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Abstract. Sari SLA, Triyanto T, Zuprifal Z, Prijambada ID. 2021. Cellulolytic and mannanolytic aerobic bacteria isolated from Buffalo 

rumen (Bubalus babalis) and its potency to degrade fiber in palm kernel meal. Biodiversitas 22: 2829-2837. Palm kernel meal (PKM) is 

potential to be used as feed, but its high fiber content causes PKM meal difficult to be digested by monogastric animals. Ruminants are 

especially effective in digesting plant fibers because of the presence of microbes in their rumens. Based on those facts, this research was 

conducted to obtain mannanolytic and cellulolytic bacteria from buffalo rumens (Bubalus babalis, Linnaeus, 1758), which can degrade 

fibers in PKM. Bacteria were isolated from buffalo rumen by using PKM- isolation media. Screening of hydrolytic activities was done 

based on clear zone formation on screening media. A total of five bacterial isolates with the highest hydrolytic activities were then 

assayed quantitatively for their abilities to degrade mannan and cellulose, then identified based on 16S rRNA gene sequences. This 

research successfully isolated 34 bacterial isolates. The screening result demonstrated that all isolates could hydrolyze mannan, cellulose 

and polysaccharide in PKM. Isolate BR25 showed the highest hydrolytic ability on PKM and mannan screening media with clear zone 

diameter/colony diameter ratio (dz/dc ratio) of 2.99 and 3.53, respectively.  Isolate BR31 showed the highest cellulolytic ability with 

dz/dc ratio value of 2.22. Five isolates with the highest hydrolytic activity, i.e. BR14, BR16, BR23, BR25, and BR30 showed the ability 

to grow on submerged media which contain locust bean gum (LBG) and microcrystalline cellulose (MCC) respectively, as single carbon 

source and isolate BR25 showed the highest ability to degrade mannan and cellulose. Based on the gene sequence of 16S rRNA, isolates 

BR14, BR16, BR23, BR25, and BR30 were identified to be closely related to Exiguobacterium acetylicum, Bacillus cereus, Klebsiella 

quasipneumoniae, Paenibacillus polymyxa, and Acinetobacter baumannii with 98.57-100% level of similarity. 
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INTRODUCTION 

Palm kernel meal (PKM) is a solid waste produced 

from oil palm (Elaeis guineensis) extraction process. Oil 

palm is harvested in form of fresh fruit bunches (FFB). 

Most FFB are processed to crude palm oil (CPO) through 

several steps, with each step producing waste or side 

products, namely: empty bunches, mesocarp fibers, PKM, 

and palm oil mills effluent (POME). Being produced 

throughout the year, cheap in price, and plenty in amount, 

PKM has potential to be developed as an alternative feed. 

Indonesia is one of the largest producers of palm oil 

worldwide, with oil palm plantation area of 11.67 million 

hectares in 2016 and CPO production of 33.5 million tons 

(Hambali and Rivai 2017).    

Use of PKM for cattle and poultry feed has been 

considerably researched, including for swine (Almaguer et 

al. 2014; Stein et al. 2015), broilers (Alshelmani et al. 

2016; 2017a), and laying hens (Chong et al. 2008; Adrizal 

et al. 2011). PKM is proven effective as cow feed mixture 

up to 50-80%  (Widjaja and Utomo 2004; Zahari and 

Alimon 2014). The research show that PKM is quite 

effective to be used as feed mixture for ruminants but not 

as effective for monogastric animals. PKM has a low 

digestibility, especially for monogastric animals because of 

its high non-starch polysaccharide (NSP) content 

(Alshelmani et al. 2017b). Like other plant residues, the 

main components of PKM cell walls contain high NSP or 

structural polysaccharides, composed of hemicellulose 

(61.5%) and cellulose (11.6%). Mannan is the main 

component of hemicellulose in PKM which comprises 

57.8% of total NSP, while xylan only accounts for 3.7% of 

the content (Ong et al. 2004; Shukor et al. 2016). The 

digestibility of high-fiber plant-based feed can be improved 

by reducing its fiber content. Corresponding to the fiber 

composition in PKM, cellulolytic and mannanolytic 

microbes can be applied in order to reduce their fiber 

content through biodegradation process.  

