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ABSTRACT

To analyze the process of evolution of the consumption of expanded polystyrene (EPS) and low-density 
polyethylene (LDPE) by larvae with an average of 5 cm of Zophobas morio, the design of completely randomized 
blocks with 8 treatments and 3 replications, measurement of weight and consumption time, in different types of 
substrates, compared with a control of diet alone during the degradation process of (EPS) and (LDPE). According 
to Tukey’s test at 99% probability of consumption efficiency, more effective were those containing (EPS) and 
better treatment of oat substrate, being (oats + EPS) the most effective with an average of 534.33mg. In general, 
in terms of the mean by time, the highest value was observed at 24 days with an average of 333.98mg. However, 
in the highlighted treatments (EPS) it was higher than 50% according to the consumption efficiency percentage 
formula.
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Introduction 
Currently, according to Josep, et al. [1], ‘’An average of 8 million 

tons of plastic are dumped into the oceans every year, this is equiva-
lent to emptying a garbage truck full of plastics every minute. If we do 
not change the trend, by 2025 our oceans will have 1 ton of plastic for 
every 3 tons of fish, and by 2050 there will be more plastics than fish. 
Poletto ‘’indicates that the degradation of synthetic plastics is very 
slow, as an example, the decomposition of plastic can take 500 years’’ 

(2011, p.78). Moran (2020) states that Ecuador produces 375,000 
tons of urban solid waste monthly, of which 43% is inorganic and 25% 
corresponds to plastic waste, which represents the colossal figure of 
93,750 tons of this material per month. Of the total waste generated, 
only 8% (30,000) tons is recycled for Solis, 2023, the province that 
consumes the most espumaflex covers and containers is Imbabura: 
more than 12% of its garbage corresponds to single-use plastics. It is 
followed by Azuay (8.34%), Cotopaxi, Pichincha, Carchi, Morona San-
tiago and Zamora Chinchipe. 
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The aspect of plastic pollution is so widespread precisely because 
of the reluctance of plastics to corrosion, weathering and degradation 
by microorganisms. Managing principles such as avoiding pollution, 
the generation of waste, keeping products and materials in use, for 
this reason it is very necessary to deepen the issue to look for alter-
natives that lead to a significant change in environmental care. To 
determine the consumption efficiency of expanded polystyrene and 
low-density polyethylene by the action of Zophobas morium larvae, 
as well as to evaluate the consumption time of expanded polystyrene 
and low-density polyethylene, according to the type of substrate in 
which the larvae develop, the processes quantifying the amount of 
expanded polystyrene and low-density polyethylene assimilated by 
Zophobas morio larvae., to finally know the statistical differences in 
consumption time and consumption efficiency, according to the type 
of substrate in which Zophobas morio larvae develop. Therefore, it is 
necessary to take concrete measures both in the community and at 
the educational level, to raise awareness of environmental care.

Method 
Sampling Area

It was located during the months of October to November 2023, 
since the larvae can enter a process of lethargy when they are at low 
temperatures, this allowed the size of the colony and the size of the 
larvae to be controlled.

Localization

The geographical area was in the Rocafuerte canton of the prov-
ince of Manabí.

Procedure and Sampling

For two months, adult larvae of the same strain and age were 
collected from the larval hatchery, between October – November, the 
measurements of Zophobas morium were taken for initial and final 
data, the samples of expanded polystyrene and low-density polyeth-
ylene were cut. Later washed with ethyl alcohol to remove organic 
matter.

Experimental Method and Design

An experimental design of three replicates per treatment and one 
control was used. The samples obtained were transferred to the lab-
oratory of the Faculty of Life Sciences and Technologies at the Eloy 
Alfaro Lay University of Manabí.

1.	 10 Zophobas larvae died + 100 mg of (EPS) + Oats.

2.	 10 Zophobas larvae died + 100 mg of (LDPE) + Oats.

3.	 10 Zophobas larvae died + 100 mg of (EPS) + Corn flour.

4.	 10 Zophobas dying larvae + 100 mg of (LDPE) + Corn flour.

5.	 10 Zophobas dirio larvae + 100 mg of (EPS) + Wheat flour.

6.	 10 larvae Zophobas morio + 100 mg (LDPE) + Wheat flour.

7.	 Control (10 larvae of Zophobas morio+ 100mg (EPS).

8.	 Control (10 larvae of Zophobas died +100mg (LDPE).

ADEVA (Analysis of Variance) Scheme
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Statistical Analysis

The ANOVA (Tukey) statistical method facilitated the evaluation 
and analysis of the statistical differences in the consumption efficien-
cy of (LDPE) and (EPS), the infoStat software was used for the tukey 
test and the level of reliability, at 0.05.

