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Abstract

Largest percentage of industrial enzymes are obtained from fungi while over 90 % of rumen bacteria are yet to
be explored for their enzyme production potentials due to their inability to grow on artificial growth media. This
study harnessed the production and hydrolytic activities of crude enzymes obtained from the isolated bacteria
resident in the rumen of selected cows around lle-Ife, Osun State, Nigeria. Three (3) batches of sample
preparations were made from aseptically collected rumen contents from cattle immediately after slaughter at 3
prominent abattoirs. Rumen temperature was taken on the spot before the samples were transported in ice pack
to the laboratory for pH determination and microbiological assessments of total viable bacterial count and the
enzyme assays. Sampled rumen liquor was serially diluted and plated out on Nutrient agar (NA) to estimate the
count (cfu/ml) while distinct bacterial colonies were screened qualitatively via rapid assay method for crude
enzyme production by the formation of halo zones on specific media.All positive enzyme-producing bacteria
isolates were further quantitatively screened for enzyme activity with corresponding protein concentration from
which specific enzyme activity was estimated to select the best performing candidate bacterium for each enzyme
assay with a view to providing information on their potential production of crude amylase, cellulase, pectinase,
protease and lipase and their hydrolytic activities respectively. The results showed that the rumen temperature,
pH, and total bacterial count ranged from 27.0 - 29.8°C; 6.89 - 7.5 and 8.8 x 10°- 2.8 x 10"*cfu/ml, respectively.
Five bacterial isolates coded 10F, 8J, 8G, 7E and 8L with corresponding specific activity of 57.59, 8.93,
565.13,5.98 and 153.87 U/mg, respectively were identified as Klebsiellaedwardsii, Photobacteriumdamselae,
Pseudomonas aureginosa, Stenotrophomonasmatophilia and Burkhoderiacepacia as the best enzyme-producing
bacteria for amylase, cellulase, pectinase, protease and lipase, respectively. The study concluded that rumen
bacteria could be harnessed for their crude enzyme production for possible capacity building in the application
of such enzymes in industrial processes such as bio-degradation of organic matters. Detailed molecular studies
of the enzyme-producing bacterial isolates obtained in this study are hereby recommended.
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INTRODUCTION demands because of their high production capability,
Enzymes are the biocatalysts (complex protein low cost and susceptibility to genetic manipulation
molecules that bring about chemical reactions) when produced in large quantities (Carrim et al.,
synthesized by living cells. Basically enzymes are 2006) Cattle are ungulates (Grubb, 2005) which are
non-toxic and biodegradable complexes which can be primarily raised for meat and milk production
produced in large amounts by microorganisms for globally except in major parts of India and Nepal
industrial applications (Puangsri et al., 2005). There  where they are reared for religious purposes (Mulmi,
are about 3000 enzymes known today but, only few  2017). Akintokun et al. (2014) identified the
are industrially exploited. These are mainly =~ commonest available breeds of cattle in Nigeria,
extracellular hydrolytic enzymes, which degrade using the description of DAGRIS (2007) as; Bunaji
naturally occurring polymers such as starch, protein, (white Fulani), Keteku (Futumi), Bokolo (N’dama)
lipid, pectin and cellulose (Vyas and Dixit, 2006). and Dijeli (Sokoto Gudali). Ruminants have a
Microorganisms are currently the primary source of complex four-chambered stomach system (Parish and
industrial enzymes with about 50.0 % from fungi and Rhinehart, 2008) out of which rumen is the first and
yeasts, 35.0 % from bacteria, while the remaining the largest chamber in the stomach system, it
15.0 % are either of plant or animal origin harbours a consortium of microorganisms of
(Satyanarayana, 2009).Microorganisms are the most enormous  biotechnological values (Malherbe,
important sources for enzyme production (Alariya et 2003).Rumen bacteria are prolific enzyme producers
al., 2013) and the microbial enzymes meet industrial but unfortunately, less than 10.0 % of them are
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culturable in vitro (Dehority and Grubb, 2017).
Several cultured rumen bacteria are yet to be
characterized and named as some research groups
have taken up the challenge to bring additional rumen
organisms into cultivation (Nyonyo et al., 2013).
Production and application of crude enzymes
obtained from bacteria autochthonous to cow rumen
on industrial processes hopes to embrace capacity
building in Science, Engineering and Technology.