Ruminants are able to utilize lignocellulosic materials 

as energy sources with the help of microbial community 
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inside the rumens. Rumens of ruminants are known as 

efficient natural fermentation agents in digesting structural 

polysaccharides. Buffalo (Bubalus babalis, Linnaeus, 1758) 

is a ruminant that has superior ability in overcoming 

environmental stress and adapting to a diversity of plant-

based feed, even those with low quality (Jadhav et al. 

2013). It has been reported that when Buffalo and cattle 

were kept under similar conditions, buffalo had 2-3% 

higher efficiency of feed use (Wanapat and Rowlinson 

2007). There are differences in digestive physiology 

between buffaloes and cattle, buffalo produce more rumen 

microflora and show better digestion of crude protein in the 

diet with high content of structural carbohydrates (Puppo et 

al. 2002). Based on the aforementioned, this research was 

aimed at obtaining bacteria with cellulolytic and 

mannanolytic abilities from buffalo rumens that may be 

used as agents in PKM fiber biodegradation process. 

PKM digesting microbes were enriched in PKM-

enrichment medium and isolated by using isolation 

medium containing PKM as a single carbon source. 

Screening of hydrolytic activities was done based on clear 

zone formation on screening media with CMC, LBG, and 

PKM as carbon sources. A total of five bacterial isolates 

with the highest hydrolytic activities were then assayed 

quantitatively for their abilities to degrade mannan and 

cellulose during submerged fermentation. These isolates 

then identified based on 16S rRNA gene sequences.   

MATERIALS AND METHODS  

Sources of microorganism 

Bacteria were isolated from buffalo (Bubalus bubalis) 

rumen contents obtained from Municipal Slaughterhouse in 

Kudus and Demak, Central Java, Indonesia. Rumen 

contents were extracted in an aseptic manner from freshly 

slaughtered buffaloes, put into sterilized bags, and then 

stored in an icebox. 

Media 

PKM digesting microbes were enriched in enrichment 

medium which composed of mineral salt solution, 0.1% 

yeast extract and 1% PKM. Isolation medium with the 

same composition added with 2% bacterial agar. PKM was 

dried at 50oC, crushed and sifted by using 40 mesh sieve 

and then added into mineral salt solution before 

sterilization. For screening of cellulolytic and mannanolytic 

microbes used screening medium which composed of 

mineral salt solution, 0.1% yeast extract, 2% agar, and 

locust bean gum (LBG) (Sigma) for mannanolytic and 

Microcrystalline cellulose (MCC) (Merck) for cellulolytic. 

The isolated microbes were also examined for their ability 

to utilize PKM as their nutrient. For mannan and cellulose, 

biodegradation examinations used the same as screening 

media without agar. Mineral salt solution composition in 

g/l included K2HPO4 (1.0), KH2PO4 (1.0), MgSO4.7H2O 

(0.2), NH4NO3 (1.0), FeCl3 .6H2O (0.05 g), and CaCl2 

(0.02 g).  Carbon sources were added into mineral salt 

solution and then sterilized at 121 oC, 1 atm for 15 minutes. 

Isolation and primary screening of mannanoliytic and 

cellulolytic bacteria 

Bacterial isolation processes were immediately 

conducted after the sample had arrived in laboratory (less 

than 48 hours). Sample of rumen contents was weighed as 

much as 10 g, added with 100 mL of sterile 0.89% NaCl 

solution, homogenized for 5 minutes and then sedimented. 

