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Cellulase Production by Co-culture of Bacillus
licheniformis and B. paralicheniformis over
Monocultures on Microcrystalline Cellulose and Chicken
Manure-supplemented Rice Bran Media

Muinat Olanike Kazeem,* Kamoldeen A. Ajijolakewu,? and Nor’ Aini Abdul Rahman P*

Single cultures and co-cultures of Bacillus licheniformis and Bacillus
paralicheniformis isolated from compost were evaluated for their
carboxymethyl cellulase (CMCase) and filter paperase (FPase) production
potential. Using a medium supplemented with microcrystalline cellulose
(MCC), in the co-culture, CMCase and FPase activities increased 8.87-
and 2.28-fold and 10.15- and 3.20-fold over B. licheniformis and B.
Paralicheniformis monocultures, respectively. The synergistic behavior of
the two isolates might be due to the consumption of hydrolysis product
(glucose, cellobiose) by one or both of the isolates, which improved their
metabolic performance for cellulase secretion. Optimal conditions for
cellulase production by this co-culture were a temperature of 45 °C, and
pH 7 at 180 rpm in a medium containing rice bran at 1% (w/v) and chicken
manure as nitrogen supplement at 2% (w/v). The maximum CMCase and
FPase produced under the above conditions were 79.8 U/mL and 12.5
U/mL, respectively. This corresponds to 257.4- and 59.5-fold
enhancement in CMCase and FPase activity, respectively, over B.
licheniformis monoculture, and 306.9- and 83.3-fold increase with respect
to the B. paralicheniformis monoculture. These results indicate that
improved cellulase production can be achieved through co-culture and
chicken manure nitrogen-supplement.
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INTRODUCTION

Lignocellulose is the most abundant renewable biomass in nature. It is synthesized
by plants and can provide energy and renewable chemicals in biomanufacturing to create
a sustainable bioeconomy. Lignocellulose is a complex structure consisting of cellulose,
together with hemicellulose wound around by lignin. The biomass processing for the
production of bioethanol from lignocellulose requires fermentable sugars as substrate
produced through hydrolysis. Hence, fermentable sugars are either produced through
chemical pretreatment or via enzymatic hydrolysis. Enzymatic hydrolysis is of particular
research interest because it allows for the use of non-food plant materials, such as agro-
waste products. It is also ecofriendly and readily secreted by microorganisms, hence
contributing to building a sustainable bioeconomy. Due to heterogeneity of the
lignocellulose biomass, enzymatic hydrolysis requires a complex system of enzymes, such
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as endoglucanase (endo-1,4-b-D-glucanase), exo-glucanase (1,4-b-D-glucan-cellobio-
hydrolase), B-glucosidase (b-D-glucoside glucanohydrolase, cellobiase), and other
accessory enzymes, that work synergistically towards degradation of lignocellulose
polysaccharides. However, the high cost of cellulase presents a major drawback to
commercialization of lignocellulosic biorefinery. Therefore, an efficient, cost-effective
cellulase production system with high enzyme titre is required to reduce the cost of
bioethanol and other bioproducts produced from lignocellulose.

Most studies have focused on the use of monocultures for the production of
cellulase rather than co-cultures. Microbial co-cultures present numerous advantages such
as reduced capital investment, high productivity, synergistic behavior, reduction of
metabolic burden, and rapid substrate utilization. Among co-cultures are those that help in
stabilization of biomass (Kato et al. 2005) and enhancement of product recovery through
distribution of metabolic pathways (Zhou et al. 2015). Likewise, co-cultures are more
robust to environmental stress (Balachandar et al. 2013) and are therefore more likely to
withstand the changes in pH, temperature, and metal ions, as experienced with industrial
fermentations. Hence, they are good candidates for industrial bioprocessing of cellulosic
biomass. Pectinase production was reported to be enhanced by co-culture of Bacillus
subtilis and B. pumilus by 2-fold compared to the monocultures during growth on apple
pomace carbon source (Kuvvet et al. 2019). A co-culture of Trichoderma asperellum
and Bacillus amyloliquefaciens produced the best composition of lignocellulosic enzymes
and the highest biomass hydrolysis yield (Karuppiah et al. 2021). The cellulase activity of
mixed culture of Aspergillus niger and Trichoderma reesei increased 2.238-fold in
comparison to the monocultures (Septiani et al. 2019). Similarly, Zhao et al. (2018)
examined cellulase production using co-cultures of A. niger and T. reesei and reported
increased degradation capacity of steam exploded corn stover.

Although numerous bacteria and fungi have been applied for the production of
biocatalysts, members of the firmicutes have been mostly reported and are versatile in the
biodegradation of lignocellulosic biomass from various environments (Ransom-Jones et
al. 2017). The utilization of bacteria for cellulase production offers enormous advantages:
(i) ability to inhabit diverse environments, (ii) rapid growth rate, (iii) efficient enzyme
complexes, and (iv) genetic amenability. Hence, the single strain bacteria inoculation has
been commonly employed for cellulase production. However, this strategy is contrary to
what is obtained in the natural environment where degradation of biomass is facilitated by
consortia of microbes. These consortia can thus be explored for efficient production of
biocatalysts. A well-defined bacterial consortium may contribute significantly towards
improving cellulase production. Furthermore, application of bacterial consortia could
further shed light on the role of the individual strains, as well as their mechanisms and
metabolic pathways for biomass degradation. Therefore, the use of bacterial co-cultures
can advance cellulase production by helping to unravel the complex and multifaceted
interactions that occur during the biodegradation of lignocellulose.

