understanding psychosocial risk factors because their
repercussions on both health and productivity (Vilchis-Rea & Lépez-Hernandez, 2017; Balderas-
Lopez et al., 2019; Uribe et al., 2020).

3.3. Noise

The results of the measurements made to unit 875 with a normal operation management, where
the sound levels and the different sirens of the engine were evaluated, are shown in Table 1. The
exposure time will depend on the distance of the service and the number of the emergencies
required during the day. The exposure to the noise is considerable inside and outside the cabin. The
noise results for the unit 871 with the revolutionized engine and the water pressure pump activated
was 83.7 £ 0.2 dB (A), evaluated at the floor level in water intake area. In the control panel it was
81 + 0.8 dB (A), areas where the machinist operator does his work. The evaluation of the noise
generated by the fan, used in the cooling or extraction of air, is performed both, indoors and
outdoors, the results were 95.3 + 2.3 dB (A) and 93.2 + 2.8 dB (A), respectively. The hydraulic tool
motor for extraction generates 81.3 + 0.7 dB (A).



Sergio Gonzilez-Gonzilez et al., TECNOCIENCIA CHIHUAHUA, Vol. XV (1) e 754 (2021)

Table 1. Noise measurements performed to the unit 871.
Tabla 1. Mediciones de ruido realizadas en la unidad 871.

Measurement Running engine Sirens Wail Sirens Yelp
area dB(A) dB(A) dB(A)
Inside the cabin 73.8+4.9 94.3 +1.6 94.3 +1.6
Outside seats 75+4 94.7 +1.4 945+1.1

Note: Results were expressed as the average of 180 replicas + Standard Deviation.

The results of noise measurements are consistent with what has been reported in other researches
where it is indicated firefighters are frequently exposed to high levels of noise from various sources:
vehicle sirens, horns, machine and tool motors. Levels of more than 100 dB (A) can be reached in
the response to emergencies (Alvarez et al., 2016, Cohen et al., 2019). In this research, the noise
values exceeded the maximum limits allowed by the Mexican standard (NOM-011-STPS-2001).
Exposure to noise at work can be harmful to health from the workers. The best-known effect of
noise at work is hearing loss. However, it can also increase stress and multiply the risk of an
accident.

3.4. Audiometry

Choi et al,, (2011) presented a theoretical framework describing the relationship between
working conditions, health behaviors, and obesity in firefighters. However, the associations
between working conditions of firefighters and obesity, and the relationships between working
conditions and health behaviours for obesity in firefighters remain to be clarified.
There are diverse factors such as overweight, obesity, age, and time of exposure to noise appears,
that influence the hearing loss. Table 2 shows the results of the audiometry (applied to nine
firefighters) their age, BMI, labor seniority, the hearing threshold obtained and their categorization
according to the World Health Organization (WHO). The results of the measurements showed that
there is hearing loss among the studied firefighters and a low hearing of the personnel in the
frequencies of 4000-6000 Hz. This phenomenon shows that the ear has a higher difficulty for a post
occupational recovery. On the other hand, the level of linear association between the measured
variables was analyzed, considering a significant correlation at a level of 0.1, since, the sample of
firefighters is small. Table 3 shows coefficients correlation between the hearing threshold (UA),
seniority, age and BML

Table 2. Results of the audiometry study.
Tabla 2. Resultados del estudio de audiometria.

Firefighter ;;f:s) BMI* S(e;‘e‘::;y d‘é’t:) 3:‘3“5 loss levels
1 46 22.3 25 40 mild
2 42 32.1 18 65 severe
3 42 30.4 9 25 normal
4 40 26.8 4 15 normal
5 42 27.4 13 35 mild



Sergio Gonzilez-Gonzilez et al., TECNOCIENCIA CHIHUAHUA, Vol. XV (1) e 754 (2021)

6 42 29.1 13 35 mild

7 27 42.8 4 20 normal

8 35 29.7 4 20 normal

9 44 31.8 6 45 moderate

*BMI=body mass index; UA= hearing threshold.

There was a strong direct linear association (r = 0.65, p= 0.0574), between the labor seniority of
firefighters and UA. It means, being firefighters as their years of service increases their auditory
level decreases in a high proportion, being that their UA are increasing. Likewise, a positive
correlation between the variables “Age” and “Seniority” was found (r = 0.72, p= 0.074). As
firefighter’s age increases, so will their seniority. Moreover, there is not enough statistical evidence,
but it does exist a trend between the correlation of the variables “Age” and “UA” (r = 0.53, p= 0.14).
Which suggests that for this study and under the conditions, in which the same is carried out, age
can be or not, a risk factor for suffering hearing loss. A similar behaviour (r = 0.54, p= 0.13) occurs
between the variables “BMI” and “seniority,” that is to say, the younger firefighters with a less
seniority present a higher BML

Table 3. Correlation Analysis.
Tabla 3. Analisis de correlacion.

Ratio of Variables Significance Level Correlation Coefficient Lin.eal:
(p) (r) Association

Seniority—*UA 0.058 0.65 yes
Age-UA 0.14 0.53 Tendency
BMI-UA 0.76 -0.11 no
Age—Seniority 0.074 0.62 yes
BMI-Seniority 0.13 -0.54 Tendency
Age—BMI 0.0085 -0.80 yes

*BMI=body mass index; UA= hearing threshold.

Finally, it did not exist a linear correlation between the “BMI” and the “UA” (r = 0.11, p= 0.76).
Which indicates that the condition of overweight and obesity (BMI) is not associated with the
firefighters” hearing loss.

The firefighters show hearing loss and low hearing at frequencies of 4000 and 6000 Hz. Researchers
agree on the fact there is a greater hearing loss after the sixth year of exposure and a loss in hearing
acuity at the highest frequencies between 3000 Hz and 6000 Hz, in particular, around 4000 Hz
(Bufano, 2013), that is, as firefighters increases their years of service, their hearing level decreases.
In this study and under the conditions in which it takes place, age can be or not a factor of risk for
suffering hearing loss (there was a trend between age and UA variables). Despite this, the natural
aging of the ear by age must be taken into account, which will affect each individual in a different
way (Hong et al., 2013), because, the hearing loss related to aging is a biological phenomenon of the
ear which no one can escape, beginning around 20 to 30 years of age and it appears symptoms at 50
to 60 years of age. Therefore, it could be considered as a natural condition that increases its
prevalence with age (Diaz et al., 2016).

The BMI was calculated and used as an indicator for obese and overweight, conditions can affect
the metabolism of glucose in the body causing internal ear dysfunction with damage to hearing and
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balance (Fernandez et al., 2011). Due to obesity has a significant effect on vascular function, and this
may have an impact on highly vascular organs such as the auditory system (Dhanda and Taheri,
2017). According to the results, all the firefighters in the study, except one, were overweight
(BMI=23) and obese (BMI=30). However, the correlation analysis showed for this study, the variable
of BMI and auditory threshold, does not correlate, which indicates the condition of overweight and
obesity are not associated with the firefighters’ hearing loss. However, in order to prevent the
obesity risk factor a nutritional intervention program for firefighters was recommended. These
programs often include personal diet, hereditary factors, psychological evaluations, and physical
activation (Choi et al., 2011). Nutritional Intervention Program is considered to improve the
variables of BMI and weight. Reduction of overweight and obese in firefighters is promoted.
Besides, these two conditions are strongly associated with other non-communicable diseases such
as diabetes and high blood pressure.

3.5. Measurements of gases and suspended particles

At the scene of a fire, firefighters are frequently exposed to CO, CO: and VOC, among others
(Guidotti & Clough, 1992). The values found for benzene, VOC, propaldehyde, acetaldehyde, were
3.7, 42,77, 24.2 ppm, respectively (Table 4 and Figure 2). The concentration of benzene (3.7 ppm)
exceeds the MPL established by NOM-010-STPS-2014 (2.5 ppm). Acetaldehyde was found near the
MPL (25 ppm). The same regulation establishes an MPL of 30,000 ppm for COz2. The values found
(912.5 ppm), are within the MPL (working day of eight hours a day and a working week of forty
hours). The CO was found at a concentration of 19.44 ppm, a value below the 200 ppm for CO,
established by the Institute of Occupational Health and Safety (NIOSH) (Ehlers et al., 2015).

Table 4. Comparison between VOCs obtained values and MPL’s by the NOM-010-STPS-2014.
Tabla 4. Comparacién entre los valores obtenidos y los MPL permitidos por la NOM-010-STPS-2014

VOCs aObtained values (ppm) MPL’s by NOM-010 (ppm)
VOC:s (total) 42+0.3 *
Benzene 37+05 25
Propaldehyde 7.7+0.1 20
Acetaldehyde 242+0.5 25

a*Results were expressed as the average of 3 replicas + Standard Deviation.
*Value not found.

In this research, measurement of gases and particles were carried out in the transport unit, where it
was found benzene concentrations were higher than the MPL by the regulation consulted. These
compounds represent a chemical risk, especially due to combustion fumes and the difficulty of
analyzing them, since their concentration varies depending on the stage of the fire, and their
emission continues even after the fire extinguishes (Vilchis-Rea, 2017). This implies the firefighters'
exposure to these chemical substances, which cause effects such as deterioration and affectation of
the lung tissue some pass into the bloodstream and other parts of the body, preventing the red
blood cells from carrying oxygen. Besides, breathing them can cause loss of consciousness,
suffocation, poisoning, even death. The symptoms will depend on the dose and the time of
exposure.

10
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Figure 2. Comparison between VOCs obtained values and MPL’s by the NOM-010-STPS-2014.
Source: Table 4.

Figura 2. Comparacion entre los valores obtenidos y los MPL permitidos por la NOM-010-STPS-2014.
Fuente: Tabla 4.

The measurements obtained for PM1 and PMzs, were of a density of 4.13 pug-m= and 1.88 ug:ms3,
respectively. Values that were within the corresponding normativity (NOM-025-SSA1-2014). PM2s
and PMuo particles are associated with health problems (respiratory and cancer) (Prell et al., 2020),
however, in this investigation, the concentration of these particles was within the MPL by NOM-
025-SSA1-2014, the USEPA (35 pg-m? and 150 pg-m= for PMiwo and PM:s, respectively) and WHO
regulation (50 pg-m=3 and 25 pg-m= for PMio and PM:s, respectively) (Kim et al., 2018).

3.6. Ergonomic analysis

The analysis carried out through REBA method showed a very high risk in the ascending and
descending activity to the fire unit, as it does not have any stirrup. The punctuation calculated for
this activity was 13, with a “very high” level of risk, which suggest immediate action. On the other
hand, hose winding activity had a punctuation of 7, with a “medium” level of risk, indicating that it
is necessary to implement the action. Due to this, it is possible that some back injuries, muscular
strains and injuries caused by falls are shown.
The results of the ergonomic measurements through the REBA, showed a categorization of risk
between “very high” and “medium” in the analyzed postures. The risk was high enough for these
tasks to warrant modification and changes. The suggested recommendations given included
creating new mechanical and technical devices, modifying existing devices, and making workers
aware of associated risks to reduce the threat of injury (Hita-Gutiérrez et al., 2020). Then carry out a
re-evaluation using the REBA to obtain elements would make the authorities aware of the
investment in infrastructure and equipment of fire stations.

11
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4. Conclusions

Occupational health in firefighters is a subject studied insufficiently at an international level. In
this research work was possible to realize a diagnosis of safety and health at work based on the
Italian Worker's Model, for risk identification and the determination of physiological, and
psychological demands in a fire station in Chihuahua, Mexico. The methodology employed
included the Italian Worker’s Model and PROESSAT survey, both are widely used to diagnose
occupational health in our country. Exposure to noise is unavoidable, difficult to assess and
prevent, so the following measures are necessary to adopt such as: the elimination of risk,
acquisition of more closed cabin transport units with air conditioning system so that personnel can
be transported with closed windows, pneumatic and modern hydraulic tool, engineering measures,
implement established predictive and preventive maintenance programs, the application of a
hearing conservation program, audiometry studies on a regular basis (at least once a year), personal
protective equipment. Future biomonitoring studies recognizing and assessing the range of
firefighter’s chemical exposure would be beneficial. This study provided some data to understand
the relationship between obesity and hearing loss in the firefighters’ sample. The individual results
for each worker's DASS 21 scale show the fact that six firefighters had moderate stress, three
firefighters had moderate anxiety and one firefighter had severe anxiety, that is to say, these three
pathologies are present even though the DASS-21 general analysis scale does not detect them. The
correlation analysis showed for this study that the variable of BMI and auditory threshold were not
correlated, which indicates the condition of overweight and obese is not associated with the
firefighters’ hearing loss. The results of the ergonomic measurements through the REBA, showed a
categorization of risk between “very high” and “medium” in the analysed postures. The risk was
high enough for these tasks to warrant modification and changes. Firefighters knew the risk
factors. However, they not knew the magnitude of negative health effects. The main contribution of
this research was the evaluation of risk factors and the dissemination of its results in the firefighting
community. Changes in the transport unit and personal protective equipment, a calisthenics
program to improve firefighters' physical strength, agility, coordination, and flexibility, were made.
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Abstract

Some antibacterial gels, used for commercial sanitizing, containing ethanol (active) and methanol
(toxic) were quantified. The health emergency caused by the COVID-19 epidemic has motivated the
production of sanitizing gels to cover higher demand. The analytical composition of 24 commercial
gels is reported (15 produced by national and transnational companies, and nine collected from
public areas — in use). The chemical analysis results found that only one brand of 15 gels meets the
quality requirements regarding 70% (wt./wt.) of ethanol content. Concerning the collected gels,
none of them contains the minimum active compound required. The non-compliance of this
requirement means that these gels present their sanitizing action diminished. A striking result is
that 25% of commercially packaged gels contain methanol - a toxic substance - in alarming
amounts, hundreds of times more than the FDA upper limits requirement.