About 2.5 mL of the homogenates were inoculated into 

22.5 mL of enrichment media. Incubation was conducted at 

34oC for 24 hours with 120 rpm agitation. About 1 mL 

culture was added with 9 mL of sterile 0.89% NaCl so that 

10-1 dilution was obtained. Then, a series of dilutions was 

prepared up to 10-5. In each dilution series from 10-3 to 10-5, 

a 0.1 mL sample was taken, inoculated into the isolation 

media using streak plate method, and then incubated at 

34oC for 24 hours. All of separated colonies were purified 

by using 4-quadrant method in Nutrient Agar (NA) media. 

Pure culture was maintained in NA and stored at 4oC. 

About 1 loop of bacterial isolates grown on NA slant 

(18 hours of age, 34oC) was taken and inoculated into 2 mL 

nutrient broth (NB) media and then incubated at 34oC for 

18 hours with 120 rpm agitation. About 10 µL of culture 

was inoculated on screening media and then incubated at 

34oC for 36 hours. Hydrolytic activity was indicated by the 

presence of clear zone around the colonies. The clear zone 

was marked by coloration using Congo red 1% for 10 

minutes and then washed with 1 M NaCl (Teather and 

Wood 1982). Hydrolytic activity was determined based on 

the ratio of clear zone diameter by colony diameter (dz/dc).    

Mannan and cellulose biodegradation assays of selected 

isolates 

  Inoculums for biodegradation assay was produced by 

inoculating 2 mL culture from NB media into 8 mL NB 

media and incubating at 34oC, 120 rpm, for 8 hours. From 

the culture of bacteria in NB medium, 1 mL was taken and 

inoculated into 9 mL of Mannan and Cellulose degradation 

Media, respectively, and then incubated at 34ºC with 120 

rpm agitation for 16 h and 6 d for mannan and cellulose 

degradation assays, respectively. After the incubation, the 

remaining substrate levels were measured. The growth of 

bacteria was measured by using Total Plate Count (TPC) 

method. The measurement of remaining mannan was 

conducted by measuring viscosity by using Brookfield 

DVE viscometer (Chauhan et al. 2014). The measurement 

of the remaining cellulose level was done by measuring the 

glucose level after acid hydrolysis. About 10 mL of culture 

was centrifuged at 3000g for 5 minutes. The resulting 

precipitate was washed by using nitrite acetate reagent 

(80% acetic acid: nitric acid = 10:1) and distilled water 

(Updegraff (1969). Precipitate was further hydrolyzed by 

using 1 mL 72% H2SO4 and then incubated for 2 hours at 

30oC. After incubation, distilled water was added until the 

concentration of H2SO4 reached 4% and then autoclaved 

for 1 hour. According to the manufacturer's guide, the 

glucose level of the hydrolysate was measured using GOD 

kit (Dyasis, Germany) according to the manufacturer’s 

guide (Chung et al. 1997). Substrate residue level was 

determined based on standard curve of MCC concentration 

to hydrolysate’s glucose level.  
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Identification of selected bacterial isolates based on 16S 

rRNA gene sequence 

Five bacterial isolates with highest hydrolytic ability 

were identified based on their 16S rRNA gene sequences. 

Bacterial isolates were cultured in NB media at 34ºC for 18 

hours with 120 rpm agitation. The culture was centrifuged 

at 10,000g for 1 minute. The supernatant was then removed 

and the precipitated cells were used for DNA extraction. 

Genomic DNA extraction was conducted by using Presto™ 

Mini gDNA Bacteria Kit (Genaid, Taiwan) according to 

the manufacturer’s guide. Amplification of 16S rRNA gene 

was conducted with universal primers for bacteria, namely 

63F (5’- CAGGCCTAACACATGCAAGTC-3’) and 1387R 

(5’- CCCGGGAACGTATTCACCGC-3’) (Marchesi et al. 

1998). Total volume for polymerase chain reaction (PCR) 

amounted to 50 µL, comprised of 21 µL ddH2O, 25 µL of 

2x MyTaqTM HS Red Mix, 1 µL of 10 pmol 63F primers, 

1 µL of 10 pmol 1387R primers, and 2 µL DNA template. 