Strains of B. licheniformis have been investigated for cellulase production on
different cellulosic materials such as wheat bran (Gupta et al. 2015), sugarcane bagasse
(Afzal et al. 2019), and sugarcane bagasse + rice husk (Kazeem et al. 2016). However, data
are not available regarding the use of B. paralicheniformis for cellulase production.
However, the use of consortium of these bacteria for cellulase production has not been
reported, particularly on agro-wastes, such as rice bran, rice straw, cow dung, and their
mixtures, supplemented with chicken manure.
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Rice bran is a by-product from the rice milling industry while rice straw is the by-
product from rice harvest. Cow dung is the dry excreta from cows. It is abundant and
underexploited with respect to cellulase production. It contains 35.4% cellulose, 32.6%
hemicelluloses, and 1.4% nitrogen (Misra et al. 2003). It has several essential nutrients,
such as Ca, Mg, S, Zn, B, Cu, and Mn (Onwudike 2010). Thus, these products present a
promising feed stock for cellulase production.

In addition, the use of crop and animal wastes is an opportunity to improve the
bioeconomy through the adoption of a zero-waste farming system. Rice straw consists of
35 to 40% cellulose, 25 to 30% hemicellulose, and 10 to 15% lignin (Rahnama et al. 2013).
Rice bran consists of 15% cellulose, 31% hemicellulose, and 11% lignin (Sunphorka et al.
2012), while cow dung is composed of 26% cellulose, 11% hemicellulose, and 11% lignin
(Zulkifli et al. 2018). Chicken manure is a good source of nitrogen, as it has been used as
nitrogen source for co-composting of rice straw (Karanja et al. 2019). Similarly,
composting of chicken manure and organic waste improved the compost quality (Hwang
et al. 2020). Therefore, these materials are rich in nutrients and carbohydrates that can
support the growth of bacteria for use in cellulase production.

In this context the aim of the current work is to demonstrate the efficacy of co-
culture of B. licheniformis and B. paralicheniformis grown of agro-waste biomass
supplemented with chicken manure under optimal conditions for the production of low cost
cellulase.

EXPERIMENTAL

Materials
Microorganisms and their preparation

The bacterial strains 2B40 and 20B40 later identified in this study as Bacillus
licheniformis and Bacillus paralicheniformis were obtained from the Biomass Laboratory,
Biotech 3, Department of Bioprocess Technology, Universiti Putra Malaysia. They were
isolated from the composting of oil palm empty fruit bunch and chicken manure. A portion
of the cultures from Luria bertani (LB) broth-glycerol freeze stock was collected and
transferred into 10 mL LB broth and incubated for 45 °C at 180 rpm for 24 h. The cultures
were streaked on nutrient agar plate and carboxymethyl cellulose (CMC)-Congo red agar
plates to ensure purity and confirmation of cellulolytic capacity. The isolates produced
hydrolytic capacity of 2.4 + 0.2 on CMC-Congo red agar plate.

Agro-waste biomass and chicken manure substrate preparation and pretreatment

Rice straw was collected from a rice farm at the Faculty of Agriculture, University
Putra Malaysia, while the rice husk and rice bran were obtained from Bernass Bhd rice
processing factory, Sekinchan, Selangor, Malaysia. The chicken manure was collected
from the Faculty of Agriculture poultry farm, Universiti Putra Malaysia. The rice straw and
rice husk were washed thoroughly in several changes of distilled water to remove
extraneous materials. They were then dried at 60 °C for 24 h and ground to 0.25 mm
particle size using a grinding machine (Retsch SM 200, Rostfrei, Hann, Germany). The
rice straw and rice husk were pretreated in 2% (w/v) NaOH for 2 h at 1:10 solid-liquid
loading and then autoclaved at 121 °C for 10 min. The pretreated solid was extracted and
washed in several changes of distilled water until neutral pH and was oven-dried at 60 °C.
The chicken manure and dried cow dung was milled with a kitchen blender and sieved to
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powder. All the substrates were stored in air-tight polyethylene plastic bags at 4 °C until
further use.

Methods
Inoculum preparation

The bacteria strains were cultured up to their log phase of 24 h on cellulase medium
containing (g/L): 0.1 carboxymethylcellulose (CMC), 1.0 KH2POs4, 1.145 K2HPO4, 0.4
MgS04-7H20, 5.0 NH4SO4, 0.05 CaCl2:2H20, and 1 mL Nitsch’s trace element solution
(2.2 g MnS0O4, 0.5 g ZnS04, 0.5 g H3BOs3, 0.016 g CuSO4, 0.025 g Na2MoOs, and 0.046 g
CoCl2) (Rastogi et al. 2009). From this, 50 mL of the culture was centrifuged at 10,000 x
g and 4 °C for 10 min. The cell pellet was subjected to repeated washing and resuspended
in 0.1% (w/v) peptone (King and Hurst 1963). The cell suspension was set at optical density
(ODe00) ODeoo = 1.0 and used as inoculum for cellulase production.