Keywords: methanol; ethanol; sanitizer gels; sars Cov-2; Covid-19.

Resumen

El contenido de sustancias etanol (activo) y metanol (tdxico) se cuantificé para geles desinfectantes
comerciales. La emergencia sanitaria provocada por la epidemia de COVID-19 ha motivado la
produccion de geles desinfectantes para cubrir la mayor demanda. Se reporta la composicion
analitica de 24 geles comerciales (15 producidos por empresas nacionales y transnacionales,
también nueve geles recolectados que estuvieron en uso desde areas publicas). De los resultados del
analisis quimico, se encontrd que solo una marca de 15 geles cumple con los requisitos de calidad
con respecto al 70% (peso/peso) del contenido de etanol. En cuanto a los geles recolectados de zonas
publicas, ninguno de ellos contiene el compuesto activo minimo requerido. El incumplimiento de
este requisito hace que estos geles presenten disminuida su accién sanitizante. Un resultado
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sorprendente es que el 25% de los geles empacados comercialmente contienen metanol, una
sustancia toxica, en cantidades alarmantes, cientos de veces mas que los limites superiores
regulados por la FDA.

Palabras Clave: metanol; etanol; geles sanitizantes; sars Cov-2; Covid-19.

1. Introduction

The ethanol-based sanitizing gels production increased markedly in 2020, mainly caused by the
recent COVID-19 pandemic (March 2020). The purpose of its disinfecting action makes this product
available in almost all public facilities, such as banks, supermarkets, hospitals, offices, etc. The
advantage of this product is its use in some places where there is no access to soap and water, and
its sale doesn’t require a prescription (Paulson, 1999). Before the present pandemic, this product
was in low demand. However, as it became a product promoted by health institutions as a
preventive product (Alvarez, 2020), with high antimicrobial efficiency, the people increased its
usage considerably, which is why many companies began their mass production. Even part of the
people made their formulations based on videos and online tutorials on the websites. This activity
generated a problem since there is no precise regulation of established requirements. The
production is currently carried out with various chemical compounds, but several of them could be
toxic. Some formulations could harm users, starting from a simple dryness or skin irritation, even
severe poisoning. Antibacterial gels are defined as liquid disinfectants for applications on hands
and surfaces. Its main component must be 60-80% (wt./wt.) Isopropyl alcohol or 70% ethanol. The
last one is the most commercially used, due mainly to the fact that being cheaper than Isopropyl
alcohol. The 70% ratio is cited by several studies, such as those carried out by Guilhermetti et al.
(2010), where they used 12 alcohol-based gels produced in Brazil, according to the European
standard EN1500. This study concluded that the gels have an effective disinfecting action equal to
that obtained using 70% ethanol. Its antiviral activity was demonstrated in the studies carried out
by Pandejpong et al. (2012).

They determined that there is effective when it is using antibacterial gel to reduce influenza by
studying 1,437 preschool children. This evidence showed that the mandatory use of ethanol-based
gel as classroom hand disinfection could significantly reduce school absenteeism rates by
influenza. The ethanol-based gel is also currently used in hospitals; as mentioned in the studies
carried out by Chavez et al. (2010), they recommend that hospital staff working in places such as
intensive care units (ICUs), neonatal wards, and emergency services. They must have their hand
hygiene by carrying out a wash with soap and water, alternating with ethanol and glycerin-based
gel to keep their hands moisturized.

Currently, there is no legal regulation in México for the manufacture and evaluation of these
products. The European community uses the UNE EN 1500 standard, which sets the antimicrobial
evaluation procedures of sanitizing products. Still, it does not mention the banning of possibly
toxic substances in its preparation. Due to the COVID-19 disease pandemic, the US Food and Drug
Administration (FDA) issued guidelines to communicate its policy regarding the chemical
composition of certain ethanol-based hand sanitizers by pharmacists in establishments licensed by
the state or federal facilities. They also published a guide, "Temporary Policy for Manufacture of
Alcohol for Incorporation into Alcohol-Based Hand Sanitizer Products during the Public Health
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Emergency (COVID-19) Guidance for Industry". This document contains guidelines for using ethyl
alcohol as an active pharmaceutical ingredient (API) to prepare and distribute hand sanitizer as a
product for public use. This document, issued in March 2020, will be temporarily allowed respect
to certain impurities at levels that can be tolerated for a short time, thought out the COVID-19
public health emergency.

Table 1. FDA recommended a maximum limit for impurities in ethyl alcohol for sanitizers, in weigh
percent (%), and parts per million (ppm).

Tabla 1. Limite maximo recomendado por la FDA para las impurezas en el alcohol etilico par:
desinfectantes, porcentaje en peso (%) y partes por millén (ppm).

Maximum limit

Impurities

% ppm
Methanol 0.063 630
Benzene 0.0002 2
Acetaldehyde 0.005 50
Acetyl (1,1-diethoxyethane) 0.005 50
Sum of other impurities 0.03 300

Values in Table 1 shows methyl alcohol (methanol) as the primary contaminant. Ethanol used to
make sanitizers could contain methanol as a contaminant in two ways: the first could be due to the
ethanol decomposition by heating. The second is due to a deliberate addition to save costs since
methanol is cheap. Methanol is metabolized in the liver, much slower than ethanol, by the enzyme
alcohol dehydrogenase activity, producing formaldehyde and formic acid, as shown in Figure 1.
Both metabolites cause severe metabolic acidosis and other organ damage. The produced cellular
acidosis increases by accumulating lactic acid due to secondary cellular hypoxia (UNAM, 2014).

i Alcohol dehydrogenase enzyme .y

5 Aldehyde dehydrogenase enzyme g

Fig 1. Ethanol and Methanol metabolism diagram. Ethanol produces non-toxic byproducts compared to
methanol (UNAM, 2014).

Fig 1. Diagrama de metabolismo de etanol y metanol. El etanol produce subproductos no téxicos en
comparacion con el metanol (UNAM, 2014).

A Material Safety Data Sheet (MSDS) of methanol indicates that skin contact generates moderate
irritation. It can be absorbed through the skin in harmful amounts. Prolonged and or repetitive
contact can cause dry skin and dermatitis. Methanol can be absorbed through the skin, producing
systemic effects that include visual disturbances (Fisher. 2020).
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This work focuses on the qualitative and quantitative composition analysis of commercial and
collected sanitizing gels using infrared spectrometry and gas chromatography (CG) to evaluate
their ethanol and methanol content percentage for each one.

2. Experimental

2.1 Samples

Fifteen (new and sealed) commercial sanitizing gels produced by national and international
companies were purchased in different stores and they made chemical analyses. In addition, nine
gels samples were analyzed too; they were collected from public areas such as banks, factories,
convenience stores, and shopping centers in Chihuahua City, Mexico, in June 2020. About the
public places collected samples; their brands were not recorded because this information was not
visible. To analyzed gels acquired in the store, they were opened and shaken for 10 minutes before
the analysis. The sealed commercial sanitizing gels were numbered (1 to 15) and, the collected
samples, were labeled by letters (A to I); it was made due to the confidential protocols.

2.2 Chemical reagents

High purity methanol (JT Baker 99.8%) and ethanol (JT Baker 99.8%) were used as a reference to
instrument calibration and also to corroborate their detection limit furthermore optimal operation
of the infrared spectrometer and gas chromatograph.

2.3 Fourier Transform Infrared (FTIR) Spectroscopy

For the FTIR analysis, a Shimadzu model IR Affinity 1S spectrometer was used. The spectra were
obtained by reflectance using the accessory called ATR (Total Attenuated Reflectance by its
acronym in English), Smiths brand, Quest model, with a single reflection diamond window
(bounce) with 20 scans to obtain each spectrum. It was used to qualitatively identify the presence
of the alcohol type present in the gels. FTIR spectra were recorded in the interval between 900 and
1200 cm™.

2.4 Gas Chromatography

For GC analysis, a Perkin Elmer equipment, model Auto system XL, with a Porapak Q packed
column with 6 feet length and 1/8 inch in diameter, was used. The used chromatographic
procedure temperature was: injection 220 °C, detector: TCD 220 °C, the carrier gas was helium at
30 mL/min (Praxair 99.99%), the oven program was an initial temperature of 105 °C/min with 10
°C/min ramp up to 200 °C and a holding isothermal of 5 min. The quantification procedure was
carried out, preparing calibration curves with a reactive grade of ethanol and methanol. The
samples for analysis were injected directly from the container without previous preparation.

3. Results and discussion

In this part, the qualitative analysis by FTIR infrared spectroscopy of the mixtures used for
calibration can be noticed. Then, the spectra of the purchased and collected sanitizing gels sets are
shown. Finally, the comparative graphs with the quantitative values obtained by gas
chromatography are presented.
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3.1 Qualitative analysis by FTIR spectroscopy

The detection of different alcohols (methanol, isopropanol, and ethanol) contents in the sanitizing
gels were determined, comparing with the standard mixtures' spectra. Their fingerprints spectra
were taken in the FTIR spectra between 1200 and 900 cm, identifying specific wavenumbers at
1020 and 1115 cm! for methanol, at 1046 and 1088 cm- for ethanol, at 966, 1015 and 1053 cm-! for
propanol also at 950 and 1129 cm-! for isopropanol, they were present at Figure 2a. These results
are identical to those reported by Coldea et al. (2013).

The spectra for sealed commercial sanitizing gels are shown in Figure 2b. This figure shows the
comparison among the set of spectra acquired for each sample. Most of them contain ethanol and
methanol, but it can be noticed that samples 8, 9, and 13 present methanol in considerable high
amounts. Based on this qualitative analysis, some samples contents toxic compound (methanol).

The spectra for collected sanitized gels samples are shown in Figure 2c. These spectra show evident
the presence of the different types of alcohols. For the set, there is no methanol presence, it does not
appear, but other types of alcohols such as propanol and isopropanol were detected. In this case,
these alcohols are allowed for disinfecting purposes too.

With the FTIR technique, their qualitative identification was carried out. It is also possible to make
a rough quantification by detecting the intensities variation because the intensity of the signals is
proportional to the content (but the precision has low accuracy).

3.2 Quantitative analysis by GC

Through this analytical technique, ethanol, methanol, isopropanol, propanol, and water were
determined quantitatively (in weight percent). Table 2 shows the quantified values for the 15
sealed commercial samples. It is noticeable that only one trademark meets the minimum
requirement of ethanol content (70 %) and another one is close, as indicated on its labels and the
guidelines established by the FDA. The implication of these results is; if commercial products do
not contain the minimum active ingredient (ethanol or isopropanol), the required antimicrobial
function will be diminished with the consequent increase of infected people. It can be noticed;
approximately 47% of studied products (7 samples) do not even meet 50% of ethanol content (in
contrast with 70% required). In the most severe cases, some commercial brands replaced ethanol
with methanol, with the consequent harmful absorption problem in the skin and its possible health
consequences mentioned above (intoxication). In addition, these products do not have a
disinfectant function, but they cause the spread of the virus.

In the case of quantification for collected sanitizers (Table 3), methanol was not found, but it was
found in the commercial gels; none met the optimal ethanol content. For gels that don’t meet the
concentration standards, they accelerate the virus spread, which has severe consequences for
public health by increasing the spread of COVID-19.
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Fig. 2 FTIR spectra for a) reagent grade ethanol, methanol, isopropanol, and propanol - calibration samples, b)
sealed commercial sanitizing gels, and c) collected sanitizing gels (from public facilities places).

Fig. 2 Espectros FTIR para a) etanol, metanol, isopropanol y propanol de grado reactivo - muestras de
calibracion, b) geles desinfectantes comerciales sellados y c) geles desinfectantes colectados (desde
instalaciones publicas).
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Table 2. Summary chart with ethanol, water, and methanol content determinate by GC in sealed commercia

sanitizers (in weight percent).

