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Trichoderma spp. have the potential as biodecomposer agent and capable to produce nutrient enriched 
biocompost. The objectives of this study were to identify cell wall degrading-enzyme produced by 
Trichoderma spp. and investigate their potential in production of nutritious compost. T. hamatum, T. 
harzianum and T. atroviride were tested its enzymatic activities by assaying their capability to degrade 
lignin, cellulose, xylan, starch and pectin on plate assays. Next, the nutrients of the composts treated with 
different Trichoderma spp. were analyzed. The outcome showed that all Trichoderma spp. isolates 
displayed highest cellulase, amylase, xylanase and pectinase activity based on the zone diameter of 
colour change at 9 cm on plate assays. Moreover, moderate ligninase activities in the range of 1.4 cm to 
2.59 cm of brown pigment diameter were displayed. Electrical conductivity was found to be 6083 ppm for 
T.hamatum-treated compost (compost A), 5843 ppm for T. atroviride-treated compost (compost C), 5702 
ppm for T.harzianum-treated compost (compost B) and 4663 ppm for the control. The highest phosphorus 
(P) and sodium (Na) were obtained for compost A (402 ppm, 55.5 ppm) compared to the control (301 
ppm, 38.3 ppm) whereas nitrate (NO3

-) was found to be the highest in compost C at 1005 ppm compared 
to control (370 ppm). 
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INTRODUCTION 

The agricultural industry has been growing 
exponentially to supply food for the human 
population as it keeps rising on the demand. 
Worldwide issue that come up from this 
phenomenon is food waste. Landfills, where our 
food waste ends up, are taking up large amounts 
of land and polluting any soil or water in the area. 
In order to decrease this food waste issue, 
recycling the food waste into a valuable by 
products such as composting is one of a great 
way. Unfortunately, Joly (2011) stated that a large 
scale of composting method is very costly 

compared to home-composting and time 
consuming. 
        The inoculation of effective microorganisms 
to convert food waste into compost can boost up 
the efficiency of composting. Besides, compost 
that treated with these microorganisms usually 
produce biofertilizer with a great amount of 
nutrient (Zularisam et al. 2010; Molla et al. 2012; 
Fitriatin et al. 2016). In the same time, Molla et al. 
(2012) findings stated that biofertilizer that had 
been produced can decreased chemical fertilizer 
application on plants such as nitrogen (N), 
phosphorus (P) and potassium (K).  
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        Trichoderma sp. were found out actively 
involved in decomposition of lignin, cellulose and 
hemicellulose. According to Laothanachareon et 
al. (2015), Trichoderma reesei successfully 
hydrolysed lignocelluloses compound on rice 
straw. In 2012, Molla et al. reported that compost 
made from kitchen waste treated with 
Trichoderma sp. develop high quality of tomato 
and increase the yield.    
        The ability of Trichoderma spp. on 
composting from tropical areas in Malaysia had 
been analysed by some researchers (Amira et al. 
2011; Siddiquee et al. 2017). However, no in-
depth studies are conducted on Trichoderma 
isolates from northeast of Peninsular Malaysia 
specifically in food waste composting. Even 
among isolates from the same genus and niche, 
there are substantial differences in decomposition 
abilities. Hence, selection of three different 
species inhabiting the same geographical area in 
this study allow an efficient way to cope with these 
issues, at the same time, discover their other 
biological function. 
  
MATERIALS AND METHODS 

Enzymatic Activities of Trichoderma Strains  

Trichoderma strains 
The procedure for isolating Trichoderma 

isolates has been previously described by Zin et 
al. (2019) and Badaluddin et al. 2018. Isolation of 
Trichoderma from stem samples in Kota Bharu, 
Kelantan was achieved using direct plating 
technique. Approximately 0.8 – 1.0 inches of stem 
cutting were sterilized in 95% (v/v) EtOH for 1 min 
followed by 5% (v/v) sodium hypoclorite for 30 s. 
Then, rinsed with distilled water for 1 min.  A 
number of 2-3 of the stem cuttings were plated 
onto three replicate Petri dishes each and the 
Petri dishes were incubated at 25 °C for 5- 7 days. 
Growth of fungal isolates which was typical of 
Trichoderma species was excised and transferred 
to potato dextrose agar (PDA) (Difco, Le Pon de 
Claix, France). The pure culture was incubated at 
30 °C for 7 days for further purposes. 