Characterization of the cellulolytic bacteria using cultural and BIOLOG method

The morphological characteristics such as colour, margin, and surface were done
by physical examination on a 24 h old Luria Bertani (LB) agar plate. The gram reaction,
spore staining, and motility were viewed under the microscope following standard
laboratory procedures. Both isolates were grown in aerobic and anaerobic incubators to test
their respiration requirement. The physiological properties were carried out in 50 mL LB
broth prepared according to the manufacturer’s instruction. As for salt tolerance, the
isolates were grown in LB broth containing 1 to 8 % NaCl concentration, then incubated
at 40 °C for 24 h. The temperature preference (40 to 60 °C) was carried out following the
same procedure without the addition of NaCl. The pH of the LB broth was adjusted to 5, 7
and 9 before incubation at 40° C for 24 h. For all the physiological properties, the isolates
were set at optical density (OD) 0.6 before inoculating into the LB broth at 1 %. The initial
OD (before incubation) and final OD (after 24 h incubation) were examined for positive
growth or negative growth.

Following the manufacturer’s instruction, a 16-h bacteria suspension obtained from
a Nutrient agar plate was transferred into an inoculating fluid (IF-A) to attain 95%
transmittance cell density using a Biolog turbidimeter (Biolog Inc. Hayward, CA, USA).
An inoculum of 100 pL was transferred into wells on the GENIII microplate and incubated
at 33 °C between 16 to 24 h. A colour change of the teterazolium dye to purple was
recorded on the microplate plate reader. The results obtained were compared with the
information on the BIOLOG database software (Biolog Inc. 5160-WX, Hayward, CA,
USA).

16S rDNA gene sequencing and phylogenetic analysis

Genejet genomic DNA extraction and purification kit was used for genomic DNA
extraction (Thermo Scientific Inc., Waltham, MA, USA). The extracted DNA was used for
the polymerase chain reaction to amplify a portion of the 16S rDNA using a universal
primer 27F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492R (5-GGT TAC CTT
GTT ACG ACT T-3'), on a T-gradient thermocycler (LabRepCo, Horsham, PA, USA).
The PCR reaction mixture consisted of 12.5 uL REDTag, PCR Reaction Mix (Sigma-
Aldrich, St. Louis, MO, USA), 1 pL each of forward and reverse primers and 35.5 pL of
sterile distilled water. The following PCR conditions were used for the amplification: 98
°C for 5 min for an initial denaturation step, followed by 35 cycles of 95 °C for 30 s; 45.3
°C for 30 s; 72 °C for 90 s denaturation annealing and extension, and final extension at 72
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°C for 8 min. The amplified PCR products were purified and sent to 1% BASE (Selangor,
Malaysia) for sequencing. The sequence similarities were compared with the ones available
in the NCBI Gene Bank data. The MEGA version 6.0 was used to construct a phylogenetic
tree, using the neighbor-joining method (Tamura et al. 2013).

Cellulase production by mono and co-culture of cellulolytic bacteria

Production of cellulase was carried out in 50 mL cellulase medium in 100-mL
conical flask containing 1% microcrystalline cellulose (MCC). The content was sterilized
at 121 °C for 15 min prior to inoculation of the bacteria cells. A 5% inoculum of each
bacterial strain was inoculated into separate fermentation flasks and incubated at 50 °C for
48 h at 180 rpm for the monocultures. For the co-culture, an inoculum load of 2.5% of each
bacterial culture was used. A 2 mL sample was collected at 6 h interval and centrifuged at
10,000 x g for 20 min at 4 °C (Sorvall RC-2B, Thermo Scientific, Waltham, MA, USA).
The supernatant was withdrawn and used as crude enzyme for analysis of the various
enzyme activities.

Optimization of enzyme production

To select a suitable temperature and pH for the production of cellulase by co-culture
of B. licheniformis and B. paralicheniformis, the isolates were cultivated at a temperature
range of 40 to 60 °C and pH 3 to 8. The effect of nutritional parameters on cellulase
production by the co-culture were assessed on carbon sources (single and mixed agro-
waste) and nitrogen sources (organic and inorganic nitrogen). For the carbon sources, the
shake flask was inoculated with 1% of either rice bran (RB), rice straw (RS), cow dung
(CD), rice bran + rice straw (RB+RS), rice bran + cow dung (RB+CD), rice straw + cow
dung (RS+CD), or rice bran + rice straw + cow dung (RB+RS+CD). The nitrogen sources
were tested at different concentrations of chicken manure (CM). These included CM1,
CM2, CM3, CM4, and CMS5 corresponding to 1 to 5% chicken manure, respectively. The
effect of chicken manure concentration was compared with NH4SO4 and peptone at 5 g/L.

