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บทคัดย่อ 
งานวิจยันีม้ีวตัถปุระสงค์เพื่อศกึษาความสามารถของเชือ้ราที่ผลติเอนไซม์เซลลเูลสในการยอ่ยสลายวสัดเุหลอืใช้ทาง

การเกษตร โดยสามารถแยกเชือ้ราบริสทุธ์ิจากดิน ฟางข้าวและเศษใบอ้อยที่เน่าเป่ือยได้ทัง้หมด 36 ไอโซเลท จากนัน้คดัเลอืก
เชือ้ราที่มีความสามารถในการผลิตเอนไซม์เซลลูเลสบนอาหาร carboxymethyl cellulose (CMC) agar ด้วยวิธี Gram’s 
iodine และหาค่าดชันีการผลิตเอนไซม์โดยวดัอตัราสว่นของเส้นผ่าศูนย์กลางของการเกิดบริเวณใสต่อเส้นผ่าศูนย์กลางของ
โคโลน ีผลการศกึษาพบวา่ มีเชือ้ราจ านวน 3 ไอโซเลท ทีม่ีกิจกรรมของเอนไซม์เซลลเูลสสงูสดุ ได้แก่ ไอโซเลท MLP02, MLP05 
และ NLP06 โดยมีค่าดชันีการผลิตเอนไซม์เซลลเูลสเท่ากบั 1.57±0.06, 1.53±0.06 และ 1.47±0.06 ตามล าดบั จากการระบุ
ชนิดของเชือ้ราในเบือ้งต้นโดยการศกึษาลกัษณะทางสณัฐานวิทยา พบวา่ เชือ้ราทัง้ 3 ไอโซเลท มีลกัษณะสอดคล้องกบัเชือ้รา
ในสกลุ Aspergillus และเมื่อน าเชือ้ราผลติเอนไซม์เซลลเูลสที่คดัแยกได้มาศกึษาการผลติเอนไซม์ย่อยสลายลกิโนเซลลโูลสใน
วสัดเุหลอืใช้ทางการเกษตรชนิดตา่ง ๆ พบวา่ เชือ้รา Aspergillus sp. MLP02 มีคา่ดชันีการผลติเอนไซม์บนอาหารทดสอบชนดิ
ตา่ง ๆ ไมแ่ตกตา่งกนัทางสถิติ (p>0.05) สว่นเชือ้รา Aspergillus sp. MLP05 และ Aspergillus sp. NLP06 มีคา่ดชันีการผลติ
เอนไซม์บนอาหารทดสอบชนิดต่าง ๆ แตกต่างกนัอย่างมีนยัส าคญัทางสถิติ (p<0.05) โดยเชือ้รา Aspergillus sp. MLP05 มี
คา่ดชันีการผลติเอนไซม์บนอาหารวุ้นร าข้าว อาหารวุ้นแกลบ และอาหารวุ้นฟางข้าว ที่สงูกวา่อาหารวุ้นชานอ้อยและอาหารวุ้น 
CMC และเชือ้รา Aspergillus sp. NLP06 มีค่าดชันีการผลิตเอนไซม์บนอาหารวุ้นร าข้าว อาหารวุ้นชานอ้อย และอาหารวุ้น 
CMC ที่สงูกวา่อาหารวุ้นแกลบและอาหารวุ้นฟางข้าว 
 

