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Introduction 
 

Lignocellulose is the most important renewable carbon 

source, and its hydrolysis releases reducing sugars used 

for fermentation to produce enzymes, bioethanol, organic 

acids, and biogas (Ravindran and Jaiswal, 2016). 

Agricultural crop residues such as arecanut husks, paddy 

straw, and corn cobs are lignocellulosic materials mainly 

composed of cellulose, hemicellulose, pectin and lignin. 

Large quantities of these residues are still burned and 

very less accumulate, which damages the environment 

and wastes a usable feedstock (Sánchez, 2009). In India, 

agricultural residue burning is a major source of 

particulate air pollution (Bhuvaneshwari et al., 2019). 

Arecanut (Areca catechu L.) is a major plantation crop of 

South and Southeast Asia. FAO data put world 

production in 2020 at 1.80 million tonnes from 1.23 

million hectares (Yuan et al., 2023). India is the largest 

producer, and Karnataka contributed about 79% of the 

national production of 1.21 million tonnes in 2020-21 

(DASD, 2021). The husk makes up 60-80% of the mass 

of the fresh fruit, and most of it is discarded after the nuts 

are removed. ANH decomposes slowly in natural and it 

contains 35-64.8% cellulose and 13-26% lignin (Rajan, 
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Agricultural residues are potential lignocellulosic feedstocks that can be converted into fermentable sugars and 

value-added products. The present study aimed to isolate and identify cellulolytic fungus and evaluate its 

potential for the biodegradation of agricultural wastes. A cellulolytic fungi was isolated from soil samples by 

screening on carboxymethyl cellulose (CNC)-Congo red agar plates and identified as Aspergillus terreus DBS2 

on the basis of colony morphology and 18S rRNA gene sequencing. The isolated strain was employed to 

degrade locally available complex arecanut husk (ANH), also compared with paddy straw (PS), and corn cobs 

(CC), by submerged fermentation (SmF) and solid-state fermentation (SSF) incubated up to 12 days. Cellulase 

activity and reducing sugar release were measured by 3,5-dinitrosalicylic acid (DNS) method. Among the three 

substrates ANH produced the highest reducing sugar under both the fermentation conditions, even though 

exhibited less cellulase activity, whereas PS showed the highest cellulase activity in both fermentation 

conditions. The release of reducing sugars and cellulase activity confirmed ANH degradation. Further scanning 

electron microscopy (SEM) images, energy-dispersive X-ray spectroscopy (EDAX), and FTIR analysis of SSF 

samples revealed structural alterations, surface porosity, microfibril detachment, and changes in elemental 

composition, including loss of potassium (K) and chlorine (Cl) in lignocellulose components, respectively. 

These findings reveal that isolated strain is a promising lignocellulolytic organism for the degradation of 

agricultural waste by SSF, particularly arecanut husk into fermentable sugars. This fungal strain has potential 

applications in sustainable biomass valorization, biofuel production and integrated biorefinery systems. 
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A., et al., 2005). Compared with rice straw, it has more 

lignin (28.75% versus 16.40%) and less holocellulose 

(56.10% versus 62.55%), making it harder to hydrolyze 

(Yuan et al., 2023). PS and CC, the other two residues, 

are widely used substrates for fungal cellulase production 

(Abdel-Fatah et al., 2012; Sohail et al., 2016; Abdella et 

al., 2024). In the plant cell wall, intra- and intermolecular 

hydrogen bonds hold cellulose chains together as 

microfibrils. Hemicellulose is hydrogen-bonded to these 

microfibrils and covalently linked to lignin. This 

arrangement, together with the crystallinity of cellulose, 

restricts enzyme access to the polysaccharides (Zhang 

and Lynd, 2004; Ravindran and Jaiswal, 2016). Complete 

cellulose hydrolysis requires the combined action of 

endoglucanases, exoglucanases, and β-glucosidases, 

while xylanases and other hemicellulases act on the 

hemicellulose fraction (Kuhad et al., 2011). Raw ANH 

responds very less to enzymes alone; Therefore 

lignocellulosic biomass is usually pretreated before 

enzymatic hydrolysis (Ravindran and Jaiswal, 2016; 