Analytical Methods
Enzyme assay

The activity of crude enzyme was determined using the method described by Wood
and Bhat (1988). Carboxymethyl cellulase (CMCase) activity was determined by
measuring the reducing sugar released from CMC. A volume of 0.5 mL crude enzyme was
reacted with 0.5 mL of 1% CMC in 0.05 M phosphate buffer (pH 7) and incubated at 50
°C for 30 min. Filter paperase (FPase) was determined by measuring sugar released from
filter paper. In this reaction, 0.5 mL crude enzyme was mixed with 1 x 6 cm Whatman No.
1 filter paper immersed in 1.5 mL of phosphate buffer (pH 7) and incubated at 50 °C for 1
h. Reducing sugar was measured using the DNS method (Miller 1959). The reaction was
stopped with the addition of 3 mL 3,5-dinitrosalicylic acid (DNS). One unit of enzyme
activity is determined as the amount of enzyme required to liberate 1 umol of reducing
sugar/min under the assay conditions (Wood and Bhat 1988)

Statistical analysis
The values shown are the means of triplicates + standard deviation. Data were
analyzed by one way analysis of variance (ANOVA). Duncan’s multiple range was used
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to compare the means among treatment groups. Differences of P < 0.05 were considered
significant using SAS software package version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS AND DISCUSSION

Characterization and Identification of the Bacteria Isolates

Morphological and physiological identification of the isolates is as shown in Table
1, while the biochemical characterization was determined following the BIOLOG GENIII
method (Table 2). The morphological examination of isolates shows that they are Gram
positive rod, motile, spore forming aerobic bacteria with serrated margins. Isolate 2B40
was whitish in colour while isolate 20B40 appeared creamy-white. The isolates established
the ability to grow on CMC-agar, NaCl concentration 1 to 8%, at a temperature range of
40 to 60 °C and within pH 5 to 9 except isolate 20B40, which showed no growth at pH 5.
Based on carbon source utilization, the isolates likely make use of some carbon 5 and
carbon 6 sugars, some of which are Dextrin, D-Maltose, D-Trehalose, D-Cellobiose,
Gentobiose, Sucrose, D-Turanose, D-Glucose, D-Mannose, D-Sorbitol, and D-Mannitol.
They also demonstrate tolerance towards acids such as: L-Lactic acid, L-Mallic acid, D-
Gluconic acid, D-Galactouronic acid, L-Arginine, and L-Aspertic acid, except for
Propionic acid and Formic acid.

Table 1. Morphological and Physiological Characterization of Cellulolytic Isolates

Parameter Cellulolytic Isolates
Morphological Characterization 2B40 20B40
Shape Rod Rod
Colour Whitish Creamy-white
Gram reaction + +
Motility + +
Spore + +
Margin Serrated Serrated
Surface Undulate Rough
Aerobic + +
Anaerobic -
Physiological Properties
Growth on CMC agar + +
1% NaCl + +
4% NaCl + +
8% NacCl + +
40 °C + +
50 °C + +
60°C +
pH5 + -
pH 7 + +
pH 9 + +

+ = Positive, - = Negative
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Additionally, both isolates display sensitivity to vancomycin, rifampicin, and
nalidixic acid and could metabolize salt of lithium, potassium, and sodium. Biochemical
characterization of bacteria isolates using BIOLOG provides an insight into the metabolic
properties of the isolates, and it has been reported to characterize some bacteria isolates
such as B. licheniformis 2D55 (Kazeem et al. 2017) and Streptomyces sp. (Samad et al.
2020).

Table 2. Biochemical Characterization of Cellulolytic Isolate using BIOLOG GEN

Carbon Utilization 2B40 20B40 Acid and Salt 2B40 20B40
Utilization/ Antibiotic
Sensitivity
Dextrin + nd Acid
D-Maltose + + L-Glutamic acid + nd
D-Trehalose - + D-Galactouronic acid + +
D-Cellobiose + + D-Gluconic acid + +
Gentiobiose + + Mucic acid + +
Sucrose + + L-Lactic acid + +
D-Turanose + + L- Citric acid + nd
D-Raffinose + nd Propionic acid nd nd
a-D-Lactose nd - L-Mallic acid + +
D-Mellibiose + nd L-Alanine + nd
a-D-Glucose + + L-Arginine + +
D-Mannose + + L-Aspertic acid + +
D-Fructose + + Formic acid nd nd
D-Galactose nd nd Antibiotics
L-Rhamnose + - Vancomycin - -
D-Sorbitol + Rifamycin - -
D-Mannitol + Nalidixic acid - -
D-Arabitol nd - Salt + +
Glycerol + + Lithium chloride + +
Gelatin + nd Sodium lactate + +
Pectin + + Pottasium tellurite + +
Stachyose + + Sodium butyrate

+ = Positive, - = Negative, nd = undetermined

Identification of isolate 2B40 and 20B40 using 16S rDNA

The nucleotide sequence of the PCR products obtained from isolate 2B40 and
20B40 was compared with other sequences from the 16S rDNA in the Gene Bank Data
base using BLAST N (Fig. 1). The phylogenetic tree generated using the neighbor joining
method showed relatedness with species of Bacillus and Geobacillus. Isolate 2B40 showed
99% similarity with Bacillus licheniformis KP081r, while isolate 20B40 presented 99%
similarity with Bacillus paralicheniformis PB61. Species of Bacillus species have been
isolated and reported to play a major role in agro-waste degradation during composting
(Bhattacharya and Pletschke 2014; Kinet et al. 2015). Amore et al. (2013), also reported
the isolation of novel cellulolytic bacteria most of which belong to the members of genera
Bacillus.
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MM305711.1 Bacillus subtilis strain OTE012 165 ribosomal RMA gene partial sequence (2)
JNB41252.1 Geobocillus stearothermophilus strain DDERC4A 165 ribosomal RNA gene partial sequence
KT200478.1 Bacillus licheniformis strain KPOB1r 155 ribosomal RMA gene partial sequence
{ & Bocillus licheniformis 2840