PCR was performed using a Thermo Cycler (Applied 

Biosystem) machine with the following conditions: 3 

minutes of pre-PCR at 95˚C, 30 cycles (15 seconds of 

denaturation at 94˚C, 15 seconds of annealing at 56˚C, 30 

seconds of elongation at 72˚C), final elongation for 2 

minutes at 72˚C, and finally, storing at 4˚C. PCR product 

purification and sequencing were conducted at 1st BASE 

(Singapore). 16S rRNA gene sequence was compared with 

data available at GenBank by using BLAST program of 

National Center for Biotechnology Information (http: 

//www.ncbi.nlm.nih.gov).  

Phylogenetic analysis 

Phylogenetic analysis was performed using the 

neighbor-joining method with MEGA 6.0. To statistically 

evaluate the branching, bootstrap analysis was carried out 

with data resampled 1000 times.    

Morphological observation on selected bacterial isolates 

Bacterial isolates with highest hydrolytic ability were 

observed for their colony and microscopic morphology. 

Morphological observation includes shape, color, elevation, 

and surface and margin character. Microscopic observation 

was conducted after Gram staining.   

RESULTS AND DISCUSSION 

Isolation and screening of mannanolytic and cellulolytic 

bacteria 

About 34 bacterial isolates were successfully isolated 

after enrichment in a medium enriched with PKM. The 

bacterial isolates obtained were then tested for their ability 

in degrading fibers of PKM and their cellulolytic and 

monolytic activities.  Hydrolytic activities were shown by 

forming clear zones around the colony after staining with 

Congo red 1% (Figure 1). The results showed that all 

isolates obtained were capable of forming clear zones 

around their colonies on PKM media. The majority of them 

also had the ability to form clear zones on LBG and MCC 

media (Table 1). Isolate BR25 was found to have the 

highest hydrolytic ability on PKM media and highest 

mannanolytic ability as shown with dz/dc ratio of 2.99 and 

3.53, respectively. Isolate BR31 showed the highest 

cellulolytic ability with dz/dc ratio score of 2.22. 

Mannan and cellulose biodegradation test of selected 

isolates 

Five bacterial isolates with the highest hydrolytic ability 

as assessed by dz/dc ratio were selected and then tested for 

their biodegradation activities based on their growth and 

ability to decrease MCC and LB substrates (Figure 2). 

Isolate BR25 with the highest hydrolytic ability in dz/dc 

ratio assessment was proven to have the highest ability in 

LBG and MCC biodegradation assays with substrate 

residues of 22.23% (8 hours of fermentation) and 58.60% 

(6 days of fermentation), respectively. 

 

 
Table 1. Hydrolytic activity of cellulolytic and mannanolytic 

isolated from buffalo rumen on screening media with carbon 

sources of palm kernel meal (PKM), locust bean gum (LBG) and 

microcrystalline cellulose (MCC) based on clear zone diameter to 

colony diameter ratio (dz/dc) 

 