Enzymatic degradation of lignin 
Degradation of lignin was determined through 

the appearance of formation of dark brown 
pigments on tannic acid media (TAM) [7.5 g yeast 
mould agar, 2.5 g tannic acid, 10.0 g agar and 
500 ml of distilled water] (Thormann et al. 2012). 
At the centre of TAM plate, a 0.5-cm diameter 
agar disc from 7 day-old pure culture of each 

Trichoderma strains was placed and incubated for 
4 days at 30 °C in dark condition. The diameter of 
dark brown zone halo was measured. 

Enzymatic degradation of cellulose 
Enzymatic degradation of cellulose was 

examined according to the Natamihardja and 
Herlini (2018) method with some necessary 
modifications. Carboxymethyl cellulose (CMC) 
agar plate [3.0 g NaCl, 0.5 g (NH4)2SO4, 0.25 g 
KH2PO4, 0.25 g K2HPO4, 0.05 g MgSO4, 0.05 
CaCl2, 2.5 g cellulose, 10.0 g agar and 500 ml of 
distilled water] was prepared and 0.5-cm diameter 
of pure culture of Trichoderma spp. was 
inoculated in the middle of CMC plate. After 
incubation at 30 °C for 7 days, aerial mycelium of 
Trichoderma spp. were scraped off. Then, the 
plates were flooded with 0.1% Congo red dye and 
left for 20 minutes. Solution of 1M NaCl was used 
to wash off Congo red dye from the plates. 
Clearing zone surrounding inoculation area that 
indicated the hydrolyzed cellulose were observed 
and measured.  

Enzymatic degradation of starch 
The ability to hydrolyze starch of Trichoderma 

spp. was examined on Modified Melin-Nokrans 
Media (MMNM) [0.5 g of D-glucose anhydrous, 
1.5 g of yeast mould agar, 5.0 g of KH2PO4, 2.5 g 
(NH4) HPO4, 1.5 g MgSO4, 0.5 g of CaCl2, 0.25 g 
NaCl, 7.0 g of agar and 500 ml of distilled water 
with 1.0 g soluble starch. A Trichoderma spp. agar  
disc with its diameter 0.5 cm, was grown at 30 °C 
for 5 days. Then, the aerial mycelia were slowly 
scrape off from media using knife. Iodine solution 
[1.5 g of I, 5.0 g of KI and 100 ml of distilled water] 
were flooded on the plates for 5 mins decanted. 
Hydrolyzed starch area appeared as a clear zone 
was measured immediately. 

Enzymatic degradation of xylan 
The hemi-cellulolytic ability of fungi was tested 

according to Kumar et al. (2010) method with 
some necessary changes. Saline media 
containing 0.25 g NaCl, 2.5 g peptone, 1.0 g yeast 
extract agar, 0.05 g CaCl2, 0.25 g MgSO4, 2.5 g 
xylan, 10.0 g agar and 500 ml distilled water were 
prepared and a 0.5-cm diameter agar disc from 7 
day-old pure culture of each Trichoderma spp. 
was placed. After incubation at 30°C for 7 days, 
the aerial mycelia were scraped off. The plates 
were flooded by congo red reagent for 15 and 
wash off the reagent by 1.0 M of NaCl. The clear 
zone around colonies indicated the hydrolysis of 
xylan and exhibited xylanase enzymatic activity.  
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Enzymatic degradation of pectin  
Vincent’s Agar Medium is a selective medium 

in which the pectin has been supplemented as a 
carbon source (Vincent, 1970). The composition 
of media includes 5.0 g sucrose, 0.3 KNO3, 