L LR535528.1 Bocillus tequitensis partial 165 rENA gene

| { I N704483 1 Bacillus haynesii strain E GI222 165 ribosomal RNA gene partial sequence

MM NEBSEE3.1 Bacillus paralicheniformis strain PBEL 165 ribosomal RNA gene partial seguence

L & Bocillus paraiicheniformis 20640

10 6955930.1 Bocillus subtilis strain CRRI-HM-3 165 ribosomal RNA gene partial sequence

MM N305711.1 Bacillus subtilis strain OTG012 165 ribosomal RMA gene partial sequence

Fig. 1. Phylogenetic dendrogram showing relatedness of 16S rDNA of isolate 2B40 and 20B40
with related bacteria strains from gene data bank using the neighbor joining method

CMCase and FPase production by B. licheniformis 2B40 and B. paralicheniformis
20B40 monocultures

The production of CMCase and FPase on microcrystalline cellulose by
monocultures of B. licheniformis 2B40 and B. paralicheniformis 20B40 was monitored for
48 h. The results presented in Figs. 2 and 3 show the CMCase and FPase production profiles
of B. licheniformis 2B40 B. paralicheniformis 20B40, respectively. It was observed that
the CMCase and FPase activities increased with time up to maximum titre at 30 h, after
which the activities progressively declined until 48 h. The result is in contrast with the
report of Rastogi et al. (2010), where optimal CMCase and cellulase activities were
attained on different fermentation days. Because cellulases work synergistically for
efficient hydrolysis of lignocellulose, obtaining maximum yield of the component enzymes
at the same fermentation period supports maximum activity, yield, and productivity.
Hence, this shows compatibility of both isolates with regards to extracting maximal
cellulase titer.

Researchers have reported cellulase production by Bacillus sp. in previous studies
(Ariffin et al. 2008; Liang et al. 2014; Salim et al. 2017). However, most of them utilized
CMC or agro-waste biomass while focusing only on CMCase production. Therefore, little
comparison could be made with the results from this study in that regard. Nonetheless,
Rastogi et al. (2010) have shown that maximum CMCase (0.12 U/mL) was detected when
the Bacillus sp. DUSELR 13 was grown on microcrystalline at 60 °C on day 9 while
maximum cellulase (0.03 U/mL) was attained on day 8. The result from these researchers
was lower than that obtained in the current study where CMCase and FPase produced by
B. licheniformis reached optimum at 0.31 U/mL and 0.21 U/mL, respectively, at 48 h.
Although Kazeem et al. (2017) reported optimal cellulase production by fast-growing B.
licheniformis 2D55 at 18 h on microcrystalline cellulose, the FPase activity (CMCase 0.33
U/mL and FPase 0.09 U/mL) was much lower than that obtained in the current study. B.
paralicheniformis produced maximum CMCase and FPase at 0.28 and 0.15 U/mL,
respectively. As far as the authors know, this is the first report on cellulase production by
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B. paralicheniformis 20B40 on microcrystalline cellulose. Comparison with other strains
of B. paralicheniformis was not possible, as data on cellulase production by this organism
is limited. It was noteworthy that both isolates produced higher CMCase activity than
FPase activity. In the study of cellulases, CMC, an amorphous cellulose is used to study
CMCase (endoglucanase), while MCC, an example of crystalline cellulose is used to study
FPase (exoglucanase). In the current study both isolates produced higher CMCase than
FPase even when MCC was used as the only carbon source. Therefore, it could be inferred
that the cellulase secreted by both isolates is an endoglucanase with lesser exoglucanase
activities.
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Fig. 2. CMCase and FPase production profile of isolate 2B40 (B. licheniformis) during growth on
MCC medium. Values are means of (n=3), + SD. Mean are significant at (p< 0.05)
Enzyme activity was carried out at pH 7 and 50 °C.
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Fig. 3. CMCase and FPase production profile of isolate 20B40 (B. paralicheniformis) grown on
MCC medium. Values are means of (n=3), + SD. Mean are significant at (p< 0.05)
Enzyme activity was carried out at pH 7 and 50 °C.
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Lower CMCase activity compared to FPase on the same inducer substrate is a
common occurrence in numerous studies. This is because CMC is an amorphous form of
cellulose that is easier to digest than filter paper (Oni et al. 2020). Because some enzymes
are cell bound, the analysis of cellulase from cell-free extract alone might underestimate
the cellulase production by the isolate. Slow growth is one of the problems associated with
fermentation by thermophilic microorganisms. Therefore, efforts aimed at faster growth
rate for improving cellulase titre could be achieved through the use of co-cultures as done
in this study. Aside from this, culture optimization and medium compositions could
enhance cellulase production from thermophilic organisms.