Code of isolate 
dz/dc PKMxLB 

PKM LBG/Man MCC x MCC 

BR1 2.16 1.54 1.56 5.22 

BR2 1.75 1.27 0.98 2.17 

BR3 1.78 1.48 1.21 3.21 

BR4 2.21 1.60 1.36 4.80 

BR5 1.51 1.08 1.35 2.21 

BR6 1.87 1.19 1.44 3.22 

BR7 2.45 1.25 1.48 4.52 

BR8 1.64 1.22 1.46 2.94 

BR9 1.52 1.16 1.03 1.82 

BR10 1.82 1.01 1.70 3.12 

BR11 2.02 1.15 2.08 4.85 

BR12 1.50 1.09 1.18 1.94 

BR13 1.70 1.01 0.88 1.50 

BR14 2.52 1.87 1.27 5.98 

BR15 2.07 1.03 1.93 4.12 

BR16 2.09 1.49 1.99 6.21 

BR17 2.06 1.38 1.66 4.73 

BR18 1.91 1.35 1.56 4.03 

BR19 1.67 1.20 0.87 1.76 

BR20 1.41 1.06 1.30 1.94 

BR21 2.65 1.07 1.64 4.66 

BR22 1.56 1.33 1.72 3.58 

BR23 2.80 1.19 1.71 5.72 

BR24 1.57 1.41 1.48 3.28 

BR25 3.53 2.99 1.88 19.87 

BR26 2.08 1.00 1.72 3.57 

BR27 1.25 1.08 1.37 1.85 

BR28 2.12 1.25 1.90 5.02 

BR29 1.49 1.26 1.94 3.65 

BR30 1.64 1.83 2.06 6.21 

BR31 1.47 1.00 2.22 3.27 

BR32 1.87 1.08 1.88 3.80 

BR33 2.13 1.23 2.04 5.34 

BR34 2.37 1.30 1.84 5.66 
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Identification of cellulolytic and mannanolytic bacteria 

based on 16S rRNA gene sequence  

Five bacterial isolates with highest hydrolytic ability 

were identified based on 16S rRNA gene sequence. 

Identification result showed that these isolates had 

similarities with database available at GenBank with 

similarity rate between 98.57-100% (Table 2).   

The results of phylogenetic analysis 

A phylogenetic tree was created based on 16S rRNA 

gene sequence of five cellulolytic and mannanolytic 

bacterial isolates obtained from buffalo rumens with 

highest hydrolytic activity and some sequences from 

GenBank database (Figure 3). Analysis results showed that 

the five isolates could further be divided into two groups. 

The first group consisted of Exiguobacterium acetylicum 

(BR14), Bacillus cereus (BR16), and Paenibacillus 

polymyxa (BR25), while the second group consists of 

Klebsiella quasipneumoniae (BR23) and Acinetobacter 

baumannii (BR30). 

 

 

 

 

 

 

 

Figure 1. Isolate BR25 on screening media with carbon sources of microcristaline cellulose (A), locust bean gum (B) and palm kernel 

meal (C) after staining with 1% Congo red. Clear zones around the colony indicate presence of hydrolytic activity. Incubation was 

performed at 34oC for 36 hours 
  

 

 

 
 

A B 
Figure 2. Remaining substrate level (A) and bacterial growth (B) after fermentation with single carbon sources of locust bean gum 

(LBG) after 8 hours fermentation   and microcrystalline cellulose (MCC) after 6 days fermentation 

 

 

 

Table 2. Identification results of mannanolytic and cellulolytic bacterial isolates from buffalo rumens based on 16S rRNA gene sequence 

 

Code of 

isolates 
Strain of closest match Per. Ident. (%) 

Query 

cover 
E Value Accession 

BR14 

BR16 

BR23 

BR25 

BR30 

Exiguobacterium acetylicum 

Bacillus cereus 

Klebsiella quasipneumoniae 

Paenibacillus polymyxa 

Acinetobacter baumannii 

98,98 

99,58 

100 

98,57 

99,57 

99 

100 

100 

99 

100 

0,0 

0,0 

0,0 

0,0 

0,0 

MN650223.1 

MH734764.1 

CP045641.1 

KR780413.1 

CP042556.1 

A B C 
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 Bacillus paramycoides (MH734764.1)

 BR16

 Bacillus cereus (KU510086.1)

 BR14

 Exiguobacterium acetylicum (MN650223.1)

 Paenibacillus wenxiniae (NR145946.1)

 Paenibacillus polymyxa (KR780413.1)

 BR25

 Paenibacillus hunanensis (NR116440.1)

 Acinetobacter baumannii (MN240437.1)

 BR30

 Klebsiella pneumoniae (LR607330.1)

 BR23

 Enterobacteriaceae bacterium (CP024784.1)

 Klebsiella quasipneumoniae (CP045641.1)

 Thermus thermophilus (NR037066.1)

 
 

