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A B S T R A C T   

Recovery of enzymes such as FPase (filter paperase) or exoglucanase from fermented substrate is a sustainable 
approach in enzyme production; however, there is a scarcity of optimization studies in this field. The present 
study was aimed to standardize number of parameters (selection of solvent, solvent volume, soaking time, 
leaching conditions and number of washes) to extract maximum amount of FPase from fermented rice husk by 
Aspergillus protuberus. Novel Aspergillus protuberus was first report from our lab on cellulases production in solid 
state fermentation (SSF). Among the tested solvents, citrate phosphate buffer (0.02 M, pH 5.0) proved best 
solvent for maximum recovery of FPase. Consequent experimental parameters were further optimized with 
citrate phosphate buffer. Two washes with citrate phosphate buffer each by shaking (60 min) in a ratio of 1 g of 
rice husk: 5 ml of citrate phosphate buffer together attained higher recovery efficiency (88 %) of FPase from the 
fermented rice husk.   

Introduction 

Fossil gas depletion and the escalation of global transportation fuels 
petition has diagnosed priority efforts toward finding opportunity 
renewable biofuels and 2nd generation technology (2 G) biofuels has 
lately been an international research consciousness (Brar et al., 2019). 
But, maximum 2 G biofuel technology is nonetheless on the door, 
because of their excessive fee of saccharification enzyme, particularly 
cellulase (which breaks down cellulose into glucose) represents 
approximately 30 % of the whole manufacturing cost (Bernardi et al., 
2023). Cellulose accounts 30–40 % of the structural framework of 
lignocellulosic biomass, at the side of 20–30 % hemicelluloses, and 
20–30 % lignin (Obeng et al., 2020). However, maximum fermentative 
microbes are not able to metabolize it immediately and monomeric 
sugars are alternative (Pandey and Negi, 2020). Consequently, the 
breakdown of cellulose to glucose entails 3 cellulase components, along 
with endo-glucanase (targets the amorphous region and randomly cuts 
inner bonds to show new ends within the cellulose polymer), 

exoglucanase (breaks uncovered ends to form di or tetra-saccharides), 
and β-glucosidase (cuts disaccharides into glucose) (Pandey and Negi, 
2015). Consequently, a fee-powerful cellulases with excessive hydrolysis 
capability is the important thing to unlocking cellulose for use in bio-
fuels, fermentation, cultivation, paper, fabric, and feed industries 
(Ranjan et al., 2023). Different solid substrates were used for production 
of cellulases (Yadav et al., 2016; Shruthi et al., 2018). Douglas fir forest 
waste was used as a substrate for production of higher titer and higher 
yield of bioethanol by sulfite chemistry without separation of solid-
–liquor and detoxification (Zhu et al., 2015). 

Every year, India generates a big quantity of stable waste wherein 
AW stays on the top with approximately 350–990 Mt/12 months. Next 
to China, India is the second largest country to produce agrowaste in 
global, generating greater than one hundred thirty million tonnes of 
paddy straw, half of which is used as animal feed and alternative 1/2 of 
which is disposed (Singh and Sidhu, 2014). Further, the practice of 
burning rice waste inside the northwestern area produce great air 
pollution and increases community health worries (Shyamsundar et al., 
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2019). Unsuitable discarding of crop residues ends in formation of 
greenhouse gases (GHG) which includes CO2, nitrous oxide N2O and 
CH4, which pose a danger to humans and herbal environment (Kaab 
et al., 2019). The methods currently used related to agro-wastes still 
hold some disadvantages. Environmental pollution occurs when un-
planned landfilling and burning of wastes for energy production (Sadh 
et al., 2018), their utilization as animal feed cause to low digestibility 
and antinutritional factors (Tripathi and Mishra, 2007). Biotechnology 
is a powerful tool to convert agricultural wastes to value-added prod-
ucts. Agrowastes are usually considered the best solid supports for SSF 
(Pandey et al., 1999). A number of agroresidues are used as solid sup-
ports for cellulolytic enzymes production such as sesamum husk, sug-
arcane bagasse, tea residue, castor husk, saw dust, groundnut fodder and 
rice husk (Shruthi et al., 2018), groundnut fodder, rice bran, wheat bran 
and sawdust (Chandra et al., 2007; 2022; Chandra and Reddy, 2013), 
rice husk (Yadav et al., 2024) 