Tabla 2. Resumen del contenido de etanol, agua y metanol determinado por GC en desinfectantes comerciale

sellados (en porcentaje en peso).

Sample Ethanol Water Methanol
1 55.3* 44.7 ND
2 64.4* 35.6 ND
3 56.2* 43.8 ND
4 68.7* 31.3 ND
5 51.2* 48.1 0.6**
6 52.8* 47.2 ND
7 48.8* 51.2 ND
8 14.6* 55.1 30.3**
9 0.8* 40.3 58.9**
10 32.0* 67.7 0.3**
11 36.0* 64.0 ND
12 70.0 30.0 ND
13 12.6* 35.6 51.8**
14 57.7* 42.3 ND
15 38.1* 61.9 ND

* Does not meet to 70% ethanol specification

** Methanol content is higher than the maximum allowed by the FDA and ND means not detected.

Table 3. Summary chart with ethanol, water, isopropanol, and propanol quantitative determination in

collected sanitizers (in weight percent).

Tabla 3. Cuadro resumen con determinacién cuantitativa de etanol, agua, isopropanol y propanol en

desinfectantes recolectados (en porcentaje en peso).

Sample Ethanol Water Isopropanol Propanol
A 59.7% 40.2 0.1 ND
B 59.1% 40.9 ND ND
C 55.7% 44.3 ND ND
D 54.9% 45.1 ND ND
E 49.6* 50.4 ND ND
F 25.3% 74.7 ND ND
G 16.0* 64.6 19.4 ND
H 9.5* 69.0 10.7 10.8
I 6.5% 75.7 ND 17.7

Does not meet 70% ethanol specification and ND means not detected.
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To notice better the comparison between both sets of samples, data from Tables 2 and 3 were plot.
Figure 3a shows the values plotted for sealed commercial sanitizers. This figure clearly shows the
variation in the quantitative compositional content. The presence of the toxic substance (methanol)
is seen in three brands in alarming amounts (30 to 60%), with a complement of water as the
missing percentage, for sanitizers that contain ethanol but do not meet the proper amount (the
remainder is water). Thus, these gels do not fulfill their prevention effectiveness; these products
play the role of spreading the virus further. Hence, this is important that these products must meet
the appropriate requirements. On the other hand, samples 5 and 10 also contain 0.6 and 0.3%
methanol, respectively; they do not visualize on their FTIR spectra, this technique is not suitable to
determine amounts lesser than 10% (wt./wt.)

Figure 3b shows the graphed values for the sanitizers collected from public places. As can be seen,
the presence of propanol and isopropanol does not agree with the minimum recommended content
that must have to avoid the virus spread. Consequently, these gels would also be spreading the
virus because they do not fulfill the requirements to inhibit the spread. These are even more
dangerous since they are being used in public places, where traffic of people is higher.

4. Conclusions

The gas chromatography technique is a valuable tool to perform analytical quantification for
quality purposes in sanitizing gels by quantifying the alcohol content quickly and accurately
Appropriate ethanol or isopropanol content is essential for correct hand sanitization porpoise. The
analyzes carried out show a severe flaw in the formulation of the sealed commercial gels and those
collected from public facilities because they do not meet the minimum ethanol content (14 samples
of 15) and (9 samples of 9), respectively. Even when they mark an active content of 70% on their
labels, this creates false confidence in the consumer, causing them to become infected by not
complying with the appropriate sanitizing action of the gel. Analytical techniques also showed that
25% of the studied gels contain methanol in amounts that could cause public health problems. The
COVID-19 pandemic has regulatory agencies out of work, creating this type of adulterations in
sanitizing gels. Thus, the implicated companies should self-regulate for social good in a state of
sanitary emergency. It is clear that during this health crisis, these products will continue to be used
regularly, so it is a priority to establish norms and guidelines on their composition.
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Fig. 3 Graph with the content distribution of components in a) sealed commercial sanitizing gels and b)
collected samples from public places. They were ordered from the lowest to highest content of ethanol and
isopropanol, respectively.

Fig. 3 Grafica con la distribucion del contenido de componentes en a) geles desinfectantes comerciales sellados
y b) muestras recolectadas de lugares publicos. Se ordenaron del menor al mayor contenido de etanol e
isopropanol, respectivamente.
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Resumen

Mediante el desarrollo de un disefo factorial 2k se evalud la temperatura y concentracién del
catalizador en la reaccion para la obtencién de ésteres metilicos de acidos grasos utilizando aceite
residual como sustrato metanol como aceptor de acilo Candida antarctica Lipasa B como catalizador
y tamices moleculares como agente secante. Los datos experimentales se analizaron con un analisis
de varianza. Las relaciones 6ptimas de catalizador-temperatura se determinaron a 13% -30 ° C,
14,5% -34 ° C y 14% -35 ° C. No se detectd6 ningun efecto de los tamices moleculares en el
rendimiento de la reaccion. Por el contrario, se registré para la acidez del producto, que mostrd
una disminucién significativa, de 0,79 a 0,40 mg KOH / g. Aplicando las reglas de mezcla, se
calcularon las propiedades fisicoquimicas de los esteres etilicos de acidos grasos (densidad,
gravedad API, viscosidad cinematica, punto de enturbiamiento, presion de vapor, indice de cetano
y capacidad calorifica). Los resultados establecieron que el biocombustible es apto para uso
comercial y cumple con las regulaciones para biocombustibles: ASTM D6751 y EN-14214. Se
determind que el terc-butanol es el disolvente 6ptimo para la recuperacion y reutilizacion de la
lipasa.

Keywords: ésteres, combustibles, aceite, residual, biodiesel, biocatalisis, acidos grasos

Abstract

By the development of a 2k factorial design, the temperature and catalyst concentration were
evaluated in the reaction for obtaining fatty acid methyl esters using residual oil as substrate,
methanol as acyl acceptor, Candida antarctica Lipase B as catalyst and molecular sieves as drying
agent. Experimental data was analyzed with an analysis of variance. Optimal catalyst-temperature

TECNOCIENCIA CHIHUAHUA, Vol. XV (1) e 755 (2021) https://vocero.uach.mx/index.php/tecnociencia


mailto:dchavezf@uach.mx
https://doi.org/10.54167/tecnociencia.v15i1.755

Alejandro Sustaita-Rodriguez, et al. TECNOCIENCIA CHIHUAHUA, Vol. XV (1) e 755 (2021)

ratios were determined at 13%-30°C, 14.5%-34°C, and 14%-35°C. No effect of molecular sieves was
identified in the reaction yield. Contrary, was recorded for the acidity of product, which showed a
significant decrease, from 0.79 to 0.40 mg KOH/g. Applying the mixing rules, the physicochemical
properties of the fatty acids methyl esters (density, API gravity, kinematic viscosity, cloud point,
vapor pressure, cetane number and heat capacity) were calculated. Results established that the
biofuel is suitable for commercial use and meets the regulations for biofuels: ASTM D6751 and EN-
14214. Tert-butanol was determined as the optimum solvent for the recovery and the reuse of the
lipase.

Palabras Clave: ester, fuel, oil, residual, biodiesel, biocatalyst, fatty acid

1. Introduccion

El biodiesel es un combustible liquido semisintético conformado por mono alquil ésteres de
acidos grasos que se derivan de lipidos naturales y el cual constituye una opcion que ha atraido la
atencion durante la tiltima década como recurso renovable, biodegradable, no toxico y respetuoso
con el ambiente. Se produce generalmente mediante la modificacion de triglicéridos de aceites y
grasas vegetales o animales a través de la reaccién de transesterificacién (Saquib y col., 2012) que
involucra alcoholes de cadena corta como metanol o etanol en presencia de un catalizador. El
biodiesel se puede producir a través de medios quimicos y biologicos. La via quimica por lo
general incluye dos tipos de catalizador: alcalinos y acidos. En el caso del proceso alcalino tiene la
desventaja de que si el aceite utilizado tiene alta concentracion de acidos grasos libres es probable
que se formen jabones lo que crea dificultades en la recuperacion del biodiesel. La
transesterificacion catalizada con acidos/bases minerales es adecuada para una materia prima con
acidos grasos con alto contenido de agua, pero tiene el inconveniente de que los acidos/bases
minerales podrian causar danos a los equipos y las velocidades de reaccién son muy lentas (Du y
col., 2008). Debido a esto, la producciéon enzimatica de biodiesel ha recibido especial atencién, ya
que tiene ventajas sobre diversos métodos quimicos. En la actualidad, se esta investigando el uso
de lipasas inmovilizadas (Salazar-Leyva y col, 2014), enzimas que pueden servir como
aceleradores de la reaccion de transesterificacion para la obtencion de este biocombustible ya que
su uso hace la reaccion menos sensible a grandes cantidades de acidos grasos libres. (Baeza-
Jiménez y col., 2014). Enormes cantidades de aceites de cocina residuales y grasas animales estan
disponibles en todo el mundo, especialmente en los paises desarrollados. El manejo de estos aceites
y grasas suponen un reto importante debido a sus problemas de eliminacién y la posible
contaminacién de los recursos hidricos y de tierras. A pesar de que algunos de estos aceites se
utilizan para la produccién de jabon, gran parte de ellos, son vertidos al ambiente (Gonzalez y col.,
2013), por lo que recientemente se ha estudiado el uso de este tipo de aceites para la produccion de
biodiesel debido a que no presenta competitividad contra el cultivo de plantas productoras para la
industria alimentaria y posibilita la aplicacion de estos desechos. Es por eso que en este articulo de
investigacion se estudid el uso de lipasa de Cindida antirtica como biocatalizador para la
produccion de biodiesel a partir de aceite de cocina residual y utilizando ecuaciones calcular sus
propiedades como combustible.

2. Materiales y métodos
Se utilizo aceite residual de un comedor industrial de la ciudad de Chihuahua, metanol grado

cromatografia de liquidos de alta resolucion HPLC por sus siglas en inglés High Performance
Liquid Chromatography, con 99.8% de pureza de la marca J.T. Baker, lipasa tipo B de Cdndida
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antdrctica inmovilizada en resina de acrilico (Novozym 435) de Amano Enzymes Co. y algunos
otros solventes todos ellos grado HPLC. Las reacciones fueron llevadas a cabo generando un medio
anhidro a partir de la adicién de tamices moleculares de tamafio de poro de 3 A adquiridos de
Sigma-Aldrich.

2.1 Caracterizacion de las materias primas

La composicion de los ésteres metilicos de acidos grasos FAME (por sus siglas en inglés, Fatty Acid
Methyl Esters) fue calculada a través de la técnica de normalizacion de 4reas mediante el uso del
cromatografo de gases Agilent technologies 7890A acoplado a un espectrémetro de masas,
utilizando KOH como catalizador para metilar el aceite. El indice de acidez, porcentaje de acidos
grasos libres (FFA), indice de perdxido, agua y sedimentos y densidad fueron calculados de
acuerdo con la Tabla 1.

Tabla 1. Variables y niveles utilizados para el disefio factorial 2k.
Table 1. Variables and levels used for the 2k factorial design.

i Nivel
Variables independientes Var.la.bles 1veles
codificadas -1 0 1
Novozym 435 [%p/p] X1 3 9 15
Temperatura (°C) X2 30 45 60

2.2 Disefio experimental y analisis estadistico.

Se utilizé un disefio factorial 2k compuesto por dos niveles y un punto central (Tabla 2), mediante
el programa Minitab versién 16. Las variables investigadas fueron temperatura (°C) y
concentracion del catalizador en porcentaje pesos/peso (%p/p) basado en el peso del aceite como
variable dependiente. La variable de respuesta seleccionada fue el rendimiento de ésteres metilicos
de acidos grasos expresada como el % FAME.

Tabla 2. Propiedades y composicion de aceite residual de la materia prima utilizada en la produccién de
FAME.
Table 2. Properties and composition of residual oil of the raw material used in the production of FAME.

Parametros Valor* Unidad Referencia
Acidity index 2.74+0.005 mg KOH/g Pancreac
FFA 1.93+0.003 % Aratjo, 1995
Density 0.88+0.001 g/mL EN-14214
Water and sediments 1+0.007 % ASTM, 2008
Peroxide index 2.91+0.04 meq O2/Kg Aratjo, 1995
Composicion de acidos grasos (%p/p)*
Palmitic acid C16: 0 13.654+0.675
Linoleic acid C18: 2 31.602+0.047
Elaidic acid C18: 1 36.563+0.788
Vaccenic acid C18: 2 5.236+0.064
Oleic acid C18: 1 7.652+0.268
Esteric acid C18: 0 5.294+0.180

* Mean + standard deviation
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Los resultados obtenidos fueron analizados mediante un modelo de regresion (Ec. 1), con un indice
de confianza del 95% y para evaluar la significancia estadistica de cada factor, los resultados fueron
examinados mediante un andlisis de varianza ANOVA (por sus sigloides en inglés, ANalysis Of
VAriance) con una significancia del 5%.

