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Aktiviti Enzim Selulosa Daripada Ekstrak Trichoderma reesei Menggunakan
Pelarut Heksana

ABSTRAK

Trichoderma ialah genus kulat bawaan tanah yang mempunyai sejarah panjang yang
penting dari segi ekonomi dalam pertanian. Spesies genus berfilamen ini digunakan
terutamanya sebagai racun kulat bio dan pengubah tumbesaran tumbuhan. Oleh itu, kajian
ini dijalankan untuk melihat aktiviti enzimatik selulosa daripada spesies Trichoderma
reesei. Spesies genus berfilamen ini digunakan terutamanya sebagai racun kulat bio dan
pengubah tumbesaran tumbuhan. Oleh yang demikian, kajian ini dilakukan untuk melihat
aktiviti enzimatik selulosa daripada species Trichoderma reesei. Tertumpu kepada
aktiviti enzimatik selulosa kerana masalah industri enzim selulosa seperti kos penyediaan
enzim sintetik. Kajian ini dimulakan dengan pengumpulan sampel diikuti dengan
penyediaan Potato Dextrose Agar (PDA) dan Potato Dextrose Broth (PDB), pengasingan
T.reesei, kultur sebenar dan pemerhatian morfologi T. reesei. Kemudian, pengekstrakan
metabolit sekunder daripada T. Reesei. Proses pengasingan dilakukan dengan
menggunakan corong pemisah. Seterusnya, mesin penyejat putar digunakan untuk
mengekstrak larutan heksana dengan takat didih 69°C sehingga ia kering. Selepas itu,
ekstrak disimpan di bawah serombong wasap untuk pengeringan udara selama lima hari.
Untuk menentukan aktiviti selulolitik Jensen Media (JM) digunakan. Cakera kertas
penapis steril (15.7 mm) direndam dalam larutan kawalan pada kepekatan berbeza 5 mg,
10 mg, 15 mg, dan 20 mg larutan pengekstrakan. Didapati terdapat perbezaan yang ketara
dalam diameter zon halo setiap rawatan. T.reesei menghasilkan diameter kecil zon halo
ialah Rawatan 2 (10 mg/5ml) ialah 20 mm. Untuk Rawatan 3 (15 mg/5ml) dan Rawatan
4 (20 mg/5 ml) didapati membentuk zon halo pembersihan yang lebih besar daripada 50
mm hingga 60 mm selepas ditapis dengan merah Congo. Spesies Trichoderma mesti
dikenal pasti dengan tepat kerana strain ini berpotensi untuk digunakan sebagai agen
biokawalan untuk mencegah penyakit dan meningkatkan hasil dalam tanaman pertanian.

Kata kunci: Trichoderma reesei, aktiviti enzimatik selulosa, metabolit sekunder, Jensen
Media (JM), diameter zon halo.



Cellulose Enzyme Activity From Trichoderma Reesei Extract Using Hexane
Solvent

ABSTRACT

Trichoderma is a genus of a soil-borne fungus with a long history of being economically
important in agriculture. This filamentous genus species are mainly used as bio fungicides
and plant growth modifiers. Therefore, this study was conducted to look at the enzymatic
activity of cellulose from T.reesei species. The focuses on enzymatic activity of cellulose
because of the problem for cellulose enzyme industry such as synthetic enzyme
preparation cost. The investigation started with sample collection, followed by Potato
Dextrose Agar (PDA) and Potato Dextrose Broth (PDB) preparation, T.reesei isolation,
actual culture, and T.reesei morphological observation. Then, the extraction of secondary
metabolites from Trichoderma Reesei. The isolation process is performed using a
separator funnel. Next, a rotary evaporator machine was used to extract the solution with
a boiling point of 69°C until it was dry. After that, the extract was stored under a fume
hood for air drying for five days. To determine the cellulolytic activity Jensen Media (JM)
was used. Sterile filter paper discs (15.7 mm) were immersed in a control solution at
different concentrations of 5 mg, 10 mg, 15 mg, and 20 mg of extractor solution. It was
found that there was a significant difference in the diameter of the halo zone of each
treatment. T.reesei produced the minor diameter of halo zone is Treatment 2 (10 mg/5ml)
is 20 mm. For the Treatment 3 (15 mg/5ml) and Treatment 4 (20 mg/5 ml) were found
forming larger clearing halo zones from 50 mm to 60 mm after straining with Congo red.
Trichoderma species must be accurately determined because these strains can be
employed as a biocontrol agent to prevent disease and boost yield in agriculture crops.

