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Abstract. Cellulases and hemicellulases are amount the main hydrolytic enzymes, involved in the bioconversion of lignocellulose material by microorganisms.
Filamentous fungi of the genus Trichoderma are one of the most studied and good producer of cellulases and hemicellulases. The nutrients balance, especially
carbon to nitrogen ratio, is one of the main factors of the biodegradation. The ability of 37 local isolates of Trichoderma sp. to produce cellulases and xylanase
were tested in solid state cultivation on wheat straw as a substrate whit two variants: 1. the straw was only moistured with destilated water (CN 80:1); 2. the C:N
ratio of the straw was adjusted to 30:1 using organic nitrogen amendment. There is a significant difference in the enzymatic activity of the isolates in their
cultivation on straw with CN 80 and CN 30. The highest carboxymethylcellulase (CMCase) activity at CN 80 showed T1T (110.19U/ml), and in the variant at CN
30 - TD (369.07U/ml). The highest β-glucosidase activity on both variants CN 80 and CN 30 was established for TG (2743.1U/ml - 12679.9U/ml). The highest
xylanase activity at CN 80 and CN 30 was measured on T4I (21311.5U/ml – 47937.5U/ml). After ONA addition, all enzymes activities have increased several
times, indicating the enhancing effect of the additive. The average activity of CMCase increased 6.1 times, the average β - glucosidase activity increased 5.1
times, while the xylanase activity increased 4.9 times for all tested isolates. The increase in activity of the investigated enzymes showed different patterns.

Keywords: Trichoderma, endoglucanase, xylanase, β-glucosidase, bioconversion of lignocellulose
Abbreviations: β-Glu - β-glucosidase; DNSA - dinitrosalicylic acid; CMC - carboxymethyl cellulose; CMCase - Carboxymethyl cellulose; CN ratio - carbon to
nitrogen ratio; MUB - modified universal buffer; ONA - Organic nitrogen amendment; PNG - p-Nitrophenyl-β-D-glucoside; PNP - p-Nitrophenol; Xyl – xylanase

Introduction
Lignocellulose is the major component of biomass produced by
photosynthesis and it is the most abundant agricultural residue in the
world. Lignocellulose material is composed of three types of
polymers – cellulose, hemicellulose and lignin, which are chemically
bonded and strongly intermeshed. Cellulose and hemicellulose are
polymer macromolecules which consist of different sugars; whereas
lignin is an aromatic, phenylpropanoid polymer synthesized from the
phenolic precursors of coniferyl, synapyl and p-coumaryl alcohol.
The content of cellulose, hemicellulose and lignin in plant materials
varies within the following limits: cellulose - 25 ÷ 55%; hemicellulose
- 25 ÷ 50%; lignin - 10 ÷ 35% (Betts et al., 1991). Cellulose is the
most abundant biopolymer on Earth. It is a linear polymer of Dglucose units linked by β- 1.4-glycosidic bonds and is crystalline in
nature. Hemicellulose is the second most common polysaccharide
in nature. It consists of D-xylose, D-mannose, D-galactose, Dglucose, L-arabinose, 4-O-methyl-glucuronic, D-galacturonic and
D-glucuronic acids. Sugars are linked together by β-1.4- and
occasionally β -1.3-glycosidic bonds. Xylan is the main carbohydrate
found in hemicellulose. Xylan has a complex structure consisting of
β-1.4-linked xylose residues in the backbone (Coughlan and
Hazlewood, 1993).
Fungi are the best-known microorganisms capable of
degrading these three polymers. Microorganisms have two types of
extracellular enzymatic systems: the hydrolytic system, which
produces hydrolases and it is responsible for cellulose and
hemicellulose degradation; and a unique oxidative and extracellular
ligninolytic system, that depolymerizes lignin.

