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ABSTRACT 

 
Phenol tolerance and degradation using spent mycelium substrate of Hypsizygus 
ulmarius showed that ligninolytic media with carbon or nitrogen limitation gave highest 
growth (26.27sq.cm), while limitation of both nutrients reduced it to 8.1sq.cm. 
7.68sq.cm was seen in non-ligninolytic media; simultaneous nutrient increase gave 
1.16sq.cm. Tolerance to phenol was best in ligninolytic media with carbon or nitrogen 
limitation. When phenol was introduced, growth decreased. Phenol increase from 200 
to 400mg/L caused further decrease in nitrogen-optimum(7.03 to 2.35 sq.cm) and 
deficient(6.33 to 1.23 sq.cm) media, while nitrogen-deprived (2.48 to 5.52 sq.cm) 
media showed increase. Tolerance to higher phenol concentrations was accentuated 
by severe nitrogen limitation. Correlation of 0.99 between ligninolytic and non-
ligninolytic media showed growth pattern similar irrespective of nutrient levels. 
Nitrogen reduction achieved 63% degradation from 200-800mg/L phenol, while carbon 
limitation gave 55.75%. Negligible degradation in non-ligninolytic condition. At lower 
phenol concentration, nitrogen limitation beneficial; for higher concentrations, carbon 
limitation helped.  
 
KEYWORDS: Hypsizygus ulmarius, Ligninolytic media, Non-ligninolytic media, Phenol 

Tolerance and Degradation Profile, Spent Mycelium Substrate. 
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INTRODUCTION 

 
Phenol is a priority pollutant; listed in EPA’s 
Priority Pollutant List11. The origin of phenol 
in environment is both industrial and natural. 
Industrial phenol pollution is associated with 
pulp and coal mines, refineries, wood 
preservation plants, etc.29. Bisphenol A 
(BPA) is produced at over 6 billion pounds 
per year, one of the highest produced 
commercial products. It is used to 
manufacture polycarbonate plastic products, 
resins lining metal cans, dental sealants and 
blends with other types of plastic products4. 
Heat and contact with acids or bases 
accelerate hydrolysis of ester bonds linking 
BPA molecules in polycarbonate and resins, 
resulting in increase in leaching rate16. 
Pentachlorophenol (PCP) is lethal to a wide 
variety of plants and animals, as an inhibitor 
of oxidative phosphorylation. Of all PCP 
produced, 80% is used by wood preserving 
industry as a pesticide10. There is evidence 
that suggests definite accumulation of PCP 
through the food chain27. PCP is thought to 
be mutagenic, or at least co-mutagenic, and 
human exposure poses significant health 
hazards31. Use of fungi for bioremediation of 
phenolic compounds necessitates an 
understanding of variables that enhance 
their ability to detoxify these recalcitrant 
molecules and the enzymatic pathways 
used6. This requires studying their tolerance 
and degradation capability to the precursor 
chemical (viz.) phenol.  

Most research has focused only on 
Phanerochaete chrysosporium12. However, 
many other species have similar or 
enhanced capabilities. Pleurotus ostreatus 
can transform Bisphenol A33 upto 80% 
effectiveness during 12 days incubation24.  
Here, laccase (Lac) was considered 
primarily responsible for oxidation of 
phenolics and aromatic amines, by reducing 
molecular oxygen to water23. Lentinula 
edodes transforms pentachlorophenol by 
reductive dehalogenation and o-methylation 
reactions25, chlorinated aminophenols and 
chloro hydroquinone35. Tolerance and 
degradation of phenol occurs in white-rot 
fungi, a physiological group of 

basidiomycetes with proven lignin-degrading 
capacities, due to secretion of phenol 
oxidase enzymes like lignin peroxidase, 
manganese peroxidase or laccase36,37. 
Polyphenol oxidase is a monoxygenase 
which catalyses the o-hydroxylation of 
phenols and oxidation of o-dihydric phenols 
to o-quinones using molecular oxygen. 
Laccases are phenol oxidases which utilize 
molecular oxygen, oxidizing polyphenols, 
meta substituted phenols, diamines and 
other components17. The relevance of this 
study is that mushroom cultivation is a highly 
efficient method of disposing agricultural 
residues as well as producing nutritious 
food7. The cultivation of Pleurotus spp. is 
ranked second or third in the world9.  