Keywords: Trichoderma reesei, enzymatic activity of cellulose, secondary metabolites,
Jensen Media (JM), diameter of halo zone.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Trichoderma spp is a filamentous fungus that is found all over the environment,
especially in soil, plant matter, decayed plants, and wood. Trichoderma reesei is the
species from Hypocreales class in, Ascomycota Phyllum which is a highly productive
industrial cell factory fungus to synthesize cellulolytic enzymes for biofuel and other
purposes. This filamentous genus species are mainly used as bio fungicides and plant
growth modifiers. Trichoderma is a fungus that has evolved to fit into various ecological
niches. Due to its extraordinarily diversified metabolism, which allows it to catabolize an
extensive range of substrates while also creating a diverse range of secondary metabolites
(Vicente et al., 2022).

Trichoderma reesei secretes a complete mixture of cellulolytic enzymes to
degrade crystalline to glucose. T.reesei is an asexual clonal line produced from a tropical
saprophytic Ascomycete Hypocrea jecorina population (Kuhls et., 1996). Because of the
massive amount of available knowledge, multiple genomic data, and gene manipulation
approaches, T. reesei research is relatively advanced compared to other Trichoderma spp.

Cellulose is the most prevalent polysaccharide since it is the major component of plant
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biomass. In plants, it forms the complex and stiff structure of the plant cell walls with
hemicelluloses, lignin, and different extractives (protein, lipids, waxes, terpenes, phenols,
alcohols, and alkanes). 7000—15,000 glucose units are joined together by b-1,4-glycosidic
linkages in cellulose, a linear polymer (Fengel., et al 1989).

Research has been greatly aided in recent years by sequencing the genomes of
three strains that represent the most appropriate uses of this species. According to
Martinez et al., (2008), despite its relevance in industrial cellulose production, the genome
of T. reesei, the industrial workhorse, found that it had the fewest genes encoding
cellulolytic and hemicellulolytic enzymes. The species of T. reesei plays the most
significant role in industrial cellulase production, with the ability to create up to 20 g L1
cellulases (Peterson et al., 2012). The enzymes deficient in T. reesei may thus be
advantageous to plant pathogens and mycoparasites in their natural habitat. Still, it will
not stimulate cellulose and hemicellulose hydrolysis if the core set of enzymes is
produced in the necessary quantities (Kubicek, 2013). Furthermore, several Trichoderma
species have been shown to have positive effects on plants at low concentrations,
promoting plant growth and development and activating defense responses to abiotic

conditions and pathogens (Vicente et al., 2022).



1.2 Problem Statement

Trichoderma species, a hyphomycetes genus, are found all over the environment,
but mainly in soils. Trichoderma is a genus of filamentous ascomycetes commonly used
in industrial applications due to their capacity to produce enormous quantities of
extracellular lignocellulose-degrading hydrolases (Mach et al., 2003). This fungus
species is utilized or encountered in various human activities, including commercial
enzyme production and natural plant disease treatment. The conversion of native cellulose
to glucose monomers is a complicated process requiring the synergistic action of
cellulolytic bacteria' extracellular enzymes. For species belonging to the Trichoderma
genus, the enzyme systems that can break down native cellulose have been intensively
explored. Trichoderma reesei, which is highly specialized in the efficient degradation of
plant cell wall cellulose, has produced most of the cellulolytic enzymes described thus far

(Strakowska et al., 2014).

Consequently, the cost of enzyme synthesis remains a significant bottleneck
because sure of the generated enzymes have poor catalytic activity under industrial
circumstances. The rate of hydrolysis of particular enzymes in the released enzyme
mixture is restricted. The ascomycete Trichoderma reesei produces nearly all of the
lignocellulolytic enzyme combinations required for the hydrolysis stage (Druzhinina et
al., 2017). The findings show additional players in cellulose degradation, including non-
catalytic proteins secreted from various carbon sources, transporters, transcription factors,

carbohydrate-active enzyme (CAZymes), and T. reesei's regulatory network in reaction



to cellulose and sophorose (dos Santos Castro et al., 2014). As a result, T. reesei has
undergone extensive research into the structure and mechanism of the enzymes involved
in regulating their expression and the pathways of their production and secretion. Hence,
lignocellulolytic activities were performed to identify the celluloses activity of

Trichoderma reesei.