Presently, first-era feedstocks (molasses and starch) are the primary 
participants to worldwide bioethanol production; but, because of the 
growing demand for bioethanol and the plentiful availability of cheap 
lignocellulosic biomass (LCB), attention is shifting to the improvement 
of cellulosic ethanol production technology (Brar et al., 2019). Fungus 
and bacterium were identified to produce cellulase on cellulosic 
biomass, of which fungi accounted for 80 % of SSF (Pandya and Gupte, 
2012). SSF mimics herbal environment for production of cellulase in 
higher amounts by fungi (Santos et al., 2017). It ought to be noted that 
the restoration method of cellulose is simpler than membrane-bound 
intracellular cellulosomes (ICs), where the subsequent step of cellular 
wall breakdown is vital. In addition, decrease water and power re-
quirements with the least waste technology in SSF majority of the in-
dustries employed SSF than submerged fermentation (SmF) for cellulase 
production (Ezeilo et al., 2019). But, designing scaling methods in SmF 
below controlled factors is relatively less difficult than SSF (Kumar et al., 
2021). Most cellulase-generating SSF technology has specifically 
centered on upstream approaches (Bagewadi and Ninnekar, 2015). 
However, higher titre of cellulose in SSF is too a characteristic of 
effective leaching from SSF and needs to be attended (Dey et al., 2021). 
As a consequence, for a high yield of cellulase in SSF, a standardized 
leaching process is required to reap most cellulase from mouldy sub-
strate in lively and intense form. 

SSF is rapidly gaining interest for financial enzyme manufacturing 
due to its price-powerful generation, low capital investment, and clean 
managing technology (Chandra et al., 2010). Enzyme leaching from the 
mold substrate is important in SSF (Pragya, Krishna et al., 2023) and is 
of key importance. Therefore, the prevailing examine targeted at the 
standardization of extraction parameters for maximum leaching of 
exoglucanase, which is one of the key components of cellulolytic en-
zymes produced with the aid of Aspergillus protuberus in SSF. 

Materials and methods 

Fungal strain 

Aspergillus is an expansive genus consisting of approximately 250 
species; they are categorized into seven sub-genera that are in turn 
subdivided into several sections. Our laboratory, we isolated Aspergillus 
strain from decomposing forest soil samples. Identification of strain was 
based on morphological, microscopic and macroscopic characteristics. 
Lactophenol cotton blue staining was done to observe the strain under a 
microscope. Colony morphology, i.e., characteristics of mycelia, con-
idia, and conidiophores were observed in light microscopy as well as 
Scanning Electron Microscope (SEM). The species produce colonies, 
composed of white or yellow flat that is covered by dark asexually 
produced fungal spores and it was identified first time as Aspergillus 
protuberus based on morphological and molecular characteristics such as 
28S rDNA sequencing and deposited in GenBank under the accession 
number KX427028 (Yadav et al., 2017). Pure culture was maintained on 

Czapek Dox medium at 30±2 ◦C. The culture was stored at 4 ◦C. Inoc-
ulum was arranged from 7 days grown slants with sterile distilled water 
consists of Tween-20 (0.2 % v/v). Spore count was calculated by he-
mocytometer and adjusted to 2 × 105 spores/ml by adjustment of optical 
density. 

Lignocellulosic substrate 

Rice husk was procured from sawmill in Kadapa. The husk was air 
dried and sieved through 2 mm screen to get consistent size of particle. 