Figure 3. The results of phylogenetic analysis of five cellulolytic and mannanolytic bacterial isolates obtained from buffalo rumens with 

highest hydrolytic activity and some sequences from GenBank database  

 

 

 

Morphology of selected isolates 

The results of morphological observation of the colony 

were shown in Figure 4. Exiguobacterium acetylicum 

colony was circular in shape with yellow-to-orange 

pigmentation, wrinkled, shiny with undulate margin 

(Figure 4a). Exiguobacterium acetylicum was a Gram-

stain-positive bacterium that had coccoid or short rod shape 

(Figure 4b). Bacillus cereus colony was circular in shape, 

milky-white, waxy, opaque, and umbonate with less 

undulate margin (figure 4c). Its cells were rod-shaped 

Gram-stain-positive (Figure 4d). Klebsiella 

quasipneumoniae colony was circular in shape, milky-

white in pigment, opaque, convex, and rough with lobate 

margins (Figure 4e) while its cells were short rod-shaped or 

coccoid and   Gram-stain-negative (Figure 4f). The colony 

of P. polymyxa was circular in shape with yellow-to-orange 

pigmentation, low convex with a smooth, entire margin 

(Figure 4g). The cells of P. polymyxa were rod-shaped 

Gram-stain-positive (Figure 4h). The colony of A.  

baumannii was circular to irregular in shape, milky-white, 

opaque, and umbonate with undulate margin (Figure 4i) 

while its cells were coccobacilli in shape and Gram-stain-

negative (Figure 4j). 

Discussion 

A majority of research concerning culturable rumen 

bacteria has been conducted in an anaerobic manner. It is 

conducted so because generally, lignocellulose 

biodegradation within rumen effectively happens in an 

anaerobic condition. However, anaerobe bacteria are very 

sensitive to presence of oxygen and their need for special 

nutrition (Kenters et al. 2011), causing them to be very 

difficult to handle. Therefore, in this research cellulolytic 

and mannanolytic bacteria from buffalo rumen were 

isolated in an aerobic manner. Enrichment media were used 

to cultivated bacteria from buffalo rumen according to 

obtain dominant isolates capable of growing on PKM. Lee 

et al. (2020) had developed a new pre-treatment system 

using cow rumen fluid and showed that the composition of 

fibrolytic bacteria in this system was greatly different from 

those in the in-situ rumen due to exposure to oxygen during 

pre-treatment. The facultative anaerobe bacteria were 

increased after pre-treatment.  

Bacteria are the most abundant organism in rumen, 

being present at 1010 to 1011 g−1 of content and comprising 

approximately 50% of entire cell biomass (Creevey et al. 

2014). Rumen microbes are intensively researched because 

their composition within rumen strongly influences rumen 

function (Jami and Mizrahi 2012) and supports discoveries 

of new microbes and enzymes for commercial use 

(Gruninger et al. 2014). Some microbial rumen are also 

recommended as feed additives to improve animal growth 

and productivity (Das and Qin 2012). Rumen is the source 

of microbes producing cellulase and hemicellulase 

enzymes that can be applied in various bioprocesses, feed 

additives, and genetic material sources for genetic 

engineering process (Zorec et al.  2014). 
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Figure 4. Colony morphology under phase-contrast microscope with 10x magnification and cell morphology after Gram staining under 

light microscope with 1000x magnification: A-B. Exiguobacterium acetylicum (BR14), C-D. Bacillus cereus (BR16), E-F. Klebsiella 

quasipneumoniae (BR23), G-H. Paenibacillus polymyxa (BR25), and I-J. Acinetobacter baumannii (BR30) 

 

 

 

Primary screening results showed that all bacterial 

isolates successfully isolated in this research had the ability 

to produce clear zone around the colony after coloration 

using Congo red 1%. Congo red interacts with 

polysaccharides that contain a β-1,4-linked backbone 

(Teather and Wood 1982) and both cellulose and mannan 

contain a β-1,4-linked backbone (Brown 2004;  Liepman et 

al. 2007). Different color intensities occur when different 

carbon sources were used. Pure carbon sources such as 

MCC and LBG exhibit a higher color intensity than natural 

carbon sources such as PKM. The same results were seen 

in the study of Dantur et al. (2015) and Pinheiro et al. 