Results 
Analysis of Variance

The high coefficient of variation observed in this experiment is 
due to the inherent variability in the biological behavior of Zophobas 
morio larvae in relation to their preference for consumption of two 
types of plastics (EPS) and (LDPE) with very distant averages, aggra-
vated by the use of different substrates. It is essential to consider this 
variability as a biological characteristic. There are highly significant 
differences between treatments, on days 16 to 24. It is evidenced ac-
cording to Tukey’s test at 5% probability, where the most effective 
treatments with substrates are those containing (EPS) and as the best 
treatment the oat substrate, being (oats + EPS) the most effective 
with an average of 53.43mg of consumption. Treatments with sub-
strate containing (LDPE) presented lower consumption averages, the 
most effective being the substrate of (Oats + LDPE) with a mean of 
8.94mg, followed by the substrate of (H. Wheat + LDPE) with a mean 
of 4.72mg and the substrate of (H. Corn + LDPE) with 3% that do not 
establish ranges of differentiation to the control. Regarding the mean 
consumption by time, the highest value was at 24 days with an aver-
age of 33.43mg. However, in the outstanding treatments (EPS) at this 
time it was higher with a percentage of 62% according to the formula. 
Acclimatization of the larvae and decrease of the respective substrate 
in the treatments by consumption, greater availability to the (EPS) is 
evidenced. Regarding the percentage of consumption per day exclu-
sively of the (EPS), it is observed that the highest percentage was at 
24 days with an average of 62.24mg, (62%) data obtained using the 
percentage formula.

Discussion and Conclusion
After having analyzed several works related to the research car-

ried out, similar indicators have been found such as the work carried 
out by Peng et al. (2019), the results showed that the larvae of T. ob-
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scurus exhibited a degradation efficiency of 40% higher than that of 
T. molitor. Chávez, et al. [2] with the topic of evaluation of expanded 
polystyrene (EPS) and low-density polyethylene (LDPE) as food for 
black weevil larvae (Tenebrio molitor) emphasize that the studies al-
lowed them to demonstrate that Tenebrio molitor larvae are capable 
of consuming different types of plastics, some more effectively than 
others (Figures 1-4). Ruiz, et al. [3] state that organisms fed exclu-
sively with EPS exhibited considerable mass loss, poor growth, and a 
survival rate of only 4% after 98 days; in contrast, organisms cultured 
on a conventional oat diet and mixed PS + oat diets showed similar 

growth and survival rate (50%) at the 98 days of treatment [4-12]. 
One of the important and complementary works of the research is 
the topic of designed a dynamic energy balance model to evaluate 
the technical feasibility of an EPS treatment system by EPS larvae 
(Molitor et al., 2020) cultured with diets based on this polymer by 
the authors Rybak,) (Tables 1-5). Although the rearing of flour larvae 
fed exclusively with plastic polymers does not seem to be a feasible 
long-term strategy, what has been reported in recent years suggests 
enriching the diet of these organisms with conventional substrates 
(seeds, cereals, vegetables, etc.). 

Note: Source: Google Earth.
Figure 1: Project Location.

Figure 2: Treatment.

https://dx.doi.org/10.26717/BJSTR.2024.58.009216
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Figure 3: Average consumption per day of (EPS) and (LDPE).

Figure 4.

Table 1: Analysis of variance.
Source of variation Degrees of freedom

Total (t*r-1)  23

Treatment (t-1)  7

Repetition (r-1)  2

Error Experimental  14
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Table 2: Consumption of (EPS) and (LDPE) in the different treatments of the experiment.