Y= B0+ BIXT + B2X2 + BI2ZXIX2 4 € ..ot Ec. (1)

2.3 Reacciones de transesterificacion.

Todas las reacciones fueron llevadas a cabo en viales conteniendo 3.5 g de aceite residual en
relacién molar metanol/aceite 4:1, agitadas a 300 rpm durante 24 h a diferentes concentraciones de
catalizador y temperatura y de acuerdo al disefio de la matriz experimental de la (Tabla 3). Se
utilizé una modificacién de la metodologia de Samukawa y col., (2000) que consistid en incubar la
lipasa durante 24 horas en el aceite residual y posterior, se generd el medio anhidro adicionando la
cantidad necesaria de tamices moleculares. Para evitar la inhibicion de la lipasa, se utilizé una
adaptacion de la metodologia propuesta por Shimada y col., (2002), y Azécar (2010), la cual
consistio en adicionar el metanol en un protocolo de dos pasos. En el primer paso se adiciono 1/3
de la de la relacién molar metanol/aceite y transcurridas 8 horas de reaccién, en un segundo paso,
se adicionaron los 2/3 remanentes. Se determind el rendimiento de reaccion mediante una
modificacién del método propuesto en la norma EN-14214 empleando como estandar interno
laurato de metilo de concentracién conocida y una modificacion del método de normalizacion de
areas, mediante cromatografia de gases.

Tabla 3. Respuestas obtenidas en el disenio experimental y respuestas pronosticadas segiin el modelo de
regresion para cada tratamiento.

Table 3. Responses obtained in the experimental design and predicted responses according to the regression
model for each treatment.

No. De experimento Niveles de variables Rendimiento de FAME (%)

X1 Xz Experimental Predicho
1 3 60 64.5 68.73
2 15 30 92.19 95.32
3 60 69.47 68.73
4 45 88.89 86.73
5 15 60 85.96 86.67
6 15 30 96.43 95.32
7 9 45 85.84 86.73
8 9 45 85.46 86.73
9 3 30 83.83 77.49
10 15 30 97.33 95.32
11 3 30 74 77.49
12 30 74.63 77.49
13 15 60 88.64 86.67
14 15 60 85.4 86.67
15 3 60 72.21 68.73

Xi=Concentracion del catalizador, Xo= Temperatura.
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2.4 Determinacion de las propiedades fisicoquimicas del FAME.

El célculo de las propiedades fisicoquimicas de los ésteres metilicos se fundament¢ en las reglas de
mezclado aplicadas a mezclas liquidas, es decir, se emplearon modelos matematicos para evaluar
las propiedades de la mezcla en funcién del porcentaje en masa de FAME. Esto involucro las
propiedades criticas de cada metil éster, ya que a partir de estas propiedades es posible predecir
otras (densidad, capacidad calorifica, presiéon de vapor, etcétera). En la Tabla 4 se presentan las
propiedades calculadas y las Ecs. (3)-(12) utilizadas en este experimento.

Tabla 4. Ecuaciones de las reglas de mezcla para la determinacion de las propiedades fisicoquimicas del FAME
obtenido a partir de aceites residuales.

Table 4. Equations of the mixing rules for the determination of the physicochemical properties of the FAME
obtained from residual oils.

Propiedad Unidad  Valor Ecuaciéon No. Fuente
Factor acéntrico I _ 2 Reid et al.,
on) - 0.91 w2 2| logP. -1 1077,
Volumen critico cm3/mo 3 Rochaya,
. ch= i i i 'V ii
(Ver) | 1098.85 2 2 ViViVeij (2007)
Presion critica (Pem) Bar 11.85 Pem (0'2905_0'[215wm)mm 4 R?;é‘;;;a’
Temperatura critica I S I I VY 5 Rochaya,
(Ten) C 463.07 Tem VT 22 yiviVj Teij (2007)
Romano y
Densidad (o) Kg/m3 886.19 0= % 6 Blangino,
2004).
Gravedad API R o 1415 7 Rivera,
(AP API 28.17 API=—pm 131.5 2013),
Viscosidad o 1/34, 8 Zhmud,
cinematica (1) Cst 514 N =@ Xim); ) (2014).
PuntZ)Pd;:I)nube oC 1.5690 PN(C)=—0.576x + 48.225 9 Sarin, (2009)
Expresa 10
Presion de vapor daen Metha et al.
Pu= O(TT) + W, fO(T ’
) Bar ¢ cign Dol ) +0n O] (2011).
deT
Num(eé;f;i;tam - 61.87 CN=XiCN 1 Chieh, 2011
Capacidad J/eK 91 Cp=0.000001M2 +0.0009M + 12 Methaetal,
calorifica (Cp) & ‘ 1.9291 (2011).

2.5 Recuperacion y reutilizacion de Lipasa B de Candida Antartica.

Una vez transcurrido el tiempo de reaccion, se aisldé la lipasa de la mezcla de
FAME/glicerina/tamices, en un sistema de filtracion al vacio. La enzima fue retenida en el filtro y
fue lavada con tert-butanol. Para separar la enzima de los tamices moleculares, se empled un tamiz
con tamafio de malla de 0.850 mm.
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3. Resultados y discusion

El analisis de varianza (ANOVA) para el modelo de regresién mostré un valor de p (0.000<0.05), lo
cual indicé que dicho modelo representd con precision la relacién entre las respuestas y las
variables (Tabla 5). Ademas, al analizar la influencia de dichas variables, se obtuvo un valor de p
(0.000<0.05), para la concentracién de la enzima (X1) y un valor de p (0.001<0.05), para la
temperatura (X2), con lo cual se establece que una modificacion de éstas afecta significativamente
el porcentaje de obtencion FAME’s, siendo la concentracion del catalizador la que presenta mayor
efecto en la variable de respuesta (Rendimiento de FAME).

Tabla 5. Andlisis de varianza (ANOVA) para el modelo de regresion.
Table 5. Analysis of variance (ANOVA) for the regression model.

Fuente Grados de libertad Suma de cuadrados  Minimos cuadrados F P o
Modelo 4 1239.54 309.886 25.99 0.000 0.05
Lineal 2 1186.95 593.475 49.77 0.000 0.05
X1 1 959.62 959.620 80.48 0.000 0.05
X2 1 227.33 227.331 19.06 0.001 0.05
X1Xa 1 0.01 0.009 0.00 0.979 0.05
Error 10 119.24 52.584 - - 0.05
Total 14 1358.79 - - - 0.05

5= 5%, R2=91.22%, R2.=87.71%

Sin embargo, el valor de p (0.979>0.05) obtenido para la interaccion enzima*temperatura (X1X2),
resultd ser no significativo (P>0.05), esto es, que no existe interaccidn entre estas variables ya que el
efecto de un factor no depende de los niveles del otro factor.

De acuerdo con el analisis ANOVA (Tabla 5), el valor de R2 sefiala que los resultados
experimentales presentados en la Tabla 3 se ajustaron en un 91.22% al modelo propuesto (Ec. 1),
mientras que el valor de R2aj muestra un ajuste del 87.71% al modelo de regresiéon. En base a esto,
el modelo final entregado por el disefio factorial 2k en términos de las variables no codificadas
puede ser escrito segun la (Ec. 13). Sin embargo, como el ANOVA también mostré que no existe
interaccion entre los factores, el modelo propuesto en términos de las variables no codificadas
puede ajustarse a la Ecuacién 14, en donde se desprecia el efecto de la interaccion
Enzima*Temperatura.

FAME (%) = 81.82 + 1.477 X1 — 0.293 X2 + 0.0003 X1X2 +4.68.......covvvvvoververeevevereeveeeereresnnns Ec. (13)
FAME (%) = 81.82 + 1.477 X1 = 0.293 X2 # 4.68.. ... eeoeeeeeeeeeeeeeeeeeeeevereeeseeemeeneesenessosssseesessseseeeeeee Ec. (14)

A través del modelo ajustado (Ec. 14) y de acuerdo al criterio limite de la mdxima respuesta
obtenida en el rendimiento de FAME, fue posible predecir diversas condiciones 6ptimas de
reaccion, esto con la finalidad de reducir costos de producciéon y la concentracion de enzima. Las
condiciones 6ptimas de reaccion predichas fueron empleando 13% de catalizador y 30°C, 14.5% de
catalizador y 34°C, y 14% de catalizador y 35°C.
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Ademas de las condiciones éptimas predichas por el modelo, éste permitié predecir condiciones
optimas en un rango de temperaturas inferior a 30°C. Sin embargo, debido a la naturaleza de los
aceites residuales, cuando son incorporados a un sistema de reaccion con bajas temperaturas, estos
presentan dificultad para dispersarse en el medio por la tendencia que tienen de ser sélidos o
semisolidos, lo cual dificulta la transferencia de masa.

3.1 Efecto del medio anhidro.

Se analizo el rendimiento del FAME generado en el medio anhidro bajo las condiciones del
punto central del disefio factorial 2k y fueron comparados con un medio de control, al cual no se le
adicionaron tamices moleculares. La Fig.1 mostr6é que cada condicién evaluada (con y sin tamices),
describia un comportamiento similar, por lo que fue necesario realizar comparaciones de Tukey.
Dicho analisis permitié establecer que la presencia de tamices moleculares no favorecié el
rendimiento de la reacciéon de obtencion de FAME. Una posible explicacion para esto, es que el
medio de control se vio favorecido como consecuencia de un bajo contenido de agua (1%) y FFA
(1.93%) en la materia prima. Ademas, la preincubacion de la lipasa en ambos medios jugé un papel
importante, ya que de acuerdo con Samukawa y col., (2000), este paso evita que la lipasa adsorba
agua durante la reaccién de transesterificacion.

Pese a que los tamices moleculares no incrementaron el rendimiento de la reaccién, se cree que
estos tuvieron la capacidad de absorber el agua presente en el aceite y el agua generada por
esterificacion de FFA, asi como evitar la hidrolisis de triglicéridos. Para comprobar este supuesto,
se midio6 la acidez del FAME generado en los dos medios, siendo la acidez reportada para el FAME
generado en el medio anhidro de 0.4 mg KOH/g y 0.79 mg KOH/g para el FAME generado sin la
adicién de tamices moleculares. A pesar de los bajos indices de acidez obtenidos, el FAME
producido con la adicion de tamices moleculares fue el que cumplio los estandares de acidez (<0.5)
establecidos por la norma europea EN-14214 para biocombustibles, lo que conlleva a suponer que
la acidez y el rendimiento estan asociados a un mejor funcionamiento de Novozym 435 en
condiciones anhidras, tal como fue demostrado en los experimentos realizados por Fukuda y col.,
(2008), quienes llevaron a cabo un experimento con las lipasas Rizopus orizae y Novozym 435
adicionado diferentes concentraciones de agua, en el experimento antes mencionado, Novozym
435 presentd mejores rendimientos con la menor concentracion de agua en el medio (0%). De la
misma forma, Lee y col, (2011), utilizando Lipozyme de Rhizmucor miehei inmovilizada
emplearon diferentes cantidades de silica gel para generar un medio anhidro y transesterificar
aceite de canola obteniendo conversiones entre 93 y 99%.

3.2 Evaluacion de las propiedades fisicoquimicas de la materia prima y del FAME.

Para el calculo de las propiedades criticas de la mezcla de metil ésteres se emplearon las
composiciones madsicas mostradas en la Tabla 1 y el porcentaje de FAME obtenido en el
experimento 10 de la Tabla 3, debido a que fue el que presentd mayor porcentaje de rendimiento
(97.33%). Este célculo fue necesario para conocer la composicion real en masa, ya que la
composicion de cada acido graso presentada en la Tabla 1 corresponde a la composicion
suponiendo que el aceite haya transesterificado por completo (100% de rendimiento). Las
composiciones masicas fueron convertidas a composiciones molares utilizando los pesos
moleculares de los metil ésteres y en base a esto se pudo calcular la fraccion molar que corresponde
a cada metil éster en el biodiesel. Se necesitaron, ademas, el volumen, la temperatura, y la presién
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critica de cada componente de la mezcla, asi como la temperatura de ebullicion. Estos datos fueron
proporcionados por Aca y col., (2009).

Reemplazando los valores de las fracciones molares de cada componente y los valores de las
propiedades criticas de cada componente en las Ecs. (2)-(5), se calcularon las propiedades criticas y
el factor acéntrico (wm) del FAME (Tabla 4). A partir de estos datos fue posible predecir las
principales propiedades fisicoquimicas que son evaluadas por las normas ASTM D6751 y EN-
14214 para el uso comercial de biocombustibles.