1.3 Hypothesis

Ha: There is no enzymatic activity of cellulose that will be extracted from Trichoderma
reesei.
Ho: There is an enzymatic activity of cellulose that will be extracted from the

Trichoderma reesei strain.

1.4  Significance of The Study

This study's findings will redound to look for an alternative source of new and
efficient crop yield by extracting the mycotoxin from fungus by using hexane solvents from
the fungal strain T. reesei. In addition, investigating and identifying T. reesei is needed as
these strains can be potentially used as a biocontrol agent to prevent disease and are helpful
for the crop industry. Among the many species utilized as biocontrol agents, including
fungi and bacteria, the fungal genus Trichoderma spp generates a variety of enzymes that

are important for biocontrol activities, such as cell wall breakdown, tolerance to biotic or
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abiotic stimuli, and hyphal development (Waghunde et al., 2016). By modifying T.
reesei's metabolism to create large amounts of celluloses for plant cell-wall disintegration,
the data will aid in the development of industrial T. reesei strains. Since the fungal strains
under investigation have strong antimicrobial properties and promote growth, this study has
significant consequences for identifying T. reesei genus morphological characteristics by

conducting the lignocellulolytic activities.

1.5  Scope of Study

The scope of this study is to identify and determine the enzymatic activity of
cellulose based on the presence of colony appearance and the diameter of the halo zone
surrounding the inoculated area. There are four treatments with different concentrations of

mycotoxin that dilute with 5 ml of distilled water.

1.6 Research Objectives

The objective of this study are:

1) To extract the secondary metabolites from Trichoderma reesei using Hexane
solvent.
2) To identify the cellulolytic enzyme activity from the secondary metabolites of

Trichoderma reesei hexane extract.



The concentration of extraction has been designed as follow:
T1: 100% water (Used as the control in this study)

T2: 5 mg of extract and 5 ml distilled water

T3: 10 mg of extract and 5 ml distilled water

T4: 15 mg of extract and 5 ml distilled water

T5: 20 mg of extract and 5 ml distilled water

Notes: T- treatment



CHAPTER 2

LITERATURE REVIEW

2.1 General Characteristics of Trichoderma reesei

Colonies of Trichoderma spp. in culture were characterized to be floccose, tufted
green, developing rapidly, and sporulating better under incandescent light than otherwise,
often releasing spores in bands (Domsch et al. 1980). According to Gams and Bissett
(1998), Trichoderma spp. is known for its branched conidiophores that bear bright green
conidia.

Furthermore, Trichoderma reesei breaks down natural cellulose using a series of
cellulolytic enzymes such as Cellobiohydrolase (CBH) and endo-1,4-glucanase (EG), as
well as hemicellulases like xylanase (XYN), are enzymes that work together to complete
biomass hydrolysis (Singhania et al., 2013). These enzymes exhibit a typical bidomain
structure of fungal cellulases, both acting primarily as exoglucanases, releasing
cellobiose from the ends of high molecular weight cellulose chains (Teeri et al., 1995).
T.reesei produces two main enzymes: high-titer cellulases and chitinase, and its
synergistic action allow lignocellulosic biomass to be saccharified into soluble,

fermentable sugars (Greene et al., 2015). According to Druzhinina et al. (2011); Kubicek



et al. (2011), Trichoderma reesei is likely to descend from a mycoparasitic fungus

specializing in lignocellulose breakdown.

