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ABSTRACT 
 
This study evaluated the potential of fungal isolates for laccase production. Fungi cultures were 
screened for laccase production on plate assay using 2’ 2’ – azinobis-(-3-ethyl benzthiazoline -6- 
suphonate) (ABTS), and by submerged fermentation. Result obtained from the plate assay showed 
the formation of green halo after 2-4 days of incubation due to oxidation of 2’ 2’ – azinobis-(-3-ethyl 
benzthiazoline -6- suphonate) (ABTS) which is as a result of lignolytic enzymes production 
Utilization of selected agro-wastes residues (sawdust, plantain and banana peels) for laccase 
production was evaluated. Fungal isolates were identified based on their cultural characteristics 
according to standard mycology methods. Light microscopy was performed on cultures and the 
fungal isolates were identified by their different morphological and colonial characteristics after 
which they were confirmed using fungal atlas. Total protein content was also determined using the 
Bradford method Five out of twelve isolates were positive for oxidation of 2’ 2’ – azinobis-(-3-ethyl 
benzthiazoline -6- suphonate) (ABTS) which signifies laccase enzyme activity and identified as 
Geotrichum spp, Cephalosporium spp, Trichoderma spp, Trametes spp and Fusarium sppThe 
highest enzyme activity was observed using Trichoderma spp at 57.1U/l, Trametes spp 51.99 U/l, 
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Fusarium spp had 29.2 U/l. Geotrichum spp and Cephalosporium spp were least at 28.04 U/l and 
9.72 U/l respectively. Trichoderma spp was used for further studies. Effect of carbon sources, 
inoculum size, pH, total protein and shaker speed on laccase production was evaluated. Sawdust 
gave the highest yield of laccase enzyme 151.17U /l, followed by plantain peel with 62.49U/l of 
enzyme, banana peel recorded the least of laccase enzyme 54.94 U /l. Protein content obtained 
from sawdust medium was 45.8mg/ml, plantain peel medium had 29.2 mg/ml while banana peel 
was the lowest with 16.8mg/ml all at the sixth day of the fermentation process. Optimum pH for 
sawdust, banana peel and plantain peel was 5.95, 5.94, and 5.83 respectively. Using shaker 
incubator (150 rpm) with sawdust as carbon source, laccase yield of (310.45U/l) was obtained at pH 
6, temperature 25°C and inoculum size of 10

5
 spores per ml. Thus, sawdust can be categorically 

stated to be safe, cheap and could be suggested for prospective application of higher production of 
laccase enzyme in various industries. 
 

 
Keywords: Agro-waste; ABTS; submerged cultures. 
 

1. INTRODUCTION 
 
Enzyme application in biotechnological and 
environmental processes is of increasing interest 
owing to their efficiency; selectivity and most 
importantly their being environmentally friendly 
health wise, but very expensive and applications 
require large volumes of enzymes. Laccases (E. 
C. 1.10.3.2, p-diphenol: dioxygen oxidoreductase 
Riva 2006) are a collection of multi-copper 
containing enzymes that catalyze one-electron 
oxidation of phenolic compounds with 
concomitant reduction of oxygen to water [1]. 
Laccases finds wide commercial applications 
within food industry, pulp and paper industries, 
textile industry, synthetic chemistry, cosmetics, 
soil bioremediation and biodegradation of 
environmental phenolic pollutants, and they have 
potential applications in detoxification of 
lignocellulosic biomass after thermochemical 
pretreatment [2,3,4,5,6,7]. 
 
In food processing, laccases is sometimes used 
in processes that improve or modify the colour 
appearance of food or beverage [8]. Some 
laccase products are commercially available for 
paper, textile, food and other industries [9], 
Rodríguez-Couto, 2012. 
 
In nature laccases function is to degrade lignin in 
order to gain access to the carbohydrates in 
wood (cellulose and hemicellulose). This makes 
its application in the production of bio-fuel and 
value-added chemicals more relevant. Laccases 
from fungi represent proper candidates in 
processing of lignocellulosic biomass. Over 60 
fungal strains, belonging to various classes such 
as Ascomycetes, Basidiomycetes and 
Deuteromycetes, have been demonstrated to 
produce laccase [10]. The majority of laccases 
characterized so far have been derived from 

efficient lignin degraders such as white-rot fungi 
[11,12,13]. Laccases of fungi origin have been 
associated with lignin degradation, and are well 
known as component of fungal enzyme systems 
for lignin degradation. 
 