0.5 KH2PO4, 0.15 MgSO4, 0.25 CaCl2, 1.0 

NaNO3, 0.25 g K2HPO4, 0.25 KCl, 0.5 yeast 
extract agar, 5.0 g pectin and 500 ml of distilled 
water were autoclaved for 15 min at 121 °C and 
Trichoderma strain agar disc with its diameter 0.5 
cm, was grown at the center of the plate at 30 °C 
for 5 days. Then, the aerial mycelia were scraped 
off using knife blade slowly. The culture was 
flooded by iodine solution for 5 min and decanted. 
The halo zone surrounding the inoculation area 
observed and measured for the analysis of pectin 
degradation and exhibited pectinase enzymatic 
activity. 

Composting Process by Potential Trichoderma 
spp. 

Preparation of Trichoderma spp. spore 
suspension 

A 0.5-cm diameter of agar disc from pure 
culture of Trichoderma spp. were subcultured 
aseptically onto potato dextrose broth (PDB) and 
grown at 30 °C for 4 days. According to the 
method by Islam et al. (2014) with some 
modification, 5 ml of cultured Trichoderma sp. 
PDB with concentration adjusted to 104 cells/ml 
were added onto 500 ml of autoclaved distilled 
water using pipette to prepare spore suspension.  

Preparation of compost and composting 
process 

Composting substrate used in this study was 
food waste that collected from Giant supermarket 
in Besut, Terengganu. In this experiment, 50 g of 
food waste that contain watermelon peels, orange 
peels and lettuce were placed inside a 250 ml 
conical flask. Three types of composts treated 
with Trichoderma spp. (Compost A: T. hamatum, 
Compost B: T. harzianum and Compost C: T. 
atroviride) and untreated compost act as control. 
The spore suspension of Trichoderma spp. with 
concentration of 104 cells/ml (5 ml) were 
inoculated into 250 ml conical flask that contain 50 
g of food waste and kept in aerobic condition for 
28 days.  

Measurement of temperature, pH and electrical 
conductivity (EC), weight and height loss 

Biological changes of compost recorded in 
this study were temperature, pH, EC, weight and 

height loss. The measurements were taken on 7th 
day (1st week), 14th day (2nd week), 21st day (3rd 
week) and 28th day (4th week). Electrical 
conductivity was also measured by using LAQUA 
Twin EC (Horiba, Japan) meter. 

Measurement of essential plant nutrient 
content in compost  

Essential plant nutrient content in composts 
on 28th day were measured by an inductively 
coupled plasma optimal emission spectrometry 
(ICP-OES) and portable LAQUA Twin meters 
(Horiba, Japan). The samples were filtered 
through a 0.45 mm Millipore membrane filter 
before analysis for phosphorus (P), potassium (K), 
calcium (Ca), magnesium (Mg), copper (Cu), iron 
(Fe) and manganese (Mn), sodium (Na), nitrate 
(NO3−). 

Data analysis 
All the experiments were done in three 

replications. A one-way and two-way analysis of 
variance (ANOVA) was conducted on the results 
to show the significance difference at p<0.05. 
Duncan test were done as to uncover specific 
differences between the group means. 
 
