
Citation: Vázquez-Villegas, P.T.;

Hernández-Cruz, M.d.C.; Lam-

Gutiérrez, A.; Rodríguez-Hernández,

L.; Valdespino-León, M.; Zenteno-

Rojas, A.; Meza-Gordillo, R.; Cruz-

Salomón, A.; Serrano-Ramírez, R.d.P.;

Cruz-Rodríguez, R.I. Toxicity

Assessment of a Biolubricant

Exposed to Eisenia fetida. Processes

2023, 11, 3020. https://doi.org/

10.3390/pr11103020

Academic Editors: Alina Pyka-Pająk,
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Received: 23 September 2023

Revised: 12 October 2023

Accepted: 18 October 2023

Published: 20 October 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

processes

Article

Toxicity Assessment of a Biolubricant Exposed to Eisenia fetida
Paola T. Vázquez-Villegas 1,*, Maritza del C. Hernández-Cruz 2,*, Anayancy Lam-Gutiérrez 1 ,
Ludwi Rodríguez-Hernández 1, Mariana Valdespino-León 1, Adalberto Zenteno-Rojas 1, Rocío Meza-Gordillo 3 ,
Abumalé Cruz-Salomón 2 , Rocío del P. Serrano-Ramírez 3 and Rosa I. Cruz-Rodríguez 3

1 Departamento de Ingeniería en Industrias Alimentarias, Tecnológico Nacional de México/ITS Cintalapa,
Carretera Panamericana Km 995, Cintalapa de Figueroa 30400, Mexico; alam@cintalapa.tecnm.mx (A.L.-G.);
ludwi@cintalapa.tecnm.mx (L.R.-H.); valdespino@cintalapa.tecnm.mx (M.V.-L.);
azenteno@cintalapa.tecnm.mx (A.Z.-R.)

2 Escuela de Ciencias Químicas, Universidad Autónoma de Chiapas (UNACH), Carretera Panamericana
Ocozocoautla-Cintalapa Km 2.5, Ocozocoautla de Espinosa 29140, Mexico; dr.abumale@gmail.com

3 Departamento de Ingeniería Química y Bioquímica, Tecnológico Nacional de México/IT Tuxtla Gutiérrez,
Carretera Panamericana Km 1080, Tuxtla Gutiérrez 29050, Mexico; rocio.mg@tuxtla.tecnm.mx (R.M.-G.);
rocko_0049@hotmail.com (R.d.P.S.-R.); rosa.cr@tuxtla.tecnm.mx (R.I.C.-R.)

* Correspondence: ptayde@cintalapa.tecnm.mx (P.T.V.-V.); maritza.hernandez@unach.mx (M.d.C.H.-C.)

Abstract: In the current search for products that are friendly to the environment, the intent is to reduce
the use of domestic, food and industrial waste of mineral origin, thereby creating new products
that are functional in industrial and agricultural processes. That is why the use of raw chicken skin
fat was evaluated for the creation of a biolubricant with possible applications in the operation of
heavy machinery, such as agricultural tractors. The acute toxicity of the biolubricant made from
transesterified fatty acids obtained from chicken skin fat was determined experimentally, using
bioassays with Eisenia fetida as a test organism, by means of the median lethal concentration (LC50)
using the probit method (p < 0.05) on the filter paper at 48 h and on an artificial substrate at 14 days,
resulting in an LC50 of 878.675 mg mL−1 or 0.0268 mg cm−2 and 35.2348 mg kg−1, respectively.
Likewise, the physiological damage was determined by means of histology, and it could be observed
that there was no damage on the Eisenia fetida cell tissue. This indicates that the biolubricant is
suitable for use in agricultural machinery since, in the event of an accidental spill, it does not cause
damage to the soil or the organisms that live in it, as well as to the people who handle this type of
product in their daily work.