Trichoderma spp are well known for their ability 
to grow on decayed wood and other agro-
lignocellulosic biomass materials and can 
decompose lignin by secreting enzymes such as 
cellulase and laccases. Based on this, and the 
fact that Trichoderma spp can produce high 
amount of laccase in liquid cultures, laccases 
from this fungus may promote 
degradation/modification of lignin or lignin-
derived components [14,15] and therefore 
represent proper candidates in processing 
lignocellulosic biomass. 
 
The production of laccase by Trichoderma spp is 
very interesting due to combined production of 
laccases and cellulases, which in the 
degradation of lignocellulosic materials [2,16]. 
 
In view of its importance in large scale 
application, the current study was to screen 
locally for highly efficient laccase producing fungi 
with ability to secrete copious amounts of the 
enzyme to reduce the cost of production. To 
address this issue, the present study reports the 
production of laccase by local isolates of 
Trichoderma spp using agricultural by-products 
as substrates by submerged fermentation. 
 

2. MATERIALS AND METHODS 
 
10 grams of each samples (decomposing tree 
stump, plantain and banana peel respectively) 
were appropriately diluted by 10 fold serial 
dilution to 10-1 cfu/ml and inoculated on 
Sabouraud dextrose agar (SDA) and Potato 
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dextrose agar (PDA) plates incubated at 25°C for 
at least 7 days. The pure cultures obtained were 
screened for the prensence of laccase using 
plate assay that contained 2’ 2’ – azinobis-(-3-
ethyl benzthiazoline -6- suphonate) (ABTS), as 
indicator and synthetic medium with the following 
composition (g/l): peptone 3.0, glucose 10.0, 
K2PO4 0.6, ZnSO4 0.001, K2HPO4 0.4, FeSO4 
0.0005, MnSO4 0.05, MgSO4 0.5, agar 20.0 and 
0.02% 2’ 2’ – azinobis-(-3-ethyl benzthiazoline -
6- suphonate) (ABTS) (adopted from Viswanath 
et al.,2008). The development of an intense 
greenish colour was considered as positive for 
laccase activity. The positive cultures were 
maintained on PDA slant. The basal medium 
comprised of the following in (g/l)peptone 3.0, 
glucose 10.0, K2PO4 0.6, ZnSO4 0.001, K2HPO4 

0.4, FeSO4 0.0005, MnSO4 0.05, MgSO4 0.5, for 
quantitative screening of laccase enzyme 
(adopted from Viswanath et al.,2008). A total of 
12 different fungal cultures were isolated. 
 

2.1 Culture Conditions and Enzyme 
Production under Static Condition 

 
The positive result of isolated fungi were 
cultivated on basal medium as described above. 
Cultivation was carried out in 250 ml Erlenmeyer 
flasks containing 50 ml basal medium, four (4) 
agar plugs (5 mm diameter of cork borer) of 7day 
old culture was used as inoculum. Fermentation 
was carried out under static condition for 10days, 
culture liquid was filtered using Whatman No 1 
filter paper and filtrate was collected and used for 
enzyme assay. Fungal biomass, enzyme activity 
and pH of the medium was monitored at two 
days intervals. 
 
2.2 Determination of Fungal Biomass 
 
Mycelia of cultured fungi was separated using 
filtration. The filter paper along with the mycelia 
mat was dried at 60°C in an oven until constant 
weight. The initial weight of the filter paper was 
subtracted from the final weight to obtain the 
weight of the biomass [17]. 
 
2.3 Determination of Protein Content 
 
An aliquot of the culture filtrate was used for the 
estimation of total protein concentration using the 
(Bradford 1976) method and Bovine serum 
albumin (BSA) as standard reagent. 
 

The reaction mixture consisted of 2 ml of 
Bradford reagent (BSA and Comassie blue G) 

and 0.2 ml of the culture filtrate mixed gently. 
Colour development was measured at 595 nm 
within 2 minutes to 1 hour of mixing using 
Shimadzu UV – 1800 spectrophotometer (Tokyo 
Japan). A reagent blank containing deionized 
H2O in place of the culture filtrate was also 
prepared. 
 