ค าส าคัญ  :  เชือ้ราผลติเอนไซม์เซลลเูลส ; เซลลเูลส ; Aspergillus sp. ; เอนไซม์ยอ่ยสลายลกิโนเซลลโูลส 
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Abstract 
 The objective of the present study was to investigate the ability of cellulase-producing fungi to degrade 
agricultural residues. A total of thirty-six fungal isolates were isolated from soil, decaying rice straw and decaying 
sugarcane leaf litter. Cellulase production of the fungal isolates were determined using Gram’s iodine on CMC agar. 
The ratio of clear zone diameter to colony diameter was calculated and expressed as the enzymatic index. Among 
them, the isolate MLP02, MLP05 and NLP06 showed the highest cellulase activity with cellulolytic index of 1.57±0.06, 
1.53±0.06 and 1.47±0.06, respectively. Based on morphological characteristics data, the three fungal isolates were 
identified as belonging to the genera of Aspergillus. In addition, cellulolytic fungi were investigated for the ability to 
produce lignocellulose-degrading enzymes during cultivation using different agricultural residues. The result found 
that the enzymatic index of Aspergillus sp. MLP02 from cultivation on different agar media tested were not 
significantly different (p>0.05). In contrast, the enzymatic index of Aspergillus sp. MLP05 on rice bran agar, rice 
husk agar and rice straw agar were significantly higher than that on sugarcane bagasse agar and CMC agar 
(p<0.05). Whilst the enzymatic index of Aspergillus sp. NLP06 on rice bran agar, sugarcane bagasse agar and 
CMC agar were significantly higher than that on rice husk agar and rice straw agar (p<0.05).  
   
Keywords :  cellulase-producing fungi ; cellulase ; Aspergillus sp. ; lignocellulose-degrading enzymes  
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Introduction  

Thailand is an agricultural country and many agricultural wastes are available every year. These raw 
materials such as rice straw, corn stover, sugarcane bagasse, sawdust contain high amounts of lignocelluloses 
(Badhan et al., 2007). The major component of lignocellulosic materials is cellulose, along with hemicellulose and 
lignin. Cellulose is a linear polymer of D-glucose units linked together by β-1,4-glycosidic bonds and found as a 
major component of plant biomass. This polymer makes up about 45% of the dry weight of wood. (Pérez et al., 
2002; Sohail et al., 2009). The hydrolysis of cellulose requires the synergistic action of three enzymes, namely, 
endoglucanase (endo-1,4-β-D-glucanase, EC 3.2.1.4), cellobiohydrolase (exo-1,4-β-D-glucanase, EC 3.2.1.91) 
and β-glucosidase (1,4-β-D-glucosidase, EC 3.2.1.21). Cellulases hydrolyze cellulose and produce as primary 
products glucose, cellobiose and cello-oligosaccharides (Deswal et al., 2011; Gao et al., 2008; Singhania et al., 
2010 ) . Therefore, those agricultural wastes are used as an excellent carbon source for cellulase production by 
microorganism. Cellulases can be produced by a number of fungi, bacteria and yeast that can use lignocelluloses 
as a primary carbon source. However, fungi are potential microorganisms for production of these enzymes, 
because, they produce a wide range of extracellular enzymes that enable them to degrade complex lignocelluloses 
substrates into soluble substances and their enzyme levels are much higher than those of yeast and bacteria (Sari 
et al., 2017; Wen et al., 2005).  

Cellulases have been widely used in several industries including biofuel, food, animal feed, beverages, 
textile, pulp and paper, pharmaceutical, agricultural, etc (Sari et al., 2017; Bajaj & Mahajan, 2019; Sibanda et al., 
2019). Concerning agricultural application, cellulolytic fungi can be applied to the compost production using 
agricultural wastes. Inoculation of cellulolytic fungi into the compost production process can improve the quality of 
composting process as it can increase the agricultural waste degradation. (Sakpetch et al., 2017; Sari et al., 2017). 
In addition, the compost production from agricultural wastes is an important alternative method for sustainable 
waste management. For application of enzymes in the pulp and paper industry, alkaliphile enzymes shows great 
activity at alkaline pH, giving it great potential for application in the dewatering and refining steps, and for bleaching 
processes without necessitating changes in pH (Muthezhilan et al. 2007). 

