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Abstract- Disposal of synthetic textile waste by landfill is likely to pose a risk of environmental pollution problems. 
Biodegradation remains a viable textile waste management alternative. Ligninolytic white-rot basidiomycetes can effectively 
degrade textile wastes. The main objective of this experiment is to assess the biodegradability of two synthetic textiles 
containing nylon or polyester fibers by two white-rot fungi, namely Trametes versicolor and Ganoderma lucidum. The results 
show that T. versicolor and G. lucidum, alone or in combination, are able to degrade synthetic textiles. However, the 
biodegradation efficiency does not improve in co-culture compared to mono-culture. 
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I. INTRODUCTION 
 
In Quebec (Canada) 96 600 tons of textile wastes are 
sent to landfill sites annually [1]. Textile refers to the 
object which is woven from natural or synthetic fiber. 
Several studies show that lignin-degrading enzymes 
such as manganese peroxidases (MnP), lignin 
peroxidases (LiP), and laccases (Lac) secreted by 
wood-degradation fungi can also degrade xenobiotic 
compounds, polymers, synthetic dyes and textiles 
[2]-[4]. 
 
According to Boddy [5], the degradation with a mix of 
ligninolytic fungi (i.e. co-culture) would be greater 
than that effected by single species. Co-culture can be 
defined as the coexistence of several species of 
ligninolytic fungi, commonly called white rot, amongst 
themselves or with other groups of fungi [6]. In their 
natural environment, fungi typically live and grow near 
each other [5], [7]. They are exposed to other 
microorganisms and live together in mixed 
communities with complex interactions, such as 
symbiosis and competition [8]. The pre-digestion of 
carbon sources (e.g. plant polysaccharides) occurs 
typically in an extracellular way, and natural 
degradation of plant biomass is likely carried out by 
the interaction of several enzymes [8]. It could be the 
result of a mix of ligninolytic basidiomycetes, 
producing a more effective array of enzymes; a mix 
that could be more effectively used for 
industrial applications as compared to the extracts of a 
monoculture [8], [9].   
 
Chi et al. [3] describe the effects of co-culturing of four 
species of fungi (Ceriporiopsis subvermispora, 
Physisporinus rivulosus, Phanerochaete 
chrysosporium and Pleurotus ostreatus) on the 
degradation of aspen wood and the production of Lac 
and MnP. The results show that co-culturing of C. 
subvermispora with P. ostreatus significantly 

enhances the activity of Lac and MnP, as well as the 
degradation of the wood in comparison to 
monocultures. Decomposition also is enhanced when 
C. subvermispora is paired with P. ostreatus. The 
study shows that this degradation is species-specific, as 
pairing of other fungi stimulates very little or not at all 
the production of enzymes. 
 
From an enzymatic point of view, the interaction of a 
white rot fungal specie with other microorganisms 
(bacteria, yeast, or other fungus) in the soil induces a 
high secretion of Lac into the environment [2], [10]. 
Several attempts have been undertaken to increase the 
production of Lac by fungal coexistence. In their study, 
Elisashvili and Kachlishvili [11] have highlighted the 
effect of co-culture of Cerrena unicolor and Phellinus 
robustus on the increase of the amounts of Lac. 
However, the co-culture of C. unicolor and another 
laccase producing fungus, Ganoderma lucidum, has 
not produced large quantities of Lac. They concluded 
that the stimulatory effect of fungal interaction on the 
production of Lac is species-specific.  
 
Pairing of white-rot fungi showed an intensification of 
their activities on various substrates: Trametes sp. + 
Trichoderma sp. [12]; C. unicolor + P. robustus [11]; 
Trametes versicolor + Trichoderma harzianum [2]; P. 
ostreatus + Trichoderma longibrachiatum [13]; 
Trametes sp. AH28-2 + a Trichoderma strain [12]. 
Other studies have shown the effects of such an 
association on MnP production: P. ostreatus + C. 
subvermispora or Physisporinus rivulosus [3]. 
Gutierrez-Correa and Tengerdy [14] emphasize that 
mixed fungal cultures could produce more enzymes 
through their synergistic interactions, but the end result 
seems to depend on the species used, of their mode of 
interaction between them, and on micro-environmental 
conditions and on the colonized substrate.  
While relatively little work has been performed that 
focuses on studying degradation of synthetic textiles 
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using a co-culture of T. versicolor + G. lucidum, single 
culture of T. versicolor has been widely used in studies 
of bioremediation of contaminated soils and for the 
degradation of organic wastes, due to its efficient 
production of extracellular ligninolytic enzymes such 
as LiP, MnP and Lac [15], [16], and to its high 
tolerance to pentachlorophenol [17]. G. lucidum, 
which is known to produce extracellular 
lignocellulose-degrading enzymes, is widely used to 
degrade synthetic dyes in textiles [18], [19].  
 
The objective of this experiment is to examine the 
effectiveness of a co-culture of T. versicolor and G. 
lucidum in the biodegradation of nylon and polyester 
textiles. The biodegradation of textile samples is 
evaluated in terms of weight loss.   
 
II. MATERIALS AND METHODS 
 
Two types of textiles from Certex (Quebec, Canada) 
are used as substrates. A textile consisting of nylon 
(TN) and another of polyester (TP) are used. Wheat 
seeds are added to textiles to serve as nutrient support 
for the fungi, and thus accelerate the microbial 
biodegradation [20]. The fungal consortium is 
composed of T. versicolor and G. lucidum. The strain 
of T. versicolor 'Garfield' is obtained from Fungi 
Perfecti (USA) and the strain of G. lucidum from the 
Université de Montréal Biodiversity Center (Montreal, 
Canada). The two textile substrates are shredded into 
pieces of 2.5 to 10 centimeters to get a certain level of 
uniformity [21]. Eight treatments are used: nylon 
textile without fungal inoculum, nylon textile + T. 
versicolor, nylon textile + G. lucidum, nylon textile + 
G. lucidum + T. versicolor), polyester textile without 
fungal inoculum, polyester textile + T. versicolor, 
polyester textile + G. lucidum, and polyester textile + 
G. lucidum + T. versicolor. Five replicates are used for 
each treatment. Textiles and wheat seeds are sterilized 
before inoculation. 
 
