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ABSTRACT  Article History 

The integration of oil palm plantations and cattle farming is currently being intensively 

developed in South Kalimantan. Both sectors can mutually benefit each other, especially in 

addressing waste issues in both sectors. Oil palm empty fruit bunches are one of the most 

abundant byproducts of palm oil processing with high lignin content. Fungi have been found 

to have the ability to alter biomass components and can be naturally found in empty fruit 

bunches during the decaying process, while the cattle excretion process can increase the 

fungal diversity. This study aimed to isolate and identify the fungi present in oil palm empty 

fruit bunches and the soil within palm oil plantations, and to identify the fungi's ability to 

degrade fiber. After the isolated fungi were identified through morphological and DNA 

sequencing, the results revealed the presence of two potential species of fungi, Lasiodiplodia 

theobromae and Acremonium sp., which possess the ability to degrade oil palm empty fruit 

bunches fiber fraction and enhance its digestibility. The type of fungi and incubation period 

were found to significantly alter the Neutral Detergent Fiber (NDF) and lignin levels (P<0.05). 

The fungi were also found to significantly alter the In Vitro Digestibility (IVTD) and Digestible 

Neutral Detergent Fiber (dNDF) levels (P<0.05), indicating digestion by fungal activity. 

Consequently, it can be concluded that the isolated fungi, especially L. theobromae from soils 

possess the best ability to degrade fiber and enhance the digestibility of biomass.  
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INTRODUCTION 
 

The grazing activity by large herbivores, such as 

cattle, can indirectly affect the soil composition in 

grazing areas. Grazing alters the soil's physicochemical 

characteristics and eventually alters the composition of 

soil microbial communities (Jordon, 2021; Liu et al., 

2023). The microorganism community is one of the keys 

to plant nutrient availability and organic matter 

decomposition. Because of the benefit, merging 

livestock and plant production may be one of the ways 

to apply sustainable agriculture. 

Integrating the livestock and plant production sector 

may be beneficial, as Indonesia boasted over 14 million 

hectares of oil palm land in 2020, making it the country 

with the largest oil palm plantations worldwide (Pusat Data 

dan Sistem Informasi Pertanian, 2020). The data from 

Databoks  (Annur  2023) indicates that the region accounts 
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for a substantial portion of the country's oil palm land, 

roughly 5,706,033 hectares. Additionally, Tanah Bumbu has 

approximately 1929.2 km2 of oil palm land as of 2020 

(Rasyidah et al., 2022). In South Kalimantan, researchers 

and farmers are actively developing integrated oil palm 

and cattle farming systems. Cattle can play a role in 

managing oil palm waste by utilizing waste such as palm 

fronds and empty fruit bunches as their feed, as these 

materials have the potential to serve as ruminant feedstuff 

(Jayanegara et al., 2019; Nur-Nazratul et al., 2021; Zailan et 

al., 2023). On the other hand, the cattle excrete their feces 

and urine, which contain a lot of carbon in the soil and 

may increase the variety of microbial communities in soils 

and plant roots. This eventually also helps with the oil palm 

waste biomass decomposition process. Undoubtedly, 

efficient waste management is essential to successfully 

implement the integrated oil palm-cattle farming system, 

including oil palm waste. 

The conversion of palm oil into various products 

results in several types of by-products, including empty 

fruit bunches (EFB), which constitute a significant portion 

of the total waste generated. It is estimated that EFB 

accounts for approximately 23% of the total biomass 

(Rahayu et al., 2019). Traditionally, most crop residue has 

been managed by burning or burying it in the ground 

(Khoul et al., 2022). While some of it is used to generate 

steam for mills or returned to plantations for mulching, EFB 

is often regarded as waste and remains unutilized (Obada 

et al., 2023). Applying EFB to the soil surface or burial at 

low depths can lead to an increase in horn beetle 

populations, which are the primary pest in oil palm 

plantations (Fauzana et al., 2019). Currently, the processing 

of EFB waste is not optimal. Improper management of EFB 

waste can have negative implications for sustainable 

industrial applications. Therefore, processing palm oil 

waste in EFB is essential to maximize its benefits and 

minimize its negative environmental impacts. 

Oil Palm Empty Bunches are lignocellulosic biomass 

obtained from fresh palm fruit bunches. The cell walls of 

EFB contain three structural components: cellulose, 

hemicellulose, and lignin (Mohammad et al., 2020; Tang et 

al., 2020). The processing of EFB can be optimized by 

breaking down the EFB plant cell walls using 

microorganisms with the necessary degrading capability. 

The decomposition of lignocellulosic waste by fungi is of 

significant capability, particularly in depolymerizing lignin 

(Sarma et al., 2022). Fungi possess two types of 

extracellular enzymatic systems, hydrolytic and 

ligninolytic, which enables them to break down 

lignocellulose into simpler components such as oligomers 

and monomers. Fungi can break lignocellulosic biomass 

by producing lignocellulolytic enzymes (Nargotra et al., 

2023). This study aimed to isolate and identify the most 

abundant fungi with lignocellulolytic activity. Screening 

and isolating fungi from EFB substrates in their natural 

form is essential to discovering fungi that can effectively 

compost various lignocellulosic materials. By combining 

efficient lignocellulolytic fungi with the most effective 

treatment during the composting process, it is predicted 

that the isolated fungi will be useful for treating 

lignocellulose waste. 

MATERIALS & METHODS 
 

Sample Collection 

A total of thirty soil samples from the soil around palm 

tree roots were collected from three distinct locations, 

including palm oil plantations that were grazed by cattle 

(14 samples), palm oil plantations that were not grazed by 

cattle (14 samples), and soil surrounding piles of empty 

bunches (two samples) to improve the likelihood of 

obtaining the isolate and the variety of isolates. Samples 

were collected from PT Buana Karya Bhakti, Tanah Bumbu, 

and South Kalimantan (Fig. 1). Furthermore, 27 empty fruit 

bunches samples with different stacking periods were 

collected, comprising 1 d, 1 week, 1 month, 2 months, and 

6 months. A considerable amount of each sample, 

approximately 500-1000g, was collected and placed in 

clean plastic bags, stored in a cool box for transportation 

to the laboratory. Concurrently, microclimatic conditions, 

including temperature and soil pH, were recorded during 

sampling (Table 2).  

 

Fungi Isolation and Lignin Digestibility Screening 

Fungal isolation and cellulose degradation were 

studied using the modified dilution method (Vishnu et al., 

2021; Wróbel et al., 2023). 10g of sample was diluted into 

100mL of 0.85% NaCl solution and homogenized, 

resulting in 10-1 dilution. Two additional serial dilutions 

were conducted in a test tube for this investigation: one 

at a dilution factor of 10-6 for empty bunches and 

another at a dilution factor of 10-8 for soil samples. From 

each dilution, 0.1mL of the solution was poured and 

spread onto Petri dishes containing Potato Dextrose Agar 

(PDA) media and incubated at room temperature for 7 

days. The fungal isolates were purified if they were grown 

in a mixed culture.  