3.21  Densidad.

A partir de los resultados graficados en la Fig. 1, se observa que los valores de la densidad del
liquido a bajas temperaturas disminuyen linealmente hasta su punto de ebullicién (302.2 °C ),
después de esto, se reduce a una tasa mayor, lo que podria atribuirse a un aumento de la cantidad
de liquido que se expande térmicamente. Este mismo comportamiento fue descrito por Rivera
(2013) quien predijo la densidad para el biodiesel obtenido a partir de aceite de palma.

La norma europea EN-14214 para biocombustibles establece que la densidad del FAME debe estar
comprendida en un rango de 860-900 Kg/m3 y 860-894 Kg/m3 segin la ASTM D6751. En este
experimento la densidad predicha para la mezcla de FAME cumplié con los estandares
establecidos por dicha norma ya que el valor calculado fue 886.19 Kg/m3.
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Figura 1. (Arriba a la izquierda) Rendimiento de FAME durante la reaccion de transesterificacion en medio
anhidro y en el medio de control. Media + desviacion estandar. (Arriba a la derecha) Efecto de la temperatura
sobre la densidad FAME obtenida de aceites residuales. (Abajo a la izquierda) Presion de vapor de FAME en
funcién de la temperatura. (Abajo a la derecha) Ciclos de reutilizacion de Novozym 435. Media + desviacion
estandar.

Figure 1. (Top left) Yield of FAME during the transesterification reaction in anhydrous medium and in the
control medium. Mean + standard deviation. (Top right) Effect of temperature on the FAME density obtained
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from residual oils. (Bottom left) Vapor pressure of FAME as a function of temperature. (Bottom right)
Novozym 435 reuse cycles. Mean + standard deviation.

3.22  Gravedad American Petroleum Institute (API)

La gravedad API para la mezcla de FAME a 15 °C fue estimada en 28.17 °API. Aunque este valor
no se encuentra reportado en las normas para el uso de biocombustibles, se decidio6 calcular debido
a que asocia la densidad de un combustible con la del agua y define cuan pesado o liviano es. De
acuerdo con Acevedo y Guardo (2012), en funcién de la gravedad API, los combustibles estan
clasificados en livianos (°API=32-40), intermedios (°API=21-30) y pesados (°API= 15-20), siendo los
livianos los de mayor valor adquisitivo e importancia comercial. E1 FAME obtenido en esta
investigacion fue de clasificacion intermedia.

3.2.3  Viscosidad cinematica a 40°C.

El calculo de la viscosidad cinematica del FAME requirid de las fracciones masa (Xi) y las
viscosidades a 40°C de cada uno de los metil ésteres que componian la mezcla. Sustituyendo estos
valores en la Ecuacion 8 resulté un valor de 5.14 cst para la viscosidad cinematica.

El valor de la viscosidad cinematica obtenido en este experimento cumplié con los parametros
establecidos por la norma ASTM D6751 la cual establece un rango de viscosidad de 1.9-6 cst. Sin
embargo, dicho valor no cumplié con la norma EN-14214 ya que el parametro de calidad
establecido por esta comprende viscosidades en un rango de 3.5-5 cst.

3.24  Punto de nube.

El punto de nube fue estimado con la Ec. (9), aunque el valor predicho para este parametro (1.5690
°C) cumplio6 la especificacién de la ASTM, el punto de nube es una medida que determina la
aparicion de cristales en el liquido a cierta temperatura, por lo cual, la norma permite ajustar el
valor segtn la region donde se utilice.

3.25 Presién de vapor.

A partir de la Ec. (10) fue posible calcular la presiéon de vapor del FAME en funcién de la
temperatura en un rango comprendido de -223.15 °C hasta su temperatura critica (Figura 1).
Debido a que el FAME no contiene componentes volatiles, su presion de vapor sigue siendo muy
baja hasta que alcanza su punto inicial de ebullicién reportado en 300.2 °C, posteriormente, como
es de esperarse, la presion de vapor se eleva rapidamente y alcanza su punto maximo alrededor de
su temperatura critica (463 °C), este valor esta asociado a la volatilidad de la mezcla. Sin embargo,
los valores de las presiones de vapor en mezclas de ésteres metilicos han sido poco reportados, ya
que las investigaciones realizadas en este ambito, se encuentran enfocadas a obtener las constantes
de Antoine para cada sustancia, lo cual limita su aplicabilidad.

3.2.6  Numero de cetano.

El ntimero de cetano fue calculado a partir de la Ec. (11), para lo cual fue necesario el nimero de
cetano de cada componente y su fraccion masa, al sustituir estos valores se obtuvo un valor para el
numero de cetano de la mezcla de FAME de 61.87. Este valor es atribuido al bajo indice de
perdxido del aceite residual (Tabla 1), el cual es indicativo de pocas reacciones de oxidacion
durante el proceso de fritura de la materia prima, ya que estos procesos tienden a aumentar el
numero de insaturaciones en el aceite con lo cual disminuye el valor del indice de cetano en el
biodiesel. El nimero de cetano estimado en este experimento cumplié con los valores establecidos
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en ambas normas (minimo 47 en el caso de la ASTM D6751 y minimo 51 para la EN-14214), lo cual
quiere decir que el FAME obtenido a partir de aceites residuales evitara desgastes en los pistones
de un motor diesel.

3.2.7  Capacidad calorifica.

Usando la Ec. (12), junto con la capacidad calorifica de cada metil éster que compone la mezcla, asi
como sus pesos moleculares, fue posible predecir la capacidad calorifica a 25°C del FAME, la cual
fue estimada en 2.21 J/g K. Este resultado se comparé con los obtenidos por Rivera (2013), quien
también utilizo la Ec.(13) para determinar la capacidad calorifica del biodiesel de palma, siendo
reportada en 2.10 J/g K. Pese a la similitud encontrada con esta investigacion, el valor experimental
del biodiesel esta determinado en 1.98 J/g K. Esta discrepancia es atribuida a que el modelo
empleado para el calculo de esta propiedad es en funcién del peso molecular de los componentes
individuales de la mezcla y como previamente fue establecido, el FAME obtenido en este trabajo
presenta en su mayoria cadenas de ésteres metilicos de 18 carbonos.

3.3 Recuperacién y reutilizaciéon de Novozym 435

Posterior a la reaccién de produccién de FAME, se llevé a cabo el procedimiento para separar la
enzima de los reactivos y productos para su recuperacion y reutilizacion. En la Fig. 1 se observa
que el rendimiento del FAME s6lo decrecié en un 5% para cada ciclo empleado. Los resultados
obtenidos en esta investigacion demostraron que debido a que el tert-butanol es un solvente
medianamente polar, las propiedades hidrofilicas de este, permitieron remover la pared de
glicerina formada durante la reaccion con los lavados sucesivos, mientras que las propiedades
hidrofdbicas, permitieron mantener una alta actividad enzimatica, lo cual se vio reflejado en el
rendimiento de la reacciéon. Estos resultados presentan similitud con una investigacion realizada
por Chen y col, (2011), quienes al emplear tert-butanol como solvente en el medio de reaccion,
lograron tener conversiones superiores al 80% sin pérdida de actividad catalitica de Novozym 435.
Como en esta investigacion la cantidad de muestra fue muy pequefia, no fue posible llevar a cabo
mas de tres ciclos de recuperacién debido a la perdida de enzima durante el proceso de lavado.

4. Conclusiones

De acuerdo con el modelo obtenido a través del disefio factorial 2%, las mejores condiciones de
operacion en la produccion de FAME en presencia de un medio anhidro, son utilizando la mayor
concentracion de catalizador 14% y la menor temperatura 30°C, esto debido a que, aunque ambas
variables son significativas, la concentracién de enzima es la que presenta mayor efecto en la
variable de respuesta. Sin embargo, aunque no fue posible incrementar el rendimiento de la
reaccion 97.33% con la generacion de este medio, la incorporacion de tamices moleculares resulto
ser un método efectivo para disminuir la acidez del producto debido a que se evitaron reacciones
de hidrdlisis causadas por el agua en la reaccion, lo cual evitd la produccion acidos grasos libres,
obteniéndose FAME principalmente por transesterificacion y de caracteristicas aceptables de
acidez. El uso de las reglas de mezclado para la prediccion de las propiedades fisicoquimicas del
FAME permitié obtener valores cercanos a los reportados experimentalmente, cumpliendo con la
normativa para el uso de biocombustibles, ademas, este tipo de modelos matematicos son capaces
de sustituir a los métodos propuestos por las normas, facilitando asi el calculo de sus propiedades.
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Debido a su mediana polaridad, el uso del tert-butanol como agente de lavado para recuperar y
reutilizar las enzimas es efectivo en procesos de obtencion de biocombustibles, ya que ésta le
confiere propiedades de caracter hidrofébico e hidrofilico.
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Resumen

El objetivo de la investigacion fue comparar el crecimiento y desarrollo de cultivares de kale en
diferentes sustratos en condiciones de invernadero. Bajo un disefio factorial (4 x 3), cultivares
Chinese, Siberiano, Rusian y Etiopia se sembraron en almacigos y trasplantaron en; 1) tezontle rojo
de 0.3 cm + sol. Steiner, 2) mezcla de vermicompost-perlita-suelo de monte y 3) mezcla bocashi-
perlita-suelo de monte, en un disefio experimental completamente al azar. A la cosecha (4 meses
después) se midieron variables de desarrollo, asi como NOs, K+ y Ca? en extracto celular de
peciolo. La altura de planta, el area foliar y peso seco de las plantas, asi como el contenido de
nitratos en extracto celular se incrementaron notablemente cuando el sustrato fue tezontle con
solucion Steiner. La respuesta del cultivo a vermicompost y bocashi fue estadisticamente igual en
los cuatro cultivares. El Area Foliar Especifica y Relacién de Area Foliar variaron como respuesta a
la fuente de nutricién en cada cultivar. Los cultivares de kale de la investigacion que carecen de
potencial comercial como Brassica oleracea var acephala son una alternativa viable para producir
facilmente y consumir por el ser humano por ser una hortaliza con alto contenido de antioxidantes
y minerales.

Palabras Clave: Brassica oleracea, B. juncea, B. carinata, sustratos organicos, indices de
crecimiento, extracto celular de peciolo.

Abstract

The objective of the research was to compare the growth and development of kale (Brassica
oleraecea) crops in different substrates under greenhouse conditions. Under a factorial design (4 x 3),
cultivars Chinese, Siberian, Rusian and Ethiopia were sown in seedlings and transplanted in; 1) red
tezontle of 0.3 cm + Steiner solution, 2) vermicompost-perlite-forest soil mixture and 3) bocashi-
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perlite-forest soil mixture, in a completely randomized experimental design. At harvest (4 months
later) development variables were measured; NOs, K* + and Ca?* in petiole cell extract. Plant height,
leaf area and the dry weight of the leaf area, as well as the content of nitrates in the cellular extract,
increased notably when the substrate was tezontle and Steiner. The response of the crop to
vermicompost and bocashi was statistically the same in the four substrates. The Specific Leaf Area
and Leaf Area Ratio varied in response to the source of nutrition in each crop. The research
conclusions are that Kale crops that are not as commercial as Brassica oleracea var acephala are a
viable alternative to easily produce and consume by human being as it is a vegetable with a high
content of antioxidants and minerals.

Keywords: Brassica oleracea, B. juncea, B. carinata, organic substrates, growth indices, petiole
cell extract.

1. Introduccion

El kale pertenece a la familia Cruciferae, en donde existen 341 géneros y al menos 3977 especies
distribuidas a nivel mundial (Franzke et al., 2011), entre los cultivos mas conocidos de esta familia
estan; brécoli, coliflor, colza, artgula, nabo y diversos rabanos (Anjum et al., 2011) que se utilizan
ampliamente en la alimentacién. El kale mas conocido como col rizada (Brassica oleracea var
acephala), al igual que otras especies de kale (Brassica juncea, oleracea y carinata ) (Samec et al.,
2019), se caracterizan por tener hojas carnosas con altas concentraciones de glucosinolatos y
proteinas, calcio, hierro, magnesio, potasio y vitaminas C, Ky A, ricos en acidos grasos omega 3 y
bajo contenido de calorias (Becerra-Moreno et al., 2014; Abbey et al., 2018; Giorguetti et al.,2018) asi
como antioxidantes como vitamina C, carotenoides, flavonoides, que le dan propiedades
anticancerigenas y desintoxicantes, motivo por el cual le llegan a llamar el superalimento. (Ferioli
et al., 2013; Reyes-Munguia et al., 2017; Abbey et al., 2018). Aunque el kale rizado es el que con
frecuencia se encuentra en el mercado catalogado como un alimento gourmet, existen otras
variedades con diferentes formas de hojas, tonos de verde e intensidad de sabor que también
tienen alto contenido nutrimental (Azevedo et al., 2014) y que es necesario dar a conocer por ser
una alternativa de alimentacion de bajo costo. Motivo por lo cual se requiere conocer las variantes
del cultivo, formas estratégicas y simples de produccion para que puedan ser adoptadas por
pequenios productores y la poblaciéon en general para autoconsumo o comercializacion con
beneficio en la alimentacién y asi introducirlo dentro de la canasta basica. El objetivo de la
investigacion fue comparar el crecimiento y desarrollo de cultivares de kale no comerciales en
diferentes sustratos en condiciones de invernadero para dar alternativas simples para la
alimentacion.