2.1.1 Favorable Condition for Trichoderma Reesei

Trichoderma harzianum thrives at temperatures ranging from 30°C to 37°C, while
Trichoderma koningii thrives at 32°C to 35°C (Danielson and Davey). Trichoderma spp
should be injected into the soil whenever soil temperatures reach 15°C. The life cycle of
Trichoderma is around 28 days. It is self-replicating, but like with any lifecycle, it
eventually becomes debilitated. Trichoderma spp actively colonizes the root zone,
making it harder for pathogens to compete for space and nutrients. Trichoderma spp
parasitizes pathogenic fungus by coiling around their hyphae and then producing enzymes
that disintegrate the pathogen's cell walls. Zehra et al., (2017) proposed that the
Trichoderma genus strains studied could grow in a pH range of 2.0 to 6.0, with an optimal
pH of 4.0. The presence of heavy metals affects the mycelial development of Trichoderma

strains.



2.2  Cultivation of Filamentous Fungi

The filamentous fungus produces a wide range of proteases of biotechnological
uses and various substrate specificities. A proteolytic study of industrial enzyme
producers like Trichoderma reesei (Daranagama et al., 2019). Cultivating other
microorganisms and filamentous fungi typically begins with inoculating conidia into a
growth medium and is accomplished in shake flasks, top bench fermenters, or on agar
plates. In addition, fungi, as a heterotrophic organism, organic matter is necessary for
growth and as a source of energy. Examples of growth media include potato — dextrose,
malt extract, and soybean flour. Temperature, humidity, pH, and shaking speed influence

the filamentous fungi's metabolism and development (Svahn, S. 2015).

2.3  Morphological characterization of Trichoderma Reeseli

Trichoderma spp. are excellent colonizers of their environments, as evidenced by
their effective use of the substrate available as well as their ability to secrete antimicrobial
metabolites and enzymes. They can work in various conditions, including the diverse and
lush habitat of a tropical rain forest and the dark and sterile environment of a
biotechnological fermentor or shake flask. Under all of these circumstances, they respond
to their surroundings by regulating their growth, conidiation, and enzyme production.

They, therefore, adapt their lifestyle to the current circumstances, which can be used for
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the advantage of humankind (Schuster, & Schmoll 2010). The genus produces a wide
range of pigments, ranging from bright greenish-yellow to reddish. However,
some are colorless. Similarly, conidial pigmentation varies from colorless to
varied green tints, with grey or brown thrown in for good measure (Gams and
Bissett 1998). Trichoderma spp. is characterized by rapid development, usually
brilliant green conidia, and a conidiophore structure that is repetitively

branched (Gams and Bissett 1998).

2.4  Uses of Trichoderma Reesei in agricultural

Trichoderma spp. has a wide range of properties that could be useful in
agriculture, including alleviating abiotic stresses, improving physiological
response to pressures, reducing nutrient uptake in plants, increasing nitrogen-
use efficiency in various crops, and improving photosynthetic efficiency. This
genus has spread worldwide as general plant protectants and growth boosters
and in several industrial activities (Waghunde et al., 2016). Trichoderma reesei
micromorphology was recently researched using a confocal laser scanning
microscope to see the fungus's branching pattern that produces cellulolytic
enzymes (Novy et al., 2016). Hence, Trichoderma spp. may utilize a broad range
of carbon and nitrogen sources and make several enzymes to break down

complex plant polymers into simple sugars for energy and growth.
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2.5  Uses of Trichoderma Reesei as a biopesticide

Bio-fungicide consists of beneficial fungi and bacteria that colonize and attack
pathogens from plants and prevent the diseases they cause. Using microbial antagonists,
biological control of infections or crop pests has been an environmentally friendly
alternative to chemical pesticides. Biological control is experiencing a resurgence of
interest and research in microbiological balance to control soil-borne plant diseases and
develop a more efficient farming system. Trichoderma genus is one of the greatest
bioagents for biological control, as it is effective against a broad spectrum of soil and
foliar diseases. According to Woo et al. (2016), more than 50 different Trichoderma-
based agricultural products are created in various nations and offered to farmers to
improve crop yields. Trichoderma spp. based biocontrol agents as a relatively new type
of biocontrol agent (BCAs). Nearly 20 Trichoderma species operate as bioagents against
various soil-borne and foliar plant diseases. The most important species that act as
potential antagonists include Trichoderma hamatum, Trichoderma longibrachiatum,
Trochoderma harzianum, Trichoderma pseudokoningii, Trichoderma viride,
Trichoderma atroviride, Trichoderma koningii, Trichoderma polysporum, and
Trichoderma reesei (Monaco et al. 1991). Trichoderma spp. has been widely studied as
a potential biocontrol agent for controlling several plant pathogens among different
antagonistic fungi used for plant disease management (Agrios, 2005; Mukherjee et al.,

2012). Parasitism, competition, and antibiosis are several mechanisms of Trichoderma
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spp. to inhibit the growth and proliferation of hazardous diseases. Trichoderma spp. has
long been used as a biocontrol agent in Integrated Pest Management (IPM) to control

pests and diseases in an environmentally friendly manner (Monte, 2001).

