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ABSTRACT  
 
Six strain of Trichoderma (T. viride, T. harzianum, T. reesei, T. longibrachiatum, T. koningii, T. virens) 
were isolated and used for extracellular enzyme production. Species of Trichoderma are collected from 
the surrounding soil of suger beet root fields in East Iran, and held in vitro cultured PDA. TCM and TFM 
are used for the growth of spores and induceing the production of Cellulase. Finally the enzyme is 
measured at 50ºC for 60 minutes by DNS method and the samples are absorbed by spectrophotometry at 
wavelength 540 nm. By product of Pistachio was used to enzyme production and extracellular protein 
production and endo-glucanase, exoglucanase, β-glucosidase and FPase activity was investigated. 
T. harzianum produces high levels of endo-glucanase, exoglucanase and total cellulase, which can be 
further improved by controlled culture conditions. This strain can be a good candidate for obtaining 
cellulases from lignocellulosic by products of pistachio hull. 
 
Key words:Trichoderma spp., Pistachio hull, cellulase, enzyme activity. 
  
 
Introduction 
 
Cellulose forms the basic structural foundation of the cell wall of eukaryotic plants and algae and is also 
found as a major constituent of the cell wall of fungi (Cannon and Anderson, 1991). It is therefore, the 
most abundant bio-polymer on the earth with 180 billion tons per year produced in nature (Zhao, 
2007).The enzymatic hydrolysis of cellulose to glucose catalyzed by cellulases is a key stage in the whole 
bioconversion process.Production of cellulolytic enzymes have received great importance mainly due to 
the interest in exploiting lignocellulose as energy source. The strong association between cellulose, 
hemicellulose and lignin limits the application of these residues on certain processes, such as 
biomolecules and biofuels (Faria- Martins et al., 2008). Work is being made to improve the use of 
lignocellulose is enzymatic hydrolysis by and xylanases Cellulases are composed by three different 
enzymes which are, endoglucanases, cellobiohydrolases and cellobiose and β-glucosidase. Many 
microorganisms are able to produce cellulolytic enzymes. Filamentous fungi are the major source of 
commercial cellulases. Cellulolytic fungi belonging to the genera Trichoderma (T. viride, T. 
longibrachiatum, T. reesei) have long been considered the most productive and powerful destroyers of 
crystalline cellulose (Kubicek et al., 2009).  Trichoderma is one of the most important fungi used in 
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industry, allows a relatively higher enzyme production of cellulase, consisted mainly of 
cellobiohidrolases, endoglucanases and β-glucosidases (Fang et al., 2010). Pistachio hull is one of the 
most abundant industrial agricultural by- products in Iran. It has a low commercial value and in a large 
part is considered as agricultural waste and to a lesser extent is used as feedstuff for livestocks. Applied as 
cattle feed and the rest as waste ne promising technology is to convert this abundant and renewable 
lignocellulosic material to monomer sugar using enzymes that are to be applied after a pretreatment 
process and the microbes convert the sugars to ethanol. In the recent years high amounts of pistachio by 
products have been produced (at an average rate of about 310,000 metric tons annually) in Iran and cause 
an environmental problem. Pistachio hull are produced during de-hulling of pistachio nuts after 
harvesting and contain a high level of pistachio epicarp (53.5% of dry matter) and to a lesser extent 
peduncles, leaves, mesocarp and kernel (27.7%, 9.5%, 5.3% and 4.0% of dry matter, respectively) of the 
pistachio plant (Bohluli et al., 2008). Large amount of cellulase has been imported into the country in 
2012 (over US $ 20,140,033) and due to numerous problems; mass production of this enzyme has not 
been implemented in the country. The objective of the present study was the utilization of an inexpensive 
and abundantly available lignocellulosic biomass of pistachio hull for cellulase production by different 
strain of Trichoderma.  
 

Materials and methods 
 
Pistachio hull preparation 
 
Pistachio hull was obtained from an Iran packaging factory and was dried at 70 °C. Dried pistachio hull 
was ground in a hammer mill equipped with a 2 mm grid. The fraction with fine particle size was used in 
TFM1 for enzyme production. 
 