Beluhan et al., 2023). Biological treatment methods are 

an alternative to chemical pretreatment for 

saccharification and degradation of agricultural wastes 

into useful products. Some filamentous fungi secrete 

hydrolytic enzymes that degrade cellulose and 

hemicellulose, and some species also produce oxidative 

enzymes that attack lignin (Sánchez, 2009). Aspergillus 

and Trichoderma species are the main fungal sources of 

commercial cellulases (Sukumaran et al., 2005; Kuhad et 

al., 2011). Aspergillus terreus is a saprophytic soil 

fungus with well-characterized cellulolytic and 

xylanolytic enzyme systems and produces these enzymes 

on cellulosic wastes (Hrmová et al., 1991; Chidi et al., 

2008), Strains of A. terreus have produced cellulases on 

rice straw and corn cobs in both solid-state and 

submerged cultures (Abdel-Fatah et al., 2012; Narra et 

al., 2012; Sohail et al., 2016; Abdella et al., 2024). Some 

enzymes are thermostable, the endoglucanase of A. 

terreus MS105 had optimum activity at 70 °C (Sohail et 

al., 2016), and the cellulase of the thermophilic strain 

RWY had a half-life of 270 min at 70 °C (Sharma et al., 

2014).  

 

The degradation approach also affects cellulase enzyme 

production, in solid-state fermentation (SSF), the fungus 

grows on a humid solid substrate with little free water. In 

submerged fermentation (SmF), the substrate is 

suspended in a liquid medium. At laboratory scale, SSF 

has been reported to give higher productivity and lower 

catabolite repression than SmF, although differences in 

how results are expressed make direct comparison 

difficult (Hölker et al., 2004). Mrudula and Murugammal 

(2011), found that the cellulase productivity of 

Aspergillus niger on coir waste was 14.6-fold higher in 

SSF than in SmF. Few studies have examined the fungal 

degradation of ANH, Naveen Kumar et al., (2016) 

pretreated the husk with Aspergillus flavus and 

Phanerochaete chrysosporium before ethanol 

fermentation and obtained up to 58 mg reducing sugar 

per gram of husk. However, studies exploring ANH 

degradation by Aspergillus terreus and comparing 

saccharification and cellulase activity under both SmF 

and SSF remain limited. The aim of the study is to isolate 

a cellulolytic fungus from soil at ANH dumping sites and 

identify it by its morphology and 18S rRNA gene 

sequencing, conduct degradation studies by analyzing 

reducing sugar released and cellulase activity in SmF and 

SSF. Confirm degradation by the surface structure, 

mineral composition, and functional groups in untreated 

and fungus-treated ANH by SEM, EDAX, and FTIR. 

Biodegradation and saccharification are potential for 

sustainable biomass valorization into useful products. 
 

Materials and Methods 
 

Chemicals and reagents 
 

All analytical-grade chemicals and reagents were 

procured and used. Carboxymethyl cellulose, Congo red, 

Sodium citrate, and Agar agar were procured from 

HiMedia, India, and 3,5-Dinitrosalicylic acid, potassium 

sodium tartrate, hydrochloric acid, Sodium hydroxide, 

Citric acid, etc., were procured from SRL India.  
 

Sample Collection 
 

Soil samples were collected in sterile containers from 

ANH dumping sites for isolation of organisms, and 

agricultural wastes ANH, PS, and CC were collected 

from agricultural fields in Davangere and Shivamogga 

districts. The collected wastes were shade-dried at room 

temperature for 72 h and then stored in airtight containers 

until use. 
 