2. Materiales y métodos

El experimento se llevo a cabo en abril del 2019, en un invernadero del 4rea de Nutricion Vegetal
del Colegio de Postgraduados, de tipo tinel, con ventilacién y cortinas laterales, estructura de acero
galvanizada y cubierta de polietileno UVII-720. Temperatura de 38.7 °C (maxima) y 10.5 °C
(minima) y humedad relativa fue de 76.8% (maxima) y 26.8% (minima). Se establecieron almacigos
de poliestireno de 50 cavidades (75 cm?) con peat moss y semillas de Kale, cultivares Chinese
(Brassica juncea), Rusian (Brassica oleracea), Etiopia (Brassica carinata) y Siberiana (Brassica oleracea).
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Estas se regaron con agua hasta la emergencia y a las primeras hojas verdaderas se reg6 con
solucién Steiner al 25% hasta el tiempo de trasplante que fue cuando las plantulas tenian cuatro
hojas y una altura promedio de 15 cm (23 dias). El trasplante se realiz6 a bolsa de polietileno calibre
800 de 35 x 35 cm que fueron llenadas con tres sustratos diferentes. 1) Tezontle de particula de 0.5 a
1 cm?, 2) vermicompost: perlita: suelo de monte (1:1:1) y 3) bocashi: perlita: suelo de monte (1:1:1).
Las mezclas se hicieron con la finalidad de evitar compactacion en los sustratos. Posterior se instald
el riego por goteo, que para el tezontle por ser sustrato inerte se suministrd la solucion de Steiner al
100% (Steiner, 1961) y para las mezclas de vermicompost y bocashi agua acidulada (pH 5.5) por
considerar que los nutrientes serdn absorbidos directamente de la solucion de los sustratos. El
diseno de tratamientos fue una factorial 4 x 3, que corresponde a cuatro cultivares y tres fuentes
diferentes de sustratos con ocho repeticiones cada uno, establecidas en un disefio experimental
completamente al azar.

A los cuatro meses del trasplante, se cosecharon las plantas y se evalud; in situ en el extracto celular
de peciolo, NOs, K+ y Ca?; con medidores especificos de Horiba (laquatwin). Altura de planta
determinada con cinta métrica, didmetro de tallo con un vernier digital Marca Truper® CALDI-
6MP, area foliar con el integrador de area foliar (LICOR LI-300), biomasa seca de hojas y tallo
poniendo a peso constante las muestras en un horno de circulacion de aire y determinado con una
balanza analitica (OHAUS Adventurer Pro AV213C). Considerando que es una hortaliza de hojas,
con las medidas de area foliar y peso seco, se calcularon los indices de crecimiento: Area foliar
especifica (AFE=AF/PSH; cm? g') que mide el grosor de la hoja en funcién de la tasa de crecimiento
relativo y que se modifica con la nutricién del cultivo; y Razén de area foliar (RAF=AF/PST; cm?2 g1)
para comparar la eficiencia del dosel vegetal entre tratamientos. Dénde: PST= Peso Seco Total, AF =
Area foliar de la planta, PSH=peso seco de area foliar, (Mascorro et al., 2001; Hunt et al., 2002; Villar
et al., 2008).

Los datos obtenidos por cultivar, fueron analizados con el paquete SAS (version 9.4) y sometidos a
pruebas de normalidad (Shapiro-Wilck) y homoscedasticidad (Prueba de Bartlett), el analisis de
varianza (ANOVA) con (a=0.05) y pruebas de comparacién de medias de Tukey con (a=0.05).

3. Resultados y discusion

Los cuatro cultivares de kale presentaron crecimiento, forma de hojas, tamafio, color e intensidad
de sabor diferente, de acuerdo a las caracteristicas genéticas de cada una de ellas (Fig. 1). De hecho,
el cv Ruso tenia los peciolos de las hojas ligeramente morados, parecidos a las hojas de betabel. Se
observan hojas lanceoladas y ovales, con bordes lisos, ondulados, dentado y acerrado.

El andlisis de varianza (Tabla 1), muestra la significancia en algunas variables de estudio en funcién
de la especie de kale y significancia en todas las variables por efecto de los sustratos; la significancia
en las interacciones se dio solo en el area foliar, peso seco de tallo y contenido de nitratos.
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Tabla 1. Andlisis de varianza de crecimiento y contenido de NOs;, K*, Ca?* en extracto celular en cultivares kale
desarrollado con diferentes sustratos en condiciones de invernadero.
Table 1. Analysis of variance of growth and content of NOs, K*, Ca* in cell extract in kale cultivars
development with different substrates under greenhouse conditions.

Fuente de AP DT AF PSH PSTa PST NOs K+ Ca*

variacion
Cultivar - #* ot ok - - 4 ok -
Sustrato *% ¥4 ¥4 ¥4 *% *% *% X% *%
Cult * Sustr. - - ** - ** - *% - -
cvV 1363262 1772118 4678646 4893152 4827523 4562598 2651728 8712017  41.07888
R2 0514393 0759430 0810994 0735126  0.676925 0713479 0914607 0712456  0.540298
F calculada 8.09 24.11 32.77 21.19 16.00 19.02 46.74 10.81 513
Media 2536979 9.636250  1047.046  7.604896 5226875  12.83177  6167.000  276.8333 3324333

AP = altura de planta, DT = diametro de tallo, AF = area foliar, PSH = peso seco de hojas, PSTa =
peso seco de tallo, PST = peso seco total. - no hay diferencia estadistica. ** Diferencia estadistica
altamente significativa.
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Figura 1. Diferencias en la forma de hojas y porte de cultivares de kale producidos en invernadero.
Figure 1. Differences in leaf shape and bearing of kale cultivars produced in greenhouse.

Altura de planta y diametro de tallo.

La altura mostré diferencias estadisticas significativas por efecto de sustrato, y el diametro de
tallo por cultivar y sustrato (Tabla 1). Estas dos variables, son importantes en la evaluaciéon de
crecimiento y desarrollo de las plantas y no solo estuvo determinado por la nutricién, también es
efecto de la genética, dado que cada cultivar tiene caracteristicas diferentes (Tabla 2). Para fines de
comercializacion del kale ambas variables no tienen importancia econémica, debido a que lo que se
vende y consume son las hojas, pero los tallos pueden ser utilizados para alimento de ganado
considerando el contenido nutrimental (Dermanet, 2014).

Area foliar y peso seco de hojas

En kale, el tamafio de la hoja y la edad de esta son los factores importantes que influyen en el
sabor para la comercializacion. los cultivares de Ruso (Brassica oleracea), Siberiano (Brassica oleracea)
y Etiopia (Brassica carinata), presentaron una notoria diferencia en area foliar entre las plantas
desarrolladas en tezontle y en los dos sustratos organicos (Fig. 2), en menor proporcion se presenta
la diferencia en el cv Chinese (Brassica juncea). El analisis estadistico mostr¢ diferencias altamente
significativas entre el tratamiento mineral y los organicos, por ejemplo, las plantas que crecieron en
tezontle incrementaron el tamafo de la hoja entre tres y ocho veces mas que cuando las plantas
crecieron en vermicompost 6 bocashi. Esta respuesta se debe al suministro balanceado de la
solucién nutritiva utilizada con el tezontle, como es un sustrato inerte, este no interfiere en el
movimiento de los iones de la solucién a la raiz. Yoder y Davis, 2020, indican que el area foliar es
muy importante para quienes venden en fresco, porque con las hojas grandes, hacen ver mas
vistoso el manojo para el consumidor. Aunque no se puede generalizar que la nutriciéon mineral
siempre va a ser mejor, dado que Haile y Ayalew (2018) producen kale en suelo con la aplicacion de
efluente organico y aumenta el 4rea foliar mas que cuando se aplica fertilizante mineral, sin
embargo, cuando combinan el nitrégeno mineral y efluente organico se potencializa el desarrollo de
la planta. Esta es una buena estrategia, disminuir dosis de fertilizantes minerales y combinar con
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efluentes o fertilizantes organicos (organomineral) como alternativa para bajar costos y
contaminacion.
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Figura 2. Area foliar de diferentes cultivares de kale desarrollados en sustrato inerte y organico en condiciones
de invernadero. (Los datos graficados representan la media +/- desviacién estandar, n=8).

Figure 2. Leaf area of different kale cultivars developed in inert and organic substrate under greenhouse
conditions. (Plotted values represent the mean +/- standar deviation, n=8).

El peso seco de las hojas al igual que el area foliar, es importante porque el kale también se vende
en polvo deshidratado, esta variable presentd la misma tendencia que el area foliar (Fig. 3). Sin
embargo, es importante hacer notar que el cv Siberiano tiene hojas mas gruesas que los otros, y es
posible identificar porque el area foliar de cv Etiopia era mayor que Siberiano y en el peso la
relacion se invierte.
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Figura 3. Peso seco de hojas de diferentes cultivares de kale desarrollados en sustrato inerte y organico en
condiciones de invernadero. (Los datos graficados representan la media +/- desviacion estandar, n=8).
Figure 3. Dry weigth of leaves of different kale cultivars developed in inert and organic substrate under
greenhouse conditions. (Plotted values represent the mean +/- standar deviation, n=8).
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Peso seco de tallo y peso seco total

No todos los cultivares tienen una misma estructura de tallo (Fig. 1). Sin embargo, las plantas
crecidas en tezontle y con solucién nutritiva de Steiner siempre presentaron los tallos grandes y
robustos, independientemente del cultivo, esto se refleja con un mayor peso seco que cuando las
plantas se desarrollaron en mezcla de vermicompost y bocashi (Tabla 2). La respuesta tiene que ver
con el balance en la solucién nutritiva, esto no quiere decir que los sustratos organicos no son
adecuados, de hecho, son estrategias en las que se debe de hacer mas énfasis en su uso con la idea
de incrementar no solo el rendimiento sino las propiedades nutracetticas del cultivo, que la
mayoria de las veces se incrementan con el uso de sustratos organicos (Popa et al., 2019).

El kale es un cultivo muy demandante de nutrimentos, por eso la rapida respuesta con solucion
Steiner, pero es importante no olvidar que como hortaliza de hoja acumula nitratos que en altas
concentraciones son toxicos para el ser humano (Samec et al., 2019).

La respuesta de los cultivares Ruso (Brassica oleracea), Siberiano (Brassica oleracea) y Etiopia (Brassica
carinata) a la nutricién organica es estadisticamente igual. En el cultivar Chinese (Brassica juncea), el
peso seco de tallo y peso seco total con vermicompost es igual al de las que crecieron en tezontle
(Tabla 2). El analisis estadistico, indica que no hay diferencias significativas en peso seco de tallo y
total entre las plantas crecidas en los sustratos organicos.

La respuesta de los cuatro cultivares no solo tiene que ver con la aportacion de nutriente de los
sustratos, otro aspecto que es de vital importancia son las propiedades fisicas que tiene cada uno de
ellos y que influye en el desarrollo de la raiz y la absorcién de los nutrimentos.

Los resultados de las variables de crecimiento indican que el kale cvs Ruso y Siberiano son los que
producen mayor area foliar mas no son las plantas mas altas, lo que es importante para la
comercializacion que se basa solo en el uso de las hojas.
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Tabla 2. Variables de crecimiento y potasio en extracto celular de peciolo de diferentes cultivares de Kale en
condiciones de invernadero.

Table 2. Growth variables and potassium in petiole cell extract in different kale cultivars under greenhouse
conditions.

