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Abstract 

Ligninolytic fungi are able to degrade the synthetic dyes, a class of xenobiotics resistant to 
biological degradation. The category and concentration of nutrients present a particular importance in 
the development of mycoremediation strategies. In this study, two isolates of lignicolous macromycetes 
species, Bjerkandera adusta and Trametes hirsuta, were tested on solid nutritive media to remedy 
different structural classes of dyes: azo, thiazine and arylmethane. We have evaluated various carbon and 
nitrogen sources in terms of quality and quantity in order to optimize the culture conditions. The results 
varied with the species, the dye used and nutrients tested. Substrates providing a rapid development of 
fungi have reduced the rate of degradation, and an elevated concentration of them expressed a negative 
effect on the degradation. Sucrose, mannitol and sorbitol used as carbon sources and energy have 
stimulated the discoloration while starch showed satisfactory effects. Among nitrogen sources, organic 
ones stimulated the development of fungi and discoloration. The study proved that cheap and affordable 
nutritional substrates as various salts, polyalcohols, agricultural by-products, supplemented in moderate 
concentrations can be successfully used in the mycoremediation processes. We have established the 
optimum nutrient concentrations for the synthetic dyes mycoremediation processes. 
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Introduction 
 

Synthetic dyes are a class of xenobiotics resistant to biological degradation. These 
compounds are discharged in large quantities and accumulate in the environment being a 
major source of pollution (LYRA & al. [1], CHEN & al. [2]). Biological methods for 
remedying the synthetic dyes are attractive due to the low cost of implementation and their 
selectivity (GHANEM & al. [3]). Among the organisms able to degrade synthetic dyes, 
ligninolytic fungi present the highest efficiency of biodegradation (FORSS and WELANDER 
[4], RAMAMURTHY & al. [5]). 

Nutrients have a very important role both in the development of fungi and their 
metabolic processes. Activation of many enzymes takes place under conditions of 
physiological stress or is triggered by the nutrient insufficiency (ANASTASI & al. [6]). 
Ligninolytic enzymes ensure lignicolous fungi the chance to grow on substrates with a low 
content of nitrogen in the form of inaccessible compounds: lignin, tannins, alkaloids 
(ASGHER & al. [7], MOHARČIČ & al. [8]). The remediation of many categories of organic 
pollutants is based on these mechanisms. 

Carbon and nitrogen sources are of special importance in ensuring optimal 
development of fungi and optimization of mycoremediation processes (BHATTI & al. [9], 
KHELIFI & al. [10], LEVIN & al. [11], REVANKAR and LELE [12]). Chemical compounds 
used as carbon and nitrogen sources in the degradation processes should satisfy several 
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conditions: it must be easily accessible to the fungus, inexpensive and it must allow the fungal 
mycelium to expand. The concentration of these compounds is very important. 

In this study we aim to optimize the nutritional process in order to develop effective 
strategies for the mycoremediation of synthetic dyes. In this regard, 10 compounds were 
tested as carbon sources and 6 compounds as nitrogen sources. Tested isolates belong to 
species known for high capacity of synthetic dyes degradation (COUTO [13], COUTO and 
SANROMÁN [14], ERTAN & al. [15], ESGHI & al. [16], GOMI & al., [17], TINOCO & al. 
[18]). Four of the tested compounds were selected on the basis of their effectiveness as well as 
their accessibility (cheap chemically synthesized compounds or residues) in order to assess 
the optimal concentrations of nutritive compounds. 

The ability of fungi to use various substrates as carbon and energy sources can be 
exploited for elaboration of cost effective strategies for the mycoremediation of xenobiotics 
using cheap materials such as agricultural residues (NEIFAR & al., [19], SARNTHIMA & al. 
[20], SUN & al. [21]). 

 

Materials and methods  
 

Fungal isolates and inocula 

Dikaryotic mycelium of Bjerkandera adusta and Trametes hirsuta previously isolated 
(BALAEŞ and TĂNASE [22]) was used in experiments. Fungal isolates were selected after a 
screening for the synthetic dyes mycoremediation ability, maintained by subculturing 
procedure and deposited in the MIUG Collection of microorganisms from “Dunarea de Jos” 
University of Galati (coded MIUG B93 and MIUG B97 respectively). 

The inoculation was performed by using 1 cm2 of agar plugs covered with 
mycelium (grown on malt extract – 20 g L-1, glucose – 10 g L-1, agar – 15 g L-1) cut from 
colonies in active growth stage and placed in the centre of each Petri plates as described 
by LEVIN & al [23]. 