Hydrolysis of xylan and cellulose is the main step for the
efficient utilization of lignocellulosic materials in nature. Filamentous
fungi were reported as good producers of lignocellulolytic enzymes
because of the extracellular release of the enzymes, higher yield
compared to bacteria and yeast, and also the production of several
auxiliary enzymes that are necessary for better degradation of
polysaccharides (Ja'afaru, 2013).
Cellulase is a complex enzyme composed of
exocellobiohydrolase (EC 3.2.1.91), endoglucanase (EC 3.2.1.4)
and β-glucosidase (EC 3.2.1.21), which act synergistically in the
process of conversion of the cellulose to smaller sugar components.
Cellulolytic enzymes play an important role in natural biodegradation
processes in which plant lignocellulosic materials are efficiently
degraded by cellulolytic fungi, bacteria, actinomycetes and protozoa
(Lynd et al., 2002; Peciulyte, 2007).
Endoxylanases (β-1,4-D-xylan xylanoxylohydrolase; EC
3.2.1.8) are the main enzymes involved in xylan hydrolysis causing a
decrease degree of polymerization of the substrate and liberating
shorter oligomers, xylobiose and even xylose. β-1.4–xylosidase (β1.4-D-xyloside xylohydrolase; EC 3.2.1.37) that hydrolyses the
small oligosaccharides and xylobiose to xylose is an important
enzyme when complete hydrolysis of xylan is needed (Nour El-Dein
et al., 2014).
Xylanases and cellulases has been considered as the most
important enzymes for the bioconversion of lignocellulosic
materials, especially agricultural residues and wastes to produce
higher value products such as enzymes for industrial application,
ethanol fuel and other chemicals (Khokhar et al., 2012).
Significant amount of unused straw biomass is produced as
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waste products from agricultural production annually. Incorporation
of straw into the soil is an alternative way to utilize the crop residues.
Thus waste biomass from agricultural production becomes a useful
product that supports the physical, chemical and biological
conditions in the soil and improves the overall ecological balance
(Krishna et al., 2004). The straw is a favorable habitat for the soiland residue-borne plant pathogens and has high value of C/N - 80:1.
According to Khan and Mubeen (2012) wheat straw consists of
cellulose (33.7-40%), hemicellulose (21-26%) and lignin (1122.9%). Therefore, straw decomposition is better to be done by fungi
with potential to suppress plant pathogens.
The filamentous fungi of genus Trichoderma are one of the most
extensively studied microorganisms, producing cellulolytic
enzymes. They are widely used as a biocontrol agents against the
soil born phytopathogens and as industrial producers of cellulolytic
and hemicellulolytic enzymes (Kubicek et al., 1996; Cumagun et al.,
2009; Abo-State et al., 2010; Schuster and Schmoll, 2010).
The aim of this work was to investigate influence of organic
nitrogen amendment, containing amino acids on the cellulase and
xylanase, produced by Trichoderma spp. isolates on wheat straw.

