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Abstract— The successful production of Trichoderma sp. starter cultures requires an appropriate medium 

and controlled environmental conditions to support mycelial growth and prevent contamination. This study 

evaluated the effect of sterilized sugar solution volume and lid type on the success rate of Trichoderma sp. 

starter incubation in a cattle manure medium. Our experimental design included two treatments: Starter A 

used 50 mL of sugar solution with an open container (no lid), while Starter B utilized 10 mL of sugar 

solution with a two-layer sterile gauze as a porous lid. Visual observations were conducted over 21 days, 

monitoring mycelial growth, medium color changes, and contamination. Results showed that Starter B 

exhibited mycelial colonization from day one, achieving green sporulation by day 14 without any signs of 

contamination. Conversely, Starter A showed indicators of anaerobic fermentation, including a pungent 

odor and larval infestation by day 5, which significantly inhibited Trichoderma sp. growth. These findings 

suggest that an incubation method with a lower sugar solution volume and a porous lid effectively 

maintains optimal moisture, aeration, and medium sterility. 
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I. INTRODUCTION 

The increasing global livestock population is 

significantly contributing to the accumulation of organic 

waste within the industry. Cattle manure represents a 

major component of this waste due to its substantial 

volume and high organic matter content. Rich in nitrogen 

(N), phosphorus (P), and potassium (K) compounds, cattle 

manure holds potential as a raw material for organic 

fertilizer. Effective management of this nutrient-rich waste 

is crucial to prevent land and water pollution, mitigate 

greenhouse gas emissions, and control pathogen spread 

[1]. 

Decomposition is a fundamental biological process 

for recycling organic matter, though its natural rate is often 

slow and contingent on the activity of indigenous microbe. 

The efficiency of this process can be enhanced through the 

application of a bioactivator, such as Trichoderma sp. This 

fungus is well-known for its production of 

lignocellulolytic enzymes, including cellulase, xylanase, 

and ligninase, which facilitate the breakdown of complex 

organic polymers into simpler, more plant-available forms 

[2]. Beyond its role in decomposition, Trichoderma sp. 

also exhibits antagonistic activity against various plant 

pathogens and possesses a high degree of environmental 

adaptability, making it an effective and natural biological 

agent [3]. The successful utilization of Trichoderma sp. in 

decomposition systems requires the production of an 

active inoculum. This starter culture necessitates a growth 

medium that provides a rich source of nutrients and 

maintains an optimal moisture level. Cattle manure 
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presents a promising and readily available alternative as a 

support medium, given its abundant organic nutrient 

composition [4][5]. 

A primary challenge in utilizing cattle manure as a 

starter medium for Trichoderma sp. inoculum is its 

inherently high moisture content and susceptibility to 

contamination by competing microorganisms and pests. 

Environmental conditions, including aeration, water 

activity, and carbon availability, are critical factors that 

significantly influence mycelial growth. Specifically, 

excessively high moisture levels or anaerobic conditions 

within the medium can severely inhibit the growth of the 

Trichoderma sp. inoculum [6].    

Anaerobic fermentation within a cattle manure 

medium can lead to the production of toxic metabolites, 

such as ammonia and organic acids, which suppress the 

growth of Trichoderma sp. and attract unwanted insect 

pests, particularly flies [6][7]. The presence of these 

insects can lead to physical contamination, such as the 

introduction of larvae, which significantly compromises 

the quality and stability of the starter medium. The 

methodology described by Sutarman et al. (2020) did not 

specifically investigate the influence of lid material and the 

volume of a sugar solution on the incubation conditions of 

the cattle manure [8]. Therefore, based on these 

observations, a modification of the protocol is necessary to 

optimize these two variables, with the goal of producing a 

more sterile and robust Trichoderma sp. starter culture that 

is readily applicable for use by local farmers. 

 

II. MATERIALS AND METHOD 

2.1 Materials 

The growth medium used in this study consisted of 

100 g of fresh cattle manure, which was sterilized in a dry-

heat oven at 105°C for one hour. The sugar solution was 

prepared by dissolving 1 g of sugar in distilled water, 

followed by sterilization using an autoclave. The 

Trichoderma sp. inoculum was obtained from a compact 

culture grown on a corn rice base that had been incubated 

for seven days. 

2.2  Method 

This experimental study was conducted at the 

Biology Laboratory, Faculty of Agricultural Technology, 

Universitas Katolik Widya Mandala Surabaya, Madiun 

Campus. The research modified the Trichoderma sp. 

starter production method described by Sutarman et al. 