The assessment of fungal lignin degradation was 

performed by the methodology described by M’barek et 

al. (2019). The investigation utilized media Czapek as the 

primary carbon source to gauge the rate of lignin 

degradation. The Czapek media is characterized by a high 

carbon-to-nitrogen ratio, making it an appropriate growth 

medium for a wide range of fungi with unspecified 

nutritional requirements. This study used two types of 

Czapek media: Czapek dox and Czapek lignin. The fungal 

isolates demonstrating lignin degradation will exhibit a 

significant growth rate in selective media and will be the 

preferred candidate for further observation. The fungi 

isolate preferred in the study was the fungi with great 

growth diameter, high hyphae density, and high 

lignocellulolytic index. A nominal indicator for hyphae 

formation was determined using four descriptors as 

described in Table 1. In addition, the lignocellulolytic index 

was determined using the following equation: 

 

𝐿𝐶 𝐼𝑛𝑑𝑒𝑥 (%)(𝐿𝑖𝑔𝑛𝑖𝑛  𝑜𝑟  𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒  𝑚𝑒𝑑𝑖𝑎 ) =
𝐶𝑜𝑙𝑜𝑛𝑦 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟(𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑒  𝑚𝑒𝑑𝑖𝑎 )

𝐶𝑜𝑙𝑜𝑛𝑦 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟(𝑐𝑜𝑛𝑡𝑟𝑜𝑙 )
× 100 

 
 

The fungal isolate exhibiting the most superior 

lignocellulosic ability was subsequently observed through 

a microscope.  
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Table 1: Nominal indicator for hyphae formation 

Notation Hyphae formation descriptor Description 

0 No observed growth No hyphae were found 

1 Thin hyphae filaments The hyphae layer has a relatively thin structure, but it has already initiated its spreading process. 

2 Fair hyphae filaments The hyphae dense layer comprised less than 50% of the surface area. 

3 Thick, bulky hyphae filaments The dense hyphae layer constituted at least half of the entire surface area, amounting to at least 50% of the total space 

 

Table 2: Oil Palm Empty Fruit Bunches OPEFB) and soil sample collection 

No 
Total 

Sample 
Sample Media Code pH level Temperature (°C) Isolate Collecting Area Sample Condition moisture etc. 

Non-grazing area 

1 10 Soil A1-A10 4.97 30 Around palm tree Soil slightly damp 

2 4 Soil A11-A14 4.5 31 
Around the collecting area 

during harvest 
Soil slightly damp 

Cattle grazing area 

3 8 Soil A15-A22 4.8875 29.75 Around palm tree Soil is slightly damp with stems remaining around it 

4 2 Soil A23-A24 5.4 31 Under a pile of palm fronds Soil slightly dry 

5 4 Soil A25-A28 5 31.5 Around palm tree Soil slightly damp 

Around the pile of empty fruit bunches 

6 2 Soil A29-A30 4.5 - 
Around the pile of empty 

fruit bunches 
Soil slightly dry 

Empty fruit bunches stacked for 6 months 

7 2 Empty fruit bunches B1, B4 5.7 - Top Stack 
Fiber part, the empty fruit bunches is slightly damp 

and covered with a few of white fungus 

8 2 Empty fruit bunches B2, B5 5.7 - Middle stack Fiber part, empty fruit bunches slightly damp 

9 2 Empty fruit bunches B3, B6 5.7 - Bottom stack Fiber part, empty fruit bunches mixed with soil 

Empty fruit bunches stacked for 1 week 

10 2 Empty fruit bunches B7, B10 6.5 - Top Stack EFB is slightly dry, the fiber part 

11 2 Empty fruit bunches B8, B11 6.5 - Middle stack EFB is slightly damp, and the fiber part 

12 2 Empty fruit bunches B9, B12 6.5 - Bottom stack EFB is slightly damp and warm; the fiber part 

Empty fruit bunches stacked for 1 month 

13 2 Empty fruit bunches B13, B16 4.6 - Top Stack EFB is slightly dry; the fiber part 

14 2 Empty fruit bunches B14, B17 4.6 - Middle stack EFB is slightly damp, and the fiber part 

15 2 Empty fruit bunches B15, B18 4.6 - Bottom stack EFB is slightly damp and warm; the fiber part 

Empty fruit bunches stacked for 2 months 

16 1 Empty fruit bunches B19 5.6 - Top Stack EFB is slightly dry, the fiber part 

17 2 Empty fruit bunches B20, B23 5.35 - Middle stack EFB is slightly damp, fiber part 

18 2 Empty fruit bunches B21, B24 5.35 - Bottom stack EFB is slightly damp, fiber part 

19 1 Empty fruit bunches B22 5.1 - Top Stack 
EFB was slightly dry, covered with white fungus, 

fungi noodles was found, fiber part 

 

Empty Fruit Bunches Samples Processing 

Empty fruit bunches were initially reduced in size to 

approximately 3-5cm. They were then dried using an 

oven set at 60°C for 48h and ground to 2mm particles 

using a hammer mill. Afterward, the empty bunches are 

subjected to heat treatment using an autoclave at 135°C 

and 2.3 atmospheric pressure for 2.5h. The empty fruit 

bunches media is then inoculated with fungal isolates 

grown on Potato Dextrose Agar media for 7 days at a 

dosage of 50mgkg-1 (dry weight). The empty bunches 

media is then incubated at room temperature (25-30°C) 

and in the dark for 10, 20, and 30 days. The research 

design is based on a completely randomized method 

with 4 replications. 

 

DNA Sequencing of Isolated Fungi 

The identification of fungi using a molecular approach 

is based on single-pass DNA Sequencing. The 

identification process involved several steps, including 

DNA extraction, DNA purification, DNA concentration 

measurement, electrophoresis, PCR, and sequencing. 

Specifically, ITS1F (CTT GGT CAT TTA GAG GAA GTA A) and 

ITS 4 (TCC TCC GCT TAT TGA TAT GC) primers were used 

for fungi identification during sequencing according to 

method described by Raja et al. (2017). The resulting data 

were then compared with the National Center for 

Biotechnology Information (NCBI) database using the 

BLAST (Basic Local Alignment Search Tool) nucleotide 

 
 
Fig. 1: Study map area. 

 

collection program (https://blast.ncbi.nlm. 

nih.gov/Blast.cgi). Subsequently, the classification of the 

fungi sample was established at least at the genera level.  