CMCase and FPase production from co-culture

It has been earlier identified that low production of cellulase from biomass using
bacteria mono-culture is a principal factor affecting the high cost of enzyme. Hence, to
maximize the production of cellulase, mono and co-culture fermentation of B. licheniformis
2B40 and B. paralicheniformis 20B40 was performed. The CMCase and FPase production
was monitored on growth medium containing MCC as carbon source using co-culture of
the two bacterial species (Fig. 4) and was compared with the production by the mono-
culture. It was observed that the co-culture of B. licheniformis and B. paralicheniformis
improved the CMCase and FPase production over the mono-culture cultivation. The
CMCase and FPase activity was improved to 2.75 and 0.48 U/mL, respectively. One
noteworthy observation from this result was that the CMCase and FPase activities
produced by the co-culture increased up to 8.87- and 2.29-fold, respectively, over that of
B. licheniformis, and 10.19- and 3.20-fold over the B. paralicheniformis mono-culture. It
was also confirmed that the lower FPase activity experienced with B. paralicheniformis
was boosted by co-culturing with B. licheniformis. This result was possibly due to
compatibility and synergistic behavior of the two strains, resulting in reduced chances of
contamination, co-utilization of biomass, and relief from metabolic stress.

The strategy of using co-culture could reduce the cost of cellulase production,
which is predominantly based on single culture. Many studies have reported increased
enzyme production on co-cultures over single cultures. Recently, Yang et al. (2021)
reported a 30% to 70% increase in cellulase activity after co-culturing Bacillus
licheniformis A5 and Bacillus subtilis B2. Similarly, co-culturing the two strains increased
degradation rate of Chinese distillers grains by 70% compared with optimized results
of Bacillus subtilis B2 mono-culture. A study conducted by Dabhi et al. (2014) reported
the highest CMCase 1.716 U/mL and FPase 0.178 U/mL from the bacteria isolates used as
consortia. Meanwhile, 0.5 U/mL and 0.138 U/mL CMCase and FPase, respectively, were
obtained from the mono-culture of B. megaterium. In another study, the production of
endoglucanase and exoglucanase activity at 0.014 U/mL and 0.041 U/mL, respectively,
were observed in culture consortium (Park et al. 2012). The study conducted by Singh et
al. (2019) reported CMCase activity at 0.21 U/mL and FPase activity at 0.30 U/mL for
enzyme production by consortium (B. subtilis BHUJPV-H19, B. stratosphericus BHUJPV-
H5, and B. subtilis BHUJPV- H12), which was lower than what is reported in the current
study. However, this study was in contrast to Rastogi et al. (2010) who observed that the
co-culture of thermophilic Bacillus sp. DUCELR13 and Geobacillus sp. WSUCFL1 did not
result in any significant increase in cellulase production as compared to the mono-culture.
Likewise, CMCase activity did not show higher enzyme activity in the consortia than the
single bacteria strains (Singh et al. 2019). It could be inferred that the compatibility of
individual bacteria strains is crucial to improvement in enzyme production by the co-
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cultures. It was noteworthy that the co-cultures used in the current study shows fantastic
compatibility as expressed by the high enzyme production.
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Fig. 4. Effect of monoculture and co-culture of isolate 2B40 (B. licheniformis) and 20B40 (B.
paralicheniformis) on CMCase and FPase activity production on MCC medium. Values are
means of (n=3), + SD. Mean are significant at (p< 0.05). Enzyme activity was carried out at pH 7
and 50 °C.

Effect of single and agro-waste cocktail on CMCase and FPase production.

In order to establish the degradation capacity of the isolates, the co-culture was
grown on different agro-waste biomass singly and as combinations. The CMCase and
FPase production by the co-cultures on the agro-waste biomass (single and cocktail) is
presented in Fig. 5. The RB produced higher cellulases than the other agro-waste biomass
tested. The maximum CMCase and FPase activity recorded on RB were 3.15 and 0.67
U/mL, respectively. A similar amount of CMCase (0.54 U/mL) with little difference in
FPase production was observed on CD and RS+CD (maximum activity 0.13 and 0.17
U/mL, respectively). The CMCase and FPase activity recorded on RS were 0.40 and 0.21
U/mL, respectively, while on RB+RS was 0.33 and 0.24 U/mL, respectively. However, the
maximum CMCase and FPase activity on RB+CD (0.26 and 0.17 U/mL) and RB+RS+CD
(0.29 and 0.18 U/mL) were the lowest among the agro-waste carbon source investigated.
Based on the maximum enzyme activities on each agro-waste tested, it was observed that
RB supported CMCase and FPase production (5.8 and 3.9-times), (7.8 and 3.2-times) and
(10.8 and 3.7-times) better than RS+CD, RS, and RB+RS+CD, respectively. While the
addition of RS to CD improved the activity of the enzymes over RS only, the other cocktail
agro-waste carbon source tested was not able to encourage improvement in the enzymes
when compared with enzyme production on their single substrate.