Therefore, the objective of the present study was to isolate and screen the cellulase-producing fungi from 
soil and decayed agricultural waste. Moreover, cellulolytic fungi were investigated for the ability to produce 
lignocellulose-degrading enzymes during cultivation using different agricultural residues. 
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Methods 
Isolation of fungi 

Fungi were isolated from soil, decaying rice straw and decaying sugarcane leaf litter in Buriram Province, 
Thailand. The samples were 10-fold serially diluted and spread onto potato dextrose agar (PDA; HiMedia 
Laboratories Pvt. Ltd., India) plates containing with tetracycline (200 ppm), pH 9.0. The plates were incubated at 
37˚C for 3-5 days. Morphological characteristics of different colonies appeared on the plates were purified on a 
PDA. 
Screening of cellulase-producing fungi 

Cellulase activity of the isolated fungi were determined using Gram’s iodine. A 0.8 cm diameter agar plug 
of a 3-day-old mycelial culture of the purified isolates was aseptically cut with cork borer and placed at the center 
of CMC agar [0.2% NaNO3, 0.1% K2HPO4, 0.05% MgSO4, 0.05% KCl, 0.2% carboxymethylcellulose (CMC) sodium 
salt, 0.02% peptone, and 1.7% agar] (Kasana et al., 2008), pH 9.0. The plates were incubated at 37˚C for 3-5 days. 
After incubation, the plates were flooded with Gram’s iodine for 3 to 5 minutes (Kasana et al., 2008). The diameter 
of colony and clear zone around the colony were measured. The ratio of clear zone diameter to colony diameter 
was calculated and expressed as enzymatic index (EI), according to equation (1) (Bundidamorn et al., 2021; 
Choudhary et al., 2016; Mardetko et al., 2021):  
 

Enzymatic index (EI) = diameter of hydrolysis zone (clear zone)/diameter of colony           (1) 
 
The isolated fungi showed the highest value of the enzymatic index were cultivated in PDA at 37˚C for 

further study. 
Morphological identification of cellulase-producing fungi 

Cellulase-producing fungi were identified using evaluation of colony characteristics and microscopic 
features. Macroscopic features of the fungal isolates were determined by observing the colony color, elevations, 
texture and margin on PDA plates. Microscopic observations were performed by the slide culture technique and 
staining with lactophenol cotton blue. The morphological characteristics of cellulase-producing fungi were carried 
out according to the manual of taxonomy and classification of fungi (Nyongesa et al., 2015; Samson et al., 2014). 
Determination of agricultural residues degradation by cellulase-producing fungi 

The ability of cellulase-producing fungi to produce lignocellulose-degrading enzymes was determined 
using modified agar media containing agricultural residues. Agricultural residues, namely rice straw, sugarcane 
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bagasse, rice husk and rice bran were used as substrates. They were collected from area around Buriram Province, 
Thailand, and the small pieces (1-2 cm) of each waste product were soaked in 0.5 N NaOH for 2 hrs. Thereafter, 
they were washed with tap water, and then dried at 50˚C. The dried materials were ground into powder using a 
blender. The modified agar media were prepared as described by Kasana et al. (2008) with some modifications. 
Media were prepared with agricultural residues powder instead of CMC in CMC agar medium as follows: alkali-
treated agricultural residues powder 2.0 g, NaNO3 2.0 g, K2HPO4 1.0 g, MgSO4 0.5 g, KCl 0.5 g, peptone 0.2 g, 
agar 17 g and distilled water 1000 mL. CMC agar medium was also used for comparative study of agricultural 
residues degradation. The pH of the medium was adjusted to 9.0 prior to sterilization (121˚C, 15 min). A 0.8 cm 
diameter agar plug of a 3-day-old mycelial culture of the purified isolates was aseptically cut with cork borer and 
placed at the center of each agar media. Each experiment was performed in triplicate. The inoculated plates at 
37˚C for 3 days were flooded with Gram’s iodine for 3 to 5 minutes. The evaluation of enzyme activity was performed 
by observing a clear zone formed around the fungal colony. Then the ratio of clear zone diameter to colony diameter 
(enzymatic index) was calculated. 
Statistical analysis 

The data were analyzed using the SPSS program for one-way analysis of variance (ANOVA) and Duncan’s 
multiple range test (DMRT) was used for significant differences (p<0.05) between treatments. 
 