 

Empty Fruit Bunches Fermentation with Fungi Isolates 

A total of 25g of chopped empty fruit bunches were 

placed in glass bottles. Subsequently, these empty fruit 

bunches underwent sterilization using an autoclave, 

subjected to heat at 121°C and pressure at 1 atm for 

15min (Koesoemadinata et al., 2021). Next, the sterilized 
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empty fruit bunches were inoculated with 10%(g/v) of 

fungi isolate grown in liquid media with agitation, 

resulting in five distinct treatments with four replicates 

each. The fermentation process was allowed to proceed 

for 30 days, with samples being observed and analyzed 

every 10 days. The visual appearance of the empty 

bunches was documented during the observation 

process. To assess the fiber fraction of the empty 

bunches, analyses of neutral detergent fiber (NDF), acid 

detergent fiber (ADF), and lignin were performed. 

Additionally, in vitro true digestibility and digestible 

neutral detergent fiber were conducted to determine the 

level of digestibility of the empty bunches (Tassone et al., 

2020; Gürsoy et al., 2021).  

 

Fiber Fraction and Digestibility Analysis 

After the incubation period, empty bunches media 

samples were collected, homogenized, and dried at 60°C. 

The amounts of Neutral Detergent Fiber (NDF), Acid 

Detergent Fiber (ADF), and Acid Detergent Lignin were 

determined using the modified Van Soest method 

(Goering and Van Soest 1970) with the ANKOM Fiber 

Analyzer A200 (ANKOM Technology, NY, USA). Moreover, 

the digestible NDF and in vitro true digestibility (IVTD) 

were analyzed using the Daisy II incubator (ANKOM 

Technology, NY, USA). The rumen fluid inoculants used in 

the digestibility analysis were obtained from Ongole cattle 

at Cibinong Science Centre, Bogor (Tassone et al., 2020; 

Gürsoy et al., 2021).  

 

Data Analysis 

The data obtained were subjected to analysis of variance 

(ANOVA) using a Factorial Completely Randomized Design 

(CRD). This analysis was conducted using SAS programming 

for data science (<https://welcome.oda.sas.com/>). The 

Duncan Multiple Range Test (DMRT) was applied at a 5% 

probability level to determine the difference between the 

means of each treatment. 

 

RESULTS & DISCUSSION 

 

Oil Palm Empty Fruit Bunches (OPFEB) and soil samples 

A total of thirty soil samples were collected from three 

separate regions, including a palm plantation area grazed 

by cattle (14 samples), a palm plantation area not grazed 

by cattle (14 samples), and an area surrounding the pile of 

empty fruit bunches (2 samples). Additionally, 27 empty 

fruit bunches samples were gathered from palm oil trees, 

with varying storage durations (1 day, 1 week, 1 month, 2 

months, and 6 months). Detailed information regarding 

the samples is presented in Table 1. 

The various regions of an oil palm plantation display 

distinct characteristics in their samples. The pH level in Soil 

samples located in the soil surrounding the roots of the oil 

palm trees typically falls between 4.5 and 5.4. Meanwhile, 

the average temperature in these samples is generally 

between 29.75 and 31.5°C. Additionally, the Soil samples 

collected near the palm tree tend to be slightly moist, 

while those gathered from piles of palm fronds are usually 

somewhat dry. 

The collected fruit bunches from the top stack were 

generally found to be slightly dry, except those that were 

stacked for 6 months. In contrast, the fruit bunches 

collected from the middle and bottom parts were observed 

to be slightly damp. This happens due to airflow and 

microbial activity. Temperature and humidity are 

transported to the higher, more internal parts of the pile via 

airflow, resulting in an increase in temperature through 

conduction and an increase in humidity through the 

condensation of gases and vapours (Cepeda, 2020). The 

lower portion of the stack may experience less airflow, 

resulting in a more humid environment that retains 

moisture (Hogland & Marques, 2003). In the central parts of 

the stack, the temperature increases rapidly during the 

initial weeks before stabilizing and then decreasing 

gradually. The presence of different microorganisms at 

various temperatures cannot be ruled out. As they 

metabolize nutrients, these microorganisms can release 

heat and consume moisture. As a result of the heat 

generated by the stack, fermentation will produce more 

lactic acid, acetic acid, water, and carbon dioxide (Cepeda, 

2020). This activity may be more concentrated in the middle 

and lower parts of the stack, affecting moisture levels. 

The pH levels in the empty fruit bunch samples varied 

widely, ranging from 4.1 to 6.5. The lowest pH level was 

recorded in the empty fruit bunches stacked for one 

month, while the highest pH level was observed in the 

empty fruit bunches stacked for one week. The pH levels in 

the different stacking periods exhibited fluctuations. 

However, it is worth noting that some of the sample pH 

characteristics in the soil samples collected from non-

grazing areas, cattle grazing areas around palm trees, piles 

of empty bunches, and the empty fruit bunches stacked for 

one month are suitable for the degradation of lignin and 

cellulose by fungi, which is around 4-6 (Legodi et al., 2019; 

Suryadi et al., 2022). 

 

Isolation of Potential Fungi from Oil Palm Empty Fruit 

Bunches and Soil around Palm Tree Roots 

A total of 228 plates with media PDA and Czapek dox 

were used to isolate potential fungi from empty fruit 

bunches and soil. Upon initial observation, 27 plates were 

covered by fungi isolates after three days of isolation. After 

ten days, 55 Petri dishes displayed fungal growth. 

However, ten isolates were contaminated with bacteria and 

were not included in the analysis. Additionally, a selection 

and purification process were conducted for isolates that 

exhibit rapid growth rates.  

The purification process was conducted on the selective 

media, Czapek Dox and Czapek Lignin, and was monitored 

every two days. Fifteen isolates, after the purification 

process, showed steady fungal growth. The initial 

measurement involved assessing the hyphae's diameter 

using a Calliper. The findings of the fungal growth on 

selective media have been compiled in Table 3. The soil 

sample exhibited varying hyphae area diameter values 

compared to the empty fruit bunches. The fungi derived 

from soil growth in czapek dox medium demonstrated area 

diameters ranging from 22.81 to 85.00mm, while those 

isolated from the empty fruit bunches exhibited diameters 
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ranging from 19.66 to 82.96mm. Moreover, the fungi from 

soil samples demonstrated growth on czapek lignin media 

with diameters ranging from 17.85 to 78.73mm, whereas 

those from the empty fruit bunches media ranged from 

20.94 to 82.74mm. The lignocellulose (LC) index for soil 

samples exhibited values ranging from 33.75 to 94.55mm, 

whereas those for the empty fruit bunches ranged from 

35.40 to 100.39mm. 

