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Abstract: It has been reported that Styrofoam can be biodegraded by
Tenebrio molitor beetle larvae within a retention time of less than 24 h and
the larvae fed solely with Styrofoam able to survive for more than a month.
The question is whether Styrofoam can be used as an economical feed in
the cultivation of mealworms? To determine productivity effect of
Styrofoam feeds on mealworms, the larvae (n = 120) were grouped into
three. Group 1, 2 and 3 were cosecutively fed with yeasts (as the standard
diet), Expanded Polystyrene (EPS) and Extruded Polystyrene (XPS) were
used. The observations take place in two stages. At stage 1, measurements
were made on percent survival of the caterpillar, larval weight, prepupal
periods, pupation periods, pupal weight and imago weight. At stage 2, the
imago emerged from the pupae were separated between males and females
and then mated. The number of eggs laid by the imago females in ten days
are noted. The results showed, in comparison to the standard diet, EPS and
XPS foam feeds did not give a significant effect on the mortality of the
larvae. Both types of Styrofoam promote a significant longer periods of
prepupal and pupation and significantly reduce number of eggs. Compared
with yeasts and EPS foam, only XPS showed a lower weight of larvae,
pupae and imago. It is inferred that the Styrofoam is not worthy as
economical feeds in mealworms cultivation. However, given that Styrofoam
feeds can maintain the insects life and produce eggs, the use of mealworms in
polystyrene foam waste degradation is still worth considering.
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Introduction
Styrofoam refers to the expanded Polystyrene (PS)
foam commonly used for food and beverage containers
such as disposable cups and boxes, or cushioning
material in packaging. Due to its low recycling rate,
polystyrene has polluted environment, causing serious
threat to both wildlife and human health. In the
environment, polystyrene foam debris are easily mistaken
for food and end up ingested by wildlife that can cause
harms (ATSDR, 1992; CIWMB, 2004; Lacounty Gove,
2008). Styrene oxide, the reactive metabolite of styrene,
known to shows positive carcinogenic results in oral
exposure bioassays (WHO, 1987).
Various efforts to eliminate and recycle styrofoam
waste has been done, such as by burial (land fill),
incineration and use of plastic degrading microbes.
However, burial (without contamination, lack of UV and
oxygen) make the foam more stable and has long

degradation times. Whereas incineration requires high
temperatures (high energy needed) to combust properly
(Derrick, 2010). On the other hands, there is no
biodegradation technique found to have practical
application, thus it is recommended to screen efficient
organisms and developing technologies capable of
degrading plastic efficiently without affecting
environment (Kale et al., 2015).
Later, there is an exciting hope for PS waste
degradation after Yu Yang and colleagues published
their highly valuable and promising research findings
that PS foam can be biodegraded by T. molitor beetle
larvae, the mealworms. As reported, the styrofoam was
efficiently degraded in the larval gut within a retention time
of less than 24 h and the larvae fed solely with styrofoam
was able to survive for more than a month, the same as
larvae that fed with standard diet (Yang et al., 2015a).
Antibiotics test results against gut bacterial activities of the
larvae indicated that gentamicin-feeding mealworms lost
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the ability to depolymerize PS and mineralize PS into CO2.
It can be inferred that the ability of the mealworms in
biodegradation of styrofoam was due to the role and activity
of gut bacteria (Yang et al., 2015b).
Given T. molitor is a cultivated insect and has great
economic value, such research findings also promise
benefits for the mealworms breeders. As has been
indicated, the farming of edible insects is an alternative
strategy for the production of protein-rich food and feed
with a low ecological risk (Grau et al., 2017). In the
process of cultivation, like any other livestock business,
mealworms breeding also requires feed. In Indonesia,
mealworms T. molitor are normally fed with wheat
pollard or fermented cassava yeasts causing high cost in
the cultivation process (Sitompul, 2006). Especially for
yeast, fruit fly larvae (Drosophila melanogaster) feeding
on grape berries inoculated with baker yeast found show
high percentage of survival (Becher et al., 2012).
If the polystyrene foam waste can indeed be
consumed by mealworms certainly the cultivation cost of
the caterpillar can be minimized. To determine
productivity effect of PS foam feeds on mealworms, the
growth, developmental and reproductive parameters of
the larvae fed with Styrofoam waste have been
investigated. In order to find out whether the types of
Styrofoam are influential then in this study Expanded
Polystyrene (EPS) and Extruded Polysterene (XPS) were
used. Such research statement was based on the facts
that, physically, XPS foam has higher density and
compressive strength than that of EPS (Graham, 2015).