Results 
Isolation and screening of cellulase-producing fungi 

A total of 36 isolates were isolated from different samples by serial dilution method and spread plating on 
PDA plates (data not shown). Cellulase activity of the isolated fungi was determined using Gram’s iodine method. 
The results found that only 3 isolates namely MLP02, MLP05 and NLP06 showed high cellulase production. 
Cellulolytic index of the fungal isolates MLP02 and MLP05 isolated from decaying rice straw were 1.57±0.06 and 
1.53±0.06, respectively. Whilst, cellulolytic index of the fungal isolate NLP06 isolated from decaying sugarcane leaf 
litter was 1.47±0.06 (Figure 1). 
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               Figure 1  The clear zone around the fungal colony on CMC agar plates, pH 9.0. A, isolate MLP02;  
                               B, isolate MLP05; C, isolate NLP06 
 

Morphological identification of cellulase-producing fungi 
Cellulase-producing fungi were identified using evaluation of colony characteristics and microscopic 

features. The colony of isolate MLP02 on PDA was flat, white to pale yellow with white edges and a rough texture. 
Under a light microscope with a magnification of 400x, this isolate contained conidiophores with bulging ends that 
form vesicles which support phialides and conidia. Conidial heads were typically columnar-shaped. Conidia were 
globose in shape (Figure 2). The colony of isolate MLP05 on PDA was flat, white to pale yellow with white edges 
and often with radial grooves. Under a light microscope with a magnification of 400x, conidial heads with compact 
phialides were produced from conidiophores (Figure 3). Isolate NLP06 showed white to pale yellow color colony 
with white edges and floccose on PDA medium. Under a light microscope with a magnification of 400x, this isolate 
produced conidiophores with radiate conidial heads. Conidia were globose in shape (Figure 4). These 
morphological properties suggest that the three fungal isolates belonged to the genera Aspergillus and designated 
as Aspergillus sp. MLP02, Aspergillus sp. MLP05 and Aspergillus sp. NLP06, respectively. 
Determination of agricultural residues degradation by cellulase-producing fungi 

The ability of cellulase-producing fungi to degrade agricultural residues on agar media was determined 
and the results were summarized in Table 1 and Figure 5. The enzymatic index of Aspergillus sp. MLP02 from 
cultivation on five different agar media were not significantly different after 3 days of incubation at 37˚C (p>0.05). 
Whereas, Aspergillus sp. MLP05 and Aspergillus sp. NLP06 showed significantly differences of degradation ability 
of different agricultural residues. Aspergillus sp. MLP05 showed a high enzymatic index on rice bran agar, rice husk 
agar and rice straw agar when compared with sugarcane bagasse agar and CMC agar. Whilst, the enzymatic index 
of Aspergillus sp. NLP06 from the cultivation on rice bran agar, sugarcane bagasse agar and CMC agar were 
significantly higher than that on rice husk agar and rice straw agar after 3 days of incubation at 37˚C (p<0.05). 
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   Figure 2  Morphological characteristics of Aspergillus sp. MLP02. A, Colony morphology after incubation  
                  for 5 days at 37˚C on PDA, pH 9.0; B, Microscopic features (400x) 
 

 
 

  Figure 3   Morphological characteristics of Aspergillus sp. MLP05. A, Colony morphology after incubation  
                  for 5 days at 37˚C on PDA, pH 9.0; B, Microscopic features (400x) 

 

 
     Figure 4  Morphological characteristics of Aspergillus sp. NLP06. A, Colony morphology after incubation  
                    for 5  days at 37˚C on PDA, pH 9.0; B, Microscopic features (400x) 
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Table 1  The ratio of clear zone diameter to colony diameter of each isolate of cellulase-producing fungi grown on 
different culture media at 37˚C for 3 days 

Fungi Culture media 
Clear zone diameter/Colony diameter ratio 

(Enzymatic index) 