2.6 Lignocellulolytic activities

Lignocellulosic materials such as cellulose, hemicellulose, and lignin are
composed of various cellulases and are widely used to bioprocess different plant
materials. These materials are commonly used in the bioprocessing of various plant
materials such as bio-fuel, feed additives, and chemical feedstocks (Behrendt et al.,
2000). Lignocellulosic is the most abundant renewable organic carbon resource on Earth,
storing around half of the energy produced by plants during photosynthesis.
Lignocellulose comprises three densely interconnected polymers: cellulose,
hemicellulose, and lignin, which make up about 98 percent of the dry weight of
lignocellulose (Mosier N et al., 2005). Trichoderma reesei and its various mutant strains
produce a lot of cellulases and are commonly used as a source of carbohydrate-active
enzymes. Several studies have shown that T. reesei co-cultures have higher enzyme
activities than monocultures, particularly when it comes to B -glucosidase activity

(Sperandio et al., 2021).
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2.6.1 Enzymatic activity

The goal of measuring enzyme activity is to determine the amount of enzyme
present under specific conditions to compare activity between samples and research labs
(Scopes, 2001). It's crucial to figure out what role extracellular enzymes produced by
Trichoderma species play. Extracellular hydrolytic enzymes were significant in
mycoparasitism and antibiosis, both essential aspects of pathogen biocontrol (Bhale,
2012). Many extracellular enzymes are produced quite efficiently by Trichoderma
species. Trichoderma spp is utilized to make cellulase and other enzymes that break down
complex polysaccharides in commercial production (Bhale, 2012). It is commonly used
for these purposes in the food and textile sectors. For example, cellulose from these fungi
is employed in the "stoning" of denim fabrics to create stone-washed denim, a soft,
whitened fabric. The enzymes are also utilized in chicken feed to make barley and other
crops more digestible hemicelluloses (Harman, 2006). Because of their high secretary
capacity and inducible promoting features, Trichoderma species are widely exploited in

industrial applications. (Mach et al., 2003).

2.6.2 Cellulolytic activity

Cellulose is the most overall biomass on Earth, and it provides energy to numerous
microbes. The natural breakdown of the crystalline portion is greatly dependent on the

13



degree of processivity of the degrading enzymes (i.e., the extent of continuous hydrolysis
without detachment from the substrate cellulose). As a result, developing procedures for
the effective treatment and exploitation of cellulosic waste as an inexpensive carbon
source has been of substantial commercial significance. Cellulases are an essential tool
for obtaining the many benefits of biomass usage (Lynd et al., 2002). According to Klinke
et al. (2004), lignocelluloses are commonly processed with alkalis or acids to release
cellulose during the cellulose processing process. Over the last two decades, the ability
of enzymes to remain active in the presence of organic solvents has gotten a lot of
attention. There are several advantages to utilizing enzymes in organic solvents or
aqueous solutions incorporating organic solvents rather than water alone, including
higher nonpolar substrate solubility and the exclusion of microbial contamination in the

reaction mixture (Ogino & Ishikawa, 2001)

2.7 Solvent uses for extraction

The distribution of a solute between two immiscible liquid phases in contact with
each other is the term for solvent or liquid to liquid extraction. Solvent extraction
techniques are used in various fields, including inorganic and organic chemistry, large-
scale industrial separations, analytical chemistry, pharmaceutical and biochemical

industries, and waste management. Solvent extraction is also a valuable tool for

14



investigating the fundamentals of equilibrium and kinetics in complicated formation
processes. In separation technologies, extraction processes have become a standard

procedure (EI-Nadi, Yasser. 2017).