According to the findings, a high LC index does not 

always correspond to a high nominal notation. In other 

words, fungi with a large diameter and a high LC index may 

not necessarily have dense hyphae (M’barek et al., 2019). Five 

fungi isolates, namely A11, A18, A24, A28, and B16, exhibited 

good growth on the selective media, as indicated by a high 

value of hyphae diameter on both media, a high nominal 

notation indicating that the hyphae are dense enough, and a 

satisfactory LC index percentage. The chosen isolates were 

then obtained for further tests on morphological 

observations, DNA sequencing, and fiber fraction tests.  

The following text provides observations on the shape 

and color of various fungi isolates: B16, A11, A18, A24, and 

A28. Microscopic examinations of isolate B16 revealed that 

the fungi had a slender-sickle shape, were blue in color, 

and produced an abundance of macroconidia. In contrast, 

isolate A11 exhibited conidiophores with a blue-to-green 

hue, which were dense and branched. The fungi on isolate 

A18 featured septate, hyaline hyphae, and black, globose-

shaped conidia. Isolate A24 was characterized by oval-to-

spindle-shaped fungi with blue-to-purple coloration, 

single-celled conidia, and small colonies. Moreover, isolate 

A28 displayed fine blue-to-black threads and irregularly 

shaped globe-like spores. 

To ensure accurate results, the isolated cultures were 

tested by DNA sequencing. Fig. 2 provides an overview of 

the fungal isolates based on macroscopic observations. 

Furthermore, DNA sequencing (Fig. 3) identified potential 

fungi, which revealed that four of the five samples 

collected from soil (A11, A18, A24, and A28) were 

consistent with Lasiodiplodia theobromae. The remaining 

sample, designated as media code F (B16) obtained from 

empty fruit bunches, was identified as Acremonium sp. 

(Table 4). 

 
Table 3: Nominal notation, colony diameter, and Lignocellulolytic LC) index of potential fungi 

No Sample Media Code Nominal Notation ØC  mm) ØCL mm) LC Index %) 

1 Soil A3 1 54.55 24.55 45.00 

2 Soil A5 1 43.14 17.85 41.38 

3 Soil A6 1 82.20 27.74 33.75 

4 Soil A11 2 85.00 44.75 52.65 

5 Soil A12 1 22.81 18.47 80.97 

6 Soil A18 2 57.39 25.76 44.89 

7 Soil A24 2-3 56.28 25.97 46.14 

8 Soil A28 2 83.27 78.73 94.55 

9 Empty Fruit Bunches B5 1 83.5 82.28 98.54 

10 Empty Fruit Bunches B7 1 59.16 20.94 35.40 

11 Empty Fruit Bunches B16 2-3 19.66 18.06 91.86 

12 Empty Fruit Bunches B17 1 48.26 31.25 64.75 

13 Empty Fruit Bunches B21 1 82.96 31.25 37.67 

14 Empty Fruit Bunches B23 1 82.42 82.74 100.39 

15 Empty Fruit Bunches B27 1 82.74 82.66 99.90 

 

 

 
Fig. 2: Results of fungi isolation from EFB and soil on microscope. 

 

Previous studies conducted by Li et al. (2019), found that L. 

theobromae secretes cell wall degradation enzymes, and it 

was investigated that the expression levels of genes 

encoding cell wall degradation proteins, including 

glycoside  hydrolase  family,  extracellular aldonolactonase, 

 
 
Fig. 3: PCR results of each fungi isolates. 

 

and cellulose-binding domain protein were secreted in 

peach shoots during the development of peach gummosis. 

Peach gumosis is a disease in peach production caused by 

Lasiodiplodia theobromae. Fungi L. theobromae was also 

proven to release lignin-modifying enzymes, specifically 

peroxidases (LiP and MnP) and laccases (LAC), which are 

responsible for degrading BaP (Benzo[a]pyrene) (Cao et al. 

2020). These enzymes are secreted outside the cells and 

compete for the same substrates to catalyze the formation 

of radicals through oxidation and the attack of molecules, 

destabilizing the bonds in the molecule. The formed 

radicals then interact with each other or fungal 
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metabolites, generating additional radicals that continue 

the process (Zhuo & Fan, 2021; Punetha et al., 2022).  

There have been no reported instances of L. 

theobromae causing harm to oil palm plants. 

Consequently, it is reasonable to assume that the presence 

of L. theobromae in or around oil palm plantations will not 

have a detrimental effect on the plants and may even have 

beneficial effects. However, it should be noted that L. 

theobromae has been known to cause various diseases in 

other plants, such as root rot in date palms (Phoenix 

dactylifera L) and leaf blight in coconuts (Cocos nucifera L) 

(Mohamad & Arafat, 2013; Ramjegathesh et al., 2019; 

Santos et al., 2020; Coelho et al., 2022). 

Different from L. theobromae, previous research has 

shown that Acremonium sp. isolates obtained from 

different parts of alfalfa and subtropical forests are capable 

of degrading cellulose (Hao et al., 2006; Attia et al., 2020). 

The research findings indicate that Acremonium sp. 

produces ligninolytic and cellulolytic enzymes, including 

laccase, lignin peroxidase, manganese peroxidase, 

carboxymethylcellulose (CMCase), and filter paper activity 

(FPA). Acremonium sp. has excellent hydrolytic capabilities 

and is more effective in producing cellulolytic enzymes 

than Penicillium spp. (Adsul et al., 2020). 

 

Oil Palm Empty Fruit Bunches Inoculated with Potential 

Fungi Inoculation 

The empty bunches without any treatment (control) 

data were obtained as a baseline for this experiment. The 

initial fiber fraction data were NDF (68.99%), ADF (53.46%), 

and Lignin (13.17%), while the IVTD (38.59%) and dNDF 

(61.41%) were also obtained. The data obtained from this 

experiment, including the fiber fraction values from the 

empty fruit bunches incubated with fungal isolates, are 

presented in Table 5. 

 
Table 4: Identification of selected fungal isolates 

Media Code Closest Hit Similarity (%) 

B16 Acremonium sp. 99.83 

A11 Lasiodiplodia theobromae 99.63 

A18 Lasiodiplodia theobromae 99.81 

A24 Lasiodiplodia theobromae 99.81 

A28 Lasiodiplodia theobromae 99.62 

 

The impact of the type of fungi on the NDF and lignin 

content of empty fruit bunches was found to be statistically 

significant (P<0.005). The incubation period was also found 

to be statistically significant in altered the NDF and lignin 

content (P<0.005). However, no significant interactions 

were observed between the type of fungi and incubation 

period for all parameters besides the lignin content. The 

impact of the type of fungi, incubation period, and 

interaction between fungi and incubation period on ADF 

content was found to be non-significant (P<0.005). The 

results showed that the addition of the incubation period 

led to a decrease in NDF and lignin levels, suggesting that 

the lignocellulose complex was successfully degraded. The 

decreasing levels of NDF and lignin happened because of 

the ability of fungi to dilute and use carbohydrates as their 

source of carbon which is essential for fungal 

microorganism cell wall synthesis (Yilkal, 2015; Adesogan et 

al., 2019; Bartnicki-Garcia et al., 2000).  