Nutritive media and dyes 

There have been used media containing, per 1000 ml of distilled water: KH2PO4 – 0.7 g, 
K2HPO4 – 0.7 g, (NH4)SO4 – 0.16 g, Na2C4H4O6 – 0.5 g, MgSO4·7H2O – 0.5 g, CaCl2·2H2O – 
0.07 g, FeSO4·7H2O – 0.05 g, CuSO4·5H2O – 0.01 g, ZnSO4·7H2O – 0.005 g, MnSO4·4H2O – 
0.005 g, agar – 15 g, supplemented with carbon and nitrogen sources, 10 g each, initial pH 4.9 
(pH/ion-meter, INOLAB WTW 740). The media were sterilized by autoclaving (RAYPAS 75 
l upright model autoclave) and distributed in Petri dishes of 90 mm diameter, 15 ml/plate. All 
the reagents are of analytical grade and have been acquired from MERCK or CARL ROTH. 

Different carbon and nitrogen sources were tested, as presented below. When carbon 
sources were tested, peptone was used as a nitrogen source and when nitrogen sources were 
tested glucose was used as carbon source. Culture media were supplemented with the dyes 
Congo red – CR (CI: 22120), Acid fuchsine – AF (CI: 42685) and Toluidine Blue – TB (CI: 
52040) in a final concentration of 100 mg L-1. Plates were incubated at 25 °C, 10 days. Four 
replicates were made for each combination. Eight concentrations of the carbon source 
(conventionally noted 1-8) and six of the nitrogen source (noted with A-F) were tested in 48 
combinations (Table 1) in order to determine the optimal conditions for remediation of CR 
with Bjerkandera adusta isolate. 
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Table 1. Concentrations of tested carbon and nitrogen sources  

 

Sources Nutrients* Concentration (g l-1) Sample 
codification 

Carbon 

S 4 S4 
S 8 S8 
S 12 S12 
S 16 S16 
S + St 8 + 8 S8St8 
S + St 8 + 4 S8St4 
S + St 4 + 8 S4St8 
S + St 4 + 4 S4St4 

Nitrogen  

ME 5 ME5 
ME 10 ME10 
ME 15 ME15 
ME 20 ME20 
ME + AS 10 + 10 MEAS10 
ME + AS 5 + 5 MEAS5 

*S – sorbitol, St – starch, ME – malt extract, AS – ammonium sulphate 

 
Data calculations 
Nutrient influence on the fungal development was assessed quantitatively by measuring the 
colony diameter after 7 days. In addition, a qualitative assessment was made based on 
mycelium density, and three classes were created, each having a typical score: 20, 10 and 
0 points. This score was added to the average of the colonies diameters of four replicates, the 
final result representing the Total score obtained for each combination (Table 2). 
Discoloration rate was quantified by measuring the diameters of halos after 10 days, and the 
samples were assigned based on the degree of discoloration in four classes, with a score of 
30, 20, 10 and 0 points (30 points - complete discoloration, 0 points - no discoloration). 
The discoloration efficiency was calculated as a sum of discoloration halos diameters and the 
assigned points. All the data presented here represent the average of the four replicates. 
 

Results and discussions 
 
When testing the appropriate sources of carbon and nitrogen for the metabolism of 

fungi two different aspects were investigated: the effect of nutrients on the fungal 
development and their effect on the degradation of dyes. The rapid development of the fungi 
is not a prerequisite for effective discoloration. Although nutrients used in the experiment 
provided, in general, a rapid development of the fungi, discoloration was different depending 
on the tested fungal isolate, the dye used and nutrients from the medium composition. Simple 
sugars, polyalcohols and organic nitrogen sources (malt extract, yeast extract and peptone) 
stimulated the development of all the fungi on dye-rich media. With the exception of 
ammonium sulphate on media with TB, inorganic nitrogen compounds did not stimulate 
fungal development (Table 2). 
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Table 2. The effect of nutrients on fungal development  

Nutrients 
Score* 

CR TB AF 
TH BA TH BA TH BA 

Malt extract (ME) 88 100 110 110 100 100 
Yeast extract (YE) 110 110 110 110 110 110 
Peptone 110 110 110 110 110 110 
Ammonium sulphate (AS) 53 67 110 110 93 90 
Ammonium chloride 66 77 80 81 68 75 
Sodium nitrate 33 47 84 100 64 83 
Fructose 110 110 110 110 110 110 
Glucose 110 110 110 110 110 110 
Sucrose 110 110 110 100 110 110 
Maltose 110 110 110 110 110 110 
Lactose 100 47 110 79 100 71 
Starch (St) 110 110 100 100 110 110 
Carboxymethylcellulose (CMC) 90 100 100 100 100 100 
Mannitol 100 110 100 100 110 110 
Sorbitol (S) 110 110 100 110 100 100 
Ethanol 100 100 100 100 95 92 

* The score calculated as a sum between the halos diameters (in mm) and the points assigned for each sample; 
CR-Congo red; AF - Acid fuchsine  and TB- Toluidine Blue; TH – Trametes hirsuta, BA – Bjerkandera adusta 
 

The lowest level of development was noted for Bjerkandera adusta grown on media 
with lactose as the sole carbon source, mycelium presenting rare hyphae and explorative 
mycelial cords. Trametes hirsuta had a rapid growth on all the media, except on media 
containing carboxymethylcellulose as the sole carbon source. 