MATERIALS AND METHODS

Sample Location and Collection

Rumen liquor was aseptically collected from three (3)
randomly selected Abattoirs; 1: Nigerian National
Petroleum Corporation (NNPC), 2:0pe-Oluwa and3:
Ola-Inukanon coordinates 7°48°31.5°N,
4°53°60.3’E, 7°28°55.2°N, 4°32°’114”E and
7°28°47.4°°N, 4°32°15.7’E respectively, all located
around Modakeke Area along Ondo road axis of lle-
Ife, Nigeria, into sterile pre-labeled bottles and
transported in ice pack to the laboratory immediately
for further microbiological examinations. A total of
nine (9) samples were collected with 3replicates from
each location.

Physicochemical
Rumen Content
The temperature (°C) of the rumen contents was
determined on the spot immediately after opening the
rumen at 3 different regions with the aid of a
laboratory mercury-in-glass thermometer.  After
aseptic culturing procedures, the stock undiluted
rumen contents were examined for the pH using
Mettler Toledo portable pH-meter (Model IP54) and
readings were recorded.

Parameters of the Sampled

Culturing of Bacteria from Rumen Liquor

The rumen content was serially diluted up to 10
using sterile maximum recovery diluents (0.1 %
peptone in 0.85 % normal saline solution). Aliquot
(1.0 ml) of homogenized appropriate dilution was
cultured in duplicates by pour-plate technique on
nutrient agar (NA) medium to estimate the total
viable bacterial population (Fawole and Oso,
2001).Pure culture was obtained and kept on NA
slant at 4°C for further examinations (Olutiola, 1991).

Enzyme Screening by Plate Assay Method
Amylase: Distinct bacterial colonies were screened
for starch hydrolysis according to the method of
Alariya et al. (2013) on a medium containing gl™;
peptone-5.0, beef extract-1.5, yeast extract-1.5, NaCl-
5.0, starch-10.0, agar-15.0), pH was adjusted to 7.0
with 1.0 M HCI/NaOH solution after autoclaving at
121°C, 15 psi for 15 minutes. Positive colonies were
selected and maintained on NA slants (Mohammad
and Ali, 2009).
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Cellulase: Similar procedures used for amylase
qualitative screening was adopted for cellulase
screening on sterilized carboxymethyl cellulose
(CMC) agar medium containing gl of yeast extract-
2.0, KH,PO,-1.0, MgSO,.7H,0-5.0, NaCl-0.75,
peptone-20.0, Agar-15.0, high viscosity CMC-5.0
according to the method of Imran et al. (2016).

Pectinase: Isolates were screened for the ability to
hydrolyze pectin via point inoculation on sterilized
pectinase screening agar medium (PSAM) containing
g, KH,PO,-3.0, Na,HPO,-6.0, NH,CI-2.0, NaCl-
5.0, MgS0,.7H,0-0.1, pectin-2.0, agar-15.0). The pH
was adjusted to 7.0 with 1.0 M HCI/NaOH solution
according to the modified method of Azaaz et al.
(2013).

Protease: The method described by Alexander et al.
(2001) was adopted in screening the isolates for
protease production on sterilized Reese agar medium
containing gl K HPO,-2.0, (NH,),;SO,-1.5,
MgSQ,.7H,0-0.3, CaCl,-0.3, urea-0.3, yeast extract-
0.5, glucose-2.5, casein-5.0, agar-15) in which the
medium was autoclaved at 121°C, 15 psi for 15
minutes without urea (which is heat labile) but, the
membrane-filtered urea solution was aseptically
added to the medium.

Lipase: Isolates were screened for lipase production
on adjusted agar medium reported by Gupta et al.
(2007) containinggl™: peptone-10.0, Tween 80-10.0
ml, NaCl-5.0, CaCl,-0.1, agar-15.0. The medium was
sterilized by autoclaving at 121°C, 15 psi for 15
minutes, while the pH was adjusted to 7.0 with 1.0 M
HCI/NaOH (Damaso et al., 2008).