(2015) who screened cellulase activity using medium 

supplemented with bagasse and carboxymethyl cellulose 

(CMC) as sole carbon sources. Clear zones showed 

bacterial isolates' ability to produce extracellular enzymes 

to degrade polysaccharides in PKM, crystalline cellulose, 

and mannan used as carbon sources. In general, these 

isolates can produce extracellular enzymes playing 

important role in degradation process of carbon sources in 

screening media so that clear zones around the colonies can 

be formed. The complete degradation of plant cell walls 

needs synergic cooperation of cellulase, hemicellulase, and 

ligninase enzymes. In natural setting, degradation process 

is conducted by coordinated action of microbial community 

as the enzyme producer. Aerobic bacteria produce various 

individual cellulolytic enzymes with binding modules for 

different cellulose conformation called cellulase enzyme 

complex (Schwarz 2001; Zorec et al. 2014). System 

component of cellulase complex is classified into three 

groups based on their catalytic ability: endoglucanase 

(endoglucanase EC 3.2.1.4), exoglucanase (exoglucanase 

or cellobiohydrolase EC 3.2.1.91), and β-glucosidase (β-

glucosidase EC 3.2.1.21) (Zhang et al. 2006). Mannan-

hydrolyzing enzymes consisted of β-mannanase (1,4-β-D-

mannan mannohydrolase EC 3.2.178), β-mannosidase (1,4-

β-D-mannopyranoside hydrolase EC 3.2.1.25), and β-

glucosidase (1,4-β-D-glucoside glucohydrolase EC 

3.2.1.21). Additional enzymes, such as acetyl mannan 

esterase (EC 3.1.1.6) and α-galactosidase (1,6-α-D-

galactoside galactohydrolase, EC 3.2.1.22), are required to 

remove mannan side-chain (Moreira and Filho 2008). 

Five bacterial isolates with highest hydrolytic ability as 

assessed in primary screening were selected and then tested 

for their biodegradation activities.  The results showed that 

all selected isolates were able to grow and degrade LBG 

and MCC but there was no significant correlation between 

growth and hydrolytic ability.  The ability of all selected 
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isolates in degrading MCC and LBG were shown by 

decreasing LBG and MCC concentration in media after 

fermentation.  The less of the remaining MCC and LBG 

level showed the highest ability in degrading MCC and 

LBG.  Isolate BR25 showed the highest hydrolytic ability 

based on primary screening and biodegradation assays. 

Both screening methods showed the same results in BR25 

but the other isolates did not show the same results. Dantur 

et al. (2015) and Saini et al. ( 2017) were screened 

cellulolytic activities based on dz/dc ratio and 

quantitatively for the production of cellulases.  The result 

showed that isolates with the highest dz/dc showed the 

highest CMCase activities, but generally the dz/dc ratio did 

not show correlation with the synthesis of cellulolytic 

enzymes in the production medium. Although the Congo 

red test was sensitive enough for primary isolation and 

screening of mannolytic bacteria, the clear zone width was 

not implied the amount of mannanase activity (Phothichitto 

et al. 2006; Harnentis et al. 2013). The bacterial ability in 

degrading celluloses and hemicelluloses are pivotal in its 

application in fermentation process to reduce fiber in plant-

based feed. Previous research showed that cellulolytic and 

mannanolytic bacteria can increase digestion level of plant-

based feed in monogastric animals through fermentation 

process (Alshelmani et al. 2014). Solid-state fermentation 

of feed by bacteria with cellulolytic and hemicellulolytic 

activity can reduce insoluble dietary fiber contents and 

increase growth performance on swine (Liu et al. 2017). 