Isolation and identification of Trichoderma spp. 
Six species of Trichoderma (T. viride, T. harzianum, T. reesei, T. longibrachiatum, T. koningii, T. virens) 
are collected from the surrounding soil of suger beet root fields in east of Iran, and held in in vitro 
cultured PDA. 
 
Enzyme production assay 
Trichoderma strains were retained on agar media (MYG agar medium) comprised (g.l-1): malt extract, 5; 
yeast extract, 2.5; glucose, 10; agar, 20. Washed spore suspensions were confect from seven-day-old slant 
cultures in sterile saline solution and used as an inoculum of 1×107 spores/ml of medium. The spores 
Were precipitated by centrifugation at 4500×g for 10 min, and washed twice in sterile saline solution. 
Seed cultures were produced in TCM) which comprised (g.l-1): bactopeptone, 1.0; urea, 0.3; KH2PO4, 
2.0; (NH4)2SO4, 1.4; MgSO4 .7H2O, 0.3; CaCl2 .6H O, 0.3; FeSO4 .7H2O, 0.005; MnSO4, 0.002; 
ZnSO4, 0.002; CoSO4.7H2O, 0.002 and 2 ml.l-1, Tween 80. The medium was set to pH 4.8 and 
supplemented with 0.3% w/v of glucose. Cultures were produced in 50 ml volumes of TCM1 in 250ml 
Erlenmeyer flasks shaken at 180 rpm at 28 ˚C for 24 h. To induce production of extracellular enzymes 
washed mycelium was moved to 50ml of TFM2which comprised (g.l-1): urea, 0.3; KH2PO4, 2.0; 
(NH4)2SO4, 1.4; MgSO4.7H2O, 0.3; CaCl2 .6H O, 0.3; FeSO4 .7H2O, 0.005; MnSO4, 0.002; ZnSO4, 
0.002; CoSO4.7H2O, 0.002 and 2 ml.l-1, Tween 80. This medium was set to pH 4.8 and supplemented 

                                                             
1 Trichoderma complete medium 
2 Trichoderma Fermentation medium 
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with 0.5% w/v of pistachio hull. Triplicate flasks were taken after 48 h. Assessment of protein and 
extracellular enzymes activities were assayed in Trichoderma fermentation medium after centrifugation at 
4500 ×g for 7 min at 4 ˚C (Wen et al., 2005).   
 
Extracellular enzymes activity assay: 
Extracellular enzymes in the supernatant of TFM was assayed by the colori-metric method at 50ºC for 60 
minutes. (Miller, 1959). Cellulase activity was determined by measuring the amount of glucose assoil 
from substrates by the DNS method with glucose as the standard. CMCase, Avicelase, Cellubiase, 
Colloidal cellulase  activity were determined by measuring the amount of glucose released from 
substrates by the DNS method with glucose as the standard.The reaction mixtures contained 0.5 ml of 50 
g.l-1 Avicel, CMC, Cellobiose and Colloidal cellulose in 0.05M potassium acetate Buffer (pH 4.8)  and 
0.5ml of each supernatant of TFM medium. After inccubation at 50˚C for 60 min, the controls and 
samples were taen out of the 50˚C bath. The reactions were terminated by adding 3 ml of DNS2. The 
mixture were also mixed well, then placed into a boiling-water bath for 5min, and cooled to room 
temperature. The absorbance of the reaction solution was measured at 450 nm. The International unit (IU) 
of activity is defined as the amount of enzyme that liberates l µmol of glucose per minute in a standard 
assay. Also, for FPase assay, a filter paper strip of Whatman no. 1 (50 mg) was suspended in 1.0 ml of 
potassium acetate buffer. After additio of the enzyme (0.5 ml), the reaction medium was incubated for 60 
min at 50˚C. Finally, the reducing sugars were measured by the DNS method (Gama &Mota, 1998). 
 