There are many factors that could be responsible for these results. One of the factors
could be attributed to the difference in lignocellulosic composition of each agro-waste
biomass. For example, rice bran in addition to cellulose, hemicellulose, and lignin, contain
bran oil 24%, and protein 18%. Moreover, it also rich in vitamins B, E, and other essential
minerals (Randall et al. 1985). These constituents could provide additional nutritional
requirement for the co-cultures, by improving growth performance and likewise enzyme
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production. Such observations (higher cellulase production on rice bran) have been
reported with respect to Bacillus subtilis A8, which produced highest cellulase activity on
rice bran than on corn cobs (Soeka and Sulistiani 2019). Similarly, rice bran has also been
implicated in improving cellulase production by Aspergillus flavus (Utharalakshmi et al.
2014) and Fusarium oxysporum (Basak and Rangan 2018). Similar to this study, Bacillus
thuringiensis grown on Prosopis africana pod (PAP) mixed with corn cobs improved
endoglucanase production (0.111 U/mL) over single corn cobs (0.099 U/mL) but lower
than PAP single substrate (0.138 U/mL) (Oni et al. 2020). It is well known that agro-waste
biomass consist of complex cellulose and hemicellulose polymer, encrusted by the highly
polymerized lignin that leads to difficulties in conversion process (Baruah et al. 2018).
Hence, pretreatment is required to improve the digestibility and accessibility of the
cellulose matrix through the removal of lignin. Nevertheless, Bacillus pumilus EB3
produced a lower endoglucanase activity (0.063 U/mL) under optimized conditions on oil
palm empty fruit bunch (OPEFB) (Ariffin et al. 2008). Likewise, CMCase (0.21 U/mL)
and FPase (0.13 U/mL) activity was recorded by thermophilic Bacillus subtilis BHUJPV-
H12 grown on CMC and filter paper substrate (Singh et al. 2019). In another study, a lower
CMCase activity 0.108 U/mL from B. aureus was observed on MCC (Oke et al. 2016). In
the current study, better results were found in terms of the enzyme activities.
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Fig. 5. Effect of single and agro-waste cocktails on CMCase and FPase activity from co-culture of
B. licheniformis and B. paralicheniformis. Enzyme activity was carried out at pH 7 and 50 °C.
Values are means of (n=3), £ SD. Mean are significant at (p< 0.05).

Effect of temperature on CMCase and FPase production by the co-culture

The co-culture showed an increase in CMCase and FPase activities with increase
in temperature, with the highest value (CMCase: 50 U/mL, FPase: 8.9 U/mL) at 45 °C,
followed by a decline in the enzyme activities with further increase in temperature (Fig. 6).
The activity of CMCase was totally inhibited at 55 °C, although FPase still retained some
of its activities even at 60 °C. A decrease in activities at higher temperatures could be
attributed to the denaturation of enzymes at higher temperature. Temperature could also
affect the secretion of enzymes as a result of modification in the physical properties of the
cell membrane of the producing organism. Several Bacillus species have been reported to
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produce cellulase optimally at varying temperatures. Currently, there are few studies on
cellulase production from co-cultures of bacterial species, and even the reported ones did
not optimize the cellulase production. Hence, the current results could not be adequately
compared with previous studies on co-cultures. Similar to the authors’ findings, Shakoor
et al. (2013) reported the highest temperature cellulase production by Bacillus megaterium
S3 at 45 °C. Likewise, optimal cellulase production by Bacillus licheniformis NCIM 5556
isolated from hot spring was observed at 43.4 °C. (Shajahan et al. 2017). In contrast to the
current findings, Islam et al. (2019) detected temperature at 35 °C most suitable for
enhanced cellulase production by Bacillus sp. For Paenibacillus sp. and Bacillus subtilis
MU S1, optimal cellulase production was observed at 40 °C (Sreena and Sebastian 2018;
Islam and Roy 2019).
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Fig. 6. Effect of temperature on CMCase and FPase activity from co-culture of B. licheniformis
and B. paralicheniformis on rice bran medium. Enzyme activity was carried out at pH 7 and 50 °C.
Values are means of (n=3), £ SD. Mean are significant at (p< 0.05).

Effect of pH on CMCase and FPase production by the co-culture

The CMCase and FPase activity production by the co-culture showed an increase
in activity as the pH increased and attained optimum activity at pH 7. Beyond pH 7.0, the
activity decreased until pH 8.0. At pH 7.0 the optimum activity of CMCase and FPase were
51.1 and 8.9 U/mL, respectively. The enzyme activities were reduced at pH lower than and
beyond 7.0. For instance, the CMCase activity and FPase activity were reduced to 16.5 and
5.40 U/mL at pH 4.0, while 29.4 U/mL (CMCase) and 7.2 U/mL (FPase) activity were
attained at pH 8.0. It was clearly evident from various researchers’ reports that media at
pH 7.0 shows significant effect on cellulase production (Shajahan et al. 2017; Sreena and
Sebastian 2018). Previous studies reported that maximum CMCase from Bacillus
subtilis K-18 was attained at pH 5.0 (Irfan et al. 2017). Soeka and Sulistiani (2019),
obtained maximum yield of CMCase from Bacillus subtilis A8 grown on rice bran at pH
7, while the same isolate grown on corn cobs exhibited maximum CMCase activity at pH
7.0. A strain of Paenibacillus sp. isolated from molasses exhibited maximum CMCase
activity at initial pH medium of 7.0 in submerge fermentation (Islam and Roy 2019). An
initial medium pH of 7.0 has been reported for maximum CMCase production by Bacillus
licheniformis TLW-3 in submerge fermentation (Kiran et al. 2018). The acidity or
alkalinity (pH) of the media influences the growth of microorganisms, hence different
bacteria present varying optimal pH for cellulase production.