Production of Crude Enzymes

Production medium

Each enzyme required different adjusted optimal
media composition for production as follows;

Amylase: gl™'; peptone-5.0, beef extract-1.5, yeast
extract-1.5, NaCl-5.0, starch-10.0 with pH adjusted to
7.0. Cellulase: gl*; KCI-0.5, yeast extract-0.1,
peptone-1.0, K,HPO,-1.0, MgS0,-0.5, FeS0O,-0.01,
CMC-5.0 with pH adjusted to 7.0.Pectinase: gl™;
pectin-5.0, yeast extract-1.0, NH,CI-7.15, Na,HPO,-
4.5, KH,P0,;-6.3, KCI-0.75, MgS0,.7H,0-0.25 with
pH adjusted to 7.0. Lipase: g/l; peptone-10.0, Tween
80-10.0 ml, NaCl-5.0, CaCl,-0.1, NH4H,PO,-1.0,
MgS0,.7H,0-4.0 with pH adjusted to 7.0. Protease:
gl K,HPO,-2.0, (NH,4),S0,4-1.5, MgS0,.7H,0-0.3,
CaCl,-0.3, yeast extract-0.5, glucose-2.5, Casein-5.0,
urea-0.3 with pH adjusted to 7.0. (Note: membrane-
filtered urea solution was added to the medium after
autoclaving.
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Preparation and standardization of inoculum

The inoculum was standardized to obtain 0.5
McFarland standard with an optical density (OD)
range of 0.08-0.1 at 680 nm (McFarland and Jama,
1907).

Submerged fermentation process

Crude enzymes were obtained by submerged
fermentation (Kumar and Sharma, 2012) and assayed
to obtain crude amylase, cellulase, pectinase, lipase
and protease extracts respectively which were
immediately stored at 4°C for further use (Khajura et
al., 2015).

Determination of Enzymatic Activities

Cellulase activity: The amount of reducing sugar
(glucose) released  was  determined and
measured(Miller, 1959), while cellulase activity was
thereafter determined (Nwodo et al., 2010).0One unit
of cellulase activity was expressed by International
Unit (IU) as milligram (mg) of glucose released per
ml per hour (Das and Quin, 2012).

Amylase activity: Similar procedure as in cellulose
was adopted only that starch solution (1%) in 0.2 M
acetate buffer (pH adjusted to 5.6) was the principal
substrate that was hydrolyzed to release maltose. One
unit of amylase activity (U) was defined as the
amount of the enzyme that converts starch to 1.0 mg
of maltose under standard assay condition (Alariya et
al., 2013).

Pectinase activity: Similar procedure as in cellulase
and amylase was adopted only that pectin (1%) was
broken down to galacturonic acid (Azaaz et al.,
2013).0ne unit of pectinase activity (U) was defined
as the amount of the enzyme that converts pectin to
1.0 mg of galacturonic acid under standard assay
condition (Bennamoun et al., 2016).

Lipase activity: The activity of crude lipase was
assayed measuring the released paranitrophenol
(PNP) from paranitrophenyllaurate (PNPL). One unit
of lipase activity (U) was defined as the amount of
the enzyme that converts Tween 80 to 1.0 mg of
paranitrophenol  (PNP) under standard assay
condition (Damasoet al., 2008).

Protease activity: Crude protease was assayed for
activity as casein was hydrolyzed to tyrosine
(Onyeocha and Ogbonna, 1983).0ne unit of protease
activity was defined as the amount of enzyme
required to release 1.0 mg of tyrosine per minute
under standard assay conditions (Souissi et al., 2008).
Protein concentration (mg/ml) was determined for
each of the enzymes using bovine serum albumin
(BSA) standard according to the method of Bradford
(1976).
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Specific enzyme activity (U/mg) was calculated as
the ratio of enzyme activity (U/ml) to protein
concentration (mg/ml) for each enzyme tested (NC-
IUB, 1979) and this was the basis for selecting the
best candidate bacterium per enzyme.

Characterization and ldentification of Bacterial
Isolates

Cultural (Olutiola et al., 1991), microscopic
morphology (Cheesbrough, 2006) and biochemical
characteristics (Sodhi et al., 2005) were used to
classify the bacterial isolatesusing Bergey’s Mannual
of Determinative Bacteriology (Buchanan and
Gibbons, 1974).

Statistical Analysis

Data obtained for pH, temperature and total bacterial
count were subjected to statistical analysis of
variance (SAS, 2008).

RESULTS

Physico-chemical Properties of Rumen Content
and Total Bacterial Count

The pH of the sampled rumen contents ranged
between 6. 86 and 7.53 while, the rumen temperature
ranged between 27.0 and 29.8 (Table 1).The total
bacterial load obtained in this study ranged from 8.8
x10° cfu/ml-2.83 x10® cfu/ml) as recorded for the
rumen sampled from the third collection at both
locations 1 and 2 respectively.

Percentage Occurrence of Bacterial Isolate per
Collection

Out of sixty-four (64) distinct bacterial colonies
obtained from three batches sampled at the three
locations of study, highest percentage occurrence
(18.75 %) of distinct colony was recorded for the
rumen sampled from the third collection at location |
(Figure 1), while the sample from the second
collection at location 3 had the least frequency of
occurrence (3.3%).