Material and methods
Microorganisms
Fungi of genus Trichoderma were isolated from soil samples on
Rose Bengal Chloramphenicol Agar (SIGMA-ALDRICH). All 37 local
isolates of Trichoderma spp. were grown and stored on Potato
Dextrose Agar (SIGMA-ALDRICH).
Culture conditions of solid state cultivation
Fungi were grown on wheat straw (5 grams of wheat straw,
dried and milled into small pieces (3-9 mm) were mixed with 25 ml
distilled water into 500 ml glasses) in two variants: 1. The straw (C:N80:1), moistened with distillated water; 2. Amended straw (C:N30:1), adjusted by organic nitrogen amendment, applied as water
solution. The glasses were sterilized for 30 min at 121ᵒC, inoculated
after cooling with 1 ml spore suspension (1*107 spores/ml) and
incubated at 28ᵒC for 10 days under static condition (Abo-State et
al., 2010). Organic nitrogen amendment (ONA) contains 44% of dry
matter, 35% of which amino acids and 3.8% total nitrogen.
Enzyme assay
Enzyme extraction. Enzymes were extracted in distilled water
(ratio S:W- 1:10) – for 60 min on a rotary shaker (190 rpm) at 28ºC.
The solid materials and fungal biomass were separated by
centrifugation – 15000 rpm at 4ºC for 30min. The supernatant was
used for enzyme analyses. (Abo-State et al., 2010).
Xylanase activity. Xylanase activity was determined by
incubating 0.1 ml of culture filtrate with 0.9 mL of 1% Xylan
beechwood (SIGMA-ALDRICH) in 0.05 M acetate buffer, pH 5.0 at
50ᵒC for 30 min (Bailey et al., 1992). The reaction was terminated by
adding 1 ml of dinitrosalicylic acid (DNSA) reagent and placed in a
boiling water bath at 100ᵒC for 5min (Miller, 1959). Absorbance was
read at 540 nm on spectrophotometer Spectroquant Prove 300
(Merck). Xylose (SIGMA-ALDRICH) was used as standard.
Xylanase activity was expressed as 1 μg of reducing sugar (xylose
equivalent) released per minute per milliliter of enzyme solution.
Carboxymethyl cellulase activity. Endoglucanase,
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Carboxymethyl cellulase (CMCase) activity was measured by
determining the amount of reducing sugar released from 1%
carboxymethyl cellulose (CMC, SIGMA-ALDRICH). The reaction
mixture consisted of 1 mL 1% CMC in 0.1 M Na-acetic buffer, pH 5.0,
and 1 mL culture filtrate. After incubation at 63ᵒC for 30 min the
reaction was stopped by addition of 2 mL DNSA followed by boiling in
a water bath at 100ᵒC for 5 min (Miller, 1959). After cooling the
reaction mixture to room temperature, the absorbance values were
read at 540 nm on Spectroquant Prove 300. Glucose (SIGMAALDRICH) was used as standard. One unit (U) of CMCase activity
was expressed as 1 μg of reducing sugar (glucose equivalent)
released per minute per milliliter of enzyme solution (Wang et al.,
1988).
β-glucosidase activity. The reaction mixture consisting of 1 ml
culture filtrate, 4 ml MUB (рН 6.0) and 1 ml 25 mM PNG (pNitrophenyl-β-D-glucoside), was incubated at 37ᵒС for 1 h. After
incubation 1 ml 0.5 M CaCl2 and 4 ml 0.1 М Tris buffer, рН 12 were
added. The absorbance values were read at 400 nm on
Spectroquant Prove 300. The unit of β-glucosidase activity is
expressed as the amount of released µg of PNP (p-Nitrophenol) per
1h by 1 ml of enzyme (Tabatabai, 1994).
Statistical analysis
All statistical analyses were performed by SPSS statistical
software (IBM SPSS Statistics 19.0). The relationships between
enzyme activities at different CN ratios were analyzed by Pearson
correlation test. A p value of <0.05 was considered statistically
significant.

Results and discussion
The improvement of straw biodegradation processes requires
necessary knowledge of the factors determining the rate of
biodegradation. The nutrients balance, especially carbon to nitrogen
ratio, is one of the main factors of the biodegradation. The
application of organic fertilizers, containing various forms of organic
matter increases. Among them, the amino acid fertilizers are ones,
containing the greatest amount of readily assimilable nitrogen.
Organic nitrogen amendment (ONA), used in these experiments, is
added in an amount, providing a ratio of carbon to nitrogen 30:1. The
ability of 37 local isolates of Trichoderma spp. to produce cellulases
and xylanase were tested in solid state cultivation on wheat straw as
a substrate whit two variants – CN 30 and CN 80.
No much research has been done on the ability of Trichoderma
spp. to produce endoglucanase (CMCase), β-glucosidase and
xylanase directly on wheat straw as carbon source and organic
nitrogen amendment as nitrogen source. Most studies in this area
have been conducted in liquid nutrient media with various sources of
carbon and nitrogen (Ja'afaru, 2013; Pandey et al., 2014; Jampala et
al., 2017). Crista et al. (2012) have studied the influence of 7 different
amino acids on the production of cellulases and xylanases from
Trichoderma reesei QM-9414 as a nitrogen source by submerged
fermentation (of a liquid nutrient medium) in which carbon source is
wheat straw. The results demonstrate stimulation of production of
this enzymes in the presence in culture medium of asparagine and
glutamic acid and inhibition in the presence of methionine.
Except T1T, where the value of 110.2U/ml was measured,
endoglucanase activity of the tested isolates, grown on straw,
reached 40U/ml at CN80 (Figure 1). The highest activity, from the
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Figure 1. Endoglucanase activities of fungal isolates, grown on a straw (CN80) and on amended straw (CN30)