Isolation and Screening of Cellulolytic Fungi 
 

The soil samples were suspended in sterile deionized 

water and serially diluted, and 100 µL of the diluted 

liquid suspension was spread on potato dextrose agar 

(PDA) plates. The plates were incubated at 37 °C for 72 

h, and the mixed colonies were subcultured until pure 

isolates were obtained (Anjaneya et al., 2024). The 
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isolates were screened for cellulase enzyme production 

on carboxymethyl cellulose-congo red (CMC-CR) agar 

containing (g/L) MgSO4 0.24, KH2PO4 0.5, gelatin 2.0, 

CMC 2.0, congo red 0.2 and agar 15 (Yoon et al., 2007; 

Yin et al., 2010). The CMC-CR plates were incubated at 

37 °C for 72-96 h, and isolates that formed a zone of 

clearance around the colony were considered to have 

cellulase hydrolytic activity. The positive isolates were 

further screened on Czapek-Dox (CZD) agar and broth 

containing ANH as the sole carbon source. The selected 

isolate, designated DBS2, was grown on PDA at 37 °C 

for 7 days and maintained on PDA at 4 °C (Shirsath and 

Kulkarni, 2024). 1 mL of suspended fungal spores was 

used as inoculum for fermentation of ANH, PS, and CC 

substrates. 

 

Identification of the fungal isolate 
 

The morphology of isolate DBS2 was examined on 

potato dextrose agar (PDA). A small portion of the 

colony was stained with lactophenol cotton blue (LPCB) 

and examined under a compound microscope at 40X and 

100X magnification. The hyphae, conidiophores, 

vesicles, phialides, and conidia were compared with the 

described morphological features (ImageJ software was 

used to analyze strain size) (Lass-Flörl et al., 2021). The 

surface morphology of the conidia and hyphae was 

further examined by scanning electron microscopy 

(SEM), 

 

18S rRNA Gene Sequencing 
 

Genomic DNA was extracted with the HiPurA Fungal 

DNA Purification Spin Column Kit (HiMedia, India) and 

assessed by 1% agarose gel electrophoresis. The 18S 

rRNA gene was amplified with NS1 (5'-

GTAGTCATATGCTTGTCTC3') and NS4 (5'-

CTTCCGTCAATTCCTTTAAG-3') primers (White et 

al., 1990) in a 25 µL PCR reaction containing Emerald 

Amp GT PCR Master Mix, template DNA, primers, and 

nuclease-free water. Amplification was carried out in a 

Veriti thermal cycler under the specified denaturation, 

annealing, and extension conditions. PCR products were 

visualized on a 1% agarose gel stained with GelRed. 

Amplicons were purified with exonuclease I and shrimp 

alkaline phosphatase, then sequenced using the BigDye 

Terminator v3.1 kit on a 3500xL Genetic Analyzer. 

Sequencing products were purified by sodium acetate–
ethanol precipitation. Chromatograms were edited with 

Chromas Lite v1.5, and sequences were compared with 

NCBI GenBank entries using BLASTN (Altschul et al., 

1990). Phylogenetic analysis was conducted using the 

neighbor-joining method in MEGA 11 software 

(Alhazmi, 2025). 

 

Submerged fermentation (SmF) 
 

SmF was carried out in 250 mL Erlenmeyer flasks, 

including 100 mL of CZD modified culture medium and 

1 g of substrates ANH, PS and CC. The medium 

contained (g/L) NaNO3 2.0, KH2PO4 1.0, KCl 0.5, 

5FeSO4 0.01, MgSO4 0.5 and the media pH was adjusted 

to 5.5. The flasks were autoclaved at 121 °C for 30 min, 

cooled to room temperature, inoculated with 1 mL of A. 

terreus DBS2 spore suspension, and incubated at 37 °C 

for up to 12 days (Naveen Kumar et al., 2016; Ali et al., 

2025). Samples were withdrawn for analysis on days 3, 8 

and 12. 
 

Solid-State Fermentation (SSF) 
 

SSF was carried out in 250 mL Erlenmeyer flasks 

containing 10 g of substrates ANH, PS, and CC, 

moistened with 50 mL of CZD modified culture medium. 