Keywords: soil; chicken skin fat; LC50

1. Introduction

Lubricants are liquid substances, generally oils, that are synthesized from a petroleum
base or made synthetically, and that facilitate sliding and reduce friction between moving
machine parts or mechanisms [1,2]. The lubricants currently used for agricultural machin-
ery are mostly of mineral origin and extracted from crude oil [3]. Their use is necessary
above all in those implements that are exposed to environmental factors, such as high
temperatures, the presence of soil and other chemical compounds, such as pesticides, and
even when in contact with water, which damages the machinery, producing greater signs
of corrosion and wear. Lubrication is basic and necessary for the operation of almost
all the machinery used in the world, since it serves to reduce friction in the mechanical
components of the machinery [4]. Without lubrication, machines could not work efficiently,
or if they work, they would only operate for a short time before failing due to overheating.

In the lubricants industry, products are constantly being improved and changed as
the requirements of new machinery change and new chemical and distillation processes
are discovered, in order to minimize the environmental impact of the use of anthropogenic
substances. The gradual depletion of oil and the ongoing environmental crisis have raised
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widespread concern around the world. Therefore, measures have been taken to curb these
imminent threats, including the development of green energy systems and the use of
renewable resources as a potential alternative to mineral-based products [1]. Currently,
the lubricating capacity of animal and vegetable oils is greater than mineral oils; however,
they have the disadvantage of poor oxidation stability at high temperatures and easy
decomposition, producing acid substances that attack metal surfaces [5,6].

In this sense, the lubricants industry is one of the areas of interest that is being studied
to reduce the dependence on oil, the pollution that is generated and the anthropogenic
impact in the environment; therefore, the use of natural oil-based lubricants, instead
of petroleum-based lubricants, are known as “biolubricants”, since their use generates
environmental, health and degradation benefits over mineral lubricants. It should be
mentioned that many of the current biolubricants come from edible vegetable oils and
alternative sources [7].

Poultry farming is one of the most important animal production areas in Mexico. The
state of Chiapas is one of the main chicken producers, occupying eighth place nationwide
with an average production of 492,417 tons per year [8], of which 30% is equivalent to
chicken skin, that is 147,725 tons of this waste per year, resulting in a significant amount of
waste that currently lacks viable alternative uses. On the contrary, it is usually improperly
disposed of, which represents an increase in contamination risks [7].

Chicken skin fat has already been used for application as a biofuel and a biodiesel,
complying with the essential characteristics of this type of product [5,7,9–12]. To take
advantage of this raw material, methodologies were developed that allowed the physic-
ochemical properties of chicken skin fat to be modified, which allow for maintaining its
tribological properties.

To do this, the most widely used chemical modifications for biolubricants are ester-
ification/transesterification (reorganization of acyl residues to form new triesters) and
epoxidation (addition of oxygen to double bonds). Esterification and transesterification
are commonly used to rearrange acyl group residues in vegetable oils to form esters with
new physical properties. Epoxidation is one of the most suitable methods to improve the
thermo-oxidative stability caused by the presence of double bonds in natural oils [7].

The characteristics of the biolubricant carried out by Hernandez-Cruz [13] are shown
in Table 1.

Table 1. Physicochemical characteristics of the biolubricant made from chicken skin fat.

Properties Value * Mineral Lubricant
ISO VG 10 **

Viscosity 40 ◦C (cSt) 10.81 10 ± 2
Viscosity 100 ◦C (cSt) 2.8 2.62 ± 2

Oxidative stability (h, 110 ◦C) 0.25 ND
Biodegradability (%, 28 days) 100 20

cSt = centistokes; * Results obtained from Hernandez-Cruz [13]; ** According to ISO-15380 [9].

In order to consider whether the products obtained are suitable for use as biolubri-
cants, they have to comply with certain properties to assess the suitability of a particular
application, with viscosity and biodegradability being the main ones, as shown in Table 1.

To continue with the studies of the biolubricant, toxicity tests were carried out. The
Organization for Economic Cooperation and Development (OECD) Guide to Chemical
Tests No. 207 [14] was used. Wei Liu [15] indicated that one of the most used and studied
methodologies is bioremediation, which is the use of devices to degrade a contaminant.
The final products of bioremediation are mainly water and carbon dioxide. Hydrocar-
bons are formed mainly by carbon and hydrogen, that is, they are compounds capable
of biodegradation. Therefore, it is important to know the fate and persistence of these
compounds in nature. A tolerable limit of these compounds can be calculated through
toxicological tests using sensitive organisms [16]. In bioassays, a living tissue, organism
or group of organisms is used as a reagent to assess the effects of any physiologically
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active substance. The toxic effects can include mortality, immobility, growth inhibition,
behavioral deterioration and weight loss, among others. Variables such as the median
lethal concentration (LC50), which is the lethal concentration for 50% of those exposed, are
determined [16]. Through histological tests, it is possible to determine the tissue damage
that the test organism could experience in order to be able to examine and analyze its
morphological components, as well as its structure through the microscope [17,18]. Eisenia
fetida was used as a test organism [16].