The treatment of empty fruit bunches with heat 

and/or chopping before inoculation with fungi affects the 

reduction in fiber fraction. Heating accelerates the opening 

of the lignocellulose structure and makes it more 

accessible to the enzymes produced by the fungi. Previous 

studies have shown that empty fruit bunches treated with 

urea and heated using a special Fiber Cracking Technology 

(FCT) autoclave with a temperature of 135°C and a 

pressure of 2.3atm, as well as rice straw treated with urea 

and an autoclave temperature of 121°C and pressure of 

1.4atm, were effective in reducing NDF, ADF, and lignin 

levels (Dewi et al., 2018; Jayanegara et al., 2019).  Reducing  
 

Table 5: Fiber fraction of empty bunches inoculated with potential fungi 

isolates  

Isolate Name Observation Period (Days) Average 

10 20 30 

NDF (%) 

A11 66.35bc 66.78bc 65.25b 66.13B 

A18 64.69b 64.95b 60.25a 63.30A 

A24 66.31bc 69.31c 67.30bc 67.64BC 

A28 66.82bc 66.58bc 64.79b 66.06B 

B16 66.90bc 69.00c 67.75bc 67.89C 

Average 66.21bc 67.33c 65.07a  

ADF (%) 

A11 53.03b 54.3a 51.85b 53.06A 

A18 50.39b 52.14b 51.58ab 51.37A 

A24 52.90b 55.08b 53.17b 53.72A 

A28 51.90b 52.44b 54.09b 52.82A 

B16 53.70b 53.78b 53.39b 53.63A 

Average 52.57a 53.54a 52.92a  

Lignin (%) 

A11 14.34ab 13.43ab 13.44ab 13.74AB 

A18 12.86ab 13.23ab 12.93ab 13.00A 

A24 13.97ab 16.42c 13.71ab 14.70CD 

A28 12.76a 17.99d 14.42ab 15.06D 

B16 14.52b 14.02ab 13.47ab 14.00BC 

Average 13.69 a  15.02b 13.59a  

Lowercase alphabets in rows and uppercase letters in different columns for 

each observed parameter indicate significant (P<0.05) effects. Neutral 

Detergent Fiber NDF) and Acid Detergent Fiber ADF); A1; A18; A24; A28 = 

Lasiodiplodia theobromae; B16 = Acremonium sp; Control= sterile empty fruit 

bunches incubated without the addition of fungi). 

 

the particle size of empty bunches also enhances the 

cellulose hydrolysis activity carried out by fungi enzymes 

(Kayati et al., 2016; Fernandes et al., 2020). Among these 

fungi, empty fruit bunches inoculated with fungus A18 

appeared to be the most effective in reducing the fiber 

fraction value. Based on DNA sequencing, the A18 was 

known as Lasiodiplodia theobromae.  

The results of the digestion trial for the empty fruit 

bunches are shown in Table 6. The digestibility of NDF and 

IVTD was significantly affected by the type of fungi 

(P<0.05). However, there was no significant effect of 

incubation period on IVTD and dNDF (P<0.05). The 

interaction between the type of fungi and the incubation 

period was not found either. The results of the fungal 

inoculation treatment on empty bunches that had 

previously undergone chopping and heating demonstrated 

a notable increase in digestibility levels in the rumen. The 

chopping and heating process led to a more concentrated 

fungal activity in degrading lignocellulose, facilitating a 

faster enzymatic breakdown of lignin. By reducing lignin 

levels in empty fruit bunches, rumen microbes were better 

able to utilize cellulose. Research conducted previously has 

shown that heating pre-treatment using an autoclave on 
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empty bunches and straw can increase the digestibility of 

dry matter and organic matter in the rumen (Jayanegara et 

al., 2019; 2017). Consequently, the fermentation process 

carried out by L. theobromine, which secretes lignocellulosic 

enzymes capable of degrading lignin in empty bunches, is 

more effective when preceded by chopping and heating 

pre-treatment.  

 
Table 6: Digestibility levels of empty bunches inoculated with potential 

fungi isolates 

Isolate Name Observation Period Days) Average 

10 20 30 

IVTD (%) 

A11 34.35abc 33.32a 34.74abc 34.14A 

A18 34.66abc 36.54abcde 39.11bcde 36.77AB 

A24 35.36abcd 40.35de 39.63cde 38.45BC 

A28 34.07ab 38.76bcde 35.78abcde 36.20AB 

B16 41.14e 38.86bcde 39.42bcde 39.81C 

Average 35.57a 37.80a 38.61a  

dNDF (%) 

A11 65.65cde 66.68e 65.26cde 65.86C 

A18 65.34cde 63.46abcde 60.89abcd 63.23BC 

A24 64.64bcde 59.65ab 60.37abc 61.55AB 

A28 65.93de 61.24abcd 64.22abcde 63.80BC 

B16 58.86a 61.14abcd 60.58abcd 60.19A 

Average 64.08a 62.44a 62.26a  

Lowercase alphabets in rows and uppercase letters in different columns for 

each observed parameter indicate significant (P<0.05) effects. IVTD In vitro 

true digestibility); dNDF Neutral Detergent Fiber) digestibility; A1; A18; A24; 

A28 = Lasiodiplodia theobromae; B16 = Acremonium sp.; Control= sterile 

empty fruit bunches incubated without the addition of fungi). 

 

Conclusion 

In this study, fungi were successfully isolated from oil 

palm empty fruit bunches and soil in the palm plantation 

area. Two types of fungi were identified as Lasiodiplodia 

theobromae and Acremonium sp. The results of this 

investigation suggest that these two types of fungi could 

degrade the lignocellulose complex, as evidenced by the 

reduction in fiber fraction, specifically on NDF and lignin 

levels. Additionally, these fungi were found to be effective in 

increasing the digestibility of oil palm empty fruit bunches. 

 

Acknowledgment 

The study was funded by National Research and 

Innovation Agency (BRIN) Research Organisation for 

Agriculture and Food in House program year 2022-2023. 

PT. SISKA also participate in supporting sampling process 

and providing empty oil palm fruit bunches. The lab 

analysis also done with support from Ms Raodatul Jannah. 
 