Solid state fermentation 

Ten grams of rice husk was placed into 250 ml conical flasks and 
sterilized at 121 ◦C for 15 min (Chandra and Reddy, 2013; Shruthi et al., 
2018). The sterile rice husk was retained with 40 % (w/v) of moisture. 
The modified Czapek Dox liquid medium contains components (g/L) 
K2HPO4 1.0, MgSO4⋅7H2O 0.5, KCl 0.5, FeSO4⋅7H2O 0.01, glucose 10, 
cellulose 5.0, (NH4)2SO4 20, distilled water 1000 ml, pH 5.0. Sterile 
substrate in flasks were inoculated with spores of 2 × 105 spores/flask 
and kept at ambient temperature i.e., 30±2 ◦C up to 5 days. 

Leaching technique 

Fermented husk in the conical flask was recovered with chosen sol-
vent at 30 ◦C. The crude extract was separated through cotton cloth and 
obtained filtrate was centrifuged at 10,000 rpm at 4 ◦C and supernatant 
was employed for enzyme assay. 

Filter paper assay 

The filter paperase activity extracted in leachate was estimated by 
Mandels and Weber (1969). Fifty milligram Whatman filter paper strip 
(1 × 6 cm) was immersed into 1 ml of 0.05 M sodium citrate buffer (pH 
4.8) at 50 ◦C in a water bath. Crude enzyme was mixed with above so-
lution and incubated for 60 min at 50 ◦C. After incubation, 3, 5-dinitro-
salicylic acid (DNS) was added. All samples were mixed thoroughly and 
boiled for 5 min in a boiling water bath. After cooling, color formation in 
tubes was read at 540 nm in UV spectrophotometer. One unit of filter 
paper unit (FPU) was expressed as the amount of enzyme liberating l 
µmole of reducing sugar from filter paper per min. Activity of cellulase 
was expressed in filter paper units. 

Statistical analysis 

The data represented is the averages of reproduces. Duncan’s Mul-
tiple Range (DMR) test was employed for the complete data done by 
Megharaj (1999). The data was analyzed by Repeated ANOVA test (P <
0.05) to know the significant effects of different solvents, volume of the 
citrate-phosphate buffer, and number of washes on FPase activity. One 
sample t-test analysis (α 0.05) was done to know the significance of 
stationary and static conditions on the FPase activity. GraphPad Prism 
9.0.0. program was used for the statistical analysis of the data. 

Results 

Selection of extraction solvent 

In SSF, a suitable solvent is required to extract higher amount of 
enzyme with minimal soaking time (Adhyaru et al., 2015). The recovery 
efficacy of solvent is mainly depends on nature of fungal mycelium and 
its interaction with the enzyme (Fernandez - Lahore et al., 1998). 

SSF has many advantages than submerged fermentation, such as high 
volumetric productivity, less waste discharge, and low catabolic 
repression which makes it a gifted approach in near prospect. Hence it is 
strongly recommended technology for production of cost-effective and 
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high concentrated bio-catalysts. Amount of extracting of these concen-
trated biocatalysts from mouldy substrate are influenced by various 
extraction parameters. Therefore, some extraction parameters, i.e., sol-
vent efficacy, ratio of solid to solvent, time for soaking, physical state of 
leaching and washings were optimized for effective leaching of FPase 
from mouldy rice husk using A. protuberus. 

High titers of FPase (2.67 FPU/g of rice husk) from the 1-day fer-
mented husk with citrate-phosphate buffer (Fig. 1, ST. 1, SD. 1). Fol-
lowed by 2.61 FPU/g of rice husk in leachates of citrate buffer, 2.47 
FPU/g rice husk in leachates of 5 % methanol and 2.45 FPU/g of rice 
husk in leachates of acetate buffer. Among the solvents used in the 
present study, distilled water made poor recovery of FPase with 1.74 
FPU/g of rice husk from 1-day mouldy husk. 

Solid to solvent ratio 

SSF is a static fermentation of fungus growth on moist solid sub-
strates where value added products are produced in a concentrated 
manner, because of less solvent. Therefore, sufficient volume of solvent 
is required to extract maximum of the product. Therefore, fermented 
husk to solvent ratio is other significant factor to at most leaching of 
enzyme in SSF. The volume of solvent i.e. citrate phosphate buffer from 
20 to 50 ml with 10 ml span, extraction was performed directly after the 
addition of solvent. 