For every kilogram of mushroom 
produced, 5 kg of SMS is generated34. Spent 
Mycelium Substrate (SMS) is a valuable by-
product of edible mushroom cultivation. It 
consists of partially degraded paddy or 
wheat straw, coconut husk or other 
agricultural wastes. After a few cultivation 
cycles, it is bio-chemically modified by fungal 
enzymes into a simpler form, enriched with 
protein. SMS is considered as a part of solid 
waste, and the mushroom industry is facing 
pressure from regulatory agencies to use 
SMS generated in a more environmental 
friendly manner (viz.) bioremediation or as 
biofertilizer28, than by simply burning it, as is 
being done. H.ulmarius is a novel species of 
edible mushroom developed for the climate 
of Bangalore city, by Indian Institute of 
Horticultural Research (IIHR). It can be 
easily cultivated on various common natural 
substrates like paddy straw13, coconut husk, 
tea dust,  sawdust and sugarcane bagasse2. 
Most fungi are known to degrade cellulosic 
substrates, especially basidiomycetes, with 
nearly 1,500 species21.  

As per The Hazardous Waste 
Management Rules, 1989, only 5 kg phenol  
is permitted by law for disposal per year. 
Actual quantities being disposed off are 
much greater. Also, present treatment 
methods for phenol are highly chemical 
intensive that further degrades the 



Int J Pharm Bio Sci 2012 Oct; 3(4): (B) 987 - 994 

 

 

This article can be downloaded from www.ijpbs.net 

B - 989 

environment. This makes it essential that 
better and non-chemical methods, such as 
mycoremediation are developed5. The 
objective of the study was to make a 
preliminary assessment of phenol tolerance 
and degradation profile of H.ulmarius under 
variations of carbon and nitrogen in growth 
media and increasing concentrations of 
phenol to understand in future, its potential 
for bioremediation of phenolic wastes in 
contaminated sites with marginal fertility 
levels. 
 

MATERIALS AND METHODS 

 
TOLERANCE STUDIES: 
The spawn of H.ulmarius was sourced from 
IIHR, Bangalore and cultured on Mandel and 
Weber’s modified agar medium22 for 
studying its tolerance to phenol. Carbon 
source was glucose. Nitrogen  content was 
varied by changing quantities of urea, 
ammonium sulphate and peptone. Phenol 
was 99% pure and sourced from Fischer 
Scientific Co. Concentrations tested were 
200, 400 and 800mg/L of culture media. 
Media variations were nitrogen-deficient 
(N/2), nitrogen-deprived (N/10), carbon-
deficient(C/2), carbon-deprived(C/10), 
nitrogen carbon-deprived(N/10,C/10), 
nitrogen-excess(Nx10), carbon-
excess(Cx10) and nitrogen carbon-
excess(Nx10,Cx10). Tolerance was 
estimated by measuring rate of increase of 
mycelial radius every alternate day, for a 
total of 22 days38.  
 
DEGRADATION STUDIES: 
The spawn of H.ulmarius, sourced from 
IIHR, Bangalore, was cultivated on paddy 
straw by solid-state fermentation (SSF) 
technique8. SSF is considered as the most 
appropriate method for filamentous fungi 
cultivation and ligno-cellulolytic enzyme 
production because they grow under 
conditions close to their natural habitats, due 
to which they are more capable of producing 
certain enzymes and metabolites, which 
usually will not be produced or produced 
only at low yield in submerged cultures. 
 

