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Abstract

The increased consumption of plastics in the world has been a subject of great concern and special attention by the 
scientific community. The aim is to promote development of materials that are biodegradable in a shorter time upon 
disposal in the environment. The most used synthetic plastics are difficult to biodegrade because they are made of long 
hydrocarbon chains, such as polyethylene (PE), polypropylene (PP), poly(vinyl chloride) (PVC), which are hydrophobic 
and resistant to the action of microbial enzymes. The use of alternative materials (natural polyesters) can minimize the 
harm to dumps and landfills upon their disposal, because they are susceptible to the action of microorganisms. In this 
study we evaluated the biodegradation/biodeterioration of PHBV (poly(3-hydroxybutyrate-co-hydroxyvalerate) films, 
LDPE (low density polyethylene) and the blend of LDPE/PHBV (70/30) by the fungus Paecilomyces variotii, using 
different methods: optical microscopy (OM), scanning electronic microscopy (SEM) and Fourier Transform Infrared 
spectroscopy (FTIR).
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1. Introduction

In recent years, has been increasing the concern 
with environmental issues, since new technologies are 
continually being developed and incorporated into our daily 
lives; thus, is necessary to adopt new techniques to deal 
with the waste produced by the use of these technologies.

The application of one of these technologies is 
associated with the use of polymer materials in food 
packaging, coatings and products in contemporary society. 
With the increased consumption of these materials and 
uncontrolled waste disposal, is necessary to provide an 
adequate and sustainable management for the waste, since 
they may pollute the environment and taking too many 
years to degrade[1]. In this sense, a number of proposals 
have been assessed, in order to increase the degradation 
rate. The proposals include: (a) the insertion of elements in 
the packaging structure which promotes photodegradation 
(photosensitizers, metal salts, quinones, benzophenol, etc.), 
(b) a study on the use of polymers (polyamides, polyesters, 
polyurethanes) containing hydrophilic structures in their 
composition, predisposing them to degradation by the action 
of the environmental moisture, (c) the development of new 
packaging materials, based on synthetic polymers with 
modified starch or other polymers which exhibit natural 
sensitivity to the attack by environmental microorganisms 
(d) biodegradation studies in different environments, 
aerobic and anaerobic[2-5].

Biodegradation is the process by which organic 
substances in the environment are converted into simple 
compounds under appropriate conditions of temperature and 

oxygenation; this process is mediated by microorganisms 
that are able to promote the biodegradation through the 
enzymes released during their catabolic process[6]. There 
are evidences that natural and synthetic polymers are 
biodegraded by these enzymes, which are able to hydrolyze 
these substrates by using them as carbon source to grow 
these microorganisms[7].

The fungus Paecilomyces variotii Bainier is an 
ascomycete commonly found in soil, indoors, plants, 
animals, and in pasteurized food. It is a fast-growing 
thermotolerant and is also able to grow in low levels of 
oxygen[8]. Some tests with different species of filamentous 
fungi, including Paecilomyces variotii, were carried out 
using polymeric materials such as PVC, plastics, organic 
silicone, polyamides, rubbers, and fluoroplastics, and 
the results showed that there was a significant growth of 
microorganism on this polymers, leading to the release of 
aggressive metabolites which caused their degradation[9]. 
Furthermore, in studies to examine the biodegradation of 
hydrocarbons presents in oil and diesel oil, the occurrence 
of this fungus was observed, indicating its tolerance to 
contaminated environments and its potential in degrading 
these pollutants[10-12].

The polymers used in this work have special 
characteristics and potential to be used in commercial 
products. The polyethylene (PE) is a flexible semi‑crystalline 
polymer whose properties are influenced by the relative 
amount of amorphous and crystalline phases. One of the 
most common polymers is the low-density polyethylene 
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(LDPE), which has a crystallinity about 50-60%, a melting 
temperature in the range of 110-115 °C and branched 
chains that determines the degree of crystallinity and the 
transition temperatures[13]. The results from a previous study 
on the degradation of this polymer in different conditions 
showed positive effects, especially when the photo and 
biodegradation experiments have been carried out in 
combination[14-16].

T h e  P H B V ( p o l y ( 3 - h y d r o x y b u t y r a t e - c o -
hydroxyvalerate) is a natural biodegradable polymer 
(produced by microorganisms), also referred to as 
biopolymer or bioplastic[2-5]. It is less brittle than its 
homopolymer, PHB (poly (3-hydroxybutyrate)[17] and its 
physical and thermal properties depends on the content of 
hydroxyvalerate units (HV)[18]. Biodegradation experiments 
were performed with this polymer and the researchers 
observed that degradation of the samples occurred in just 
4 weeks[19].

Polymer blends, homogeneous or heterogeneous 
mixtures of different polymers, have great biotechnological 
importance due to changes in its mechanical properties 
compared to the original polymers, as the improvement in 
impact strength at low temperatures and heat resistance[20,21]. 
In addition, some blends facilitate the biodegradation of 
the non-biodegradable component[22] or in some cases; the 
biodegradation is controlled by one of the components in the 
mixture, as already observed by some research groups[23,24].