After sterilization, all flasks were inoculated with 1 mL 

of A. terreus DBS2 spore suspension and incubated at 37 

°C for up to 12 days (Mrudula and Murugammal, 2011). 

All fermented samples were withdrawn for analysis at 3, 

8, and 12 days. 
 

Extraction of sample for estimation of reducing 

sugars and assay of enzyme activity 
 

SmF samples were directly centrifuged at 8000 rpm for 

10 min the clear supernatant solution was collected for 

further analysis. For each SSF sample, reducing sugars 

were extracted by adding 100 mL of 0.5 mM sodium 

citrate buffer (pH 5.0), the flasks were kept in an orbital 

shaker at 200 rpm at room temperature for 30 min. The 

fungal biomass and residual substrate were separated by 

centrifugation at 8,000 rpm for 10 min. The clear 

hydrolysate was used as the crude enzyme source, and 

saccharified reducing sugars were estimated by the 3,5-

dinitrosalicylic acid (DNS) method (Miller, 1959). 
 

Assay of Extracellular Cellulase Enzyme 
 

Cellulase enzyme activity was determined by using the 

hydrolysed solution as the crude enzyme source; the 

reaction mixture contained 1 mL of crude enzyme 

source, 1 mL of 1% (w/v) CMC, and 1 mL of 50 mM 

sodium citrate buffer (pH 5.0), a control without 
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substrate, the mixture was incubated at 50 °C for 60 min. 

After the incubation, 1 mL of DNS reagent was added to 

stop the reaction, and the reaction mixture was heated in 

a boiling water bath for 10 min, cooled to room 

temperature, absorbance was measured at 540nm in a 

SYSTRONICS 119 spectrophotometer. One unit (U) of 

cellulase activity was defined as the amount of enzyme 

that released 1 µmol of glucose per minute under the 

assay conditions (Abu et al., 2000; Zhang et al., 2012). 

All values are expressed as mean ± standard deviation 

(SD) of triplicate determinations (n꞊3). 
 

SEM, EDAX, and FTIR analysis 
 

Mature fungal strain, untreated and fungal treated ANH 

(washed mycelia grown on ANH and dried before 

analysis) samples were mounted on specimen stubs with 

double-sided carbon tape, sputter-coated with Au/Pd 

using an SPI-Module high-resolution sputter coater, and 

examined in a ZEISS EVO LS 15 scanning electron 

microscope (Germany) at an accelerating voltage of 15 

kV (Deshmukh et al., 2019).  

 

The elemental composition of the untreated and fungal 

treated ANH was analysed using energy-dispersive X-ray 

spectroscopy (EDAX) with an EDAX analyzer (model 

Z2-17, AMETEK, USA) following the same sample 

preparation procedure (Ramesh et al., 2019).  

 

The functional groups of untreated and fungal treated 

ANH were characterized by using Fourier-transform 

infrared (FTIR) spectroscopy. The samples were mixed 

with KBr (10%), ground to a fine powder, and pressed 

into thin pellets with a hydraulic press. The pellet was 

placed in the sample compartment, and spectra were 

recorded using a Nicolet 6700 FTIR (Thermo Fisher 

Scientific, Waltham, MA, USA) spectrometer in the 

range from 4000 to 400 cm-1 (Sasmal et al., 2012). 

 

Results and Discussion 
 

Isolation and Screening of Cellulolytic Fungi 
 

Fungal isolates obtained from soil at ANH dumping sites 

formed clear hydrolysis zones around their colonies on 

CMC-CR agar plates. The isolate with the most 

prominent cellulolytic activity was selected and 

designated DBS2. Isolate DBS2 showed luxuriant growth 

on CZD medium containing ANH as the sole carbon 

source, indicating its ability to degrade the 

lignocellulosic substrates. 