Textile samples and wheat seeds are introduced into 
previously sterilized bottles then immersed in distilled 
water for 24 hours until saturation. They are then 
drained to remove excess water [21]. After evacuation 
of excess water, they are sterilized at a temperature of 
15 PSI (121°C in an autoclave) for an hour according 
to the recommended method by Chonde et al. [22]. 
Under a laminar flow hood, each fungal strain is 
propagated on a malt extract agar formula from the 
mother culture by inoculating 10 plates, thus creating 
subcultures. The boxes are then sealed with Parafilm 
and incubated at 24°C until the mycelium reaches 
about one centimeter from the border which 
corresponds to approximately 80 mm in diameter. The 
cultures of each species are kept in incubators at a 
constant temperature of 24°C. The physiology of the 
inoculated mycelia is observed visually to ensure their 
normal growth. We have seen this by the presence of a 
tenacious mass of mycelia enveloping the textiles.  

Five grams of previously sterilized wheat seeds are 
added to textiles (5.0 g) then the substrates are 
inoculated with 2.5 g of mycelium on agar of G. 
lucidum or T. versicolor [21]. In the case of the 
co-culture, 1.25 g of G. lucidum + 1.25 g of T. 
versicolor were used. Culture medium consists of 
agar-agar and light malt extract. After the period of 
colonization, the substrates undergo a heat treatment at 
a temperature of 65°C until a constant weight is 
obtained, to put an end to the growth of the mycelium 
[21]. This degradation is spread over a period of 90 
days excluding the period of the heat treatment. The 
samples are then heated to stop the growth of 
mycelium and their masses recorded to assess 
degradation. To avoid the accumulation of CO2 caused 
by respiration of fungi, a system of gas exchange with 
3M Micropore tape is employed [21]. Samples are left 
in the dark for the duration of the tests. The 
temperature is controlled by an incubator.  
 
The weights of textiles, wheat seeds and inoculum are 
noted before and after incubation. The reduction in 
mass percentage of the textile samples due to the 
degradation process is calculated by the formula as: 
Weight loss = [(Wi - Wd) / Wi] x 100, where Wi is the 
weight of the sample before degradation and Wd is the 
weight of the sample after degradation.  
 
III. RESULTS AND DISCUSION  
 
Table 1 illustrates the percentage of weight loss, 
expressed as a percentage of the initial weight, for the 
tested substrates. Textile substrates are degraded by 
both mono- and co-culture of T. versicolor and G. 
lucidum. This observation confirms the fact that these 
two fungi species are able to degrade nylon and 
polyester textiles. Very little degradation was observed 
in controls without inoculums (Nt and Pt). This low 
weight loss is caused, at least partially, by 
microorganisms present in the environment or in the 
initial substrate [21].   
 
Table 1. Mean values of weight loss, expressed as a 

percentage of the initial weight of fungi-treated 
textile samples. 

 
 
Single culture of T. versicolor or G. lucidum and their 
co-culture degraded textile samples approximately in 
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the same proportions. On average, treatments reduced 
approximately 50% the mass of nylon and polyester 
textiles, indicating that the degradation capacity of 
mixed culture is similar to that of mono-culture. The 
results obtained for single culture of T. versicolor or G. 
lucidum are consistent with those of Chonde et al. [22], 
[23].  
 
These results indicate that the co-culture has not 
improved the efficiency of the biodegradation of 
synthetic textiles when compared with the 
mono-cultures. Several factors could explain these 
results: degradation by co-culture of fungi is related to 
the species used, i.e. they are species-specific. 
Environmental conditions, such as the nature of 
nutrient substrates, the ambient temperature and 
incubation time would have affected the optimal 
production of a series of enzymes from the co-culture 
of G. lucidum and T. versicolor. Chi et al. [3] also 
found that co-culturing of some fungi species 
stimulates very little or not at all the production of 
lignocellulolytic enzymes. Velázquez-Cedeño et al. 
[13] investigated the influence of T. longibrachiatum 
on the production of lignocellulolytic enzymes by P. 
ostreatus during its vegetative growth in a straw-based 
substrate. The capacity of T. longibrachiatum to 
compete in dual cultures was decreased in presence of 
other microorganisms in the substrates. P. ostreatus 
also was affected by the presence of some bacteria in 
its cultivation substrate. Arshad and Mujahid [24] 
examined the biodegradation of cotton, jute, linen, 
flax, wool and polyester fabrics when buried in the soil 
for different time periods. All soils may contain both 
bacteria and fungi capable of degrading cellulosic 
materials. However, their results showed little change 
in weight loss of polyester fiber in three months and 
concluded that polyester is a synthetic fiber that is 
resistant to biodegradation by soil microorganisms. 
 
CONCLUSION 
 
T. versicolor and G. lucidum are capable of degrading 
nylon and polyester textiles. Under the experimental 
conditions using a mixed culture of T. versicolor and 
G. lucidum does not enhance the degradation of 
synthetic textiles as compared to a single culture. It 
might be useful to consider other parameters or 
combinations of other fungi and bacteria in the 
production of textile-degrading enzymes. 
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