The addition of exogenous fiber hydrolyzing enzymes such 

as cellulose and hemicellulase as supplement can improve 

the feed's nutritional value and digestibility  (Zamani et al. 

2017; Alshelmani et al. 2021). 

Based on 16S rRNA gene sequence, three bacterial 

isolates with highest hydrolytic activity were found to be 

identified as members of phylum Firmicutes: 

Exiguobacterium acetylicum (BR14), Bacillus cereus 

(BR16), Paenibacillus polymyxa (BR25). Selvakumar et al. 

(2009) successfully isolated Exiguobacterium acetylicum 

which has several characteristics, namely the circular shape 

of its colonies with yellow pigmentation. Exiguobacterium 

acetylicum isolated from palm oil waste compost was 

reported to have cellulolytic and hemicellulolytic activity 

(Zainudin et al. 2013) while Exiguobacterium sp. VSG-1 

isolated from the ground was reported to have 

lignocellulolytic activity (Vijayalaxmi et al.  2013). Lee et 

al. (2020) had developed a new pretreatment of 

lignocellulosic substrates using cow rumen fluid and found 

that Exiguobacterium, belonged to Bacilli, maybe the 

major cellulose degradation bacteria in this system.  

Bacillus cereus is reported as the producer of cellulase and 

hemicellulase enzymes (Chantarasiri 2015; El-Sharouny et 

al.  2015; Abu-Gharbia et al. 2018; Tabssum et al. 2018). 

Bacillus cereus from liquor rumen of beef cattle could be 

used as a probiotic candidate to improve the quality of 

animal feed (Lokapirnasari et al.  2017). Paenibacillus 

polymyxa (BR25) has the highest hydrolytic activity on 

PKM media and mannanolytic activity based on semi-

quantitative screening. These isolates also showed highest 

activity on mannan and cellulose biodegradation test. 

Paenibacillus can be isolated from various sources and is 

aerobic or facultative aerobic. Naghmouchi et al. (2011) 

successfully isolated P. polymixa that has antibacterial 

power and potential as feed probiotic.  This bacterium 

produces polymyxin antibiotics, a group of cyclic peptides 

with linear side chains that have antibacterial power to 

Gram-negative bacterial pathogen. Paenibacillus polymyxa 

can degrade and use lignocelluloses' main components, 

which are lignin, cellulose, and hemicellulose (Weselowski 

et al. 2016). Genome sequence of Paenibacillus polymyxa 

isolated from cow rumen was reported to have potential as 

a candidate for lignocelluloses hydrolysis process (Bohra et 

al.  2018).  

Klebsiella quasipneumoniae and Acinetobacter 

baumannii have been identified as member of 

Proteobacteria. Klebsiella quasipneumoniae had been 

successfully isolated from excreted coffee beans in Luwak 

feces  (Iswanto et al. 2019). Some species of   Klebsiella 

has been reported to have cellulolytic and hemicellulolytic 

activity including K. pneumonia from digestive tract of 

Bombix morii (Anand et al. 2010), K. ozeanae (Kalaiselvi 

and Jayalakshmi 2013),  K. oxytoca, K. variicola (Dantur et 

al.  2015). K oxytoca produces mannanase, which can 

hydrolyze locust bean gum and mannan in copra and can be 

developed as a probiotic (Chantorn et al. 2013). Surabhi et 

al. (2018) successfully isolated cellulolytic bacteria 

identified as A. baumannii from dung beetle (Onitis 

philemon) digestive tract. Some species of genus 

Acinetobacter has been reported to be potential in 

biodegradation process of cellulose, including A. junii 

(Kuhad et al.  2011) and  A. indicus  (Karlapudi et al. 2019).  

In conclusion, based on the findings of the result, it can 

be concluded that Paenibacillus polymyxa (BR25) is 

superior and may have potential to be used as microbial 

feed additive and source of microbial enzymes to degrade 

cellulose and mannan in palm kernel meal. However, 

advanced experiments are required to confirm the 

effectiveness and safety of this isolate. 
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