Identification of Isolate DBS2 
 

Isolate DBS2 formed velvety-like grey colonies (Fig. 1a- 

i. front and ii. back view of culture) on PDA plate. Light 

microscopy of LPCB-stained preparations showed 

septate, hyaline hyphae and conidiophores bearing 

greyish, spiny conidia, 2.7-3.2 µm in diameter, arranged 

in chains that developed basipetally from the phialides 

(Fig. 1b). SEM analysis revealed the detailed surface 

morphology of hyphae, conidiophores with conidial 

heads, and conidia and all characters are similar with 

Aspergillus terreus (Fig. 1c). 

 

Further confirmation by molecular analysis of 18S rRNA 

gene sequence, PCR amplification with primers NS1 and 

NS4 gave a single product compared with 100 bp DNA 

ladder Genei (Fig. 2a). The 18S rRNA gene sequenced 

and sequence of DBS2 was compared with GenBank 

sequences by BLASTN. Phylogenetic tree constructed by 

the neighbor-joining method, DBS2 formed a separate 

branch next to a cluster containing A. terreus strain 

Naj52019 (MK500619.1), A. terreus isolate YS-1-1 

(MT487784.1), A. oryzae (XR_002735719.1) and A. 

sojae isolate YRBC (OQ581247.1), while A. niger strain 

GSF4 and A. flavus strain AF36 formed a second cluster 

(Fig. 2b). On the basis of its morphology and 18S rRNA 

gene sequence and phylogenetic analysis shows similar 

to A. terreus isolate YS-1. Hance, the isolate DBS2 was 

identified and named as Aspergillus terreus. 

 

Biodegradation of Agricultural Wastes by SmF 
 

The SmF sample analysis shows increasing reducing 

sugar released during growth and fermentation process, 

the amount of reducing sugar differs among the three 

substrates, ANH, PS and CC (Fig. 4A). In the PS 

substrate, the reducing sugar concentration increased 

from 3.500 ± 0.312 mg/mL on day 3 to 4.1 ± 0.2 mg/mL 

on day 8 and 7.0 ± 0.4 mg/mL on day 12. In the CC 

substrate, the concentration increases from 0.7 ± 0.1 

mg/mL on day 3 to 2.7 ± 0.1 mg/mL on day 8 and 4.0 ± 

0.4 mg/mL on day 12. The ANH substrate showed 4.8 ± 

0.3 mg/mL on day 3 to 13.5 ± 0.2 mg/mL on day 8 and 

16.50 ± 0.3 mg/mL on day 12 reducing sugar. Among the 

tested samples, ANH substrate showed the highest 

reducing sugar accumulation. The cellulase enzyme 

activity was highest in PS, followed by CC and ANH on 

day 3, but changed on days 8 and 12 (Fig. 4B). In PS, 

activity increased steadily from 268.5 ± 21.2 U/mL on 

day 3 to 351.8 ± 34.9U/mL on day 8, reaching the 

highest value recorded in SmF, 620.3 ± 42.4 U/mL, on 
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day 12. In CC, activity decreased from 310.19 ± 28.9 

U/mL on day 3 to 226.8 ± 21.2 U/mL on day 8, then 

increased to 370.3 ± 42.4 U/mL on day 12. In ANH, 

activity dropped sharply from 231.4 ± 16.0 U/mL on day 

3 to 69.4 ± 13.8 U/mL on day 8, then increased 

substantially to 472.2 ± 55.5 U/mL on day 12. Overall, in 

SmF experiments, reducing sugar concentrations were 

highest in ANH, but PS retained the highest cellulase 

activity. These opposing trends suggest that the 

accumulation of reducing sugars measured does not 

directly equate to cellulase activity on each of the three 

substrates, which may be due to differences in the 

composition of reducing sugars due to different 

composition and structural complexity. 
 