Aspergillus sp. MLP02 

Rice bran agar  1.70 ± 0.20ns 

Rice husk agar  1.55 ± 0.06ns 

Rice straw agar 1.68 ± 0.08ns  

Sugarcane bagasse agar 1.60 ± 0.04ns  

CMC agar 1.70 ± 0.05ns 

Aspergillus sp. MLP05 

Rice bran agar  1.47 ± 0.03a 

Rice husk agar  1.46 ± 0.04a 
Rice straw agar 1.48 ± 0.01a 
Sugarcane bagasse agar 1.39 ± 0.01b 
CMC agar 1.38 ± 0.01b 

Aspergillus sp. NLP06 

Rice bran agar  1.62 ± 0.01a 

Rice husk agar  1.55 ± 0.01b 

Rice straw agar 1.51 ± 0.01b 

Sugarcane bagasse agar 1.64 ± 0.04a 

CMC agar 1.62 ± 0.02a 

Data are means ± standard deviation (SD). Data with different letters within the same column indicate a significant 
difference at p<0.05 according to Duncan’s multiple range test (DMRT). ns, not significant. 
 



                           
                             วารสารวิทยาศาสตร์บรูพา ปีที่ 28 (ฉบบัที่ 3)  กนัยายน  –  ธันวาคม  พ.ศ. 2566 
                          BURAPHA SCIENCE JOURNAL Volume 28 (No.3)  September  –  December   2023                                     บทความวิจยั 
 
 

 

 1826 
 

 
 

      Figure 5  The clear zone around the fungal colony on different culture media, pH 9.0 at 37˚C for 3 days.  
                      A, rice bran agar; B, rice husk agar; C, rice straw agar; D, sugarcane bagasse agar; E, CMC agar 

 
Discussion 

In this study, cellulase-producing fungi were successfully isolated from soil, decaying rice straw and 
decaying sugarcane leaf litter. The fungal isolate MLP02, MLP05 and NLP06 showed the highest cellulase activity 
on CMC agar plates. Cellulase-producing fungi were identified using morphological characteristic of colony and 
microscopic features (Nyongesa et al., 2015; Samson et al., 2014). The three fungal isolates were identified as 
Aspergillus sp. MLP02, Aspergillus sp. MLP05 and Aspergillus sp. NLP06. Aspergillus species are widespread 
throughout the agricultural environment, growing in soil, decaying organic matter, plants, and animals. They are 
known to be good producers of cellulases (Abrão et al., 2017; Atallah et al., 2022). These data were similar to that 
reported by Nhan et al. (2021), who found that cellulase-producing fungus, isolate N.S8 was isolated from soil and 
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classified into Aspergillus oryzae. According to Sari et al. (2017), cellulolytic fungi, isolate SLL03 and SLL05 were 
isolated from Salacca leaf litter and identified as belonging to the genera of Aspergillus. In addition, Ogbonna et al. 
(2018) reported that the two isolates of cellulase-producing fungi were isolated from decaying tubers and were 
identified as Aspergillus species I and Aspergillus species II. 

Aspergillus sp. MLP02, Aspergillus sp. MLP05 and Aspergillus sp. NLP06 showed the highest cellulase 
activity with cellulolytic index of 1 .57±0.06,  1 . 53±0.06 and 1 . 47±0.06, respectively. Cellulolytic index of these 
isolates was higher than some of the previous published data from other cellulase-producing fungi. For instance, 
Mardetko et al. (2021) reported that Fusarium oxysporum and F. verticillioides showed cellulase activity with the 
enzymatic index of 1.1 and 1.09, respectively. Whereas, Bundidamorn et al. (2021) reported that Fusarium sp. PSA-
3 produced cellulase enzyme with the enzymatic index of 1.1±0.0. The observations of Wisdawati et al. (2021) 
showed that six fungal isolates showed cellulase activity with cellulolytic index of 1.16-1.66. 