For this reason, the main objective of this research was to implement the methodology
for the evaluation of acute toxicity of a biolubricant derived from chicken skin fat through
a bioassay with the earthworm Eisenia fetida and to evaluate its physiological damage using
histological techniques.

2. Materials and Methods
2.1. Raw Material

The earthworms Eisenia fetida (Savigny, 1826) were obtained from the Luanda farm,
located in Ocozocoautla de Espinoza, Chiapas, Mexico (latitude 16◦45′41.26′′ N and longi-
tude 93◦22′32.35′′ W, with a cold tropical climate and an average annual temperature of
21.2 ◦C).

The solid substrate used was made up of 85% peat and 15% rabbit manure that was
previously dried, ground and sieved to a particle size of 0.2 and 0.5 mm, which was used
for the earthworms to adapt to over 60 days at 25 ◦C and 60% humidity, feeding them
every third day. This was carried out in order to achieve a uniform size of the worms and
to ensure they had developed clitella [16].

Rabbit manure was collected from a farm located in Tuxtla Gutierrez, Mexico (latitude
16◦45′11′′ N and longitude 93◦06′56′′ W). The peat was a commercial product obtained
from Promix Canadian Sphagnum from Quebec, Canada (52◦00′00′′ W longitude).

The biolubricant was obtained by transesterification of fatty acids from chicken skin
fat at the Tuxtla Gutierrez Institute of Technology [7,13,19].

2.2. Acute Toxicity Analysis
2.2.1. Filter Paper Test

The concentrations of the biolubricant used were 0.1, 1, 10, 100 and 1000 mg of
biolubricant per L of solution (mg L−1) as a first trial and later, concentrations of 50, 100,
200, 400, 600, 800 and 1000 mg of biolubricant per L of solution (mgL−1) were used. The
appropriate volume of the solution with the lubricant was added to glass Petri dishes with
a diameter of 8.5 cm and a contact area of 56.74 cm2 containing medium pore filter paper;
as a control, the Petri dishes were used with filter paper impregnated with hexane, since it
is the diluent of the biolubricant. The solvent used was allowed to evaporate for one hour
in an Edutec Model DED-01CEH (United States) extraction hood and later, the filter paper
was rehydrated by adding 1 mL of distilled water to each Petri dish along with a worm
with a clitellum that was previously developed. They were washed with distilled water,
dried with absorbent paper, left in plastic containers for 3 h to empty their gastrointestinal
tract and the weight of each worm was recorded. Each treatment was carried out with
10 repetitions.

All the Petri dishes were kept in a Memmert (Schwabach, Germany) incubator at 25 ◦C
in complete darkness for 48 h. After this time, the mortality (%) in the worm was evaluated
to determine the LC50. In addition, the physical damage observed was recorded. The
worms were considered dead if they showed little movement and did not respond to a
defined mechanical stimulus [14].

2.2.2. Artificial Substrate Test

The artificial substrate was prepared by mixing the ingredients: 10% peat, 20% clay,
70% industrial sand and 1g of CaCO3 to adjust the pH to 7.0. The evaluated concentrations
were 0 (control), 1, 5, 10, 50 and 100 mg of biolubricant per kg of substrate. The experimental
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units were amber glass flasks with a capacity of 1 L containing 500 g of the artificial substrate.
The corresponding volume of the biolubricant solution was added to reach the desired
concentration. The solution was mixed thoroughly, and the humidity was adjusted to 35%.