RESULTS AND DISCUSSION 

Enzymatic Degradation of Plant Cell Wall 
Activities of Trichoderma Isolate 

Given the fact that Trichoderma spp. as fungi 
have feeding mechanism by absorption of 
nutrients surrounding them (Mendoza-Mendoza et 
al. 2019). Therefore, excretion of ligninase, 
cellulase, amylase, xylanase and pectinase in 
plate assay explains on how they break down the 
substrate in the plate surrounding them, making 
the nutrients easier to be absorbed. As shown in 
Figure 1, T. harzianum (2.59 cm) and T. atroviride 
(2.49 cm) were found to have significantly larger 
brown pigment diameter value compared to T. 
hamatum (1.40 cm). According to Kai et al. 
(2016), lignin that embedded with cellulose and 
hemicellulose served as a support component to 
maintain the rigidity of a cell wall. The structure is 
non-hydrolyzable, and only a limited number of 
microorganisms capable to hydrolyze it (Sigoillot 
et al. 2012). Cellulose effectively degraded by all 
three selected Trichoderma as discolouration of 
congo red dye indicates degradation of cellulose 
by presence of cellulase enzyme. Besides, purple 
colour surrounding zone of inoculation appeared 
due to pH changes in the media. The decreasing 
pH in media causing congo red dye turns violet  
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(Singh and Singh, 2010; Nordin et al. 2019). 
Cellulose is a polysaccharide that became the 
main constituent in plant cell wall (George and 
Sabapathi, 2015). The components were hardly 
degraded due to strongly bonded cellulose 
molecule as it main function in plant was to 
preserve its plant cell rigidity. Genus of 
Trichoderma in this study were found to have 
significantly (p<0.05) higher clearing zone 
diameter value indicated high enzymatic amylase 
activity. Pfister and Zeeman (2016) reported that 
plant cells do store its energy in the form of 
starch. In fact, starch is composed of glucose 
units joined by glycosidic bonds. 

Amylase is an enzyme that responsible to 
hydrolyze glycosidic linkage between glucose 
molecules (Berg et al. 2002). The selected 
Trichoderma isolates were also found to produce 
xylanase. Rennie and Scheller (2014) stated in 
their study that xylan is abundant in the 
carbohydrate composition of plant biomass after 
cellulose. In addition, Trichoderma isolate display 
high pectinase enzymatic activities with 
significantly greater clearing zone diameter 
(p<0.05). Pectinase enzymes are crucial in fruit 
juice industry to produce high quality of juice by 
improving processing method of fruit and 
vegetables, especially related to pectin hydrolysis. 
In dicotyledonous plant, pectin is a 
polysaccharides that make up to 35% of primary 
cell wall as it help to strengthen the plant itself 
(Crombie et al. 2003). According Singh et al. 
(2019), pectinase degrade pectin by 
depolymerisation (hydrolases and lyases) or 
deesterification (esterases) reactions. This report 
were supported by Herron et al. (2000) and 
Romdhane et al. (2013) stated that the pectinase 
hydrolyse the cleave glycosidic linkage and 
catalyse the de-esterification of methoxyl groups. 

Analysis of Biological Changes in 
Temperature, pH, Electrical Conductivity (EC), 
Weight Loss and Height Loss 

Three types of composts treated with 
Trichoderma spp. (Compost A: T. hamatum, 
Compost B: T. harzianum and Compost C: T. 
atroviride) and untreated compost act as control. 
The temperature of composts during composting 
period from 1st week until 4th week was found to 
be at range from 26 °C to 29 °C (Figure 2 (a)). 
There was no significant changes in temperature 
were measured (p<0.05) for all compost in four 
weeks, possibly due to compost was stored in 
small volume of 250 ml conical flask. This 

statement was supported by Ahn et al. (2007) in 
his finding that small scale composting lead to 
significant heat loss. Plus, lab scale composting 
system usually used to understand the 
composting performances before applies in full 
scale composting system (Lashermes et al. 2012). 
Besides, the compost of all treatment had no 
significant difference of pH value changes as 
presented in Figure 2(b). At the beginning of 
composting process, all composts were found to 
be acidic from 1st week till 2nd week. Recent 
studies stated that enzymatic reaction during 
decomposition process work at the best in acidic 
environment conditions (López et al. 2011; Li et 
al. 2013). However, pH value of composts 
increased with time during the composting 
process. Composts slowly become alkaline 
starting on the 2nd week until 4th week indicated 
mature compost (Zhou et al. 2014).  