Biodegradation of Agricultural Wastes by SSF 
 

A. terreus DBS2 shows good growth in all the three 

substrates in SSF (Fig. 3), ANH degraded sample shows 

highest reducing sugar release at all sampling time 

points, followed by PS and CC (Fig. 5A). In PS, the 

released reducing sugar was approximately 2.4 ± 0.1 

mg/mL on days 3 and 8, then increased to 3.1 ± 0.1 

mg/mL on day 12. In CC, the reducing sugar 

concentration gradually increased from around 0.5 ± 0.08 

mg/mL on day 3 to 0.9 ± 0.1 mg/mL on day 8 and 0.9 ± 

0.2 mg/mL on day 12. In ANH, the reducing sugar 

content increased from 5.4 ± 0.2 mg/mL on day 3 to 7.00 

± 0.3 mg/mL on day 8, then slightly decreased to 6.8 ± 

0.3 mg/mL on day 12. Cellulase activity was highest in 

PS, followed by CC and ANH (Fig. 5B). For PS, activity 

increased from 328.7 ± 21.2 U/mL on day 3 to 398.1 ± 

28.9 U/mL on day 8 before decreasing to 245. 3 ± 34. 9 

U/mL on day 12. For CC, activity increased from 231. 4 

± 21.2 U/mL on day 3 to 300.9 ± 21.2 U/mL on day 8 

and decreased slightly to 254.6 ± 42. 4 U/mL on day 12. 

For ANH, activity decreased from 111.1 ± 13.8 U/mL on 

day 3 to 87.9 ± 21.2 U/mL on day 8 before increasing to 

185.1 ± 28.9 U/mL on day 12. In general, PS appeared to 

have the highest cellulase activity, but ANH accumulated 

the highest reducing sugar concentrations in SSF, and 

activity did not necessarily relate to reducing sugar 

accumulation in this experiment. 
 

Confirmation of ANH degradation through 

structural, elemental and functional-group 

analysis 
 

The SSF of ANH by A. terreus shows extracellular 

cellulase activity, saccharification and release of 

reducing sugars in the medium. This is because 

degradation of ANH, further complex structural changes 

confirmed, SEM analysis shows surface structural 

alterations in ANH after fungal treatment and indicates 

lignocellulosic biomass degradation. Compared with the 

effects of untreated and fungal-treated ANH. Compared 

on surface integrity, porosity, and the apparent 

breakdown of the fiber structure, reflecting the 

accessibility of the biomass to microbial enzymes. 

Untreated ANH showed relatively smooth, intact, and 

organized surfaces, while fungal-treated ANH fibers had 

distinct surface roughness, localized tears, and apparent 

disruption of fiber layers (Fig. 6). Morphologically, these 

changes could be attributed to fungal growth and 

extracellular enzymatic activity that modified ANH. 

External disruption of the fibers will help the 

accessibility of cellulose and hemicellulose to 

hydrolyzing enzymes. In short, SEM observations 

provided morphological evidence of partial ANH 

degradation.  

 

EDAX analysis was performed to evaluate changes in the 

relative elemental composition in ANH after fungal 

treatment (Fig. 7; Table 1). A spectrum obtained by 

EDAX analysis from untreated ANH showed the 

presence of elements C, O, Na, Mg, Cl, Si, K, Ca, and 

Mo, whereas the spectrum from the treated sample 

showed elements C, O, Na, Mg, Si, and Ca; K, Cl, and 

Mo were not detected under these analytical conditions. 

Relative quantitative analysis of the EDAX spectrum 

revealed a loss of Na (from 1. 20% to 0. 46%), Mg (from 

0. 28% to 0. 10%), and Ca (from 1. 35% to 0. 46%), 

while the Si content of the sample increased from 0. 90% 

to 2. 99%.  

 

Combining data for C and O indicated a net increase in 

the relative proportion of these elements in treated ANH 

(from 92. 34% to 96. 00%) compared with untreated 

ANH. These results indicate that there is a difference in 

the relative composition of the elements detected on the 

surfaces of these samples following treatment with 

fungus, and act as additional evidence of biomass 

modification. 