Protein assay:  
The protein amount in the TFM supernatant after 48 h fermentation were calculated by the dye binding 
method of Bradford (1976). The amount of protein was calculated using bovine serum albumin (BSA) as 
a standard. A standard curve was prepared using 0, 2, 8, 12, 20 and 25 µl protein per ml in supernatant of 
TFM medium pH 4.8. The test was performed using 250 µl of TFM or standard and 3 ml of Bradford 
reagent. The standards and tests were replicate three fold. The absorbance was read at 595 nm on a 
spectrophotometer (Jenway, USA). 
 
Statistical analysis 
The treatments were performed using a completely randomized design and all experiments were carried 
out at least in triplicate. The experimental data were subjected to analysis of variance (ANOVA) followed 
by a Duncan’s test. Significance was defined at P < 0.05. The SPSS (developer, 13) program was used for 
all statistical analysis. 
 
Electrophoresis and molecular size determination 
Protein samples (50 ml) from TFM supernatants were deposited with acetone  (50 ml)  and kept at -70˚C 
for frozen until they were used. The molecular weight of the extra cellular enzymes Were identified by 
SDS-PAGE3 with a 5% (stacking) and 12% (separating) polyacrylamid gel by the method of Laemmli 
(1970). Before electrophoresis, equal volume of sample buffer (100 µl) that comprised 65 mM Tris-Hcl, 
Ph 6.8, 10%(v.v) glycerol, 2% (v.v) SDS, 5% (v.v) 2-mercaptoethanol, and 0.2% (w.v) bromophenol blue 
was added to the protein sample (100 µl)  and boiled for 5 min and applied to loading on the gels. The 
proteins were separated at constant voltage of 250V using the running buffer contained 25 Mm Tris, 192 
mM glycine,  and 0.1% (w.v) SDS, pH 8.3.The gels were stained with Coomassie Brilliant Blue R-250 in 

                                                             
2 3,5-dinitrosalicylic acid 
3 sodium dodecyl sulfate-poly-acrylamid gel electrophoresis 
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methanol-acetic  acid-water (5:1:4, v/v), and decolorized in methanol-acetic acid-water (1:1:8,v/v) 
(Laemmli, 1997). 
 

Results and discussions 
 
Isolation and identification of Trichoderma spp. 
 
The soil samples for this study came from different parts of agriclture field (khorasan state, Iran). After 
isolation and morphological characteristics and conidial ontology identification of Trichoderma spp from 
the soil samples, washed spore suspensions of Trichoderma spp were used for enzyme production. 
Estimation of protein: The extracellular protein concentration of different strain of Trichoderma were 
calculated by the dye binding method of Bradford. The amount of protein was calculated using bovine 
serum albumin (BSA) as a standard and results were showed in Table1. Protein concentration ranged 
from 382.25 to 516.50 µg/ml in supernatant of TFM medium from the studied fungi. The highest protein 
content was 516.50 µg/ml in supernatant of T. reesei. The lowest protein content of only 382.25 µg/ml 
was measured in the culture supernatant of T. harzianum.  Determining the extracellular protein 
concentration is not always a simple tas, since various factors may interfere with the final result (Adney et 
al., 1995; Zaia et al., 1998). There are three main factors that influence these measurements: (a) each 
protein dosage method is based on a different identification and guantification principle; (b) the presence 
of non-protein components in the enzymatic solution and/ or reaction medim can be a source of error if 
they interfere with the results of the guanyitative method; and (c) other non-cellulase proteins present in 
the enzyme preparation may compromise the interpretation of the specific activity data. Such differences 
are also due to the fact that different enzyme isolates have different primary structure, besides different 
degrees of glycosilatin. Therefore, these factors are reflected in the response of the proteins from different 
strain of Trichoderma. Finally, the results showed that protein content production in TFM (µg/ml) for all 
studied fungi have a different significantly at level of p<0.05.  
 
Table1. The extracellular protein content (µg/ml) of different strains of Trichoderma in TFM supernatant 
after 72 h incubation at 180 rpm and 28 ˚C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*In each column, means supplemented by different letters differed by Duncan's multiple 
range test at level of p<0.05. 