CULTIVATION OF HYPSIZYGUS 
ULMARIUS 8: 
SUBSTRATE PREPARATION AND 
STERILIZATION: 
The substrate was chopped paddy straw, 
generally used for Pleurotus cultivation in 
Asia14. It contains 41% cellulose, 13% lignin, 
0.8% total N, 0.25% P2O5, 0.3% K2O, 6% 
SiO2, pH 6.9, C/N = 58 

15. Straw was cut to 
length of 2-5 cm, soaked overnight in water 
and steam sterilized in autoclave, for 1 hour 
at 65oC. 
 
SPAWNING AND SPAWN RATE: 
The amount of spawn used was 5% of total 
weight of substrate (50 gm spawn per kg 
substrate). 
 
FILLING PLASTIC BAGS WITH 
SUBSTRATE: 
Pasteurized substrate was spawned and 
filled into clear perforated polyethylene bags; 
incubated at 23-25oC for 12-14 days. 
Mushrooms started to form around the 
edges of bag perforations and harvested 3 
to 4 weeks after spawning. 
 
PRODUCTION CONDITIONS: 
After spawning, bags were moved to a room 
where air temperature was maintained at 
18–20oC. Relative humidity maintained at 
95-98%. The first 12-21 days of spawn run 
were completed without artificial lighting, 
after which 4 hours of light was provided 
daily. At the time of pinning (mushroom 
formation), sufficient air was introduced to 
lower CO2 levels. 
 
USE OF SPENT MYCELIUM SUBSTRATE 
FOR MYCOREMEDIATION: 
After 2-3 cycles of mushroom harvesting, 
spent mycelium substrate was dried 
completely, separated into fibres and used 
for liquid phenol degradation studies28. 
Degradation estimated by phenol assay 
using Folin’s reagent method, for 6 days 
after inoculation. 
 
STATISTICAL ANALYSIS: 
All variations were tested in triplicate, with 
average values computed. Correlation was  
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determined between variations of nitrogen 
and carbon in media and increasing phenol 
concentrations.  The Statistical validation 
was done using MS Excel software. 
  

RESULTS AND DISCUSSION 

 
Ligninolytic media with carbon or nitrogen 
limitation (N/2, N/10, C/2, C/10) showed 
highest average mycelial growth of 
26.27sq.cm, while simultaneous limitation 

reduced it to 8.1sq.cm (Figure 1). Even 
lesser growth of 7.68sq.cm seen in non-
ligninolytic media (Nx10 or Cx10); 
simultaneous increase of nutrients resulted 
in growth of 1.16sq.cm (Figure 2).Thus, 
tolerance to phenol was greatest in 
ligninolytic media with carbon or nitrogen 
limitation. Primary growth ceases when 
nitrogen is depleted, and ligninolytic activity 
subsequently appears after a lag period19. 

 
 

 
 

Figure 1 
Tolerance profile of H.ulmarius to phenol in carbon and  

nitrogen variations of ligninolytic media 
 

When phenol introduced at 200mg/L, growth 
decreased except in non-ligninolytic media 
(Nx10,Cx10 and Cx10). Glucose, a simple 
sugar, was utilized without breakdown, thus 
growth of H.ulmarius using glucose was well 
supported. Glucose and fructose were the 
most readily utilized carbohydrate sources for 
growth of Pleurotus tuber-regium and P. 
squarrosulus respectively.1,18 Phenol increase 
from 200 to 400mg/L caused further 
decrease in nitrogen optimum (7.03 to 2.35 
sq.cm) and deficient(6.33 to 1.23 sq.cm) 

media, while nitrogen deprived(2.48 to 5.52 
sq.cm) media showed increase. Thus, 
tolerance to higher phenol concentrations 
increased under severe nitrogen limitation 
(Figure 1,2). When phenol concentrations 
were low to moderate in media (200 and 
400mg/L), nitrogen sufficient condition 
offered better tolerance and growth to P. 
florida, but for high phenol concentration 
(800mg/L), nitrogen depleted, deprived and 
excess conditions provided the same 
benefit32.  
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Figure 2 
Tolerance profile of H.ulmarius to phenol in carbon and  

nitrogen variations of non-ligninolytic media 
 

Correlation of 0.946 between growth in ligninolytic and non-ligninolytic media showed growth 
pattern similar irrespective of nitrogen or carbon levels. There was no significant correlation 
between growth patterns at varying phenol concentrations (Table 1).  
 