 

FTIR spectroscopy was used to observe changes in the 

functional groups of untreated and fungal treated ANH 

within the spectral range of 400-4000 cm-1 (Fig. 8a, b). 

The spectra showed distinct absorption bands at 3421 

cm-1 for O-H stretching vibrations, 2924 cm-1 for C-H 

stretching, 1616 and 1509 cm-1 for aromatic vibrations 

related to lignin, and 1046 cm-1 for C-O stretching in the 

polysaccharide region. 



Int.J.Curr.Microbiol.App.Sci (2026) 15(10): 260-271 

265 

 

Fig.1 Morphology of isolate DBS2. (a) Colonies on PDA plate; (b) lactophenol cotton blue-stained colonies 

observed under the light microscope at (i) 40× and (ii) 100× magnification; (c) SEM images of (i) hyphae, 

(ii, iii) conidiophores with conidial heads and (iv) conidia. 

  

 
 

Fig.2 Molecular identification of isolate DBS2. (a) agarose gel electrophoresis of the 18S rRNA gene PCR 

product: lane 1, 100 bp DNA ladder; lane 2, isolate DBS2 PCR product. (b) Phylogenetic tree analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Fermentation of agricultural wastes by A. terreus DBS2. (a) ANH, (b) PS and (c) CC. 

 

a b 

a b c 
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Fig.4 SmF after degradation (A) reducing sugar and (B) cellulase extracellular enzyme release by A. terreus 

DBS2 during SmF of ANH, PS, and CC over 3, 8, and 12 days of incubation.  

 

 
 

Fig.5 Degradation of SSF (A) estimation of reducing sugar and (B) cellulase extracellular enzyme release by 

A. terreus DBS2 during SSF of ANH, PS, and CC over 3, 8, and 12 days of incubation.  

  

 
 

Fig.6 SEM images of (A) untreated and (B) fungal treated ANH fibers at (i) 500×, (ii) 1000× and (iii) 1500× 

magnification. 

 

 

A B 

A 

B 

i ii ii
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i ii ii

i 
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Fig.7 EDAX analysis of (A) untreated and (B) fungal treated ANH. 

 

 
 

Fig.8 FTIR spectra illustrates the changes in functional groups of (a) untreated, and (b) fungal treated ANH. 

 

 
 

Table1 EDAX analysis showing the elemental composition of (a) untreated and (b) fungal treated ANH. 
 

(a) Element 

Line 

Weight Weight 

% Error 

Atom 

% 

(b) Element 

Line 

Weight 

% 

Weight % 

Error 

Atom 

% 

  C K 40.26 ± 1.19 49.47 C K 41.82 ± 1.71 49.67 

O K 52.08 ± 1.75 46.99 O K 54.18 ± 1.66 48.31 

Na K 1.20 ± 0.24 0.76 Na K 0.46 ± 0.20 0.29 

Mg K 0.28 ± 0.11 0.29 Mg K 0.10 ± 0.09 0.06 

Cl K 0.79 ± 0.11 0.33 Si K 2.99 ± 0.19 1.52 

Si L 0.90 ± 0.12 0.75 Si L --- --- --- 

K K 2.11 ± 0.28 0.79 Ca K 0.46 ± 0.09 0.16 

K L --- --- --- Ca L --- --- --- 

Ca K 1.35 ± 0.17 0.49 Total 100.00 — 100.00 

Ca L --- --- --- 

Mo L 0.93 ± 0.21 0.14 

Mo M --- --- --- 

Total 100.00 — 100.00 

 
Variations in the spectral profiles between untreated and 

fungal treated ANH indicated changes in the 

composition of lignocellulosic components after fungal 

treatment. Specifically, changes in absorption bands 

linked to polysaccharides and lignin indicated partial 

alteration of the biomass structure. The continued 

b a 

A B 
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presence of lignin-associated bands suggests that lignin 

structures remained following treatment, which may 

restrict complete fungal degradation. Overall, the FTIR 

findings and the desirable observed morphological 

changes indicate partial biodegradation of ANH by A. 

terreus DBS2. 