Ten adult worms with developed clitellum, previously washed with distiller water,
dried with absorbent paper and weighed, were placed in glass jars and covered with a
cotton cloth to allow air flow, adjusting the humidity to 35% each 7 days. All the flasks were
subjected to 12/12 h light/dark periods at a temperature of 25–28 ◦C. Each concentration
had four repetitions. The mortality (%) (for LC50) was evaluated at 14 days, without the
addition of food [20,21].

2.3. Histology

Once the mean lethal concentration (LC50) was obtained, the histological technique
on Eisenia fetida was followed to determine the damage of the biolubricant at the cellular
level of the worms in the contact tests. The final LC50 result was useful for repeating the
filter paper test and proceeding with histology, consulting the same standard established
for the evaluation of toxicity.

The histological procedure was carried out according to Montalvo-Arenas [18], with
slight modifications. Briefly, the worms were immobilized with glycerol for 15 min, then
fixed with formalin for 24 h. The worms were then embedded in paraffin by dehydration in
successive baths of ethyl alcohol for at least 36 h, continuing with diaphanization with xylol
and ethyl alcohol for one hour and then continuing with three paraffin baths for 60 min
each. Subsequently, 10 µm sections were obtained using a Bresser handheld microtome.
Sections were stained with hematoxylin–eosin and observed under an Optica B-350 brand
microscope using the 4×, 60× and 100× objective lenses.

2.4. Statistical Analysis

The results were evaluated by probit analysis [20,22–25] using the Statgraphics Centu-
rion statistical program XVI. The experimental design used was completely randomized,
with the worm mortality for LC50 used as the response variable.

3. Results

The results obtained show the ability of Eisenia fetida to adapt to the environment
in which it develops and the null toxicity of the biolubricant towards the representative
sample of the soil biota, such as the earthworm.

3.1. Filter Paper Test

The effect of the biolubricant on Eisenia fetida for the filter paper test resulted in
physical damage, such as reduced movement, discoloration of the extremities and cuts
and losses in some of the extremities. There was also the presence of blood and coelomic
fluid on the filter paper where the worms remained for 48 h, as can be observed in Figure 1.
Approximately 95% of the earthworms exposed to the biolubricant were alive at the end of
the experiment.
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Figure 1. Physical state of Eisenia fetida with biolubricant (a) and without biolubricant (b).

Part of the acute toxicity evaluation included monitoring the weight of Eisenia fetida in
the concentrations of the biolubricant that were used, as observed in Table 2.
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Table 2. Weight of earthworms exposed to biolubricant for 48 h for the filter paper test.

Concentration (mg L−1) Starting Weight (g) Final Weight (g)

50 0.29 ± 0.01 a 0.25 ± 0.02 b
100 0.22 ± 0.02 a 0.15 ± 0.03 b
200 0.19 ± 0.01 a 0.10 ± 0.04 b
400 0.26 ± 0.03 a 0.19 ± 0.02 b
600 0.24 ± 0.01 a 0.17 ± 0.02 b
800 0.27 ± 0.01 a 0.20 ± 0.03 b
1000 0.19 ± 0.03 a 0.19 ± 0.04 b

Control 0.24 ± 0.02 a 0.24 ± 0.01 a
Statistical analysis of 10 replicates per concentration, p < 0.05. Equal letters mean that there is no significant
statistical difference; different letters, there is a significant statistical difference.

The results of the exposure of the biolubricant to Eisenia fetida through filter paper for
48 h are shown in Table 3.

Table 3. Results of exposure of the biolubricant on filter paper.

Concentration (mg mL−1) Mortality (%) Survivor (%)

1000 20 80
800 100 0
600 100 0
400 100 0
200 100 0
100 30 70
50 100 0
0 0 100

In the control, there was no mortality, and survival exceeded 50%, but slight damage,
such as cuts, fatigue, stress and weakness occurred in Eisenia fetida.

3.2. Artificial Substrate

The results of these treatments show that for the highest concentration of the treatment,
which was 50 mg kg−1, Eisenia fetida was affected. In some cases, there was mortality, as
observed in Table 4. In addition, the biolubricant affected the earthworm by contact through
the skin, presenting symptoms such as stress without physical damage, moving slowly
even when exposed to light and deterioration of the earthworms’ skin.