REFERENCES 
 

Adesogan, A. T., Arriola, K. G., Jiang, Y., Oyebade, A., Paula, 

E. M., Pech-Cervantes, A. A., Romero, J. J., Ferraretto, L. 

F., & Vyas, D. (2019). Symposium review: Technologies 

for improving fiber utilization. Journal of Dairy Science, 

102(6), 5726–5755. https://doi.org/10.3168/jds.2018-

15334  

Adsul, M., Sandhu, S. K., Singhania, R. R., Gupta, R., Puri, S. 

K., & Mathur, A. (2020). Designing a cellulolytic 

enzyme cocktail for the efficient and economical 

conversion of lignocellulosic biomass to biofuels. 

Enzyme and Microbial Technology, 133, 109442. 

https://doi.org/10.1016/j.enzmictec.2019.109442 

Annur CM, 2023. 10 Provinsi dengan Perkebunan Kelapa 

Sawit Terluas (2023). Databoks. https://databoks. 

katadata.co.id/datapublish/2023/12/22/10-provinsi-

dengan-perkebunan-kelapa-sawit-terluas-pada-2023-

riau-juaranya 

Attia, E. Z., Farouk, H. M., Abdelmohsen, U. R., & El-Katatny, 

M. H. (2020). Antimicrobial and extracellular oxidative 

enzyme activities of endophytic fungi isolated from 

alfalfa (Medicago sativa) assisted by metabolic 

profiling. South African Journal of Botany, 134, 156–

162. https://doi.org/10.1016/j.sajb.2019.12.003  

Bartnicki-Garcia, S., Bracker, C. E., Gierz, G., López-Franco, 

R., & Haisheng, L. (2000). Mapping the growth of 

fungal hyphae: Orthogonal cell wall expansion during 

tip growth and the role of turgor. Biophysical Journal, 

79(5), 2382–2390. https://doi.org/10.1016/S0006-3495 

(00)76483-6  

Cao, H., Wang, C., Liu, H., Jia, W., & Sun, H. (2020). Enzyme 

activities during Benzo[a]pyrene degradation by the 

fungus Lasiodiplodia theobromae isolated from a 

polluted soil. Scientific Reports, 10(1), 865. 

https://doi.org/10.1038/s41598-020-57692-6   

Cepeda, J. T. (2020). Influence of Moisture, Temperature and 

Microbial Activity in Biomass Sustainable Storage. 

Special Focus on Olive Biomasses. International Journal 

of Environmental Sciences & Natural Resources, 25(3), 

556165. https://doi.org/10.19080/ijesnr.2020.25. 556165 

Coelho, I. L., de Assis, T. C., Ferraz, L. G. B., de Souza Freitas, 

M. T., de Queiroz Balbino, V., dos Santos Vieira, W. A., 

Neves, R. P., Doyle, V. P., Câmara, M. P. S., & Laranjeira, 

D. (2022). Lasiodiplodia species diversity associated 

with coconut leaf blight and stem-end rot in 

Northeastern Brazil. European Journal of Plant 

Pathology, 162(1), 45–61. https://doi.org/10.1007/ 

s10658-021-02383-9  

Dewi, S. P., Ridla, M., Laconi, E. B., & Jayanegara, A. (2018). 

Increasing the quality of agricultural and plantation 

residues using combination of Fiber Cracking 

Technology and urea for ruminant feeds. Tropical 

Animal Science Journal, 41(2), 137–146. 

https://doi.org/10.5398/tasj.2018.41.2.137  

Fauzana, H., Alfasiri, A., & Nelvia, N. (2019). Sifat Kimia 

Tanah dan Populasi Kumbang Tanduk (Oryctes 

rhinoceros L.) Stadia Pradewasa pada Berbagai 

Kedalaman Penempatan Tandan Kosong Kelapa Sawit. 

Journal Solum, 1, 1–10. https://doi.org/10.25077/js.vol. 

1.1-10.2019  

Fernandes, É. S., Bueno, D., Pagnocca, F. C., & Brienzo, M. 

(2020). Minor Biomass Particle Size for an Efficient 

Cellulose Accessibility and Enzymatic Hydrolysis. 

ChemistrySelect, 5(25), 7627–7631. https://doi.org/10. 

1002/slct.202001008 

Goering, H. K., & Van Soest, P. J. (1970). Forage Fiber 

Analysis. 379, US Department of Agriculture 

Gürsoy, E., Kaya, A., & Gül, M. (2021). Determining the 

nutrient content, energy, and in vitro true digestibility 

of some grass forage plants. Emirates Journal of Food 

and Agriculture, 33 (5), 417-422. https://doi.org/10. 

9755/ejfa.2021.v33.i5.2696 

Hao, J. J., Tian, X. J., Song, F. Q., He, X. B., Zhang, Z. J., & 

Zhang, P. (2006). Involvement of lignocellulolytic 

https://doi.org/10.3168/jds.2018-15334
https://doi.org/10.3168/jds.2018-15334
https://doi.org/10.1016/j.enzmictec.2019.109442
https://doi.org/10.1016/j.sajb.2019.12.003
https://doi.org/10.1016/S0006-3495%20(00)76483-6
https://doi.org/10.1016/S0006-3495%20(00)76483-6
https://doi.org/10.1038/s41598-020-57692-6
https://doi.org/10.19080/ijesnr.2020.25.%20556165
https://doi.org/10.1007/%20s10658-021-02383-9
https://doi.org/10.1007/%20s10658-021-02383-9
https://doi.org/10.5398/tasj.2018.41.2.137
https://doi.org/10.25077/js.vol.%201.1-10.2019
https://doi.org/10.25077/js.vol.%201.1-10.2019
https://doi.org/10.%201002/slct.202001008
https://doi.org/10.%201002/slct.202001008
https://doi.org/10.%209755/ejfa.2021.v33.i5.2696
https://doi.org/10.%209755/ejfa.2021.v33.i5.2696


Int J Agri Biosci, 2024, 13(2): 172-180. 
 

179 

enzymes in the decomposition of leaf litter in a 

subtropical forest. Journal of Eukaryotic Microbiology, 

53(3), 193–198. https://doi.org/10.1111/j.1550-

7408.2006.00093.x 

Hogland, W., & Marques, M. (2003). Physical, biological 

and chemical processes during storage and 

spontaneous combustion of waste fuel. Resources, 

Conservation and Recycling, 40(1), 53–69. 

https://doi.org/10.1016/S0921-3449(03)00025-9  

Jayanegara, A., Ardhisty, N. F., Dewi, S. P., Antonius, 

Ridwan, R., Laconi, E. B., Nahrowi, & Ridla, M. (2019). 