Strain Protein (µg/ml) 
T. harzianum 382.25a±13.82 
T. viride 469.00c±17.45 
T. 
longibrachiatum 469.00c±19.20 

T. reesei 516.50d±12.45 
T. koningii 434.25b±17.84 
T. virens 459.25bc±33.42 
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Estimation of enzymes activity: The cellulase enzymes activity of T. reesei and its mutants in 
supernatant of TFM after 72 h incubation at 180 rpm and 28 ˚C on pistachio hull as a 
substrate were investigated and results were showed in Table 1. These results indicate 
variations in the enzyme activity values of the six strains of Trichoderma. This values have a 
different significantly at level of p<0.05. The activities of the enzymes are shown as 
international unites (U), in which, one unit of activity is defined as the amount of enzyme 
required to liberate 1 µmol of product per hour. The highest cellubiase enzyme activity 
values were observed for T. viride, T. virens, T. koningii, T. longibrachiatum, T. reesei and 
T. harzianum, respectively. 
 

 
 
β-Glucosidase can accelerate cellulose degradation by reducing end product inhibition and 
thus plays an important role in this synergistic action (Kovács et al., 2009). To examine the 
influence of the extracellular cellulitics enzymes on pistachio hull hydrolysis, the activities of 
FPA, cellobiohydrolase and endoglucanase were investigated and the results shown in Table 
1.Exoglucanases cleave the accessible ends of cellulose molecules to liberate glucose and 
cellobiose. T. reesei cellobiohydrolase (CBH) I and II act on the reducing and non-reducing 
cellulose chain ends, respectively (Zhangand Lynd, 2004).CBH (exoglucanases) are 
classified as exo-acting based on the assumption that they all cleave β-1,4-glycosidic bonds 
from chain ends releasing cellobiose and some glucose molecules. Commercial Avicel (also 
called microcrystalline cellulose or hydrocellulose) is used for measuring exoglucanase 
activity because it has a low degree of polymerization of cellulose and it is relatively 
inaccessible to attack by EGs despite some amorphous regions. Enzymes that show relatively 
high activity on Avicel and little activity on CMC are identified as exoglucanases (Maki et 
al., 2009).The highest CMCaseactivity was obtained 5.67 and 5.50 U/ml in T. 
longibrachiatum and T. harzianum, respectively. EGs (CMCase) can randomly hydrolyze 
internal glycosidic bonds in cellulose chains. 
 

 
 
Avicelase activities have been analyzed using pure Avicel, and results are given in Table 1. 
The highest Avicelase activity was obtained 5.51 U/ml in T. harzianum.The most common 
total cellulase activity assay is thefilter paper assay (FPA) using Whatman No. 1 filterpaper 
as the substrate, which was established andpublished by the International Union of Pure and 
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Applied Chemistry (IUPAC) (Ghoseh, 1987).The results showed that the highest FPase was 
16.22 U/ml in T. harzianum.Besides measuring the enzyme activities, it was very important 
also to determine the hydrolytic capacity of the produced enzymes on the lignocellulosic 
materials. In many cases there is no correlation between the initial hydrolysis of a Whatman 
No.1 filter paper strip (FPA assay) and the liberation of reducing sugars from the 
lignocelluloses. It may happen that not the best mutant (according to FPA enzyme activity) 
will be the choice of practical applications. Therefore, the enzyme complex giving the 
highest glucose yield was not the one having the highest FPase activity. (Breuil et al. 1992) 
suggested to look at the profile of the individual sugars (especially cellobiose and glucose) 
released during the filter paper assay in order to be able to better predict the ability of a 
cellulase mixture to hydrolyze cellulosic materials. 
 
Table1. The extracellular enzyme activity (U/ml) of different strains of Trichoderma in TFM 
supernatant after 72 h incubation at 180 rpm and 28 ˚C. 

*In each column, means supplemented by different letters differed by Duncan's multiple 
range test at level of p<0.05. 
 