2.4 Laccase Assay 
 
The laccase activity was determined using 2,2’ 
azinobis-(3- ethyl benzthiazoline-6-sulfonic acid) 
(ABTS) as the substrate. The laccase assay 
reaction mixture contained 0.5ml 0f 0.45mM 
ABTS, 1.2 ml of 0.1M phosphate buffer (pH 6.0) 
and 0.5 ml of culture filtrate to give final reaction 
volume of 2.2 ml. Water was used as blank 
condition. The oxidation of the substrate (ABTS) 
was monitored by increase in the absorbance at 
420nm using Shimadzu UV- 1800 
spectrophotometer (Tokyo Japan) over 90s at 
30°C (± 2°C) using molar extinction co efficient 
Ƹ420=3.6 × 104 cm-1M-1. Enzymatic activity was 
expressed as 1U = 1Ɲ mol of ABTS oxidized per 
min at 25°C (adopted from Das et al. [18]). 
 

2.5 Identification of Fungal Isolates 
 
Fungal isolates were identified based on their 
cultural characteristics on Potato dextrose agar 
PDA and Sabouraud dextrose agar SDA 
according to standard mycology methods by 
Barnett and Hunter, [19]. Light microscopy of 
isolates was performed on cultures on 
Sabouraud dextrose agar SDA and Potato 
dextrose agar PDA. The fungal isolates were 
identified by their different morphological and 
colonial characteristics after which they were 
confirmed using fungal atlas. 
 

2.6 Slide Culture Techniques 
 
The method of Crowley et al., (1969) and Dugan, 
(2006) was used whereby 1 cm

2
 of Potato 

dextrose agar PDA and Sabouraud dextrose aga 
SDA was cut from a plate approximately 2 mm 
deep and placed on a sterile glass slide. Fungal 
isolates was inoculated into four vertical sides 
using a sterile needle. A sterilized cover slip was 
applied so that it over lapped the medium on all 
sides and the preparation was placed on suitable 
support in petri dish containing blotting paper 
soaked in 20% glycerol in water. The preparation 
was kept moist at 26°C until adequate growth 
developed. After removing the medium the 
fungus adherent to both cover slip and slide was 
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examined. A drop of alcohol was added followed 
by a drop of lactophenol blue and the preparation 
suitably covered and examined under the power 
of objectives microscope (× 40). 
 
2.7 Optimization of Laccase Production 
 
2.7.1 Effect of different agricultural wastes on 

laccase production under static 
condition 

 
Agro-waste materials including saw dust, 
plantain and banana peel were obtained from 
processing unit and Market in Nsukka, Enugu 
State, Nigeria. They were sun dried until constant 
weight was maintained, homogenised and sieved 
(2 mm mash). The agro waste materials were 
used for laccase production, the waste that 
elicited the highest laccase production was used 
for further studies (adopted from Patel et al. [20]. 
 
2.7.2 Effect of varying inoculum size on 

laccase production under static 
condition 

 
The effect of different inoculum sizes was studied 
over a range of 10

4
-10

9
; haemocytometer was 

used to determine spore concentration adopted 
from Patel et al. [20]. 
 
2.7.3 Effect of various initial pH range (3-7) 

on laccase production under static 
condition 

 
The effect of initial pH 3-7 in different buffers 
(sodium acetate pH 3–5 and sodium phosphate 
pH 6–7) and the optimum inoculums size on 
laccase enzyme production was determined [21]. 
 

2.7.4 Production of laccase using shaker 
culture 

 
The optimum inoculums size and two best pH 
values (pH 5 and pH 6) were used in this study. 
The flask were incubated in an electronic shaker 
(at 150 rpm) or six days. The total protein content 
[22, 23]. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Isolation of Microbes 
 
Fig. 1 shows positive plate test of a laccase 
producing organism. Slight change in colour of 
the media from colourless to green due to 
oxidation of the indicator compound ABTS by 
day two and increased by day four. 
 
Figure two shows the result of various fungal 
biomass obtained in this study, Geotrichum spp 
had the highest fungal biomass 0.41 g followed 
by Cephalosporium spp 0.40 g and Trichoderma 
spp 0.38 g. The lowest biomass was observed in 
Fusarium spp and Trametes spp with biomass of 
0.35 g and 0.33 g respectively. 
 