Kale Sustrato Altura  Diametro de Peso de Peso seco K+

(cm) tallo (mm) tallo (g) total (g) (ppm)

Ruso Tezontle 28.56 a 12.43a 712 a 2291a 288 b
(Brassica Vermicompost 25.37b 10.29 a 3.22b 9.56b 290 b
oleracea) Bocashi 23.12b 9.12b 2.71b 7.46b 334 a
Siberiano Tezontle 29.0a 15.96 a 8.83 a 28.31a 276 b
(Brassica Vermicompost 21.93b 10.60 b 1.90b 7.17b 304 b
oleracea) Bocashi 21.18b 11.26 b 2.17b 791b 334 a
Chinese Tezontle 2531 a 7.89a 831a 16.08 a 234b
(Brassica Vermicompost 26.31a 6.87 a 719 a 9.56 ab 230b
juncea) Bocashi 21.75b 6.01b 291b 6.26b 272 a
Etiopia Tezontle 33.6a 11.66 a 13.02 a 29.13a 248 b
(Brassica Vermicompost 24b 6.64Db 2.48b 4.88b 240 Db
carinata) Bocashi 24.81b 6.85b 2.73b 476b 272 a

Tz=tezontle, V-P-TM=(vermicompost, perlita, tierra monte (1:1:1) y B-P-TM=(Bocashi, perlita y tierra de monte
(1:1:1). Valores con la misma letra, son estadisticamente similares con base a la prueba de Tukey (P<0.05).

El cv Ruso, también ha sido producido en forma organica utilizando coberturas y demuestran que
el contenido nutrimental del kale aumenta notablemente con el uso de frijol ejotero como cobertura
demostrando que la interaccion suelo y leguminosa favorece la calidad del cultivo (Thavarajah et
al., (2019).

Contenido de nitratos potasio y calcio en extracto celular de peciolo

La concentracion de NOs, present6 diferencias estadisticas altamente significativas por cultivar,
sustrato y su interaccion en todos los cultivares, el Ca?, por cultivar y sustrato y el K* solo por
sustrato (Tabla 1). Las altas concentraciones de nitratos en las plantas, tiene mucho que ver con el
sustrato y la fuente de nutricién (Fig. 4). El incremento es de hasta cinco veces mas en plantas
crecidas en tezontle que en sustrato organico, lo cual es un gran riesgo para el consumo sobre todo
de nifios porque puede provocar metahemoglobinemia en sangre (Garcia et al., 2019). Dado que en
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kale la concentracion de nitratos esta mas alta que los nitratos contenidos en lechugas (2200 a 4500
ppm) (Carrasco et al., 2006), en acelga (1690 ppm) y betabel (1379 ppm) (Garcia et al., 2019). Estos
valores se deben principalmente a los 12 meq que contiene la solucién nutritiva con la que se
regaron durante su crecimiento. Es necesario que la concentracion de nitratos sea mas baja debido a
que la ingesta de nitratos diaria de una persona con un peso corporal de 70 kg no deberia
superar los 259 ppm (Carrasco et al., 2006). Motivo por lo cual se considera que en futuras
producciones hidropdnicas se use una solucién nutritiva con niveles mas bajos de nitratos, o
continuar la produccion con sustratos organicos.

Los sustratos bocashi y el vermicompost, suministran nitratos que resultan de la mineralizacion de
la materia organica por la actividad de los microorganismos y modifica su disponibilidad y
absorcién como se observa en la Fig. 4. Las cantidades promedio de nitrogeno total reportadas en
bocashi varian entre 0.69 y 1.06% (Mufioz et al., 2015) y en vermicompost entre 1.03 y 5.5% (Jaimes-
Amaya et al., 2020). A mayor concentracion de nitrégeno en el sustrato, se incrementa la cantidad de
nitratos en extracto celular (Nunez-Ramirez et al., 2017).
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Figura 4. Contenido de nitratos en el extracto celular de peciolo de cuatro cultivares de kale crecidos en
diferentes sustratos.

Figure 4. Nitrate content in petiole cell extract of four kale cultivars grown on different substrates.

La concentracion de K+ en extracto de peciolo es mucho mas baja que nitratos y calcio, los cuatro
cultivares tienen casi las mismas concentraciones que variaron entre 230 y 334 ppm de K*, un dato
importante es que todas las plantas que crecieron en bocashi tienen mayor concentracion de K+ que
las que crecieron en tezontle y en vermicompost. El contenido de Ca? solo tuvo efecto significativo
por sustrato, presentandose diferencias altamente significativas entre las plantas crecidas en
tezontle y las que crecieron en vermicompost y bocashi (Tabla 2).
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Indices de crecimiento

Los resultados de la Fig. 5 indican como el sustrato es un factor que modifica el crecimiento,
dado que hay diferencias entre los cultivares y dentro de cada cultivar en funcién de donde crecié
la planta. El area foliar especifica (AFE) en los cvs Etiopia (Brassica carinata), Ruso (Brassica oleracea)
y Siberiano (Brassica oleracea) confirma como en otras variables que respondieron a la nutricién con
tezontle y solucion Steiner (Fig. 5a). Los valores altos de AFE reflejan como en las plantas aumentan
el drea foliar y reducen el grosor de esta, lo que permite que la radiacién fotosintéticamente activa
penetre mas facilmente y repercuta en el desarrollo del cultivo. Este indice permite identificar muy
facil como la planta responde a cambios de ambiente y fuentes de nutricidon (Shipley, 2002) y se
define como la cantidad de &rea foliar por peso de hoja, es un rasgo morfoldgico de gran
trascendencia funcional y ecologica (Villar et al., 2008). El cv Chinese (Brassica juncea) no responde
igual al tezontle como se observa en la Fig. 5a, pero si modifica el area y peso de hoja cuando crece
en el vermicompost. En cada uno de los cultivares de acuerdo al sustrato donde crecieron se
observaron compensaciones estructurales y metabolicas, lo que permitié que los indices no fueran
iguales (Smich et al.,2017).

El valor bajo de AFE obtenido en los cultivares Ruso y Chinese, que crecieron en bocashi puede
deberse a la poca maduracion del sustrato, quizas menores cantidades de nutrimentos disponibles
que hay en los sustratos organicos y la respuesta especifica de estos cultivares (Haile y Ayalew,
2018).

La relacién de area foliar (RAF) varid entre cultivares. Con tezontle y vermicompost el cultivar
Etiopia presentd los valores mas altos (Fig. 5b), esto refleja que tiene un ciclo de desarrollo mas
corto y un aparato fotosintético mas activo que los otros cultivares (Santos et al., 2010). En funcion
del sustrato, las plantas que crecieron en vermicompost presentaron los valores mas bajos del indice
debido a un incremento en la biomasa total, al suceder esto hay un aumento en el costo respiratorio
de la planta y la relacién baja (Villalba et al., 2017). El cv Chinese, dio los valores mas bajos con los
tres sustratos. Los cultivos responden de manera diferente, en el caso de Salvia hispanica la
aplicacién de vermicompost incremento notablemente la RAF en comparaciéon cuando solo creci
en suelo (Gonzalez-Solano et al., 2019). Desde el punto de vista de eficiencia del sustrato, cuando
los cultivares Chinese y Ruso crecieron el bocashi tuvieron RAF mas altos lo que indica que ese
sustrato favorecio el que las plantas fueran mas vigorosas que con las otras mezclas (Gaytan et al.,
2001), dado que todos estuvieron bajo las mismas condiciones ambientales.

En el crecimiento de los cultivares hay una marcada diferencia cuando se hace en tezontle con
soluciéon Steiner en comparacion con las mezclas de vermicompost y bocashi. A pesar de ser
estadisticamente iguales los dos sustratos organicos se observa en al menos tres cultivares
incrementaron algunas variables cuando el sustrato fue vermicompost. Este tiltimo es mas estable
que el bocashi y en la mayoria de las veces se utiliza mas vermicompost (Bachman y Metzger,
2008).
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Figura 5. Indices de crecimiento de cuatro cultivares de kale A= AFE (4rea foliar especifica), B=RAF (razén de
area foliar) desarrollados en invernadero con tres sustratos diferentes.

Figure 5. Growth rates of kale cultivars A= AFE (specific leaf area), B=RAF (ratio of leaf area) developed in a
greenhouse with three different substrates.
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4. Conclusiones

La diferencia en el crecimiento, forma de hojas y desarrollo del kale tiene que ver con las
caracteristicas genéticas de cada cultivar.

Los cv Ruso (Brassica oleracea), Siberiano (Brassica oleracea) y Etiopia (Brassica carinata), se
desarrollaron mejor en tezontle y solucion de Steiner que cuando crecieron con vermicompost y
bocashi, no asi en cv Chinese (Brassica juncea) que presento la misma respuesta en los tres sustratos.

La produccion de kale con solucién Steiner incrementa notablemente los nitratos en la planta, por lo
que sera recomendable cultivar en sustratos organicos o en hidroponia con soluciones nutritivas
con menor cantidad de nitratos.

El kale es un cultivo facil de producir, es una alternativa viable para la produccién y consumo entre
la poblacion urbana y rural como fuente nutrimental y de propiedades nutracetticas.
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Abstract

A systematic review was carried out with the objective to analyze the workloads of the high
intensity interval training (HIIT) protocols in treadmill, in order to identify the most used intensity
percentages, administered in people with overweight or obesity; a bibliographic search was
performed in SCOPUS, Web of Science, EBSCO, SCIELO and PUBMED databases. Inclusion criteria
were: original experimental studies, where one or more HIIT protocols in treadmill were
administered on population with overweight or obesity, regardless their age; studies made in
athletes or using functional exercises were excluded. Eight articles were considered for this review
from a total of 678 articles detected. All of them reported the administration of HIIT protocols at
intensities between 80% and 95% of HRmax, HRpeak, calculated HRmax, or HRreserve; with short
(30 seconds) to large (4 minutes) high intensity intervals. It is concluded that HIIT on a treadmill
can be used on people with overweight or obesity due to its efficacy and safeness at high intensity
levels and can provide optimal results in body composition, cardio respiratory fitness and other
parameters such as IL-6 and TNFalpha, in addition to reduce systolic blood pressure.

Keywords: interval training, treadmill, intensity of exercise, safe exercise, obesity

Resumen

Se realiz6 una revision sistematica con el objetivo de analizar las cargas de trabajo de los protocolos
de entrenamiento intervalico de alta intensidad (HIIT, por sus siglas en inglés) en banda sinfin, con
el fin de identificar los porcentajes de intensidad mas utilizados, administrados en personas con
sobrepeso u obesidad; se realizé una busqueda bibliografica en las bases de datos SCOPUS, Web of
Science, EBSCO, SCIELO y PUBMED. Los criterios de inclusién fueron: estudios experimentales
originales, donde se administraron uno o mas protocolos HIIT en banda sinfin, en poblacién con
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sobrepeso u obesidad, sin importar la edad; se excluyeron los estudios realizados en deportistas o
con ejercicios funcionales. Se consideraron ocho articulos de un total de 678 articulos detectados;
todos reportaron la administracién de protocolos HIIT a intensidades entre 80% y 95% de FCmax,
FC pico, FCmax calculada o FCreserva; con intervalos de alta intensidad cortos (30 segundos),
largos (4 minutos) y periodos de descanso activo por debajo del 70% de esos parametros. Se
concluye que el HIIT en banda sinfin se puede utilizar en personas con sobrepeso u obesidad
debido a su eficacia y seguridad a niveles de alta intensidad y puede proporcionar resultados
optimos en la composicion corporal, la aptitud cardiorrespiratoria y otros parametros como IL-6 y
TNFalpha, ademas de reducir la presion arterial sistolica.

Palabras Clave: entrenamiento intervalado, banda sinfin, ejercicio en obesidad.

1. Introduction

In recent years, literature has shown that high intensity interval training (HIIT) can induce
favorable metabolic adaptations similar to continuous training at a moderate intensity in healthy
populations or in people with non-communicable diseases, specifically obesity (Andreato et al.,
2019). At the beginning of the last century, HIIT emerged as a training methodology used to
prepare high performance athletes; at the present, this method represents a new therapeutic
strategy that has proven to be effective in improving the physical status associated with health in
adult population (Cofré-Bolados et al., 2016). HIIT consists of short bouts of intense exercise,
alternated with short periods of active or passive rest (Pereira-Rodriguez et al., 2020). Current
evidence supports that HIIT is a method that has various health benefits; and the short period of
time needed to complete the training with a minimum of equipment to obtain physical
adaptations, are their main advantages (Lopez, 2018).

HIIT exercise has interesting applications in the control of certain metabolic and cardiovascular
pathologies as latest published studies have recognized the benefits in the biological markers that
HIIT may provide (Milanovi¢ et al., 2015). Overweight and obesity are associated with the
development of insulin resistance, type 2 diabetes mellitus and cardiovascular disease. It has been
shown that regular physical exercise with progressive increases of intensity is one of the most
effective solutions to prevent and treat those pathologies (Alarcén et al., 2016). HIIT program can
be developed as an intervention strategy for people with overweight or obesity and other
associated diseases. Increasing the amount of daily physical activity is an essential tool for
controlling such problems (Pefailillo et al., 2016). However, studies with HIIT method in patients
with non-communicable diseases are very limited because its workload intensities can be very high
and varied (Gibala et al., 2012). Hence, it is necessary to know the appropriate intensity of exercise
that can generate safe and effective metabolic changes for the control of these conditions with this
method, especially for the treatment of obesity (Alarcon et al., 2016). The objective was to analyze
the workloads of the high intensity interval training protocols (HIIT) in treadmill, in order to
identify the most used intensity percentages, administered in people with overweight or obesity.