(2020), utilizing cattle manure as the primary growth 

substrate. One hundred grams of fresh cattle manure was 

sterilized in a dry-heat oven at 105°C for one hour to 

reduce initial moisture content and inhibit potential 

contaminants. The sterilized manure was then cooled to 

room temperature. A sterile sugar solution was prepared 

by dissolving 1 gram of sucrose in a volume of distilled 

water corresponding to the specific treatment volume. This 

solution was sterilized by autoclaving at 121°C for 15 

minutes. The Trichoderma sp. inoculum was sourced from 

a seven-day-old compact culture grown on a rice and corn 

medium. A 10-gram portion of this inoculum was 

aseptically homogenized with the cooled sugar solution 

before being poured onto the sterilized cattle manure 

substrate. The experiment was a two-treatment study, with 

each treatment involving different incubation conditions 

and sugar solution volumes: Treatment A: The medium 

was incubated without a lid and with the addition of 50 mL 

of sugar solution. Treatment B: The medium was covered 

with a two-layer sterile gauze lid and received 10 mL of 

sugar solution. All samples were incubated at room 

temperature (28–30°C) for 21 days. The substrate was 

stirred daily for the first three days, and sterile distilled 

water was misted onto the surface if it appeared dry to 

maintain optimal moisture levels. Observations were 

conducted over the 21-day incubation period. Parameters 

assessed included: Mycelial growth and density, changes 

in medium color and aroma, presence of contaminants, 

such as other fungal species or insect larvae. The 

successful production of the Trichoderma sp. starter 

culture was indicated by the characteristic green coloration 

of the mycelium. 

2.3 Data Analysis 

Data from this qualitative study were analyzed 

descriptively, with findings presented in tables and figures. 

A narrative approach was used to provide a comprehensive 

and in-depth description of the observed phenomena. 

 

III. RESULTS AND DISCUSSION 

Morphological observations revealed significant 

differences in colonization, sporulation, and contamination 

between Starter A and Starter B. Starter A, which was 

incubated without a lid and with 50 mL of sugar solution, 

exhibited signs of anaerobic fermentation from the initial 

day, as evidenced by gas production and a pungent, acidic 

odor. By day five, the presence of insect larvae indicated a 

clear failure of the process due to contamination (Table 1). 

Starter A was monitored daily due to the immediate 

detection of fermentation symptoms from the initial day of 

incubation. In contrast, Starter B, which was incubated 

with a two-layer sterile gauze lid and 10 mL of sugar 

solution, maintained stable, sterile conditions with no 

significant visual changes. This allowed for periodic 

observation. The difference in monitoring intensity 
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between the two treatments directly corresponded to the 

biological fluctuations observed in each condition. 

Anaerobic fermentation on starter A triggered by 

over moisture beyond substrate obsorption capacity and 

lead to microbe fermentatif activity and also toxin 

production such as ammonium and acid. The presence of 

insect larvae within the medium provides strong evidence 

of external contamination (Fig. 1), a finding that is 

consistent with the principles established by 

FransiscoRedi's experiment on open organic matter [7]. 

 

 

 

 

 

 

 

Table 1: Starter A observation result 

Day Starter A observation result 

1 The medium showed signs of active 

fermentation, including gas formation 

and a pungent, acidic odor. The substrate 

was moist and had a brownish color 

2 Gas production continued, accompanied 

by a more intense and foul odor 

3 The pungent and unpleasant odor became 

significantly stronger 

4 The strong odor began to dissipate, while 

the substrate remained moist 

5 The presence of insect larvae was 

detected. This finding confirmed external 

contamination and indicated the failure of 

the starter culture production. 

 

Fig. 1: Starter A Trichoderma sp. incubation on day 1 (A), 2 (B), 3 (C), 4 (D), and 5 (E). Larvae presence was detected on 

day 5 (E). 

Starter B showed different results compared to 

Starter A, with mycelium spotted from the initial day of 

observation (Table 1). The medium remained neutral, and 

moisture conditions were stable. This early mycelium 

growth indicates that the Trichoderma sp. propagules 

colonized the sterile medium, which contained an even 

distribution of nutrients, in a rapid manner [2]. The two-

layer sterile gauze maintained air circulation and prevented 

contamination without significant moisture loss. This 

aeration structure provided a competitive advantage to the 

Trichoderma sp., supporting its domination in the medium 

environment. Aerobic fungi, such as Trichoderma sp., 

grow optimally when oxygen circulation is sufficient [9]. 

The sterile gauze also prevented saprophytic eggs or 
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larvae-carrying insects from entering the medium. This 

condition aligns with Fransisco Redi’s experiment, which 

highlighted the importance of physical protection on open 

media to prevent contamination from unwanted organisms 

[7]. 

Sporulation in Starter B began to appear on day 14, 

indicated by a color change to light green on the medium 

surface due to conidia accumulation (Fig. 2). The green 

color became darker and stable by day 21, confirming that 

the asexual reproduction process was completed optimally 

[10, 11]. This success demonstrates that the medium 

formula and incubation system used for Starter B were 

effective in supporting the entire life cycle of Trichoderma 

sp.   