and separated into three groups (40 larvae each).
Group 1, 2 and 3 were consecutively fed with yeasts,
EPS foam and XPS foam.

Experimental Stages and Parameters
This experiment was carried out in two stages. The
first tage is to measure the effect of treatments on
survival, growth and development of larvae. At this
stage, measurements were made on percent survival of
the caterpillars, larval weight, prepupal period, pupation
period, pupal weight and imago weight. Prepupal period
is defined when caterpillar enters a nonfeedingwandering stage, while pupation period is defined when
the prepupa totally immobile and encloses itself in a
pupal case (Sreeramoju et al., 2016). The second stage is
to find out whether treatments affect fecundity of the
mealworms. For that, the hatching imago of the pupae
(from stage 1 experiment) were separated between males
and females. Next, the males and females are mated and
then the number of eggs produced by the females in ten
days were calculated.

Data Analysis
Goodness of Fit Test (χ2) was used to test survival
rate of the insect. Anova dan LSD test were used to
compare mean value of other parameters.

Results
Survival Rate

Materials and Methods

The effect of standard feeding, EPS foam and XPS
foam on the survival of mealworms from larval to imago
stages is presented in Table 1. Test of goodness of fit
(Chi square test) to the data yielded χ2 = 0.1619 (df = 6,
α = 0.05). Considering χ2 crit for the df = 6 and α = 0.05
is 14.449, it is suggested that the EPS and XPS foam
feeds do not give a significant effect on the mortality of
mealworms T. molitor.

Polysterene Foam
The polystyrene foam used in this study were
Expanded Polystyrene (EPS) and Extruded Polystyrene
(XPS). EPS foam waste of electronic equipment boxes
were collected from electronics stores, whereas XPS
foam were bought from food-trays shop in the city of
Bandar Lampung, Indonesia. Before being provided to
the mealworms, the foam was washed using distilled
water and chopped into small cubes with the size of each
side ranging from 3 to 5 mm.

Growth and Development
Table 2 indicates effects of feeding treatments on the
growth and development of the larvae and pupae of
mealworms T. molitor. The initial mean weight of larvae
(instar 4-5) subjected to treatments has the same variance
(p>0.05). At the final instar stage, all larvae were able to
grow but the growth parameters of the mealworms fed
on XPS foam showed a lower weight compared with the
larvae fed on yeasts and EPS foam (p<0.05). The
prepupal mean periods passed by the mealworms fed
with styrofoam is longer than that of larvae fed on
standard diet (p<0.000), but there is no difference
between EPS and XPS foam (α = 0.05). Similar to the
prepupal periods, the pupation periods of the mealworms
fed with styrofoam was also longer than that of group
fed fed on yeasts (p<0.000), however between EPS and

Mealworms
Caterpillars of T. molitor beetle used in this
experiment were purchased from a mealworms farm in
the city of Bandar Lampung, Lampung, Indonesia. The
larvae (about 1,500) consists of instar 4-5 were reared in
plastic boxes (width: 12 cm, length: 32 cm, height: 9 cm)
at room temperature and fed ad libitum with standard
diet (fermented cassava yeasts).