2. Article selection

Bibliographic search was carried out in SCOPUS, Web of Science, EBSCO, SCIELO and
PUBMED databases, using keywords in English only, such as high intensity interval training, HIIT,
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obesity and treadmill, with the Boolean AND operator. Inclusion criteria were: original,
experimental studies; where one or more HIIT protocols on treadmill were administered in people
with overweight or obesity, regardless their age; studies made in athletes or using functional
exercises were excluded. There was no restriction of articles by year of publication. 678 articles
were found, of which 666 were eliminated because they did not meet the inclusion criteria. Twelve
potential articles were identified, finding four duplicates, so the review was made with the
remaining eight documents (see Figure 1). Five studies were randomized clinical trials, one was
cuasi-experimental study and the authors did not specify the other two. Two researchers made the
search and analyzed the studies.

3. Article analysis
Eight articles meeting inclusion criteria were selected. Detailed review of these documents

showed different HIIT protocols used as well as the intensities and duration of each one;
workloads of each administered program in the population of interest was analyzed.

Documents found
678

Eliminated for not
meeting inclusion
and exclusion

criteria
666
Potential Articles
12
> Duplicated
4

Articles included
8

Figure 1. Diagram of the selection process for the review articles
Figura 1. Diagrama del proceso de seleccion de los articulos de la revision.
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Methodological quality of the selected studies was evaluated in the period of February to June
2019; in order to exclude documents of fair and poor quality, PEDro scale was used. Item one (1)
was not taken into account according with PEDro scale instructions (PEDro 2019); items 5, 6 and 7
were not considered due to this kind of studies cannot be blinded, so use so just items 2, 3, 4, §, 9,
10 and 11 were contemplated. Articles selected in this review had a mean score of 4.87 points,
pondered as good cuality (see Table 1). This review was carried out according to PRISMA
guidelines (Hutton et al., 2017). Four of the selected articles were made in women, two of them
recruited a population between 19 and 27 years of age and the other two were realized with
women at 23 to 39 years of age. Other study was performed in children (7 to 16y), two more were
in adult women and men ages 18 to 55, and only one research was conducted in older adults 50 to
80 years old.

Table 1. Clasification with PEDro of the articles analyzed.
Tabla 1. Escala de clasificacion PEDro de los articulos analizados.

ITEMS
REFERENCE 1 2 3 4 5 6 7 8 9 10 11
Dias et al. 2017 - v v v - - - v % v v
Gerosa-Neto 2016 - v v v - - - v ® v v
Romain et al.
- ® ® v - - - v % v v
2019
Streese et al. 2018 - v v v - - - % ® ® 4
Zhang et al. 2015 - ® ® v - - - v v v (4
Hornbuckl L.
ornbuckle et a i v v " B B B v x v v
2018
Mirgham,
- ® ® v - - - v % v 4
Yousefi 2014
Bonsu, -
Terblanche 2016 * * v - - - v v v v

TOTAL
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4. Results
Protocol characteristics

Characteristics of HIIT, number of subjects included in studies, intensity and rest period of
intervals, as well as duration of the program, are shown in Table 2. Most of workouts ranged 12 to
16 weeks of activity, with three times a week sessions. Romain et al., (2019). implemented a 6-
month supervised program, performing trainings twice a week. Two studies used a shorter period
applying only four weeks of activity with three sessions per week (Mirghani y Yousefi, (2015).
Bonsu y Terblanche, (2016), implemented twice a week only for 6 sessions. Regarding the
protocols, four studies had the longest intense and rest intervals with 4 minutes of high intensity
workload and 4 and 3 minutes of active rest. On the other hand, shorter intervals between 30 and
60 seconds of work were reported by four articles. All programs handled intensities between 80%
and 95% of experimental HRmax and HRpeak, or calculated HRmax and HRreserve; the first two
parameters were assessed in treadmill stress test and the other two were calculated. All studies
included in this review applied HIIT treadmill protocols on people with obesity or overweight.
Most of their objectives were to examine the effects of HIIT on body composition and determine its
effectiveness in increasing cardiorespiratory capacity; to identify the effect on inflammatory profile
and insulin resistance in addition to the effects on arterial function; cardiometabolic risk factors,
liver enzymes and serum lipid levels, as well as blood pressure response, were also studied.
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Table 2. Characteristics of the interval and rest intensities of the HIIT sessions.
Tabla 2. Caracteristicas de las intensidades de intervalos y descansos de las sesiones de HIIT.

TECNOCIENCIA CHIHUAHUA, Vol. XV (1) e 789 (2021)

Author Results n Protocol used HI Time Hl intensity Recovery time Recovery intensity Program time
D ¢t al Increased
2(')31"‘7 et al ardiorespiratory HIIT=33 4X3 min 4 min 85%- 95% HRmax 3 min 50%-70% HRmax 12 weeks
capacity MICT=32 4 series
Nutrition=34
g:;gsa"\'em Dejr::f'ed 'L‘f, (3326 : 4X3 min 4 min 90% HRmax 3 min 70% HRmax 16 weeks
an iponectin roups
Romain et al. Decreased waist- HIIT=38 305 X90s 30 80%-90% HRmax 90s 50%-60% HRmax 6 months
2019 hip index calculated calculated
Control=28 10 series
Streese et al Reduction of the
2018 ) stiffness of the HIIT= 40 4X3 min 4 min 80%-90% HRmax 3 min 65%-70% HRmax 12 weeks
arterial wall HIIT= 80 4 series
Control=40
Zhang et al. D in bod
2015g f;cr;eaa:se MY HiT-14 4X3 min 4 min 85%-95% HRpeak 3 min 50%-60% HRpeak 12 weeks
MICT=15 4 series
Control=14
Hornbuckle Reduced waist
ot 2018 S HIIT=16 1X3 min 1 min 80%-90% HRmax 3 min 60%-70% HRmax 16 weeks
EE=11
Mirghani, D d waist
e . I .ecrease wais HIIT (1)=8 60sX60s 60 s 80% HRreserve 60s Cool down 4 weeks
Yousefi 2015 circumference
HIIT (2)=8 60sX30s 30s
Control=8 60sX30s 30s
Bonsu, .
Decrease in blood . . . .
Terblanche ressure HIIT=20 1x1 min 1 min 90%-95% HRmax 1 min 70% HRmax. 6 sessions
2016 P 10 series

HI time=high interval time; HI intensity=high interval intensity; HIIT=high intensity interval training; MICT=moderate intensity continuous training; min=minute;

HRmax=maximum heart rate; IL-6=inteleukin-6; s=second; HRmax calculated=calculated maximum heart rate; HRpeak=peak heart rate; SS=Steady State;

HRreserve=heart rate reserve.
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5. Discussion

HIIT on a treadmill can be considered as a training modality in people with overweight or obesity,
due to its high levels of efficacy and safety, as evidenced in the literature reviewed. One of the main
findings was the decrease in body fat mass as reported by Zhang et al., (2015), who administered a
twelve week HIIT program to overweight Chinese women, using 85% and 95% of HRpeak in periods
of 4 minutes, and 3 minutes recovery at 50% and 60% of the HRpeak; @ moderated intensity continuous
training (MICT) group performed a continuous run between 60% and 70% of theHRpeak, while control
group (CG) received no training but maintained their daily physical activity without altering their
eating habits. HIIT and MICT groups, reveled an increase in VO2max and a decrease in body mass,
body mass index (BMI), and waist and hip circumferences, after intervention. HIIT group, showed a
greater reduction in waist-to-hip ratio compared with the MICT and CG groups.

On the other hand, Hornbuckle et al., (2018), concluded that HIIT performed for one minute at 80%
and 90% of HRmax with a 3 min-recovery of 60% and 70% of HRmax, was more effective in reducing
waist circumference compared to the group that performed a submaximal exercise at steady state (SS)
level; however, they did not observe significant changes on the cardiometabolic risk factors, which
was the main objective of the study; authors indicated the need for further research with a larger
sample to better observe the expected results on these factors. Dias et al.,, (2018), determined the
efficacy of a twelve-week HIIT to increase cardiorespiratory capacity and reduce adiposity in obese
children; they applied a protocol with a high intensity (HI) of 85% and 95% of HRmax and recovery or
low intensity (LI) at 50% and 70% of HRmax; they concluded that this program increased
cardiorespiratory capacity compared to a traditional continuous moderate intensity training (CT).
Regarding body composition and blood biomarkers, neither of the two training modalities (HIIT/CT)
had a significant effect. All the articles included in this review reported the administration of HIIT
protocols that worked with intensities above 80% and up to 95% of HRmax, HRpeak, calculated
HRmax, or HR reserve. Other authors reported that HIIT should work on anaerobic or ventilatory
threshold II (80% to 85% of VO:max), where central adaptations associated with a sympathetic-adrenal
activation and cardio-vagal improvements take place (Cofré-Bolados et al., 2016). Therefore,
application of this training in sedentary individuals who are also overweight or obese, would have
greater advantages in cardiovascular and metabolic health issues (Reljic et al., 2016); (Laursen Y
Jenkins,2002).

Gerosa-Neto ef al., (2016) and Streese et al., (2018), very similar protocols of four minutes of intense
work were performed at 90% of HRmax, for 12 and 16 weeks. First one demonstrated a significantly
decrease in Interleukin-6 (IL-6) and adiponectin concentrations; other variables such as BMI, body
weight and insulin sensitivity did not have significant changes but a tendency to improve was
showed.

Half of the administered HIIT protocols used a longer duration of the intervals, in both exercise and
rest periods, between 4 and 3 minutes, except for the protocols used by Mirghani y Yousefi, (2015),
Romain et al., (2019) and Bonsu y Terblanche, (2016), which had a shorter duration of the intervals or
periods, but the same duration in the training sessions. For 4 weeks, overweight women performed a
HIIT program, executing a protocol of 60 s of intensity for 60 s of recovery, another of 60 s for 30 s,and
a control group. The main purpose of that research was to examine the effect of two HIIT protocols on
liver enzymes and serum lipid levels in the participants. Group that performed HIIT protocol 60 s X
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30 s had a greater decrease in waist circumference, but there were no changes in the blood lipid
profile. Reduction in percentage of fat in the shorter rest interval could be explained because the
activity of glycolysis to synthesize energy decreased which increased aerobic metabolism to replace
energy expended, since the proportion of energy needed in 30 s of high intensity activity, includes 18%
ATP, 2% phosphagens, 25% anaerobic glycolysis and 55% oxidation (Billaut y Bishop 2009).
Consequently, performing HIIT protocols with a shorter recovery time results in an increase in aerobic
metabolism Mirghani y Yousefi, (2015).

In the study carried out by Bonsu y Terblanche, (2016), a significant reduction in blood pressure was
evidenced after 6 sessions of HIIT at 90% and 95% of HRmax in young overweight or obese women,
however training effects were lost two weeks after the execution. On the other hand, A3 (Romain et al.,
2019)., applied a 6 month HIIT program; they investigated the effect of training on body composition,
metabolic markers, psychiatric-functional in overweight people with serious illnesses. Intervals were
administered for 30 s by 90 s at 90%, 50% and 65% of the theoretical HRmax. Study showed no
differences, but waist-hip circumference ratio decreased despite the fact that 50% of the sample
abandoned the intervention before the end of the study.

6. Conclusions

HIIT at intensities between 80% and 90% of HRmax, HRpeak, calculated HRmax or HR reserve is
practical and comfortable; it can be safely administered to overweight or obese people. HIIT, variable
in their duration from 30 seconds to 4 minutes per interval, with a frequency of 2 to 3 sessions per
week, it has also been reported with great improvements in cardiorespiratory capacity, fat mass and
some biological markers, when performed in a treadmill.

Future perspectives

HIIT on treadmill in people with obesity will be an excellent option to transfer this method to the field,
thus the population that does not have an ergometer, can perform this training modality without
complications anywhere outdoors.

Strengths of this review

HIIT method reduces the time and volume of weekly practice, becoming a good strategy to capture
and maintain the practice of exercise in a population with obesity; therefore, compared to the
traditional method of cycling or continuous exercise, it is more convenient for general population. It is
also very useful to know the intensities that can be safely administered with this type of persons.

Weaknesses of this review
There is a large number of studies carried out in people with overweight and obesity, however, there

are not clinical trials and the vast majority does not report the intensities of workloads, so the number
of articles found in this review is not very high.
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