Treatments Days/dates Repetitions Consumption/mg

Avena+EPS 8 1 8,6

Avena+EPS 8 2 48,4

Avena+EPS 8 3 9,3

T+EPS 8 4 49

Avena+LDPE 8 1 8,7

Avena+LDPE 8 2 14,3

Avena+LDPE 8 3 6,9

T+LDPE 8 4 1,1

Maiz+EPS 8 1 27,3

Maiz+EPS 8 2 8

Maiz+EPS 8 3 8,6

T+EPS 8 4 12,6

Maiz+LDPE 8 1 8,5

Maiz+LDPE 8 2 6,4

Maiz+LDPE 8 3 4

T+LDPE 8 4 1,3

Harina trigo+ EPS 8 1 84,3

Harina trigo+ EPS 8 2 49,4

Harina trigo+ EPS 8 3 34,7

T+EPS 8 4 39,1

Harina trigo+ LDPE 8 1 10,2

Harina trigo+ LDPE 8 2 3,2

Harina trigo+ LDPE 8 3 1,6

T+LDPE 8 4 0,8

Avena+EPS 16 1 53,8

Avena+EPS 16 2 75,4

Avena+EPS 16 3 41,1

T+EPS 16 4 49

Avena+LDPE 16 1 34,7

Avena+LDPE 16 2 7,7

Avena+LDPE 16 3 2,8

T+LDPE 16 4 1,1

Maiz+EPS 16 1 20,3

Maiz+EPS 16 2 67,1

Maiz+EPS 16 3 26,5

T+EPS 16 4 12,6

Maiz+LDPE 16 1 4,4

Maiz+LDPE 16 2 0,2

Maiz+LDPE 16 3 0,2

T+LDPE 16 4 0,3

Harina trigo+ EPS 16 1 18,8

Harina trigo+ EPS 16 2 24,9

Harina trigo+ EPS 16 3 38
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Copyright@ :  Italo Pedro Bello Moreira | Biomed J Sci & Tech Res | BJSTR.MS.ID.009216.

Volume 58- Issue 5 DOI: 10.26717/BJSTR.2024.58.009216

50927

T+EPS 16 4 39,1

Harina trigo+ LDPE 16 1 11,4

Harina trigo+ LDPE 16 2 5,2

Harina trigo+ LDPE 16 3 0,9

T+LDPE 16 4 0,8

Avena+EPS 24 1 71,5

Avena+EPS 24 2 72,8

Avena+EPS 24 3 100

T+EPS 24 4 49

Avena+LDPE 24 1 1,7

Avena+LDPE 24 2 1,8

Avena+LDPE 24 3 1,9

T+LDPE 24 4 1,1

Maiz+EPS 24 1 49,9

Maiz+EPS 24 2 100

Maiz+EPS 24 3 72,6

T+EPS 24 4 12,6

Maiz+LDPE 24 1 1

Maiz+LDPE 24 2 0,3

Maiz+LDPE 24 3 1,1

T+LDPE 24 4 1,3

Harina trigo+ EPS 24 1 23

Harina trigo+ EPS 24 2 100

Harina trigo+ EPS 24 3 56,4

T+EPS 24 4 39,1

Harina trigo+ LDPE 24 1 8,5

Harina trigo+ LDPE 24 2 0,7

Harina trigo+ LDPE 24 3 0,8

T+LDPE 24 4 0,8

Table 3.

Variable N R2 Aj CV

mg 72 0,61 0,54 74,75

Table 4: Treatments.
Treatments Half EE.

Avena+EPS 53,43 A

Harina trigo+ EPS 47,72 A

Maiz+EPS 42,26 A

Witness+EPS 33,57 OFF

Avena+LDPE 8,94 BC

Harina trigo+ LDPE 4,72 C

Maiz+LDPE 2,9 C

CONTROL+LDPE 1,06 C

Note: Stockings with a common letter are not significantly different (p > 0.05).

https://dx.doi.org/10.26717/BJSTR.2024.58.009216
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Table 5: Days.	
Days Half E.E.

24 33,43 To

16 23,75 AB

8 20 B
Note: Stockings with a common letter are not significantly different (p > 
0.05).

In the experimental design of completely randomized blocks 
with Zophobas morio larvae, a similar behavior in the percentage of 
degradation was demonstrated, in which larvae were placed with 
a single diet of (EPS) and (LDPE) with a relatively lower percent-
age of consumption compared to mixed feed samples such as oats, 
corn flour and wheat flour. the adaptation of larvae was verified as 

the days went by, since Peng in his work of consuming the plastics 
when combining it with the different substrates in the case of (EPS) 
in some samples tripled the consumption in the fourth week of the 
experimental process, from consuming approximately 30mg of (EPS) 
on day eight, to approximately 50mg on day 16 and reaching between 
90mg and 100mg on day 24. In the case of (LDPE) the mean consump-
tion was 4.72mg in the substrate with H. trigo, the treatments with 
oats presented a higher average consumption reaching 8.49mg with a 
non-significant efficiency. In the evaluation of consumption with the 
king worm, no mortality was observed and in the treatments where 
they had a single diet, mass loss was not verified either, since the 
worms were weighed at the beginning of the experimental process 
and on days 8,16,24 the initial mass was preserved (Appendices 1-9). 
It cannot be inferred whether the single diet affected growth since 
larvae were used in the adult stage of approximately 14 to 15 weeks. 