Enzyme Assay and Probable identification of
Candidate Bacteria

Table 2 showed the best candidate bacterium per
crude hydrolase. Specific amylase, cellulase,
pectinase, protease and lipase activities were 57.59
(U/mg), 8.93 (U/mg), 565.13 (U/mg), 5.98 (U/mg)
and 153.87 (U/mg) (Figure 2) with corresponding
probable identification as; Klebsiellaedwardsii,
Photobacteriumdamselae,Pseudomonasaeruginosa,St
enotrophomonasmatophilia and Burkhoderiacepacia
respectively (Table 3).
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Tablel: Physico-chemical parameters of rumen
content and total bacterial

count
Batch Sample Mean Mean pH Mean total count
location temperature (cfu/ml)
(°C)
First 1 29.83+0.29° 6. 86+0.02 1.9
x107+1.41x10%
2 29.33+0.58% 6. 86+0.04™ 45
x107+7.07x10%°
3 29.17+0.29™°  6.90+0.05™ 2.4 x107+1.41
x10%
Second 1 28.67+0.58™  6.98+0.03" 33
x10841.41x10™
2 28.50+0.50° 6.95+0.05" 1.55
x107+2.12x10%
3 28.67+0.29™  6.81+0.13° 3.05
x10842.12x10™
Third 1 27.0+0° 7.12+0.72" 8.8
x10°+1.41x10%
2 27.0+0° 7.57+0.06% 2.83
x10%+2.12x10%18
3 27.0+0° 7.33+0.10° 9.75
x10%+2.12x10™
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Values are means + standard deviation (SD) of
triplicate readings. Values with similar superscript
alphabets along column are not significantly different
from each other and vice-versa at (p<0.05).
Key: 1= NNPC abattoir

2 = Ope-Oluwa abattoir

3 = Ola-Inukan abattoir

Table 2: Enzyme activity and protein concentration
per bacterial isolate

Enzyme with Enzyme Activity Protein Concentration
isolate code (U/ml) (mg/ml/min.)
Amylase (10F) 64.5 1.12

Cellulase (8J) 1.43 0.16

Pectinase (8G) 314.21 0.56

Protease (7E) 1.04 0.17

Liapse (8L) 50.86 0.33

Highest value of individual enzyme activity was
considered to select each of the isolates.

3rd Batch

Each bar represents the ferquency of occurrence of distinct colonies per collection. 1 = NNPC abattoir, 2 = Ope-
Oluwa, 3 = Ola-Inukan abattoir) within each batch.
Figure 1: Percentage occurrence of bacterial colonies per collection

700

600

Specific enzyme activity (U/mg/ml)

Amylaze (10F)

Cellulase (8T)

Pectinase (3G) Protease (7E) Lipase (8L)

Best-performingisolate per enzyvime
Figure 2: Enzyme specific activities of the bacterial isolates
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Table 3: Morphological and biochemical characterization of selected bacterial isolates

Morphological Biochemical parameters

Sugar fermentation Probable Identity

parameter (confirmatory)
Isolate Cell Gram’s Cat TSI SIM Cit O- Nit MR VP Glu Mal Man Suc Lac API 20E Kit
code shape reaction F
10F MLR ++ +-- + F + + + Y NC NC NC NC Klebsiellaedwardsii
(Amyl)
8J LR + +-- F + + Y NC NC NC NC Photobacteriumdam
(Cellu) selae
8G (Pect) LR ++ +-- F + + Y Y NC Y Y Pseudomonas
+ aeruginosa
7E (Prot) LR ++ +-- + F + + + Y NC NC NC NC Stenotrophomonasm
atophilia
8L (Lip) SR - + +-- ++- - F + - + YG YG YG YG YG Burkhoderiacepacia
Key: MLR=medium large rod, LR=large rod, SR=short rod, Cat=catalase, TSI=triple sugar iron,
SIM=sulphideindole motility, Cit =citrate, O-F=oxidative-fermentative, Nit=nitrate, MR=methyl red,

VP=Voges-Proskaeuer, Glu=glucose, Mal=maltose, Man=mannose, Suc=sucrose, Lac=lactose, F=fermentative,
Y=acid production, NC=no colour change, YG=acid and gas production, -=negative, +=positive, ++ and