Fig. 3 shows total protein content of different 
fungi isolates during laccase production. It was 
observed that the highest protein concentration 
was recorded at the 6

th
 day for all the isolates 

and Geotrichum spp produced the highest total 
protein content of 20 mg/ml followed by 
Cephalosporium spp with 19.6 mg/ml. 
Trichoderma spp had 16 mg/ml. The lowest 
protein content was observed in Fusarim spp and 
Trametes spp with 15.2 mg/ml and 14.8 mg/ml 
respectively. 

 
 

Fig. 1. Positive plate test of a laccase producing organism 
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Fig. 2. Result of various fungal biomass obtained 
 

 
 

Fig. 3. Total protein content of different fungal isolates during laccase production using 
synthetic medium in submerged fermentation 

 
Fig. 4 shows the result of various enzyme activity 
of the different fungal cultures used in this study. 
Enzyme activity of different fungal cultures 
revealed maximum activity for all isolates to be 
on day 4. Trichoderma spp had the highest 

enzyme activity of 57.1 U/l. Geotrichum spp and 
Cephalosporium spp were lower with 28.04 U/l 
and 9.72 U/l respectively. The isolate 
(Trichoderma spp) with the highest enzyme yield 
was used for further studies. 
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Fig. 4. The result of various enzyme activity of the different fungal cultures 
 

 
 

Fig. 5. The pH of medium evaluated at two days intervals 
 
Fig. 5 shows the pH of medium evaluted at two 
days intervals. Slightly decrease in pH was 
observed for all the medium. 
 
The ability of Trichoderma spp to utilize different 
agro waste as carbon source for laccase 
production was evaluated (Fig. 6). Results 
revealed the fungus ability to utilize the different 
substrate but with varying yields. Maximum 
enzyme activity was observed by sixth day of 
fermentation for the entire agro-waste materials 
used with saw dust displaying the highest 
enzyme activity of 151.71 U/l followed by plantain 

peel with 62.49 U/l and finally banana peel 54.92 
U/l. But with control enzyme activity was 
observed by fourth day with 57.1 U/l. 
 
Fig. 7 shows the pH of medium evaluted at two 
days interval. It was observed that there was a 
decrease in pH for all the medium except the 
control that maintained its pH 5 for 10 days. 
 
Fig. 8 shows the results of laccase production by 
Trichoderma spp with spore inocula ranging from 
105 to 109 spores/ml. The results revealed 
formation and release of laccase to be related to 
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spore inoculum level. At day 2 laccase was 
formed in all inoculum level. However optimum 
yield of 162.49 U/ml was noticed in fermentation 
inoculated with10

5
 spores/ml, higher inoculum 

gave (108 and 109 spores/ml) gave lower yield of 
laccase 133.37 U/l and 113.77U/l respectively 
but increased protein content. In all inoculum 
level pH of medium dropped with time. 

 

 
 

Fig. 6. The ability of Trichoderma spp to utilize different agro waste 
 

 
 

Fig. 7. The pH of medium evaluated at two days interval 
 

 
 

Fig. 8. The results of laccase production by Trichoderma spp with spore inocula ranging from 
10

5
 to 10

9 
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Fig. 9. The p H of the medium evaluated at two days 
 

Fig. 9 shows the pH value of the medium 
evaluated at two days. A sharp decrease in pH 
was observed for all the medium. 

 
Effect of initial pH 3-7 on process parameters 
was evaluated (Fig. 10). Initial medium pH of 6 
had the highest enzyme activity of 173.65U/l; 
laccase production was reduced at lower (acidic) 
initial pH 3. 
 
Fig. 11 shows the pH of all the medium 
evaluated at two days interval. A slight decrease 
in pH was observed for all the medium. 

Effect of shaker and static conditions on laccase 
production was investigated. Results revealed 
shaker conditions to have influenced enzyme 
yield (Fig. 12a and 12b). Under shaker conditions 
enzyme activity of 310.57 U/ml and 301.2U/ml 
was obtained for both initial pH 6 and 5 
respectively by day 4 of fermentation. Lower 
enzyme activity of 171.85 U/l and 160.56 U/l 
(pH6, 5) respectively was observed in static 
culture. Total protein for both pH was over 80 
mg/ml in shaker. Medium pH tended towards 
acidity. 

 

 
 

Fig. 10. Effect of initial pH 3-7 on process parameters was evaluated 
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Fig. 11. The pH of all the medium evaluated at two days interval. 
 