Fifty milliliter of citrate-phosphate buffer achieved recovery of FPase 
in maximal titer of 2.45 FPU/g of rice husk (Fig. 2, ST. 2, SD. 2). The 
corresponding figures of FPase extraction from fermented husk with 40, 
30 and 20 ml of citrate-phosphate buffer were 2.44, 2.09 and 1.98 FPU/ 
g of rice husk. Extraction of FPase from fermented husk was depending 
on volume of the solvent used. Five-day old fermented husk gave higher 
yields of FPase. 

Time for soaking 

Once optimized the solvent type and its volume at optimal level, time 
for soaking was standardized for maximum recovery of FPase from 
mouldy rice husk. Contact time of mouldy substrate and leaching solvent 
are another crucial factor, which needs to be standardized. The time 
intervals used in the present study was from 30 − 120 min with the span 
of 30 min (Fig. 3, ST. 3, SD. 3) for efficient recovery of enzyme where all 
other conditions were same as described in SSF. 

Soaking of 1-day old fermented husk with 60 min gave higher yields 
of FPase with 5.53 FPU/g of rice husk as against 5.43 FPU/g of rice husk 
by 30 min soaking of fermented husk of the same age (Fig. 3). Soaking of 
3-day incubated fermented husk with 120 min yielded less FPase activity 
with 3.80 FPU/g of rice husk on 3rdday of incubation. Maximum yields 
of FPase occurred in 1-day fermented husk. 

Physical state of leaching 

Shaking conditions were effective in extraction of FPase from fer-
mented husk than stationary conditions (Fig. 4, ST. 4, SD. 4 and SD. 5). 
Application of shaking conditions during soaking of 1-day fermented 
rice husk improved FPase recovery with 2.32 FPU/g of rice husk as 
against 1.70 FPU/g of rice husk under stationary conditions. Peak pro-
duction of FPase in 1-day fermented husk in this experiment. 

Number of washes 

In previous experiments, leaching of enzyme from mouldy husk was 
employed with a single washing of the solvent, citrate phosphate buffer. 
In order to test whether a single wash could completely extract the 
enzyme, the fermented husk recovered after the first washing was again 
subjected to repeated washing with fresh lots of solvent. Washings were 
collected separately and assessed for the chosen parameters. 

Higher FPase activity with 3.24 FPU/g of rice husk was recovered in 
the first wash from 1-day old fermented husk (Fig. 5, ST. 5, SD. 6). The 
second wash extracted FPase to the extent of 1.28 FPU/g husk from once 
extracted fermented husk. FPase leached into third wash of fermented 
husk to the extent of 0.68 FPU/g of rice husk. The corresponding figures 
of extraction by the first, the second and the third wash from 1-day old 
fermented husk were 3.24, 1.28 and 0.62 FPU/g of rice husk. Total 
yields of FPase in 1-day old fermented husk were 5.2 FPU/g of rice husk 
touching peak. 

Discussion 

Rice is common food for almost half of the global population (Slayton 
and Timmer, 2008). After wheat and corn, rice is the third most sig-
nificant grain crop in the globe in total production. During the milling 
the harsh coat of the rice grain is removed as a byproduct. Among all the 
agrowastes, the availability of rice husk is easy throughout the globe. 

Fig. 1. Recovery of FPase from fermented rice husk by different solvents. There was a significant# effect of time (P = 0.0032) and solvent (P = 0.0016) on the FPase 
activity. #Repeated measure ANOVA analysis (P < 0.05). Asterisk with horizontal line indicates row data (i.e. solvents) and asterisk with vertical line indicates 
column data (i.e. incubation in days). 
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Worldwide, almost 600 million tons of rice produced every year. 
In annual production of rice paddy husk (120 million tons), 20 % of 