Kazeem et al. (2021). “Cellulase production Bacillus,” BioResources 16(4), 6850-6869. 6862



PEER-REVIEWED ARTICLE b | oresources.com

60 10
- 9
T 50
£ 8
2 7 E
2 % 3
s (6 =
2 30 S
< 5 S
(O]
@ —e—CMCase 4 f)
S 201 3 O
= —&—FPase ©
a
O L 2 LL
10 9
L 1
0 " 0
3 4 5 6 7 8

pH

Fig. 7. Effect of pH on CMCase and FPase activity from co-culture of B. licheniformis and B.
paralicheniformis on rice bran medium. Enzyme activity was carried out at pH 7 and 50 °C.
Values are means of (n=3), £ SD. Mean are significant at (p< 0.05).

Effect of chicken-manure supplementation on CMCase and FPase activity by the co-culture

The effect of nitrogen sources on CMCase and FPase activity was examined on
different concentrations of chicken manure, using peptone and ammonium sulphate as
control. The increase or decrease in enzyme production shows varying response to the
chicken manure concentrations. The CMCase and FPase activity increased as the chicken
manure concentration increased and attained optimum activity at CM2, which later
decreased at concentrations CM3 to CM5. The optimum concentration of chicken manure
at CM2 increased the CMCase and FPase activity to 79.8 and 12.8 U/mL, respectively. It
IS noteworthy that supplementation of the basal medium with different concentrations of
the chicken manure produced even higher cellulase activity than the peptone (organic
nitrogen) and ammonium sulphate (inorganic nitrogen) supplementation. For instance, the
least CMCase (69.9 U/mL) and FPase (10.2 U/mL) activity obtained from chicken manure
supplementation at CM3 produced higher enzyme activity than that with peptone
supplementation (CMCase: 29.6 U/mL; FPase: 10.3 U/mL) and ammonium sulphate
(CMCase: 50.7 U/mL; FPase: 8.7 U/mL). The improvement in cellulase production in
fermentation supplemented with the chicken manure could be attributed to the presence of
growth activators in addition to organic nitrogen naturally present. The growth activators
might stimulate fast growth and higher enzyme production. Nitrogen rich sources, such as
chicken manure, in the right concentration could serve as a complete nutrient pool for the
production of enzymes in bioprocess fermentation. Nitrogen supplementation of oil palm
empty fruit bunch with lignocellulose-rich nitrogen source, such as cyanobacteria,
enhanced the production of the three cellulase components (CMCase, FPase, and -
glucosidase) by Aspergillus terreus. Nitrogen supplementation with soy bean meal
improved cellulase and xylanase production on saw dust lignocellulose (Pedri et al. 2015).
Thomas et al. (2018) reported that among all organic nitrogen sources tested, only corn
steep solids could enhance cellulase production by Bacillus sp. SV1. The corn steep solids
contain amino acids, vitamins, and minerals and was found to improve cellulase production
from Streptomyces drozdowiczii (de Lima et al. 2005) and Streptomyces malaysiense
(Nascimento et al. 2009). Substantial amounts of CMCase and FPase could be produced
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from the co-culture of B. licheniformis and B. paralicheniformis grown on rice bran and
chicken manure, an inexpensive carbon and nitrogen source in a simple shake flask batch
fermentation. The cellulase titre achieved by the co-culture could be further improved by
using other modes of fermentation such as fed-batch and continuous fermentation or batch
bioreactor fermentation. Further optimization techniques, such as response surface
methodology or factorial design, could be necessary for further improvement in cellulase
production. Furthermore, additional cellulase inducers may be applied to improve cellulase
production.

This represents the first report on the potential application of chicken manure as
nitrogen supplement for the production of cellulase by co-culture of B. licheniformis and
B. paralicheniformis. A large amount of chicken manure is generated as waste from
numerous poultry houses. The use of such poultry waste does not only reduce the cost of
raw material for cellulase production but also improved cellulase production. Further
research along the area of this study will open the ways for new efforts to utilize co-culture
in combination with this essential organic nitrogen as an eco-friendly and cost-effective
tool in fermentation technology to increase the production of industrially essential bacteria
enzymes.
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Fig. 8. Effect of nitrogen sources on CMCase and FPase activity from co-culture of B. licheniformis
and B. paralicheniformis grown on rice bran medium. Enzyme activity was carried out at pH 7 and
50 °C. Values are means of (n=3), = SD. Mean are significant at (p< 0.05).

CONCLUSIONS

1. Two cellulolytic bacteria isolated from compost were identified as B. licheniformis
2B40 and B. paralicheniformis 20B40 based on 16S rDNA gene sequence homology.

2. The efficacy of cellulase was greatly enhanced in fermentation using the co-culture
compared to the use of the monoculture. Culture condition at 45 °C, pH 7 in medium
containing 1% (w/v) rice bran enhanced further cellulase production. Furthermore,
cellulase was greatly improved in fermentation media containing 2% chicken manure
compared to other commercial nitrogen sources such as peptone and ammonium
sulphate.
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3. Atall the above conditions, the final activity of CMCase and FPase was 79.8 and 12.8
U/mL, respectively, which amounted to 257.4- and 59.5-fold increases, respectively,
compared to monoculture of B. licheniformis 2B40 and 306.9- and 83.3-fold increases
against B. paralicheniformis 20B40 monoculture.
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