The preparation of mixtures produces a matrix which is 
morphologically heterogeneous, especially when immiscible 
or partially miscible polymers were used, such as the blend 
of PHB/LDPE[25]. A multiphase structure organization 
promotes the degradation rate due to the increase of both, 
effective transport coefficients and functional group 
accessibility for (bio) corrosive agents[26]. Experimental 
studies of blends of P(HB-3)/poly(propiolactone), 
P(HB-3)/poly(ethylene adipate), and P(HB-3)/poly 
(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) have 
shown that the degradation was found to be faster in the 
polymer blends when compared to pure polymer, which can 
be attributed to the phase separation process of components 
in the blends[27].

Furthermore, in a study of poly (ε-caprolactone (PCL) 
and cellulose acetate blends, it was observed that the higher 
the PCL percentage present in the formulation, the greater is 
the degradation rate, due to the fact of the PCL morphology, 
containing spherulites and roughness, which facilitate the 
microbial activity and water absorption[28].

2. Material and Methods

2.1 Preparation of films

T h e  p o l y m e r s  P o l y h y d r o x y b u t y r a t e - c o -
valerate-18% HV (PHBV) (donated by the Department of 
Materials Engineering - Federal University of São Carlos), 
Low Density Polyethylene (LDPE) (CP 681/59 - Fortymil 
- density 0.922 - donated by the Department of Engineering 
- Mackenzie University) were used in this study. The 
homopolymers and blends of LDPE/PHBV, mass proportion 
of 70/30 were processed in an internal mixer (Haake Polylab 

model 900) at 170 °C and 60 rpm, during 15 minutes to ensure 
a good dispersion of the components.

The polymeric films were obtained by melting 0.2 g of 
each polymer, between aluminum foil in a hydraulic press 
(SOLAB), at a temperature of 170 °C and pressures of 
53.4 Kgf./cm2 to the blend and PE, and 44.5 Kgf./cm2  to 
PHBV, for a period of 3 minutes each. Subsequently the films 
were cooled in a controlled environment conditions (25 °C) 
at the Laboratory of Polymers Treatment, Department of 
Biochemistry and Microbiology - UNESP/Rio Claro.

2.2 Fungus

The microorganism used was Paecilomyces variotii 
(ATCC 16023), recommended by ASTM-ISO 846. The 
standard strain used in this study was acquired from the 
Tropical Culture Collection, André Tosello Foundation, 
Campinas, SP.

2.3 Culture media

30 g of anhydrous dextrose, 2.0 g NaNO 3, 
0.7 g KH2PO4, 0.3 g K2HPO4, 0.5 g KCl, 0.5 g MgSO4.7H2O; 
0.01 g FeSO4.7H2O, 20g agar and 1000 ml of distilled water.

2.4 Preparation of the spore suspension

In a tube containing the sporulated culture of the fungus, 
9 ml of a saline solution (0.85%) were introduced and 
subsequently the surface of the culture was scraped with a 
sterile loop, in order to obtain an aqueous spore suspension. 
After this procedure, the filtration of the suspension was 
performed in a glass funnel containing glass wool and cotton 
(sterile) to remove the mycelial fragments. The concentration 
of the suspension was adjusted to 106 spores/ml (using a 
Neubauer chamber).

2.5 Inoculation method

The experiment was performed by incubating the polymer 
films in the medium, in accordance with the Standard test 
method BS EN ISO 846:1997, containing the corresponding 
carbon source, which is required for fungal growth to occur. 
The polymers, after being analyzed by FTIR, weighed and 
sterilized with UV radiation for 15 minutes, were placed on the 
surface of the solid medium in Petri dishes, and then sprayed 
with 0.1 ml of the spore suspension. After these procedures, the 
dishes were incubated in a bacteriological incubator (SOLAB) 
at a temperature of 28 °C.

2.6 Analysis: Measurements of mass, optical microscopy, 
scanning electron microscopy and FTIR

After 30 days of growth, the dishes containing the 
inoculums were removed from the incubator. Each film was 
removed from the dish, washed with distilled water, dried 
between sheets of filter paper and then placed in a desiccator 
during a period of 4 days. Subsequently the films were weighed 
on an analytical balance (Chyo - JK model 200), observed 
under an optical microscope (BEL® brand Photonics), 
Scanning Electron Microscopy (Hitachi TM 300 ‑ tableloop 
microscope), and analyzed by FTIR (Shimadzu, model FTIR 
- Prestige-21, with 4 cm–1 resolution).
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3. Results and Discussion

Table 1 shows the results of mass loss of the different 
films. At the beginning of the experiment, due to the 
presence of carbon in the medium, a fungal growth was 
observed. Throughout the experiment, probably, the source 
of carbon has changed and the fungus has also attacked 
the polymer films. Among the polymers used in this work, 
PHBV showed the largest mass loss, due to its structure 
containing hydrolysable ester groups, however in the blend 
the mass loss was lower, due to the different morphology, 
i.e., the PE fraction (more hydrophobic) caused a controlling 
effect over the biodegradation process, occurring in the two 
polymers interphase[24,29] .