the rice paddy is husk (Giddel and Jivan, 2007). Approximately half of 
the rice husk produced through rice mills are generally burned for the 
production of steam to run milling equipment. In addition, several re-
ports shown that rice husk contains high amount of cellulose and 
hemicelluloses. Therefore, husk is also used to produce several value 
added products. In rice producing countries, rice husk used as a bio-
mass/solid support is an attractive way for production of bioethanol. 
Rice husk consists 75–90 % organic matter i.e., cellulose, hemicellulose, 
lignin etc., and silica, alkalis, and trace elements (Wallheimer and Brian, 
2010). It contains higher ash content than other substrates in the range 
of 10–20 %. In ash it consists about 87–97 % silica, highly porous and 
light weight, with higher external surface area. Presence of higher 
amount of silica makes it a valuable material for use in production of 

value added products (Sarangi et al., 2009). Rice husk also contains K2O, 
Al2O3, CaO, MgO, Na2O, Fe2O3 are available in less than 1 %. Rice husk 
contains 96–160 kg/m3, oxygen 31–37 %, nitrogen 0.23– 0.32 %, 
sulphur 0.04–0.08 %. Because of these characteristics which make them 
suitable for production of bioethanol (Sudiyani and Muryanto, 2012). 
Campos et al. (2024) screened four different aqueous solutions of so-
dium chloride (0.9% w/v), calcium hydroxide (3.0 mM), Tween-80 
(0.01 % v/v) and glycerol (10 % v/v) to select best solution to extract 
maximum amount of CMCase and FPase. Among the tested solutions, 
NaCl solution recovered higher CMCase and FPase. Darabzadeh et al. 
(2019) also used distilled water to recover cellulase from fermented 
substrate. Maximum cellulase extraction was achieved with distilled 
water from different solid substrates by Marin et al. (2019). 

An ultimate solvent recovers enzyme particularly and totally at op-
timum temperature by minimum contact time (Chandra et al., 2008). 

Fig. 2. Recovery of FPase from fermented rice husk with different volumes of acetate buffer. Volume of the buffer (P = 0.0069) and incubation days (P = 0.0199) 
have significant# effect on the FPase activity. #Repeated measure ANOVA analysis (P < 0.05). Asterisk with horizontal line indicates row data (i.e. Citrate-phosphate 
buffer volume) and asterisk with vertical line indicates column data (i.e. incubation in days). 

Fig. 3. Effect of soaking time on recovery of FPase from fermented rice husk. Incubation (P = 0.0205) and soaking time (P = 0.0395) have significant# impact on the 
FPase activity. #Repeated measure ANOVA analysis (P < 0.05). Asterisk with horizontal line indicates row data (i.e. Soaking time in min) and asterisk with vertical 
line indicates column data (i.e. incubation in days). 
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Fig. 4. Effect of different leaching conditions on recovery of FPase from fermented bran by acetate buffer. FPase activity was significantly# different between the 
incubation days in the stationary (P = 0.0005, R2 0.9631) and shaking (P = 0038, R2 = 0.9013) conditions. #One sample t-test analysis (α 0.05). 

Fig. 5. Effect of number of washes on recovery of FPase from fermented bran by A. protuberus in SSF. FPase activity was significantly# changed between the washes 
(P = 0.0096), however, FPase activity was not significant (P = 0.2311) between the incubation days. #Repeated measure ANOVA analysis (P < 0.05). Asterisk with 
horizontal line indicates row data (i.e. number of washes) and ‘ns’ (not significant) with vertical line indicates column data (i.e. incubation in days). 
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Furthermore, recovery efficacy of a solvent is another significant attri-
bute for complete leaching of enzyme from fermented substrate in SSF. 
Therefore, selection of an ideal solvent is essential for greater extraction 
of enzyme from SSF. Different solvent systems i.e. 0.2 M, pH 5.0 citrate 
buffer, acetate buffer, citrate phosphate buffer and 5 % methanol (v/v) 
were screened separately. Each wash of solvent by 50 ml of volume was 
used for recovery in experiment. 