Table 4. Results of the biolubricant in artificial substrate.

Concentration (mg kg−1) Mortality (%) Survivor (%)

50 100 0
25 15 85
5 0 100

2.5 0 100
0.5 0 100
0 0 100

It was observed that the higher the concentration, the greater the mortality in the
artificial substrate test and a survival constant for the lowest concentrations (0.5, 2.5 and
5 mg kg−1).

3.3. Statistic Analysis

From the toxicity tests with the biolubricant, it was possible to calculate the mean lethal
concentration (LC50), that is, the concentration at which half of the exposed population of
earthworms failed to survive. The LC50 was assessed by Probit statistical analysis using
the Statgraphics Centurion XVI statistical program, which is a type of regression used to
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analyze binomial response variables. The results of each treatment are shown in Table 5,
with a statistical reliability of 0.05%.

Table 5. LC50 by probit analysis.

Filter Paper at 48 h Artificial Substrate at 14 d

878.675 mg mL−1 or 0.0268 mg cm−2 35.235 mg kg−1

3.4. Histological Results

Eisenia fetida was selected because it is a species sensitive to changes in soil quality;
therefore, it is considered a good indicator of environmental quality. Through the his-
tological technique applied to Eisenia fetida [18], it was possible to demonstrate that the
biolubricant derived from chicken fat was a product with little probability of being able to
harm terrestrial fauna and with more friendly properties for the environment. By taking
cross-sections, it was possible to appreciate through the microscope that deep wear in the
Eisenia fetida tissues was not noticeable, so it was determined that the biolubricant is not
toxic to the earthworms and therefore to the soil.

Once the LC50 results were obtained, the experiment was repeated to assess the worm
histology. The results show that Eisenia fetida kept its physical appearance, without coelomic
fluid spillage or stress symptoms. There were no deaths or weight loss; on the contrary,
they had an increase in weight during the 48 h that the test lasted, as can be seen in Figure 2.
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Figure 2. Eisenia fetida after the filter paper test with the established LC50.

This confirmed that the concentrations applied to the filter paper test were not toxic,
since all the earthworms survived after 48 h of the test. When measuring the weight of the
earthworms, it was noted that their weight had increased from the initial measurements.
In addition, their skin darkened drastically.

The first observation of the earthworm cell tissue was made through the microscope,
before making a transverse incision for the staining process of the organism. By observing
each part of the cellular tissues of the earthworm, it was noted how little wear and tear
Eisenia fetida suffered when faced with this completely unknown product.

In Figure 3, the structure of the Eisenia fetida tissue is observed without the application
of staining; the segmented cuts of the earthworm can be seen without apparent cell damage.
The Eisenia fetida’s tissues did not present any change in their structure, thus proving with
the observation of the microscope that the biolubricant exposed to Eisenia fetida did not
cause damage to the structure of the earthworm. Therefore, it was determined that the
biolubricant is not toxic.

Once the coloring or staining procedure was finished, the tissues were subjected
to observation through the microscope, as shown in Figure 4. It can be deduced that
the biolubricant exposed to Eisenia fetida was not harmful to the environment or toxic to
Eisenia fetida in the tests we carried out, compared to other authors who applied other
substances that have been demonstrated to be more toxic and that damage the tissue of the
earthworm [26].
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Figure 4. Cross-section of Eisenia fetida exposed to a biolubricant for 48 h; 40×.

In Figure 4, a portion or cross-section of the worms is shown, in which, compared to
the control of Figure 5, there is only slight swelling in the body cavity. The orange-reddish
color effect is due to the absorption of the dye in the blood of the annelid.
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Two different observations of the samples were made, one without staining and the
other with staining. In the first observation, as the samples were not stained, it was not pos-
sible to clearly appreciate the molecular structure of the worm, unlike the observations with
staining in the samples, which allowed for a better structural observation of Eisenia fetida.

4. Discussion

The Eisenia fetida worm is an annelid that easily adapts to different substrates; however,
if the conditions of temperature, light and humidity are not suitable for it, it presents
symptoms of stress, such as slow movements, thinning and a change in skin color.