Table 1 
Correlation of growth of H.ulmarius between different phenol  

concentrations and nitrogen variations of media 
 

H.ulmarius - Correlation between growth patterns in varying 
phenol concentrations 

200 and 400 ppm 400 and 800 ppm 
200 and 800 

ppm 

0.331 0.581 0.651 

 
 

H.ulmarius - Correlation between growth 
patterns in ligninolytic and non-

ligninolytic media 

B/w N/2 and N x 10 0.964202114 

B/w N/2 and Nx10 
Cx10 

0.967496523 

B/w N/10 and Nx10 
Cx10 

0.915329737 

B/w Nx10 and N/10 
C/10 

0.988707107 

B/w N/10 C/10 and 
Nx10 Cx10 

0.964066372 

B/w C/2 and C x 10 0.926635474 

B/w C/10 and C x 10 0.898399382 

 
Reduction of nitrogen (N/2, N/10) achieved 
30% degradation at 200mg/L; 23% at 
400mg/L and 10% at 800mg/L. Limitation of 
carbon (C/2, C/10) resulted in 21.25%, 18% 

and 16.5% degradation from 200 to 800mg/L. 
Non-ligninolytic media (Nx10 or Cx10) 
achieved 10% degradation at 200mg/L and 
negligible at higher concentrations (Figure 3). 
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Thus, higher phenol concentration was 
degraded better under carbon limitation while 
nitrogen limitation offered the same 
advantage for lower concentration. 
Degradation favourable under ligninolytic 
condition; however combined limitation 
reduced degradative capability (Figure 3). 
Low nitrogen concentration in medium 
enhanced enzymatic capability of most white 

rot basidiomycetes20. Lignin degradation is a 
secondary metabolic event and de novo 
synthesis of a typical secondary metabolite   
veratryl alcohol, begins simultaneously with 
the onset of ligninolytic activity in nitrogen-
starved cultures of Phanerochaete 
chrysosporium26. Veratryl alcohol is the prime 
intermediate during laccase degradation of 
phenolic substrates. 

 
 

 
 

Figure 3 
Degradation profile of H.ulmarius in carbon and nitrogen  

variations of ligninolytic and non-ligninolytic media 
 
 

CONCLUSIONS 

 
Reduction of nitrogen or carbon content gave 
increased mycelial growth, thus cultivation of 
Hypsizygus ulmarius in marginal soils, 
especially contaminated sites (where plant 
nutrients like carbon and nitrogen are limiting 
factors) is practically feasible. Ligninolytic 
media also enhanced tolerance to higher 
concentrations of phenol, thus H.ulmarius 
growing on nitrogen-deficient marginal soils 
has a greater potential for bioremediation, as 
tolerance to higher concentrations of a 
contaminant is one of the prime requisites for 
a micro-organism considered as suitable for 

bioremediation. However, combined limitation 
of carbon and nitrogen reduced growth 
drastically. Higher phenol concentrations 
were degraded better under carbon limitation. 
In most fermentation processes, increasing 
glucose concentration has a suppressive 
effect on production of bioactive compounds 
and growth30. However, lower concentrations 
of phenol degraded better under nitrogen 
limitation. Lignin and phenol degradation is a 
secondary metabolic event triggered by 
limitation of carbon, nitrogen or sulphur3. 
Combined limitation reduced degradation.  
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