 

According to Yoon et al., 2007 Congo red is an accurate 

indicator for cellulose degrading fungi isolation as it 

forms clear zones of hydrolysis when grown on CMC 

agar. In the present study, isolated satin DBS2 showed a 

clear zone of hydrolysis on CMC-CR agar. The results 

showed relatively high levels of reducing sugar in 

arecanut husk despite relatively lower cellulase activity. 

This may be attributed to the variance in soluble sugar 

level, substrate composition and sugar uptake by fungi. 

The DNS method measures total reducing sugar 

concentration, it helps to have uninoculated controls and 

a baseline sugar test to distinguish sugar existing 

naturally from that released by fungi as a consequence of 

decomposition (Yuan et al., 2023; Vardhan et al., 2023). 

Paddy straw exhibited maximum cellulase activity in 

SmF and SSF. Its lignin content is lower than ANH, 

which might make cellulose more accessible for 

enzymatic degradation (Yuan et al., 2023). Abdel-Fatah 

et al., (2012) and Narra et al., (2012) are previous 

studies have reported A. terreus to be a cellulase 

producer using rice straw by shaking culture and SSF. 

Cellulase activity varied at each sampling time, 

indicating fluctuating enzyme production dynamics.  

 

During SmF, the enzymatic activity of corn cobs and 

ANH decreased between day 3 and day 8, before 

increasing again by day 12. For SSF, enzymatic activity 

of PS and CC was highest on day 8. These variations in 

optimum timings of fungal cellulase production have 

been previously observe by Sulyman et al., (2020), who 

studied Aspergillus niger cultivated on groundnut shells. 

More frequent sampling sessions would be able to 

elucidate enzyme production, besides determining the 

optimal time for harvesting the enzyme. Despite a higher 

activity of cellulase recorded on day 8 for SSF, the 

activity was exceeded by that of SmF on day 12 with all 

three substrates. In general, the amount of reducing 

sugar was higher in SmF, with exception of ANH on day 

3. These variations may not be solely attributable to the 

mode of fermentation as there were also variations 

within the substrate loading, extraction volume, and 

activity expression systems, that means standardised 

measurements are crucial for comparison (Hlker et al., 

2004). Previous research has also indicated that enzyme 

productivity depends on the substrate and crop 

conditions (Mrudula and Murugammal, 2011; Sohail et 

al., 2016). SEM analysis showed increased porosity and 

microfibril removal in deteriorated ANH, indicating 

fungal activity may have resulted in surface disruption 

(Rajan et al., 2005). EDAX showed changes in 

elemental composition, perhaps because nutrients were 

used up or leached during fermentation, with an increase 

in relative Si concentration consistent with silica-rich 

residues (Anuar et al., 2021). Overall, the findings 

establish A. terreus DBS2 as a promising organism for 

agricultural residue ANH biodegradation and cellulase 

production, with further optimization and validation to 

facilitate the valorization of arecanut husk for potential 

biofuel applications. 

 

In conclusion, A cellulolytic fungal isolate DBS2, was 

obtained from soil at ANH dumping sites and identified 

as Aspergillus terreus on the basis of its morphology and 

18S rRNA gene sequence. The isolate grew on ANH, PS 

CC and released reducing sugars from all three 

substrates under both SmF and SSF. ANH gave the 

highest reducing sugar concentration in both systems. 

SEM, EDAX, and FTIR showed changes in ANH 

surface structure, elemental composition, and functional 

groups after fungal treatment. A. terreus DBS2 is 

therefore worth examining further as a capable organism 

for the bioconversion of ANH. These findings show the 

potential of A. terreus DBS2 to convert ANH and 

provide a foundation for further study of its application 

in sustainable lignocellulosic biomass utilization. 
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