Study Design and Treatments
The larvae of mealworms (n = 120) that have been
acclimatized for one week were taken from the stock tray
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bacteria have been identified from the gut of mealworms
such as Spiroplasma, Weissella, Lactococcus, Rahnella,
Cronobacter, Enterococcus, Lactobacillus, Bacillus,
Enterobacter, Clostridium and Pantoea 13 (Wang and
Zhang, 2015). Some Spiroplasma species that are known
to be insect pathogens, even did not cause any harmful
effects on the T. molitor larvae (Jung et al., 2014). In
addition, the non-lethal effect of the styrene foam in
mealworms is allegedly due to detoxifying role of some
gut microbiota of the insect (Genta et al., 2006).
In the gut of Tenebrionidae beetles in which T.
molitor is included, in fact, not only bacteria might
exist but also various other microbes such as fungi and
yeast.
Hypocreales,
Xylariales,
Capnodiales
Botryosphaeriales, Pleosporales, Saccharomycetales
and Chaetothyriales are among the fungi taxa that have
been isolated from these beetles (Rojas-Jiménez and
Hernández, 2015). In insect nutrition, it was revealed
that in the absence of yeast associates, the insect
performance decrease (Vega and Dowd, 2005).
Though polystyrene foam feeds did not show lethal
effect, but as shown in Table 2 and 3, the PS foam waste
clearly affects growth, development and reproduction of
the mealworms. In comparison to the standard diet and
EPS foam, XPS feedings showed the worst results
mainly for larval weight, pupal weight and imago
weight. There are several scientific reports that can be
explained as to why standard feed, especially yeast, is
capable of producing better productivity effects on
larvae. Yeast cells are sources of B vitamins, proteins,
trace metals and amino acids that could be easily
assimilated through simple digestion. Additionally,
yeasts contain 7.5-8.5% nitrogeny dry weight, so that the
yeasts can be a better source of nitrogen and other
dietary requirements (Gibson and Hunter, 2010).

XPS is no significant difference (α = 0.05). Next, pupal
weight measurements showed that mealworms fed on
XPS foam tended to have lower pupal weights than
groups fed with yeasts and EPS foam (p<0.05), however
EPS foam did not show significant effects compared
with teh standard diet (α = 0.05).

Fecundity
Mean weight of new beetles emerged from the pupae
(the imago) of T. molitor treated with standard diet and
styrofoam waste and the mean number of eggs laid by
the females that have been mated male imago are
presented in Tabel 3. Anova results of the mean weight
of the imago showed a significant variance (p<0.05), but
the LSD test results (α = 0.05) indicated that only
mealworms given XPS whose imago weight
significantly lower than that of fed with the standard
diet. While the caterpillar given EPS did not show
significant weight differences with the yeasts or XPSfed groups. Furthermore, the number of eggs produced
by imago of mealworms fed with both type of
styrofoam is significantly less than that produced by
imago that develops from caterpillars fed on yeast, but
there is no significant difference between the EPS and
XPS groups (α = 0.05).

Discussion
Based on the data in Table 1 it can be asserted that
PS foam waste is eatable and non-lethal to the larvae of
T. molitor beetle. Current findings seem to confirmed
what were reported that the mealworms fed solely
styrofoam able to survive for a month. Such ability of
the mealworms in biodegradation of styrofoam was
due to the role and activity of gut bacteria (Yang et al.,
2015a; 2015b). There are at least a dozen genera of