 
 

 
 

Fig. 12a, b. Effect of shaker and static conditions on laccase production was investigated 
 

3.2 Discussion 
 

The use of coloured indicator enabled visual 
detection of lignolytic activities and presents 
simple method of screening with no 
measurement [24]. Previous studies [25,26] have 
reported plate-assay as an efficient and simple 
method for bio-prospecting fungi with novel 
lignolytic enzymes for industrial application 
purposes. The green halo formation observed in 
the plate was as a result of oxidation of coloured 

compound due to lignolytic enzyme production 
[26,1]. Also it is an evidence of multi-enzymatic 
actions that could be applied in xenobiotic 
biodegradation studies as well as a suggestion of 
the physiological conditions of basidiomycetes 
during bioremediation process (Machado et al. 
2005). The five fungi isolates produced 
appreciable level of laccase in the presence of 
both glucose-peptone medium and agro waste 
materials. The growth and laccase production by 
these fungi isolates was significantly influenced 
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by agro waste materials used (about 65%) and 
this is consistent with the view of Mendoza et al., 
[27] that used bagasse and orange peel medium 
to grow Galerina spp HCL strain which resulted 
to increase in the enzyme activity by 4 fold. This 
can be attributed to the inducer inclusion 
mechanism of fuelling genes because most fungi 
species posses’ extensive reservoir of genes 
encoding catabolic enzymes directed against 
dozens of compounds of nutritional value. This 
principle states that when growing a cell on 
single substrate as sole carbon source as an 
energy source, the cell requires high level of the 
enzymes that can metabolize that substrate and 
feed the catabolic product into the central fuelling 
pathway because all metabolic pathway in cell 
must follow from the metabolites produced by 
these enzymes unlike the basal medium where 
glucose is already provided for direct ultilization. 
Fungi species are able to sense the 
appropriateness of each catabolic pathway in a 
given circumstance and regulate gene 
expression. Stajic et al., [28] had a contrary 
opinion after analyzing many other carbon 
sources during pretreatment with Pleurotrus 
eryngii 616 and Pleutrotus ostreatus 493 and 494 
cultures and reported laccase activity was 
maximum when glucose is supplied than in any 
other carbon source in the medium. Soya bean 
meal supplementation enhanced the secretion of 
laccase involved in the degradation of cellulose, 
hemicelluloses and lignin [29] studies on use of 
shaker incubation revealed low pH and increase 
in inoculum size led to excessive growth of 
mycelium and this affected the production yield 
of the enzyme due to mass transfer and 
metabolic rate limitation. Galhaup et al., [30] 
reported excessive growth affected the 
mechanical set up of the reactor. Penicillium 
martensii NRC 345 under shaking condition 
produced more laccase than under static 
condition as reported by Elshafei et al., [23] and 
this corresponds with the data obtained from this 
study but contradicts the report of Tavares et al., 
[31] that reported agitation did not play a role in 
the production of laccase by Trametes versicolor. 
However [32] reported that the effect of aeration 
varies between fungi species as growth of some 
fungi is highly favoured with aeration while others 
can suffer stress caused by oxygen. 
 

4. CONCLUSION 
 
In the view of this enzyme importance in large 
application and the limitation of this application 
due to lack of capacity to produce large volumes 
of highly active laccase at affordable cost with 

identifying inexpensive raw material for the 
enzyme production. This study has successfully 
isolated five different species of fungi with 
(Trichoderma spp) showing the ability to produce 
copious amounts of laccase from inexpensive 
and easily available agro industrial (sawdust, 
plantain peel and banana peel) under 
submerged fermentation. Optimization of 
fermentation process (cultural parameters and 
operational conditions) has also resulted in 
higher laccase production. These substrate are 
safe, cheap and could be suggested for higher 
production of enzyme.  
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Appendix A 

 
Preparation of BSA Reagent 
 
The reagent was prepared by dissolving 100mg comassie blue G in 50ml of 95% ethanol. The 
solution was mixed with 100ml of 85% phosphoric acid and made up to 1 litre with deionized water. 
The reagent was filtered through whatman No 1 filter paper and stored in an amber bottle at room 
temperature. BSA standards in the concentration range 0 – 0.6 ug/ml was prepared with distilled 
water. 
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