The capacity of fungi to use all the carbon sources proves the high versatility of fungal 
enzymes and the high adaptability to the substrate of lignicolous macromycetes. 

Many of the sugars which ensured a rapid fungal development have also stimulated 
discoloration. Although other authors have reported satisfactory results for glucose (LEVIN & 
al. [24], PARK & al. [25]) in our study the discoloration was moderate with this sugar. 
Trametes hirsuta isolate has not discoloured AF while TB and CR were discoloured only on 
ethanol or starch supplemented media. Positive effects of ethanol and starch in the 
discoloration processes have been reported by other authors as well (KHELIFI & al., [10], 
CHEN & al. [26]). Bjerkandera adusta presented high degradation rates of the three dyes on 
different types of media, the best results being observed on the nutrient media with sucrose, 
mannitol or sorbitol. The efficient use of polyalcohols is of particular importance, the 
phenomenon allowing selection of cheap nutrient sources. The positive effect of the alcohols 
might be related to the easy availability of the compounds for the fungi. 

Trametes hirsuta degraded dyes with high efficiency only on malt extract media and 
Bjerkandera adusta degraded also on media with yeast extract or peptone. Yeast extract and 
peptone stimulated the discoloration of dyes in other experiments also (LEVIN & al. [11], 
KAUSHIK and MALIK [27]). In AF supplemented media discoloration was faster when 
inorganic sources of nitrogen were used compared with peptone containing media. Malt 
extract, however, had the strongest stimulatory effect (Fig. 1).  
 



BALAEŞ TIBERIUS, TĂNASE CĂTĂLIN 

 

8808 Romanian Biotechnological Letters, Vol. 18, No. 6, 2013 

 
 
Fig. 1. The efficiency of carbon sources (A) and nitrogen sources (B) on mycoremediation, after 10 days of 
incubation. ME - malt extract; YE - yeast extract CMC – carboxymethylcellulose; CR-Congo red; AF - Acid 
fuchsine  and TB - Toluidine Blue; TH – Trametes hirsuta, BA – Bjerkandera adusta 

 
The positive effect of the malt and yeast extracts might be explained by their complex 

compositions, satisfying the requirements of the fungal metabolism.  
The category of nutrients from the media is not the only important factor in the 

remediation process. Concentration of nutrients is very important, as high glucose 
concentration can inhibit the synthesis of enzymes (ELISASHVILI and KACHLISVILI [28]). 
On the other hand, a small amount of carbon source can limit the growth of fungi and reduce 
the efficiency of discoloration (GAO & al. [29]). RADHA & al [30] reported beneficial 
effects of glucose up to 5 g L-1, whereas the concentration of more than 10 g L-1 resulted in 
reduction of the discoloration. 

Sorbitol had a positive effect on degradation, but sorbitol-starch combinations were 
the most effective, especially those with a high content of starch. The highest values of the 
degradation were recorded on media containing 8 g L-1 sorbitol and 8 g L-1 starch (Fig. 2). 

A high concentration of nitrogen sources can decrease the efficiency of discoloration 
(GAO & al. [29], EICHLEROVÁ & al., [31]) and a low concentration may limit fungal 
development. Malt extract stimulated the growth at a concentration of maximum 15 g L-1 and 
increased discoloration to a concentration of 10 g L-1. Above this concentration the nutritional 
stress decreased causing a reduction in the dye remediation. The best results have been 
obtained for the media with 10 g L-1 malt extract, 8 g L-1 starch and 8 g L-1 or 4 g L-1 sorbitol. 
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Fig. 2. The effect of carbon and nitrogen sources concentrantions for the discoloration of CR by Bjerkandera 
adusta, after 7 days (A) and 10 days (B); S – sorbitol, St – starch, ME – malt extract, AS – ammonium sulphate 
 
Conclusions 

 
Ligninolytic fungi can use a variety of organic or inorganic compounds as satisfactory 

nutrients and can degrade synthetic dyes with a different structure. Knowledge of appropriate 
nutrients and their optimal concentrations are of special importance in the development of 
xenobiotics remediation strategies. 

The substrates that provide a rapid fungal development decrease the degradation rate 
by ensuring satisfactory nutritional and physiological stress reduction. An increased 
concentration of the nutrients has a negative effect on the degradation. 

Sucrose, mannitol and sorbitol are sources of carbon and energy effective for the 
synthetic dyes remediation process and malt extract, yeast extract and peptone are suitable 
nitrogen sources and have a high importance in the degradation. 

Cheap and affordable nutritional compounds such as various salts, polyalcohols, or 
substrates containing starch, supplemented in moderate concentrations can be successfully 
used for the mycoremediation processes. 
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