Through the optical microscopy (Figure 1), is possible 
to observe the adhesion of the fungal hyphae on the polymer, 
the presence of spores and appearance of holes and flaking 
(indicated by arrows), on the surface of the three different 
films. Despite LDPE being more hydrophobic (just carbon 
structure) than the other films (containing ester groups), it 
was possible to observe adhesion of fungal hyphae.

These different structures across the films can be 
best viewed by Scanning Electronic Microscopy (SEM) 
in Figures 2-4, detailing the biotreated polymers, which 

shows adhered spores and exfoliated parts. In Figure 2b is 
noted a significantly different morphology, presenting an 
entangled of hyphae and spores in the surface (1000 X). 
In Figure 2c, can be observed the occurrence of flaking, 
which is well noted even though the smaller magnification 
(100 X) seeming to be further out of the film. This last ones 
indicates PHBV fraction biodegradation[30] and similar 
to the biodegradation of polypropylene/poly(hydroxide 
butyrate) blends treated in a polluted river water[24].The 
Figure 3 shows the changes on the PHBV surface. After the 
biotreatment (Figures 3b), is evident the presence of spores 
and hyphae adhered to the polymer, forming a layer on it. 
The LDPE SEM can be observed in the Figure 4, where is 
also clear the capacity of the fungus P. variotii to adhere 
to these polymer surface, what is an important step for the 
biodegradation process.

The films analyzed by FTIR are shown in Figure 5. The 
spectra of the blends were normalized by the intensity of 
1465 cm–1 absorbance band, regarded as internal standard, 
since it did not change.

The observed spectral changes were associated with the 
increase or decrease in intensity of the bands, as well as the 
possible displacement of these bands or their appearance 
or disappearance. The LDPE and PHBV films showed no 
significant changes, but the blend showed some interesting 
changes, pointed in Figure 5.

In the blend spectra, the band 1750 cm–1 (C=O groups 
stretching in the amorphous phase) suffered a decrease in 
intensity, 1720 cm–1 (C=O groups stretching in the crystalline 
phase) does not suffered change and new bands appeared 
at 1643 cm–1 and 1546 cm–1, corresponding to C=O acid 

Table 1. Percentage of mass loss of polymer after treatment.
% mass loss (g)

Polymer
PHBV 43

PE 0,2
Blend 4

Figure 1. Optical Micrographies of films of PHBV, LDPE, and Blend (a, b and c)- before biotreatment; (d, e and f) PHBV, PE and blend 
films, respectively, after biotreatment, at 30 °C, for 1 month (Note: cracking, hyphae and flaking) (a, d and f = 400X; b, c and e = 600X).
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Figure 2. SEM of LDPE/PHBV (70/30) blends. a - before the biotreatment (200 X), b-c after the biotreatment, at 28 °C, for 1 month 
(1000x and 100 X, respectively). (Note b: rough and more heterogeneous; c: spores and exfoliated part, indicated by arrows).

Figure 3. SEM of PHBV. a - before the biotreatment (3000 X), b-c after the biotreatment, at 28 °C, for 1 month (1000 X and 3000X, 
respectively). (Note b: crackles and c: spores and hyphae adhered to the surface).

Figure 4. SEM of LPDE. a - before the biotreatment (1000 X), b-c after the biotreatment, at 28 °C, for 1 month (400x and 1000 X, 
respectively). (Note b: spores adhered to the surface).

Figure 5. FTIR spectrum of the blends of LDPE/PHBV (70/30), original and treated. The arrows indicate the major spectral changes.
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and C=C vibration bands, respectively. The appearance of 
the band at 3370 cm–1 (extended band) corresponds to the 
O-H vibration of acids. These changes suggest the presence 
of 2-butenoic acid, formed by enzymatic hydrolysis 
reaction[31]. The bands at 1280 cm–1 (CH3 deformation), 
1228 cm–1 and 1055 cm–1 (C-O-C stretching) (all of these 
bands are sensitive to the polymer crystallization[32] suffered 
a decrease in intensity, indicating a decrease in the film 
crystallinity and in the C-O-C ester group.

A significant structural change of the polymeric matrix, 
denoted in the FTIR, showed that the blend LDPE/PHBV 
(70/30) was biodegraded by the fungus P. variotii, through 
the enzymatic hydrolysis facilitated by the phase separation 
morphology of this blend. It is caused by the interphase 
presence, formed by the two different polymers which 
seem to be not organized, promoting the microbial action[29].

4. Conclusions

The results showed that PHBV degraded, in the blend, 
as observed by the presence of unsaturated acid in the 
chain. The LDPE (homopolymer) demonstrated resistance 
to the microbial enzymes action during the study period, 
but adhered fungus hyphae were found.

Significant changes in the morphology of the PHBV, PE 
and blend films showed the ability of the P. variotii to adhere 
on hydrophilic and hydrophobic surfaces. Besides that, 
this fungus acts mainly in the PHBV fraction of the blend.
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