rest of the tested microorganisms, revealed isolates TG - 19.38, TF2
- 21.95, TB - 22.12, T3S -24.16, TD -24.92 and T4I-34.05U/ml. All
other isolates showed activity under 15U/ml, and five of them
exhibited no activity on straw at CN80.
The addition of organic nitrogen amendment (ONA) shows a
high dependency of the synthesis of the investigated enzymes by
the presence of organic nitrogen. There is a multiple increase in the
enzyme activity of fungal isolates. The highest activity in presence of
ONA was found in isolate TD - 369.1U/ml. Five of the tested isolates
(T4I, T22, TNf, TD and T1T) reached the activity over 150U/ml.
Three of the evaluated isolates (T1I, T2I and T3I) reached activity
between 100 and 150U/ml. The activity of the seven isolates (TG,
TG1, TG3, TF2, T2S, T3S and T12S) is between 50 and 100U/ml.
The isolates T12S, TNf, TD, T1I, T5G, T2I, T2 and T2R
demonstrated the highest dependency on the availability of ONA.
The increase in their activity was up to 42.5 times. For isolate T12S it
was 12.5 times, for TNf - 14.3, TD - 14.8, T1I - 15.2, T5G - 17.5, T2I 18.5 times, while isolates T2 and T2R increased their enzyme
activity 34.1 and 42.5 times, respectively.
Abo-State et al. (2010) tested four different agricultural wastes
for production of endoglucanase (CMCase) on solid state
fermentation and they established that wheat straw is the best
substrate for CMCase produced from T. viride – 555U/ml.
The highest β-glucosidase activity at CN80 was observed in TG

– 2743.1U/ml (Figure 2). The isolates T4I – 1549.4U/ml, T 2S 1668.7U/ml, T 3S - 1718.2U/ml and T D - 1824.3U/ml also exhibited
high activity. Two isolates, T2I and T1I reached activity of 868.3 and
962.9U/ml, respectively. The other fungi have shown activity below
50U/ml.
Adding ONA greatly enhanced the ability of test
microorganisms to synthesize a β-glucosidase. Enormous increase
(192.1 times) was observed in isolate T5. The enzyme activity of this
isolate was increased from 25.9U/ml in embodiments without an
additive to 4975.6U/ml after adding ONA (CN30).
β-glucosidase activity at T2 was increased 68 times - from 72.5
to 4931.9U/ml. Both isolates did not show the highest activity of βglucosidase after adding of the ONA. The increase in their enzyme
production is due to the lower amounts of the enzyme in the absence
of additive, which underlines the dependence of its presence.
The highest values of β-glucosidase after adding ONA were
recorded at T4 – 10763.1U/ml, and TG – 12679.9U/ml. Both isolates
showed higher activity than isolate T5, but the rate of increase in
their enzyme activity is less due to the higher values achieved in the
culture without the addition of ONA. At T4 enzyme activity increases
from 216.6U/ml at CN 80 to 10763.1U/ml at CN 30 (49.7 times). For
TG this increase was from 2743.1U/ml to 12679.9U/ml (4.6 times).
High enzyme activity was observed in isolates T B – 6474.8, T N –
5557.7, T5 – 4975.6, T2 – 4931.9, T1 – 4785.6 and T 276 –
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Figure 2. β-glucosidase activities of fungal isolates, grown on a straw (CN 80) and on an amended straw (CN 30)
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Figure 3. Xylanase activities of fungal isolates, grown on a straw (CN 80) and on an amended straw (CN 30)

4514.3U/ml at CN 30. Eleven isolates (T1I, T4I, T 2R, T2I, T Nf, T 2S,
T D, T 3S, T F2, T6, T3) show activities between 1211U/ml and
3034U/ml, and the remaining isolates activity is lower than
1000U/ml.
Xylanase reached the highest activity among tested enzymes
at both CN ratios - 80 and 30. (Figure 3). On a native straw (CN 80),
nine of all isolates (T1 BIT, T4 BIT, T5 BIT, T1 TUR, T2 TUR, T3 TUR,
T4 TUR, T G3, T 12S) demonstrated activity below 1000U/ml.
Thirteen of tested isolates reached values from 1000 to 3000U/ml
(T2 BIT, T3 BIT, T6 BIT, T1 UKR, T 2, T 5, T G, T G1, T 2S, T 3S, T D, T
1T, T 5G), and another 13 isolates demonstrated xylanase activity
above 3000U/ml (T 1, T 3, T 4, T 6, T B, T N, T 276, T F2, T 1I, T 2I, T
22, T Nf, T 2R). An exception was the isolate T 4I, which activity of
21311.5U/ml considerably exceeds the activity of the other isolates
at CN 80. The isolate T 3I has not exhibited xylanase activity at CN
80 but at CN 30 it was measured activity 478U/ml.
Again, at CN 30 the xylanase activity was highest for the isolate