 

 

 

 

     Table 2: Starter B observation result 

Day Starter B observation result 

1 White mycelium appeared on the 

inoculation spot. The substrate was moist 

and brown, with a neutral aroma 

7 The mycelium spread evenly, creating a 

compact texture. The culture had a distinct, 

earthy Trichoderma aroma, with no signs of 

contamination 

14 The surface began to turn greenish due to 

sporulation. The characteristic Trichoderma 

aroma was strong, and the medium was 

loose and stable 

21 The green color became darker and more 

stable. The medium appeared dry on the 

surface but remained moist internally. The 

starter was considered fully developed 

 

Fig. 2: Starter B Trichoderma sp. incubation on day 1 (A), 7 (B), 14 (C), and 21 (D). Starter B incubation was done on day 

21 (D). 
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The medium formulation and closed-lid system 

used for Starter B supported the conversion of organic 

matter into a value-added natural product. Controlling 

moisture and aeration effectively prevented anaerobic 

fermentation and inhibited the growth of flies, which are 

attracted to volatile compounds such as ammonium and 

organic acids. Animal manure typically has a water 

content ranging from 27-86%, a condition that supports the 

growth of fly larvae. Meanwhile, an optimal range of 65-

85% moisture is ideal for flies to lay eggs [6]. This finding 

is consistent with the conditions observed in Starter A, 

which was too moist and open, allowing flies to lay their 

eggs in the medium. In contrast, the controlled and 

enclosed system applied to Starter B successfully 

prevented such contamination. The composition of cattle 

manure plays an important role in mycelial colonization 

because it contains cellulose (25.2%), hemicellulose 

(18.6%), and lignin (20.2%), as well as sufficient levels of 

nitrogen, phosphorus, and potassium [12, 13]. A C/N ratio 

in the ideal range of 16.6-25% provides a suitable 

environment for decomposer microorganisms to thrive 

[14]. Trichoderma sp. utilizes this substrate through the 

synergistic production of cellulase, xylanase, and ligninase 

enzymes, which degrade the lignocellulosic material [10, 

2]. 

The volume of the sugar solution significantly 

affected the medium's condition and initial microbial 

activity. The 50 mL solution used in Starter A created 

excessive moisture, which triggered anaerobic 

fermentation and inhibited mycelial growth. This condition 

arose because high moisture levels decrease oxygen 

availability and slow down the organic matter degradation 

process [15]. In contrast, Starter B, with its 10 mL sugar 

solution, maintained a stable moisture level, providing 

optimal growth conditions for the mycelium. The ideal 

moisture content for a medium is in the range of 40-60% 

[16]. The sugar, acting as a simple carbon source, activated 

the metabolism of Trichoderma sp. without excessively 

increasing osmotic pressure [16]. The stirring process from 

day 1 to day 3 helped distribute the propagules and 

oxygen, which is crucial for active mycelial formation 

[18]. The discontinuation of stirring after day 3 then 

supported the stable production of sporulative structures 

[19]. This allowed the transition from the vegetative to the 

reproductive phase to occur optimally without mechanical 

disturbance. The incubation temperature was maintained at 

27-30°C throughout the study. This temperature range is 

optimal for the growth of Trichoderma sp., as well as for 

the production of cellulolytic enzymes and asexual 

reproduction [9]. The success of sporulation demonstrates 

that both temperature and medium moisture were within 

the ideal physical conditions that supported the fungus's 

biological activity. 

The method of Sutarman et al. (2020) [8] was 

modified from using rice husk to cattle manure, 

demonstrating the effectiveness of an alternative substrate. 

As a cheap, local material rich in nutrients, cattle manure 

provided excellent support for efficient inoculum 

production. The combination of moisture control, sugar 

solution volume, and a closed-lid system yielded a stable 

and contamination-free Trichoderma sp. starter. 

This starter has significant potential as a 

bioactivator for decomposing farm manure. The use of 

Trichoderma sp. has been proven to increase 

decomposition rates and enhance the quality of organic 

fertilizer [20, 11]. The method developed in this study 

provides a simple, cost-effective, and efficient process for 

producing a cattle manure-based starter. Applying this 

method can promote the conversion of farm waste into a 

value-added natural product, support an environmentally 

sustainable farming system, and encourage the efficient 

use of local resources.    

 

IV. CONCLUSION 

The volume of the sugar solution and the type of lid 

significantly affected the success of Trichoderma sp. 

Starter incubation in a cattle manure-based medium. A 

starter incubated with 10 mL of sugar solution and a two-

layer sterile gauze lid showed active mycelial growth, 

optimal sporulation, and remained contamination-free for 

21 days. This optimized method provides an applicable 

approach for producing a farm waste-based starter, which 

can serve as an environmentally friendly bioactivator for 

fertilizer.  
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