Electrical conductivity (EC) measurement 
referring to presence of ions and salt compounds 
such as nitrates, calcium, sodium and phosphorus 
in a substance. Plus, these compounds are the 
nutrient source that will be uptake by plants 
(Wang et al. 2012). The EC value of treated 
compost (Compost A, Compost B and Compost 
C) was       significantly different from untreated 
compost (control). Over the four weeks of 
composting, all compost showed the highest EC 
value on the 4th week as presented in Figure 2(c). 
However, Compost A that inoculated with T. 
hamatum were recorded as the highest EC value 
on the 4th week (6083 ppm) followed by compost 
C inoculated with T. atroviride (5843 ppm) and 
compost B inoculated with T. harzianum (5702 
ppm). The control showed lowest (4663 ppm) EC 
value on the same week. Similarly, (Siddiquee et 
al. 2017) found that a high-nutrient of soil 
produced when Trichoderma sp. treated-compost 
mixed with the soil. 

The percentage of weight and height loss 
increased along with the progression of 
composting process, perhaps due to the decrease 
of the volume and the increase of composted 
material breakdown (El-Haggar, 2007). It was 
significantly differed for each treated compost 
compared to untreated compost (p<0.05). 
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Figure 1: Plate assay for different plant cell wall degrading enzymes production by Trichoderma 
spp. (a) Dark-brown appearance of colonies on tannic acid media indicates ligninase production 
as compared with control; (b,d) zone of decolorization of congo red dye on carboxymethyl 
cellulose (CMC) and xylan-containing agar media indicates cellulase and xylanase production as 
compared to control; (c,e) zone of decolorization of iodine on Modified Melin-Nokrans Media 
(MMNM) and Vincent’s media indicates amylase and pectinase production as compared to control 

 
 

On the 4th week, all compost showed the highest 
percentage of weight loss and height loss over the 
four weeks of composting as shown in Figure 2(d) 
and Figure 2(e). Nevertheless, compost that 
treated with T. harzianum (Compost B) were 
recorded as the highest percentage of weight loss 
(12.54%) and height loss (79.42%) compared to 
the other composts on the 4th week. The present 
study showed better efficiency in terms of heights 

loss compared to (Islam et al. 2014) findings 
which reported that T. harzianum loss 42.64% of 
height after 30 days of composting. 

Measurement of Macronutrient Content in 
Compost 
The nutrients content in composts with 
Trichoderma spp. and control were shown in 
Table 1. Phosphorus (P) play a significant role in 
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root growth and plant metabolism. Compost A 
(402 ppm) contain significantly higher P content 
compared to compost B (296 ppm), compost C 
(316 ppm) and control (301 ppm) as shown in 
Figure 3(a). Hence, T. hamatum were doing great 

in increasing the P content in the compost. 
Therefore, these selected compost would be 
desirable in soils with high content of phosphorus. 
 

a 

 

b 

 
c 

 

d 

 
                                      e  
 
 
 
 
 
 
 
 
 
 
 
 
 
.  
 
Figure 2: Mean of (a) temperature, (b) pH, (c) electrical conductivity (EC), (d) weight loss and (e) 
height loss during four weeks of composting process 
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Figure 3: Mean concentration of phosphorus, sodium and copper in compost A, compost B, 
compost C and control after 28 days.  
 
Table 1: Concentrations of macronutrients and micronutrients availability in the finished (day 28) 
composts 

 Macronutrients (ppm) Micronutrients (ppm) 

Treatments P K Ca NO3
- Na Mg Fe Cu 

T. hamatum-treated 
compost (Compost A) 

402 a 17904 a 3826 b 965 ab 55 a 261 a 72 b 137 a 

T. harzianum treated 
compost (Compost B) 

296 b 17808 a 7049 b 796 b 45 b 259 a 87 b 128 b 

T.atroviride treated 
compost (Compost C) 

316 b 19165 a 10625 b 1005 a 46 b 307 a 52 a 130 b 

Untreated (Control) 301 b 15660 a 4987 b 370 c 38 b 264 a 97 b 133 ab 

 
 