15



CHAPTER 3

METHODOLOGY

3.1 Materials

The chemicals and reagents/media used in the laboratory are Hexane solvent,
Jensen Media (JM) [10g Dipotassium Hydrogen Phosphate, 2.0g Calcium Carbonate,
2.0g Carboxymethyl Cellulose, 0.1g Iron (Ill) Sulfate, 0.5 Sodium Chloride, 0.5
Magnesium Sulfate and 0.005 Sodium Molybdate], Congo red aqueous solution, Potato

dextrose agar (PDA), Potato dextrose broth (PDB).

3.1.1 Apparatus

The apparatus used for this activity includes a petri dish, weighing machine,
Bunsen burner, gloves, parafilm, media bottle, cork borer, 50 mL beaker, 50 mL
volumetric, conical flask, measuring cylinder, stainless steel spatula, aluminum foil, and

separator funnel and clamp and rotary evaporator machine.
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3.2 Methods

3.2.1 Potato Dextrose Agar (PDA) Preparation

Potato Dextrose Agar (PDA) is used to cultivate Trichoderma reesei strain. Potato
starch, potato infusion, and dextrose are general purposes mediums supplemented with
acid or antibiotics to inhibit fungus growth. Potato infusion provides a nutrient base for
most fungi's luxuriant growth, and dextrose serves as a growth stimulant.

39.0 grams of potato dextrose agar powder HIMEDIA brand was weighed,
suspended in 1 liter of purified water, and mixed thoroughly in a media bottle. It needs to
shake well to dissolve the powder completely. Next, the media bottle autoclave at 121°C
for 15 minutes. Before dividing the medium, it needs to cool the base to 45 until 50°C and
then aseptically add on the appropriate amount of potato dextrose agar medium into a
sterile petri dish. All plates were sealed with parafilm, labeled, and put in a chiller to

allow the media to solidify.

17



3.2.2 Pure culture of Trichoderma reesei

Trichoderma reesei is culture from T.reesei nail and were obtained from
postgraduates lab and then cultured aseptically on a fresh potato dextrose agar petri dish
to grow the pure culture and incubated at room temperature (25°%) for 6 days. The
subculture has been done on PDA media to obtain the pure colonies of T. reesei. After
six days, mycelium samples were taken from the colonies using the wire loop and streaked
onto PDA culture. The pure culture process had been done under aseptic conditions and

left at room temperature for five days.

3.2.3 Potato Dextrose Broth (PDB) Preparation

For PDB (Potato Dextrose Broth) preparation, 24.0 grams of PDB powder
from the HIMEDIA brand were weighed and mixed in 1000 ml distilled water. It needs
to shake well until dissolved and autoclaved for 15 minutes at 121°c. The pure culture
developed in a liquid culture of 400 mL potato dextrose broth in a 500 ml conical flask
and incubated at 25°C in a temperature room. Next, the conical flask need to cover with

aluminum foil.
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Figure 3.1: Preparation of Potato Dextrose Broth

3.2.4 Broth Culture of Trichoderma reesei

With a conical flask containing PDB, the broth culture process was done. Inside
laminar airflow, using a 7mm cork borer, the part from the old culture of T. reesei is cut
and put onto the sterile Potato Dextrose Broth solution. The mycelia were inoculated into
500 ml of the conical flask containing 400 ml of sterile PDB. The conical flask was
covered back by using aluminum foil. After 15 days of fermentation, the broth contains

the fungal mycelia.

Figure 3.2: Potato Dextrose Broth contains mycelia
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3.2.5 Extraction of secondary metabolites from Trichoderma Reesei

The 15 days potato dextrose broth culture of T. reesei was used for the extraction
method. The separation process was done by using a separation funnel. The separation
funnel is used to separate (partition) the mixture's components into two immiscible
solvent phases of differing densities using liquid-liquid extractions. The 100 ml of hexane
(CeHis) was added until the solution reached 200 ml. The stopcock was adjusted
horizontally, and the mixture was poured into a separatory funnel. The extraction process
was repeated three times. All apparatus is meticulously planned, operated, cleaned, and
maintained to avoid contamination by unwanted microbes. Next, a rotary evaporator
machine was used to extract the solution with a boiling point of 69°c until it was dried.

After that, the extract was kept under the fume hood for air drying for five days.