Appendix 1: Beginning of the experimental design

https://dx.doi.org/10.26717/BJSTR.2024.58.009216


Copyright@ :  Italo Pedro Bello Moreira | Biomed J Sci & Tech Res | BJSTR.MS.ID.009216.

Volume 58- Issue 5 DOI: 10.26717/BJSTR.2024.58.009216

50929

Appendix 2: Weighing and distribution of substrates.

Appendix 3: Weighing of (LDPE) and (EPS) samples for the different treatments.

https://dx.doi.org/10.26717/BJSTR.2024.58.009216
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Appendix 4: Count, weight and placement of larvae (Zophobas Morio) in the treatments.
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Appendix 5: First weighing of treatments with (LDPE) samples, (EPS) 11/15/2023.
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Appendix 6: Treatment control: 11/19/2023.
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Appendix 7: Treatment control: 11/20/2023.
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Appendix 8: Second weighing of treatments with (LDPE) and (EPS) samples 11/23/2023.
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Appendix 9: Third weight of treatments with (LDPE) and (EPS) samples. 12/01/2023. At the end of the experimental design, two larvae from the 
sample entered the pupal phase.

https://dx.doi.org/10.26717/BJSTR.2024.58.009216
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Larvae were used in their adult stage since before the experi-
mental process a pilot test was carried out with small larvae of 3 to 
4 weeks, with a size of 1.5 to 2.0 cm, medium larvae with an age of 
7 to 8 weeks, with a size of 3.3 to 3.8 cm and larvae with advanced 
instars (adults) with an age of 14 to 15 weeks. with a size of 5 to 5.5 
cm. Where it can be determined that the most efficient according to 
mass and voracity were the larvae with advanced instars (adults), as 
an additional data it was found that they are capable of consuming 
their weight in organic matter in approximately 72 hours, a lethargy 
in their metabolism was also observed when exposed to high tem-
peratures. A similarity is found with what Yang, Wang & Xia express-
es, since LDPE treatments were not very effective in consumption, un-
like EPS, which was highly effective in consumption since the larvae 
increased the predisposition and voracity to EPS from week to week. 
These results were obtained at 24 days, no changes were observed in 
the number of individuals, only two went to their pupal phase on day 
24 where the experiment was terminated. With the results obtained 
in this research, application work in the environmental field for the 
elimination of plastics should be promoted. To analyze the excreta of 
Zophobas morio to quantify its mineral properties and possible uses 
in the agricultural field. Taking advantage of insects that feed on or-
ganic and indigestible waste is promising, since the results obtained 
in this work show that the research encourages the large-scale pro-
duction of these species, and they can play an important role with 
biodegradable plastics.

References
1.	 Josep S, et al. (2019) Contaminación por plásticos. Uno de los mayores 

desafíos ambientales del siglo XXI. Recuperado de.

2.	 Goldstein M C, Rosenberg M, Cheng L (2012) Increased oceanic microplas-
tic debris enhances oviposition in an endemic pelagic insectBiol. Lett 8: 
817-820.

3.	 Ruiz Rendón, Gabriela (2019) “Diseño, dimensionamiento y análisis de 
factibilidad de técnica de un sistema de biodigestión y tratamiento de bio-
masa proveniente de la actividad ganadera en la zona de Metepec, Hidal-
go”. (Tesis de Licenciatura). Universidad Nacional Autónoma de México, 
Centro de Investigación en Energía, UNAM. Recuperado de.

4.	 Peng B Y, Li Y, Fan R, Chen Z, Chen J, et al. (2020) Biodegradation of 
low-density polyethylene and polystyrene in superworms, larvae of Zo-
phobas atratus (Coleoptera: Tenebrionidae): Broad and limited extent de-
polymerization. Environmental pollution (Barking, Essex: 1987) 266(Pt 
1): 115206. 

5.	 Poletto M, Juliane Dettenborn, Mara Zeni, Ademir J Zattera (2011) Charac-
terization of composites based on expanded polystirene wastes and wood 
flour. Waste Management 31(4): 779-784.

6.	 (2021) ONU. Mirada global Historias humanas. Los desechos marinos de 
material plástico se encuentran en las playas de todo el mundo y en todas 
las profundidades del océano.

7.	 Méndez C R, Vergaray G, Béjar V R, Cárdenas K J (2007) Aislamiento y ca-
racterización de micromicetos biodegradadores de polietileno. Revista 
Peruana de Biología 13(3): 203-206.