Enhancing nutritional quality of oil palm empty fruit 

bunch for animal feed by using fiber cracking 

technology. Advances in Animal and Veterinary 

Sciences, 7(3), 157–163. https://doi.org/10.17582/ 

journal.aavs/2019/7.3.157.163  

Jayanegara, A., Ayinda, R. S. K., & Laconi, E. B. (2017). Urea 

treatment of rice straw at elevated temperature and 

pressure: Effects on fiber content, rumen fermentation 

and digestibility. Journal of the Indonesian Tropical 

Animal Agriculture, 42(2), 81–87. https://doi.org/10. 

14710/jitaa.42.2.81-87 

Jordon, M. W. (2021). Does mixed vs separate sheep and 

cattle grazing reduce soil compaction? Soil Use and 

Management, 37(4), 822–831. https://doi.org/10.1111/ 

sum.12659 

Kayati, F. N., Syamsiah, S., Sediawan, W. B., & Sutijan, S. 

(2016). Studi Kinetika Hidrolisis Tandan Kosong Kelapa 

Sawit (TKKS) Dengan Proses Fermentasi Padat 

Menggunakan Jamur Aspergillus niger. REAKTOR, 

16(1). https://doi.org/10.14710/reaktor.16.1.1-8  

Khoul, B., Yakoob, M., & Shah, M. P. (2022). Agricultural 

waste management strategies for environmental 

sustainability. Environmental Research, (206), 112285. 

https://doi.org/10.1016/j.envres.2021.112285   

Koesoemadinata, V. C., Chou, K., Baharin, N. S. K., Yahya, W. 

J., Yuzir, M. A. M., Akhir, F. N. M., Iwamoto, K., Hata, S., 

Aid, S. R. B., Othman, N., Ida, T., Murakami, Y., & Hara, 

H. (2021). The effectiveness of biological pretreatment 

of oil palm empty fruit bunch on its conversion into 

Bio-Coke. Bioresource Technology Reports, 15, 100765. 

https://doi.org/10.1016/j.biteb.2021.100765  

Legodi, L. M., La Grange, D., Van Rensburg, E. L. J., & 

Ncube, I. (2019). Isolation of Cellulose Degrading 

Fungi from Decaying Banana Pseudostem and 

Strelitzia alba. Enzyme Research, 2019, 1390890. 

https://doi.org/10.1155/2019/1390890  

Li, Z., Zhang, H., & Li, G. (2019). Characterization of 

phytotoxin and secreted proteins identifies of 

Lasiodiplodia theobromae, causes of peach gummosis. 

Fungal Biology, 123(1), 51–58. https://doi.org/10.1016/ 

j.funbio.2018.11.001  

Liu, Y., Zhao, X., Liu, W., Yang, X., Feng, B., Zhang, C., Yu, Y., 

Cao, Q., Sun, S., Degen, A. A., Shang, Z., & Dong, Q. 

(2023). Herbivore assemblages affect soil microbial 

communities by altering root biomass and available 

nutrients in an alpine meadow. Frontiers in Plant 

Science, 14, 1117372. https://doi.org/10.3389/fpls. 

2023.1117372 

M'barek, H. N., Taidi, B., Smaoui, T., Aziz, M. B., Mansouri, 

A., & Hajjaj, H. (2019). Isolation, screening and 

identification of ligno-cellulolytic fungi from northern 

central Morocco. Biotechnologie, Agronomie, Société et 

Environnement/Biotechnology, Agronomy, Society and 

Environment, 23(4), 207-217. https://doi.org/10.25518/ 

1780-4507.18182 

Mohamad, A. M., & Arafat, K. H. (2013). Influence of 

environmental conditions, salinity and root exudates 

on incidence and disease severity of lasiodiplodia 

theobromae that caused root rot of date palm 

offshoots and biocontrolling. Journal Biology 

Chemistry Environment Science, 8 (1), 73-91. 

Mohammad, I. N., Ongkudon, C. M., & Misson, M. (2020). 

Physicochemical properties and lignin degradation of 

thermal-pretreated oil palm empty fruit bunch. 

Energies, 13(22), 5966. https://doi.org/10.3390/ 

en13225966 

Nargotra, P., Sharma, V., Lee, Y. C., Tsai, Y. H., Liu, Y. C., 

Shieh, C. J., Tsai, M. L., Dong, C. Di, & Kuo, C. H. (2023). 

Microbial Lignocellulolytic Enzymes for the Effective 

Valorization of Lignocellulosic Biomass: A Review. 

Catalysts, 13(1), 83. https://doi.org/10.3390/ 

catal13010083 

Nur-Nazratul, F. M. Y., Rakib, M. R. M., Zailan, M. Z., & 

Yaakub, H. (2021). Enhancing in vitro ruminal 

digestibility of oil palm empty fruit bunch by 

biological pre-treatment with Ganoderma lucidum 

fungal culture. PLoS ONE, 16(9), 0258065. 

https://doi.org/10.1371/journal.pone.0258065  

Obada, D.O., Kekung, M.O., Levonyan, T., & Graeme, W. N. 

(2023). Palm oil mill derived empty palm fruit bunches 

as a feed stock for renewable energy applications in 

Nigeria: A review. Bioresource Technology Reports, 24, 

101666. https://doi.org/10.1016/j.biteb.2023.101666   

Punetha, A., Saraswat, S., & Rai, J. P. N. (2022). An insight 

on microbial degradation of benzo[a]pyrene: current 

status and advances in research. World Journal of 

Microbiology and Biotechnology, 38(4), 61. 

https://doi.org/10.1007/s11274-022-03250-3  

Pusat Data dan Sistem Informasi Pertanian, (2020). Statistik 

Pertanian (Anna Astrid Susanti, Mohammad Ade 

Supriyatna, Hanny Muliany, Retno Suryani, Dyah 

Riniarsi, Takariyana Heni A, Tarmat, Titin Agustina, 

Victor Saulus Bonavia, Bramantyo Indra K, & Siti Nur 

Sholihah, Eds.). Kementrian Pertanian Republik 

Indonesia. 

Rahayu, D. E., Wirjodirdjo, B., & Hadi, W. (2019). Availability 

of empty fruit bunch as biomass feedstock for 

sustainability of bioenergy product (system dynamic 

approach). AIP Conference Proceedings, 2194, 020095. 

https://doi.org/10.1063/1.5139827  

Raja, H. A., Miller, A. N., Pearce, C. J., & Oberlies, N. H. 

(2017). Fungal Identification Using Molecular Tools: A 

Primer for the Natural Products Research Community. 