Figure 3.3: Separation funnel process
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Figure 3.4: The extraction process

Figure 3.5: Drying the extraction in the flame hood
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3.2.6 Lignocellulolytic activities

3.2.6.1 Enzymatic activity of cellulose

To determine the cellulolytic activity Jensen Media (JM) was used.
The ingredient of Jensen media is 20g agar, 20g sucrose, 1.0g dipotassium hydrogen
phosphate, 2.0g calcium carbonate, 2.0 CMC, 0.1g Iron (IIl) Sulfate, 0.5g sodium
chloride, 0.5g magnesium sulfate, 0.005g sodium molybdate and 1000 mL distilled water.
It needs to shake well until dissolved and autoclaved for 15 minutes at 121°c and poured
into Petri dish. The experiment was performed in triplicates. A sterile filter paper disk
(15.7 mm) are soaked in a control solution at different concentration of 5 mg, 10 mg, 15
mg, and 20 mg mycotoxin solution. Use the forceps and then press them against the side
of the plate to drain any excess fluid. Then, the filter paper disk was placed at the center
of the Petri dish of Jensen media, seized using a parafilm, and incubated at 28°C for seven

days.

Table 3.1: The concentration of mycotoxin each treatment

TREATMENT CONCENTRATION OF EXTRACTION
TO (CONTROL) Water

T1 5 mg

T2 10 mg

T3 15 mg

T4 20 mg

Notes: T: Treatment, mg: Milligram
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3.2.6.2 Color changing

After incubation for seven days, under sterile conditions, the plates
were flooded with Congo red solution (dissolve 0.5 g of Congo red dye in 50 ml of
distilled water and add 50 ml of ethanol) for 15 minutes and then effused. Next, 1 M
Sodium chloride (NaCl) solution was overflowing on the plate for 15 minutes and effused.
The inoculated area appeared yellowish, evidenced by the diameter of a clear zone

showing cellulase activity around the filter paper disk was recorded.

3.3 Experimental design and statistical analysis

The experiment was designed based on Complete Randomized Design (CRD)
with control and four different treatments. Each treatment had three replicates. All the
data were analyzed using one-way ANOVA to establish the significant difference
between the means where p<0.05. The calculations were done using statistical software,

SPSS statistics version 26.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Isolation of Pure Culture of Trichoderma reesei

Trichoderma reesei culture was used for this study. Many mycelial fungi are
known to have a high potential for cellulase production. T.reesei rapidly grow mycelia on
PDA plate in seven days in temperature room. The morphological from Figure 4.1, shows
the color of the spore started from whitish to yellowish and then changed to the dense
dark yellow-greenish colored colony. The colony textures were compact, and hyphae

were very thick.

Figure 4.1: Isolation of Pure Culture of Trichoderma reesei
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4.2 Screening of Lignocellulolytic activities of Trichoderma reesei

Enzymatic degradation of cellulose was screened using Jensen media (JM). The
lignocellulolytic activities of the isolates were measured based on the diameters of the
halo zones produced when degrading cellulose and lignin, respectively. This diagnostic
assay can identify Trichoderma as it has polyphenol oxidase when endoglucanases when
Jensen media is used for cellulose. It was found that there was a significant difference in
the diameter of the halo zone of each treatment. Figure 4.2 shows the degrading cellulose
activities producing clear halo zone of T.reesei. Trichoderma reesei produced the minor
diameter of halo zone is Treatment 2 (10 mg/5ml) is 20 mm. For the Treatment 3 (15
mg/5ml) and Treatment 4 (20 mg/5 ml) were found forming larger clearing halo zones
from 50 mm to 60 mm after straining with Congo red. Optimization of the time course is

of prime importance for cellulases biosynthesis by fungi (Kuhad, et al., 1997).

25



T

Figure 4.2: Degrading cellulose activities producing clear halo zone of T.reesei.

4.3 Growth performances of cellulolytic activity of Trichoderma reesei

Figure 4.3 shows the result of stipe length halo zones with a diameter for
each treatment. The shortest stipe length showed in Treatment 1 (5 mg mycotoxin
concentration) had a mean of 1.7 c¢cm, followed by Treatment 2 (10 mg mycotoxin

concentration) with a standard of 2.63 cm. Treatment 3 (15 mg mycotoxin concentration)
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and Treatment 4 (20 mg mycotoxin concentration) had average stipe length with a mean

of 5.83 cmand 6.33 cm, respectively.