T 4I – 47937.5U/ml. Sixteen of all isolates (T1 BIT, T2 BIT, T3 BIT, T4
BIT, T1 UKR, T1 TUR, T2 TUR, T3 TUR, T4 TUR, TG1, T2S, T3S,
T12S, T3I, T1T, TD) demonstrated activity below 10000U/ml. The
other tested isolates showed activity above 10000U/ml. The isolate
TG3 demonstrated the lowest enzyme activity after adding the ONA
at CN 30.
Ja'afaru (2013) has determined xylanase activity on T. viride
FD18 – 338U/ml by submerged fermentation whit xylan as carbon
source.
On wheat straw all 37 screened local isolates of Trichoderma
sp. showed different level of enzyme production, both with and
without organic nitrogen amendment. Xylanase increases
proportionaly to the activity exhibited without the addition of ONA.
The increase of β- glucosidase and CMCase does not always follow
proportionately the activity exhibited without the addition of ONA
(Table 1). In addition, increasing of activity of evaluated enzymes
showed different pattern.

Table 1. Pearson's correlation coefficient between changes in enzymatic activity at CN 80 and CN 30

Control Variables

CMC-CN80
CMC-CN30
β-glu -CN80
β-glu -CN30
Xyl-CN80
Xyl-CN30

CMC-CN80

CMC-CN30

β-glu-CN80

β-glu-CN30

Xyl-CN80

Xyl-CN30

1

0.492**
1

0.236
0.552**
1

-0.007
-0.003
-0.011
1

0.180
0.294
0.346*
0.208
1

0.039
0.355*
0.195
0.402*
0.791**
1

Levels of significance at * p < 0.05, ** p < 0.01.

Comparing the values of the enzyme activities at CN 30 and CN
80 it is obvious that the increase in β-glucosidase is not proportional
to the activity displayed on the straw as a single substrate
(correlation coefficient, r = -0.011). A moderate positive relationship
(r = 0.492 with p <0.01) was observed in endoglucanase activity and
a strong uphill linear relationship (r = 0.791 with p <0.01) was found
in xylanase activity.
After ONA addition, all enzymes activities have increased
several times, indicating the enhancing effect of the additive (Table
2).
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Table 2. Average enzyme activity of all tested
microorganisms

Enzyme

Enzyme activity at
different CN ratio, U/ml
CN80

CN30

CMCase
11.8
β-glucosidase 415.4
Xylanase
3166.9

72.1
2117.9
15535.5

Increase of activity,
timesCN30/CN80
6.1
5.1
4.9

The average activity of CMCase in all tested isolates increased
from 11.8 at CN 80 to 72.1U/ml at CN 30 (6.1 times) The average βglucosidase activity of all isolates increased 5.1 times (415.4 to
2117.9U/ml), while the xylanase activity increased from 3166.9U/ml
at CN 80 to 15535.5U/ml at CN 30 (4.9 times).

Conclusion
There was a significant difference in the enzymatic activity of
the isolates in their cultivation on straw with CN 80 and CN 30. The
highest carboxymethylcellulose activity at CN 80 showed T1T
(110.19U/ml), and in the variant at CN 30 – TD (369.07U/ml) followed
by T1I (222.04U/ml). The highest β-glucosidase activity on both
variants CN 80 and CN 30 was established for the isolate TG
(2743.1U/ml - 12679.9U/ml) and followed by T4 (10763.1U/ml) at
CN 30. The highest xylanase activity at CN 80 and CN 30 was
measured on the isolate T4I (21311.5U/ml – 47937.5U/ml), followed
by T4 (47515U/ml) and T1I (43289.5U/ml) at CN 30. After ONA
addition, the average activity of CMCase increased 6.1 times, the
average β- glucosidase activity increased 5.1 times, while the
xylanase activity increased 4.9 times. A different dependence of
activity after addition of ONA, compared to the activity exhibited by
fungi, cultured only on straw, was observed. A strong linear
relationship was found in the increase of the xylanase activity due to
the addition of ONA. The increase in CMCase establishes a
moderate relationship and growth of β-glucosidase with no
dependence manifested only straw activity.
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