Journal of Natural Products, 80(3), 756–770. 

https://doi.org/10.1021/acs.jnatprod.6b01085  

Ramjegathesh, R., Johnson, I., Hubballi, M., & 

Maheswarappa, H. P. (2019). Characterization of 

lasiodiplodia theobromae causing leaf blight disease 

https://doi.org/10.1111/j.1550-7408.2006.00093.x
https://doi.org/10.1111/j.1550-7408.2006.00093.x
https://doi.org/10.1016/S0921-3449(03)00025-9
https://doi.org/10.17582/%20journal.aavs/2019/7.3.157.163
https://doi.org/10.17582/%20journal.aavs/2019/7.3.157.163
https://doi.org/10.%2014710/jitaa.42.2.81-87
https://doi.org/10.%2014710/jitaa.42.2.81-87
https://doi.org/10.1111/%20sum.12659
https://doi.org/10.1111/%20sum.12659
https://doi.org/10.14710/reaktor.16.1.1-8
https://doi.org/10.1016/j.envres.2021.112285
https://doi.org/10.1016/j.biteb.2021.100765
https://doi.org/10.1155/2019/1390890
https://doi.org/10.1016/%20j.funbio.2018.11.001
https://doi.org/10.1016/%20j.funbio.2018.11.001
https://doi.org/10.3389/fpls.%202023.1117372
https://doi.org/10.3389/fpls.%202023.1117372
https://doi.org/10.25518/%201780-4507.18182
https://doi.org/10.25518/%201780-4507.18182
https://doi.org/10.3390/%20en13225966
https://doi.org/10.3390/%20en13225966
https://doi.org/10.3390/%20catal13010083
https://doi.org/10.3390/%20catal13010083
https://doi.org/10.1371/journal.pone.0258065
https://doi.org/10.1016/j.biteb.2023.101666
https://doi.org/10.1007/s11274-022-03250-3
https://doi.org/10.1063/1.5139827
https://doi.org/10.1021/acs.jnatprod.6b01085


Int J Agri Biosci, 2024, 13(2): 172-180. 
 

180 

of coconut. Journal of Plantation Crops, 47(2), 62–71. 

https://doi.org/10.25081/jpc.2019.v47.i2.5763  

Rasyidah, A. N., Astuti, I. S., & Carolita, I. (2022). Analysis of 

deforestation as impact of changes on oil palm land 

use in Tanah Bumbu Regency, South Kalimantan using 

satellite remote sensing data. IOP Conference Series: 

Earth and Environmental Science, 1066(1). 

https://doi.org/10.1088/1755-1315/1066/1/012005  

Santos, P. H. D., Carvalho, B. M., Aredes, F. A. S., Mussi-Dias, 

V., Pinho, D. B., Pereira, M. G., & Felipe Da Silveira, S. 

(2020). Is Lasiodiplodia theobromae the only species 

that causes leaf blight disease in Brazilian coconut 

palms? Tropical Plant Pathology, 45, 434–442. 

https://doi.org/10.1007/s40858-020-00344-x/ 

Published 

Sarma, S., Patel, N., Patel, A., Desai, C., Sharma, S., Dedania, 

S., Rudakiya, D. M., Vishwakarma, A. S., Vahora, S., & 

Narra, M. (2022). Rapid decomposition of rice straw by 

application of a novel microbial consortium and study 

its microbial community dynamics. World Journal of 

Microbiology and Biotechnology, 38(11), 212, 

https://doi.org/10.1007/s11274-022-03399-x  

Suryadi, H., Judono, J. J., Putri, M. R., Eclessia, A. D., Ulhaq, 

J. M., Agustina, D. N., & Sumiati, T. (2022). 

Biodelignification of lignocellulose using ligninolytic 

enzymes from white-rot fungi. Heliyon, 8(2), e08865. 

https://doi.org/10.1016/j.heliyon.2022.e08865  

Tang, P. L., Hassan, O., Yue, C. S., & Abdul, P. M. (2020). 

Lignin extraction from oil palm empty fruit bunch fiber 

(OPEFBF) via different alkaline treatments. Biomass 

Conversion and Biorefinery, 10(1), 125–138. 

https://doi.org/10.1007/s13399-019-00413-5  

Tassone, S., Fortina, R., & Peiretti, P. G. (2020). In vitro 

techniques using the daisyII incubator for the 

assessment of digestibility: A review. Animals, 10(5), 

10050775. https://doi.org/10.3390/ani10050775  

Vishnu, G., Vidyapeeth, M. B., Dhanshetty, M. P., & Mali, V. 

(2021). Isolation, Characterisation of Aflatoxin 

Producing Fungi from Contaminated Peanut and Rice, 

their Fate on Aflatoxin Production. https://www. 

researchgate.net/publication/362506012  

Wróbel, M., Szymańska, S., Kowalkowski, T., & Hrynkiewicz, 

K. (2023). Selection of microorganisms capable of 

polyethylene (PE) and polypropylene (PP) degradation. 

Microbiological Research, 267, 127251. 

https://doi.org/10.1016/j.micres.2022.127251  

Yilkal, T. (2015). Role of White Rot Fungi as a Biological 

Treatment of Low Quality Animal Feeds: Review. 

Scholarly Journal of Agricultural Science, 5(7), 247–255.  

Zailan, M. Z., Salleh, S. M., Abdullah, S., & Yaakub, H. 

(2023). Effect of feeding Pleurotus pulmonarius-

treated empty fruit bunch on nutrient digestibility and 

milk fatty acid profiles in goats. Tropical Animal Health 

and Production, 55(6), 402. https://doi.org/10.1007/ 

s11250-023-03817-8   

Zhuo, R., & Fan, F. (2021). A comprehensive insight into the 

application of white rot fungi and their 

lignocellulolytic enzymes in the removal of organic 

pollutants. Science of the Total Environment, 778, 

146132. https://doi.org/10.1016/j.scitotenv.2021. 

146132 

 

 

https://doi.org/10.25081/jpc.2019.v47.i2.5763
https://doi.org/10.1088/1755-1315/1066/1/012005
https://doi.org/10.1007/s40858-020-00344-x/%20Published
https://doi.org/10.1007/s40858-020-00344-x/%20Published
https://doi.org/10.1007/s11274-022-03399-x
https://doi.org/10.1016/j.heliyon.2022.e08865
https://doi.org/10.1007/s13399-019-00413-5
https://doi.org/10.3390/ani10050775
https://doi.org/10.1016/j.micres.2022.127251
https://doi.org/10.1007/%20s11250-023-03817-8
https://doi.org/10.1007/%20s11250-023-03817-8
https://doi.org/10.1016/j.scitotenv.2021.%20146132
https://doi.org/10.1016/j.scitotenv.2021.%20146132