8.	 Chávez M J C, Fernández T R A, Bravo M C D, Intriago M M N, Bello M I P, 
et al. (2022) Evaluación de poliestireno expandido (EPS) y polietileno de 
baja densidad (PEBD) como alimento para larvas de gorgojo negro (Te-
nebrio molitor). Ciencia Latina Revista Científica Multidisciplinar 6(4): 
2369-2384.

9.	 Yu Yang, Jun Yang, Wei Min Wu, Jiao Zhao, Yiling Song, et al. (2015) Envi-
ronmental Science & Technology 49 (20): 12087-12093.

10.	 Camacho A (2018) Introducción al conocimiento de los materiales y a sus 
aplicaciones. Madrid: UNED.

11.	 Morán S (2020) Nada frena los plásticos de un solo uso: más de 260.000 
toneladas al año en Ecuador. PLAN V, p. 1-5. 

12.	 Solíz M (2023) La Red Basura Cero Ecuador se pronuncia frente a la Im-
portación de plásticos en Ecuador. 

https://dx.doi.org/10.26717/BJSTR.2024.58.009216
https://dx.doi.org/10.26717/BJSTR.2024.58.009216
https://pubmed.ncbi.nlm.nih.gov/22573831/
https://pubmed.ncbi.nlm.nih.gov/22573831/
https://pubmed.ncbi.nlm.nih.gov/22573831/
https://repositorio.unam.mx/contenidos/diseno-dimensionamiento-y-analisis-de-factibilidad-de-tecnica-de-un-sistema-de-biodigestion-y-tratamiento-de-biomasa-3425128?c=EgNzWn&d=false&q=*:*&i=1&v=1&t=search_0&as=0
https://repositorio.unam.mx/contenidos/diseno-dimensionamiento-y-analisis-de-factibilidad-de-tecnica-de-un-sistema-de-biodigestion-y-tratamiento-de-biomasa-3425128?c=EgNzWn&d=false&q=*:*&i=1&v=1&t=search_0&as=0
https://repositorio.unam.mx/contenidos/diseno-dimensionamiento-y-analisis-de-factibilidad-de-tecnica-de-un-sistema-de-biodigestion-y-tratamiento-de-biomasa-3425128?c=EgNzWn&d=false&q=*:*&i=1&v=1&t=search_0&as=0
https://repositorio.unam.mx/contenidos/diseno-dimensionamiento-y-analisis-de-factibilidad-de-tecnica-de-un-sistema-de-biodigestion-y-tratamiento-de-biomasa-3425128?c=EgNzWn&d=false&q=*:*&i=1&v=1&t=search_0&as=0
https://repositorio.unam.mx/contenidos/diseno-dimensionamiento-y-analisis-de-factibilidad-de-tecnica-de-un-sistema-de-biodigestion-y-tratamiento-de-biomasa-3425128?c=EgNzWn&d=false&q=*:*&i=1&v=1&t=search_0&as=0
https://www.sciencedirect.com/science/article/abs/pii/S0269749120312999
https://www.sciencedirect.com/science/article/abs/pii/S0269749120312999
https://www.sciencedirect.com/science/article/abs/pii/S0269749120312999
https://www.sciencedirect.com/science/article/abs/pii/S0269749120312999
https://www.sciencedirect.com/science/article/abs/pii/S0269749120312999
https://www.sciencedirect.com/science/article/abs/pii/S0956053X10005817
https://www.sciencedirect.com/science/article/abs/pii/S0956053X10005817
https://www.sciencedirect.com/science/article/abs/pii/S0956053X10005817
http://www.scielo.org.pe/scielo.php?pid=S1727-99332007000100008&script=sci_abstract
http://www.scielo.org.pe/scielo.php?pid=S1727-99332007000100008&script=sci_abstract
http://www.scielo.org.pe/scielo.php?pid=S1727-99332007000100008&script=sci_abstract
https://ciencialatina.org/index.php/cienciala/article/view/2762
https://ciencialatina.org/index.php/cienciala/article/view/2762
https://ciencialatina.org/index.php/cienciala/article/view/2762
https://ciencialatina.org/index.php/cienciala/article/view/2762
https://ciencialatina.org/index.php/cienciala/article/view/2762
https://research.monash.edu/en/publications/biodegradation-and-mineralization-of-polystyrene-by-plastic-eatin-2
https://research.monash.edu/en/publications/biodegradation-and-mineralization-of-polystyrene-by-plastic-eatin-2