In this study, changes in the physical characteristics of the worms, as well as changes
in their weight, were evaluated. A statistically considerable decrease from the initial
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weight to the final weight after 48 h, in which the worm was subjected to contact with the
biolubricant, was observed and is outlined in Table 2. It was also observed that there was
no statistically significant difference in the initial and final weights of the earthworms in
the control. Therefore, one of the reasons for the weight loss was that the earthworms did
not have food, since they were in an environment completely isolated from their natural
habitat; however, this external factor can affect the stress of the earthworm, but it did not
affect the test because earthworms can survive 72 h without food [27].

The fact that a material is biodegradable is not directly related to its toxicity, since it
depends on the formation of secondary compounds during its biodegradation. Commonly
used mineral lubricants for motor vehicle use contain heavy metals. This makes them
highly toxic when they biodegrade. The biolubricant analyzed by its origin does not
contain metals, since it is synthesized from chicken fat that contains metal-free triglycerides.
Barrios et al. [28] mentioned that worm damage can be caused by a drastic change in pH
and excess of nutrients. According to the results of the toxicity test, the mortality of the
individuals in the uncontaminated soil was 0% (<10%), which demonstrates that the test
was valid.

The values obtained from the acute toxicity tests of the biolubricant showed that there
was no mortality in the controls during 48 h, the time the test lasted. It is observed from
Table 3 that from concentrations of 50, 200, 400, 600 and 800 mg mL−1, there is more than
50% mortality. In the cases of concentrations of 1000 and 100 mg mL−1, the survival rate
exceeded 50% compared to the other samples.

It was expected that at the highest concentration of the biolubricant, there would be a
higher percentage of mortality; however, the highest number of deaths was found at the
concentration of 100 mg L−1, as can be seen in Table 4. The resistance of the earthworm to
the highest concentrations could be due to them taking in the biolubricant as part of their
habitat and not evading it [29].

With these data, it was established that the formulation of the lubricant by transes-
terification resulted in a product that does not generate toxicity at concentrations lower
than 25 mg kg−1, and terrestrial fauna can have a healthy adaptability, as long as adequate
concentrations are used.

Vázquez-Villegas et al. [16] indicated that growth inhibition suggests that few nutrients
in the substrate were sufficient for earthworm survival and were insufficient for their
growth and development.

To evaluate the mean lethal concentration (LC50), the probit analysis statistical tool
was used. According to Gomez [30], probit transforms mortality expressed as a percentage
into a “probability unit” that would be linearly related to a range established by its creator.
With the experimental data obtained, the probit statistical analysis was performed, which
delivered the estimated value of concentration for which half of the population sample did
not survive.

Table 5 shows the results obtained from the LC50 of both tests that were applied to
Eisenia fetida exposed to the biolubricant in order to determine how toxic the biolubricant
could be when coming into contact with terrestrial fauna, as well as to observe the behavior
and survival or mortality that Eisenia fetida may present.

The difference produced by the results of the experiments (filter paper test and artificial
substrate test) could be due to the way in which the experimental sample came into contact
with the evaluated population (Eisenia fetida). In the experiment of the filter paper test, it
was in direct contact with the skin of the earthworm, and in the artificial substrate test,
other means were used that avoided direct contact with the biolubricant, as it was in a
homogeneous mixture with the substrate used.

On the other hand, the damage was evaluated by histological technique. Due to
the anatomical samples studied with histological sections that helped to demonstrate
the conditions in which the earthworm was affected, it was possible to obtain results
where it was shown that chicken skin fat can be a biolubricant that is quite friendly to the
environment in terms of land fauna.
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In this way, the procedure was effective to evaluate that there were no internal physio-
logical changes in Eisenia fetida at the LC50 concentration found.

5. Conclusions

The biolubricant demonstrated no inherent toxicity to Eisenia fetida. While there was
observed mortality in the test, this could be attributed to external factors, like the absence
of food, rather than the biolubricant itself.

The biolubricant can be used in machinery that has contact with the soil, such as agri-
cultural machinery, since it does not present considerable damage to its fauna and therefore
to its properties. Since it comes from an organic source such as chicken fat and does not rep-
resent damage or toxicity to the soil ecosystem, it is considered environmentally friendly.
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