Diverse solvent systems were evaluated for leaching efficacy of 
various enzymes from mouldy substrates in various studies. Distilled 
water for FPase recovery from mouldy bran by A. niger in SSF (Chandra 
et al., 2008), 50 mM citrate buffer (pH 4.8) for leaching of CMCases, 
xylanase, and β-glucosidase from the spent mushroom compost of 
P. sajorcaju (Bisaria et al., 1990; Singh et al., 2003), glycerol 2.5 % (v/v) 
used for maximum leaching of α-amylase on wheat bran using Bacillus 
circulansGRS313in SSF (Palit and Banerjee, 2001). Fernandez Lahore 
(1998) were observed that hydrophobic or hydrophilic character of 
fungal growth, ionic bonds, hydrogen bonds and Vander Waal forces 
decides efficacy of solvent for enzyme leaching. The use of acetate buffer 
(0.2 M, pH 4.8) for extraction of endo-glucanase from mouldy wheat 
bran using Aspergillus niger in SSF was reported by Pirota et. al. (2013). 
Pandey and Negi (2020) evaluated the different solvent systems for the 
extraction of cellulase enzyme form the fermented wheat bran by a local 
isolate of Rhizopus oryzae SN5 can extract 18.9 % enhanced extraction of 
cellulase enzyme from fermented substrate when compared with other 
buffers used in the present study. 

Solvent to substrate ratio of 10–11 ml/g was recorded as optimal 
ratio for higher extraction of xylanase by A. niger DFR5 by Pal and 
Khanum (2010). Hence the use of less substrate to solvent ratio is 
necessary to retain product in concentrate form to attain higher leaching 
efficiency. Castilho (2000) reported the 30 min soaking time is optimal 
for effective leaching of protease extraction by SSF. Soaking of fer-
mented substrate in water for 1 h was used for leaching of cellulolytic 
enzymes (Fadel, 2000), but 150 min soaking for amylase recovery was 
noticed by Palit and Banerjee (2001). Pandey and Negi (2020) tried 
different solid to solvent ratio (1:6; 1:8; 1:10, 1:12 and 1:14) for find out 
suitable solid: solvent ratio and found that the 1:10 is the best combi-
nation for maximum extraction of enzyme from the fermented wheat 
bran by a local isolate of Rhizopus oryzae SN5. 

Agitation effect is quite acceptable due to agitation of mouldy bran 
gets dispersed evenly in constant phase of solvent, minimizing polari-
zation (Tunga et al., 1999). Dharmesh 2015 also extracted maximum 
recovery of xylanase enzyme from fermented sorghum straw by 
A. tubingensis FDHN1 strain at 150 rpm. In shaking conditions loss of 
enzyme activity caused by prolonged agitation was reported by Ghildyal 
(1991). Pal and Khanum (2010) observed the maximum extraction of 
xylanase enzyme at highest shaking (200 rpm). Similar results were also 
observed for xylanase recovery at high agitation of 200 rpm by Azin 
(2007). Complete recovery of β-glucosidase from mouldy husk enhances 
process efficiency. In the present study, first two washes collectively 
could account for 92 % of total extraction of enzyme. Similar results 
were observed by Palit and Banerjee (2001) on leaching of amylase. 
Pandey et al. (2020) tried various soaking times (30, 60, 90,120,150 
min) for selection of optimum incubation time and found that the 90 min 
is the most excellent incubation time for maximum extraction of cellu-
lase enzyme from the fermented wheat bran by a local isolate of Rhizopus 
oryzae SN5. 

Conclusions 

To the best of our knowledge, this is the first report on leaching of 
FPase from rice husk in SSF by A. protuberus. Recovery of product from 
complex fermented matrices place a significant role in downstream 
processing. With these standardized parameters in this study, we have 
recovered almost 90 % of FPase from the fermented rice husk in SSF by 
A. protuberus. Agrowastes utilization as animal feed leads to less diges-
tion and they may have antinutritional elements. By overcome this with 

the aid of cellulases which will increase the digestion and degrade 
antinutritional elements. In this study untreated solid substrates were 
used. Utilization of pretreated solid substrates certainly increases the 
yields of FPase by microbes in SSF which needs to be further explored. 
This attempt certainly opens up the doors in downstream processing for 
the young futuristic research minds to precede research. 
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