0 i ' I I
TO T1 T2 T3 T4

Treatment

Diameter of halo zones (cm)
w H (9] [e)]

N

[

* TO: Control (Water), T1: 5mg concentration, T2: 10mg concentration, T3:
15mg concentration, T4: 20mg concentration

Figure 4.3: Growth performances of the diameter of halo zones of enzymatic
activity of cellulose and vertical bars represent standard deviation (SD) of the

mean
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Trichoderma spp. has a wide range of properties useful in agriculture, such as
reducing abiotic stresses, improving physiological stress responses, reducing nutrient
uptake in plants, increasing nitrogen-use efficiency in various crops, and assisting in
agriculture improving photosynthetic efficiency. Fungal cellulase is one of the hot
enzymes, owing to its high demand in the biodiesel industry. Trichoderma spp. genomes
have been thoroughly studied and found to have numerous essential genes and produce a
wide range of expression patterns, allowing these fungi to adapt to a wide range of
conditions like soil, water, dead tissues, etc. Also, lignocellulose is a mixture of cellulose,
hemicellulose, lignin, pectin, and other minor compounds. It is the most abundant
renewable biomass, created by plants directly from CO2 through photosynthesis, and

amounts to around 200 billion metric tonnes worldwide (Seiboth, B et al., 2011).

Cultivation of extraction from Trichoderma reesei on Jensen Media (JM) shows
an active activity of cellulose. The lignocellulolytic activity shows that the fungal
adaptation mechanism can enhance performance. The results reported in this work

indicate that T.reesei fungus can successfully be cultivated under submerged fermentation
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to produce lignocellulolytic the significance of this new strain. The Trichoderma genus
has evolved broad metabolic pathways that lead to numerous enzymes and secondary
metabolites, allowing it to thrive in various environments. According to Harman et al.,
(2004), commercially relevant enzymes including amylases, cellulases, 1-3 beta
glucanases, and chitinases have been intensively investigated, and the technology is

constantly being upgraded.
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5.2 Recommendation

The mycelial extract of Trichoderma reesei is beneficial in further research and
can be commercialized. These plant cell wall degrading enzymes are now used for the
saccharification of cellulosic plant biomass to simple sugars for biofuel production, in
addition to their well-established applications in the pulp, paper, food, feed, and textile
processing industries (Bouws et al., 2008). It is strongly advised that such modified strains
be evaluated on suitable lignocellulose substrates. Also included should be an in vitro
saccharification experiment using the enzymes produced in these cultivations. Further

research is needed to look into the experimental benefit of the Trichoderma reesei strain.
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APPENDIX A

Table A: Raw data of diameter of halo zone of T.reesei cellulose producing

TREATMENT/REPLICATE

CONCENTRATION

DIAMETER OF HALO ZONE

(mg) (cm)
TOR1 Control 0
TOR2 Control 0
TOR3 Control 0
T1R1 5 mg 1.5cm
T1R2 5 mg 1.5cm
T1R3 5mg lcm
T2R1 10 mg 2.5cm
T2R2 10 mg 3.0cm
T2R3 10 mg 2.4cm
T3R1 15 mg 6.5cm
T3R2 15 mg 5.0cm
T3R3 15 mg 6.0 cm
T4R1 20 mg 6.5cm
T4R2 20 mg 5.5¢cm
T4R3 20 mg 7.0cm
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APPENDIX B

Table B: Diameter of the halo zone

Subset for alpha = 0.05

TREATMENT N 1 2 3
TO 3 .000
T1 3 1.700
T2 3 2.633
T3 3 5.833
T4 3 6.333
SIG 1.000 154 428
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APPENDIX C

Table C: ANOVA

Diameter of the halo zone

Sum of Squares  df  Mean Square F Sig.
Between Groups 88.540 4 22.135 40.245 .000
Within Groups 5.500 10 .550
Total 94.040 14
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Mean of Diameter of the halo zone

6.0

4.0
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APPENDIX D

Table D: Means Plot

T0

T1 T2

Treatment
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