By contrast, the availability of potassium (K) 
displayed in Table 1 indicated that K was greater 
in all composts that ranged from 17 808.67 ppm to 
19 165.33 ppm compared to control (15 660.67 
ppm). This may due to the presence of banana 
peel in the compost as a substrate. Morgan 
and Connolly (2013) explain that K is a crucial 
macronutrient for plant for enzyme activity, 
regulates opening and closing of stomata, 
stabilizes cellular anions and supplies enough 
osmotic pressure for cell growth. Recently, Li et al 
(2020) had proven that high dose application of K 
increased grain yields of maize by 7.2% and 
14.0%. Next, calcium (Ca) acts as one of the vital 
element for plant growth and development. In fact, 

it had been proven by several studies to regulate 
plant cell physiology and cellular response to 
environment (Liang and Zhang, 2018). It was 
found that compost C (10 629.5 ppm) had higher 
Ca content compared to other composts (compost 
A: 3826, compost B: 7049 ppm) including control 
(4987.5 ppm). The variation in nitrate levels after 
28 days of composting between four types of 
treatment were presented in Table 1. The 
inoculation of T. atroviride in compost C obtained 
the highest nitrate (NO3

-) concentration with value 
of 1005 ppm on the 28th day of composting period 
while the NO3

- value of compost A was 965 ppm, 
compost B was 796.67 ppm and the control was 
370 ppm. Similar effect were reported on empty 
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fruit bunches compost inoculated with 
Trichoderma sp. (Siddiquee et al. 2017).  

Decomposition process of organic matter by 
Trichoderma sp. produced high concentration of 
NO3

-. However, NO3
- concentration decreased as 

the compost started to matured. In addition, a 
comparison of the sodium (Na) values found that 
compost A reached the highest sodium value 
(Figure 3(b)) at 55.5 ppm while compost B, 
compost C had lower sodium values at 45.5 and 
46 ppm compared to control (38.3 ppm). 
Generally, Na was needed in small quantities but 
essential for plants to aid in metabolism and 
synthesis of chlorophyll (Kronzucker et al. 2013). 

Mg as micronutrient that involved in 
photosynthesis process that required by plant in 
certain amount. Based on Table 1, compost C has 
the highest Mg content with 307.5 ppm followed 
by control (264 ppm), compost A (261 ppm) and 
compost B (259.67 ppm). Therefore, application of 
these composts is suitable on soil with adequate 
magnesium supply. The content of micronutrients 
such as Cu and Fe showed minor changes in all 
composts and it were at a moderate level. The 
accumulation of these heavy metal in environment 
need to be take into full account as these 
composts utilization will be considered (Faverial et 
al. 2016; Lima et al. 2018). The variations in 
macronutrients and micronutrients content may 
due to several factors such as the composition 
and type of raw materials, and the 
microorganisms used in the compost.  

Overall, the three selected Trichoderma 
species in this experiment were effective as 
biodecomposer agent for nutrient enrichment in 
compost. Based on Figure 3, the availability of P, 
Na and Cu were significantly higher in compost 
treated with T. hamatum as compared to other 
treated compost. However, in this study, the 
Trichoderma spp.-inoculated compost exhibited 
no significant difference (p<0.05) in K, Ca, Mg and 
Fe concentration than controls. Hence, essential 
plant nutrients identified in Trichoderma 
composted food waste can serve as new 
prospective biofertilizer for improvement of plant 
growth and development. 

CONCLUSION 
Since food waste have major effects on 
environment, sustainable waste management are 
necessary in order to reduce the environment 
pollution. Thus, the use of Trichoderma spp. is a 
good approach as it produce plant cell wall-
degrading enzymes such as ligninase, cellulase, 
amylase, xylanase and pectinase as reported in 

this study. In addition, T. hamatum-treated 
composts contain significantly higher phosphorus 
(P), sodium (Na) and copper (Cu) concentration 
as compared to other treated composts. These 
findings defined Trichoderma spp. in this study as 
a good bio decomposer agent that enrich the soil 
with different soil nutrient and minerals availability. 
In future, these Trichoderma strains can be 
applied as bio decomposer and act as effective 
microorganisms as biofertilizer in increasing yield 
of production in agricultural industry. 
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