Table 1: Survival rate of mealworms T . molitor fed with standard and styrofoam feeds
Feeds types
----------------------------------------------------------------------------------------------------------------Variables
Yeasts n (%)
EPS foam n (%)
XPS foam n (%)
Number of larvae
40 (100)
40 (100)
40 (100)
Number of prepupae
37 (92.5)
37 (92.5)
35 (87.5)
Number of pupae
37 (92.5)
37 (92.5)
33 (82.5)
Number of imago
34 (85.0)
34 (85.0)
32 (80.0)
Table 2: Growth and development of mealworms T. molitor fed with standard and styrofoam feeds
Feeds types
----------------------------------------------------------------------------------------------------------------Variables
Yeasts (mean ± SE)
EPS foam (mean ± SE)
XPS foam (mean ± SE)
Initial larval weight (mg)
60.08±1.44a
59.14±1.64a
60.21±1.96a
Final larval weight (mg)
195.5±4.02a
188.0±2.94ab
183.75±2.23b
a
b
Prepupal period (days)
2.43±1.34
5.37±1.94
5.05±2.34b
a
b
Pupation period (days)
7.23±2.77
10.88±3.33
11.6±3.05b
Pupal weight (mg)
180.0±8.29a
171.08±7.71a
141.35±9.87b
a, b, c
(
) Mean values with different superscripts within the same row differ significantly (p<0.05)
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Table 3: Imago weight and fecundity of mealworms T. molitor fed with standard and styrofoam feeds
Feeds types
---------------------------------------------------------------------------------------------------------------------Variables
Yeast (mean ± SE)
EPS foam (mean ± SE)
XPS foam (mean ± SE)
Imago weight (mg)
144.11±8.77a
132.06±8.06ab
116.87±7.77b
a
c
Number of eggs
46.5±2.77
28.9±1.90
31.80±2.45bc
a. b. c
(
) Mean values with different superscripts within the same row differ significantly (p<0.05)

Regarding the low number of eggs produced by
mealworms fed PS foam, it seems a logical consequence
of the low rate of growth and development of larvae,
pupae and imago itself. As reported by Young-Kyu Park
and colleagues, it was revealed that fecundity of T.
molitor was significantly affected by the pupal weight
(Park et al., 2012) and might also related to the adult
weight (Morales-Ramos et al., 2012).
Another thing that is not less important revealed in
this study is that XPS foam provides less productivity
measures compared to EPS foam feeds. This may be
related to the physical and chemical aspects differences
between EPS foam and XPS. EPS foam known to have a
higher rate of permeability, contains up to 15% recycled
content, has never contained HFCs, CFCs, HCFCs,
formaldehyde, or color dyes (ACH, 2013). HCFCs, as
one example, was known to not only reduce body weight
but also cause microscopic liver lesions in laboratory
mammals (WHO, 2000). Formaldehyde is another
chemical content in XPS foam that is allegedly
responsible for low productivity in mealworms.
Formaldehyde solution is known to be common strategy
used to control microbial growth in many insect diets
and effectively caused decrease in the microbial
development (Roeder et al., 2010).
Although PS foam feed proved unable to match the
productivity effects of standard diets on the growth,
development and reproduction of T. molitor beetle but
the use of mealworms for the purpose of polystyrene
waste biodegradation, especially when combined with
other biodegradation techniques, is quite promising.
There are many laboratory and field tests indicate that
some soil microbes able to degrade PS foam to an
adequate level. Pseudomonas aeruginosa, Bacillus
subtilis, Staphylococcus aureus, Streptococcus pyogenes
and Aspergillus niger are examples among soil
inhabitants bacteria proven to decrease various types of
plastic waste including PS foam (Asmita et al., 2015).
Other soil microbes that are also worth considering to be
combined with the use of mealworms in PS waste
biodegradation are fungi. Rhizopus oryzae, Aspergillus
terreus and Phanerochaete chrysosporium are examples
of soil inhabitants fungi that were able to colonize
polystyrene film surface for a quite period of time
without any other carbon source (Atiq, 2011).

can not equate, moreover to surpass, the productivity
effects of standard diets especially yeasts. It is inferred
that the PS foam is not worthy feasible to be used as
economical feeds in mealworms cultivation. Mealworms
fed with PS foam feeds showed a low rate of growth and
development of larvae, pupae and imago and make the
imago produce a lower number of eggs. Between the two
types of PS waste, XPS foam provides less productivity
measures compared to EPS foam feeds. However, given
that PS foam feeds can maintain the insects life and
produce eggs, the use of mealworms in PS waste
degradation is still worth considering.
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