 

 
Figure1. enzyme activity (U/ml) of different strains of Trichoderma in TFM supernatant after 

72 h incubation at 180 rpm and 28 ˚C. 
 
Electrophoresis and molecular size determination 
The electrophoresis patterns obtained y SDS-polyacrylamide gel electrophoresis (PAGE) 
analysis of the extracellular proteins of TFM supernatants of T. longibrachiatum (lane 1), T. 
reesei (lane 2),   T. harzianum (lane 3), T. viride (lane 4), control negative (lane 5),  T. 

Strain 
Enzyme activity (U/ml) 

Avicelase Cellubiase FPase Colloidal 
Cellulase CMCase 

T. harzianum 5.51e±0.13 5.56a±0.21 16.22d±2.47 14.69e±0.31 5.50bc±0.35 
T. viride 3.13b±0.25 7.09d±0.17 10.65b±1.15 12.11c±0.19 4.96b±0.19 
T. 
longibrachiatum 3.52c±0.10 6.30bc±0.38 12.84c±0.40 12.75d±0.52 5.67c±0.63 

T. reesei 0.73a±0.08 5.88ab±0.42 0.84a±0.28 0.73a±0.04 0.88a±0.03 
T. koningii 3.94d±0.21 6.65cd±0.34 9.33b±0.00 10.92b±0.38 5.03b±0.11 
T. virens 3.75cd±0.13 7.04d±0.04 9.47b±0.59 11.61c±0.15 5.46bc±0.19 
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koningii (lane 6),  T. virens (lane 7) and are shown in Figure 2.There are observable 
differences in the protein banding pattern ranged from 11 to 245Da. The protein banding 
pattern of T. longibrachiatum and T. reesei (Fig.2, lane 1-2) contained one major proteins 
with molecular weight of 68 KDa. The protein banding pattern of T. harzianum contained six 
major proteins with molecular weight of 100, 75,62, 48, 30 and 17 KDa. Molecular weight 
Exoglucanase is 60,500 - 62,000, molecular weight β-Glucosidase is 76,000 and (Beldman 
et al. 1985) that show in line3. The protein banding pattern of T. viride contained two major 
proteins with molecular weight of 62 and 17 KDa. The protein banding pattern of T. koningii 
and T. virens contained four major proteins with molecular weight of 62,58,30 and 17 KDa. 
Molecular weight Exoglucanase is 60,500 - 62,000 (Beldman et al. 1985) that show in line7 
and line 6. In this electrophoresis showed that line 3 that was for T. harzianum, could 
produce  all of Cellulase enzyme (CMCase, Avicelase, Cellubiase, Colloidal cellulase) more 
than another  of Trichoderma.  
 
 

 
 
Figure2. SDS-PAGE analysis of proteins present in the acetone precipitated TFM 
supernatants of the T. longibrachiatum (lane 1), T. reesei (lane 2),   T. harzianum (lane 3), T. 
viride (lane 4), control negative (lane 5), T. koningii (lane 6),  T. virens (lane 7)M is referred 
to standard protein marker.  
 
Conclusion 
The enzymatic degradation of waste cellulose by fungal enzymes has been suggested as a 
feasible alternative for the conversion of lignocellulosics into fermentable sugars and fuel 
ethanol (Szengyel et al. 2000). However, the most widely studiedenzymatic system, namely 
Trichoderma cellulases, hasshown several disadvantages. Attempts to use theseenzymes in 
the degradation of cellulosic wastes have notbeen successful for several reasons such as: low 
enzymaticyields, low specific activities, end product inhibition of theenzymes. T. harzianum 
produces high levels ofendo-, exo- and total cellulase enzymes from pistachio hull, which 
can be further improved by controlled culture conditions and makes this strain a good 
candidate forobtaining cellulases for lignocellulosic pistachio hull degradation.Our results 
indicate that T. harzianum overproduces cellulases, ß-glucosidase, and the extracellular 
enzymes, which suggeststhat this strain may be utilized as a biological agent and/ora source 
of enzymes for cellulose degradation in pistachio hall. 
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