The three fungal isolates were able to grow and produce lignocellulose-degrading enzymes on all culture 
media tested with the enzymatic index values ranging from 1.38-1.70. The enzymatic index of Aspergillus sp. MLP02 
from cultivation on different agar media were not significantly different (p>0.05). In contrast, the enzymatic index of 
Aspergillus sp. MLP05 on rice bran agar, rice husk agar and rice straw agar were significantly higher than that on 

sugarcane bagasse agar and CMC agar (p<0.05). Whilst the enzymatic index of Aspergillus sp. NLP06 on rice bran 
agar, sugarcane bagasse agar and CMC agar were significantly higher than that on rice husk agar and rice straw 
agar (p<0.05). This result showed that all the tested fungi could grow on all lignocellulosic substrates and secrete 
enzymes into the medium for lignocellulose degradation to simple sugars as a primary carbon source. The 
conversion of lignocellulose to simple sugars is caused by the synergistic actions of various enzymes that belong 
to a complex system of cellulase and xylanase enzymes (Mardetko et al., 2021). However, biodegradation of plant 
residues by fungi is dependent on the plant and fungus species (Sinegani et al., 2005). According to Rajinipriya et 
al. (2018), rice husk is approximately composed of 45.0% cellulose, 19.0% hemicellulose and 19.5% lignin, while 
bagasse consists of 55.2% cellulose, 16.8% hemicellulose and 25.3% lignin. Also, rice straw contains 25-45% 
cellulose, 20-30% hemicellulose and 10-15% lignin (Sarkar & Aikat, 2012). In addition, rice bran is composed of 
15.5% cellulose, 31.1% hemicelluloses and 11.5% lignin (Sunphorka et al., 2012). The high content of lignocellulose 
might be a reason for induction of cellulases and xylanase biosynthesis. However, pretreatments of lignocellulosic 
materials are usually required. Alkaline pretreatment of lignocellulosic materials with alkaline solutions such as 
sodium hydroxide (NaOH) increased the swelling of the biomass, reduced cellulose crystallinity and removed lignin 
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and some hemicellulose in plant cell walls, which improves the accessibility of cellulose to cellulase enzyme (Mafa 
et al., 2020; Mustafa et al., 2021). 

Our results indicated that three fungal isolates have strong degradation ability to pure cellulose materials 
and also to complex cellulose structure. They produced lignocellulose-degrading enzymes in culture media at 
alkaline conditions (pH 9.0). Therefore, three alkaliphilic isolates might be useful as source of key enzymes in the 
bioprocessing of pulp and paper industry. For pulp dewatering and refining step, mixtures of alkaline cellulase and 
xylanase are used to increase the drainage rate of mechanical pulp and secondary fiber (Godfrey & West, 1996). 
In addition, cellulase-producing fungi in this study might be useful as a source of inoculum for composting process 
of agricultural residues. According to Nhan et al. (2021), the use of cellulase-producing Aspergillus oryzae N.S8 
for composting water hyacinth created an organic fertilizer with nitrogen, phosphorus and potassium contents of 
3.35%, 0.43% and 0.74%, respectively after 45 days. Moreover, this study showed that modified agar media 
containing agricultural residues can replace Commercial CMC agar media for primary screening of lignocellulolytic 
fungi.  

 
Conclusions 

In the present study, cellulase-producing fungi were isolated from soil, decaying rice straw and decaying 
sugarcane leaf litter. The three fungal isolates, namely MLP02, MLP05 and NLP06 showed the highest cellulase 
activity on CMC agar plates, pH 9.0. These isolates were identified as belonging to the genera of Aspergillus by 
colony characteristics and microscopic features. The fungal isolates could grow and produce lignocellulose-
degrading enzymes during cultivation using different agricultural residues as carbon source. Our results showed 
that three alkaliphilic fungal isolates with appreciable hydrolytic zones on culture media tested have good hydrolytic 
property of lignocellulosic materials. Therefore, these three fungal isolates can be further applied as a source of 
inoculum for composting process of agricultural residues. In addition, the enzymes from alkaliphilic fungal isolates 
might be useful as key enzymes in pulping, bleaching and deinking processes of the pulp and paper industry. 
However, purification and characterization of enzymes from these alkaliphilic fungi need further study. Furthermore, 
modified agar media containing agricultural residues in this study can replace Commercial CMC agar media for 
primary screening of cellulase-producing fungi or lignocellulolytic fungi. 
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