+++=degrees of vigorousity

DISCUSSION AND CONCLUSION

Discussion

Significant similarity (p>0.05) in total bacterial count
existed between rumen samples collected at locations
1 and 3. Highest bacterial count (2.83 Xx
10%+2.12x10"cfu/ml)was recorded for the rumen
sampled from the third collection at location 3 and it
was significantly different (p<0.05) from similar
(p>0.05) counts obtained across the three locations.
Bacteria account for over 60 % of the total rumen
microbial population (Schnurer and Javis, 2010).
Thus, the range 8.8 x 10° to 2.83 x 10" cfu/ml
obtained in this study agrees with the reports of
Kamra (2005) and Creevey et al. (2014) that gave
bacterial population in the rumen to be in the range of
10%°-10™ cells/g of content and making up more than
50 % of the cell mass respectively. One milliliter of
rumen liquor was established to weigh 1.0 g of rumen
content. The pH values (6.81+0.13 and 7.57+0.06)
obtained for rumen contents sampled from the second
and third collections at location 2 varied significantly
(p<0.05) from what obtained across the 3 locations of
study but was similar (p>0.05) to 6.7-7.0 reported by
(Johnson, 1963). An inverse relationship existed
between the pH and temperature (t° across the
batches of collection. Rumen microbial diversity,
frequency of occurrence and rumen condition
including pH and temperature, are usually affected by
factors such as sex, age breed, diet, feed additives,
season, geographical region and economic purpose
(milk or meat production) of the animal (Kim et al.,
2011).

There was no significant (p<0.05) difference in the
temperature obtained for all the samples collected
across locations within the third batch. The
temperature recorded for first sample from location 1
and second sample collected at location 2 were
significantly different (p<0.05) from the values
obtained across the study sites. The occurrence of
distinct bacterial colonies recorded in this study were
not consistent and did not actually follow a stable
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pattern across the abattoir locations inwhich animals
for slaughter were not specifically selected based on
any particular factor but rather on availability as
dictated by the power of supply. Although, the
enzyme production and activities were not influenced
by the frequency of occurrence of bacterial isolates.
Pectinase activity (314.21 U/ml) obtained in this
study was much higher in value than 82.152 U/ml
reported by Mercia et al. (1999). However, two
unidentified strains of Bacillus were reported to have
maximum specific pectinase activities of 1206 and
1431 U/mg respectively on solid state fermentation of
wheat bran (Karthik et al., 2011). Pectinolytic
enzymes catalyze pectic substances degradation
through de-polymerization and de-esterification
reactions (Nagalaa, 2012). They act by breaking
glycosidic bonds of the long carbon chains
(polygalacturonase, pectin lyase and pectatelyase)
and by splitting off methoxyl groups (Bai et al.,
2004). Amylolytic enzymes are categorized into exo-
acting, endo-acting and debranching enzymes
(Bourne and Henrissat, 2001). The microbial source
of amylase is preferred to other sources because of its
plasticity and vast availability (Pandey et al., 2000).
Species of Proteus, Klebsiella and Citrobacter have
been found to be peculiar to cow dung(Vinneraset al.,
2008), thus, confirming their affiliation with the
rumen and thereby supporting Klebsiellaedwardsiias
an amylolytic rumen bacterium. Cellulase is a generic
name for the group of inducible bioactive compounds
produced by mcroorganisms during their growth on
cellulosic materials (Bai et al., 2012), they catalyze
the hydrolysis of cellulose and related cellu-
oligosaccharide derivatives (Igbal et al., 2011),also
hydrolyze the B-1,4glycosidic bonds in the released
glucose units (Saha et al., 2006)and same are
categorized into three types; endoglucanase,
exoglucanase  and  PB-glucanase  respectively
(Aruwajoyeet al., 2014). Proteolytic enzymes
(proteases or proteinases) break the long chain-like
molecules of proteins into shorter fragments
(peptides) and eventually, into their amino acid
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components (Bond and Lope-Otin, 2009). Specific
lipase activity in this study was higher than the one
reported by Ramesh et al. (2014). High production of
lipase was recorded with specific activity of 7395
U/mg protein for alkaline lipase produced by
Pseudomonas fluorescens on a medium containing
emulsified olive oil as the sole carbon source (Leeet
al., 1993). Basically, lipases are fat-splitting enzymes
that catalyze the hydrolysis of long-chain
triacylglycerols to form glycerol and fatty acid in the
presence of excess water, they can also catalyze the
reverse reaction of triacylglycerols synthesis from the
aggregation of fatty acid and glycerol under a non-
aqueous condition (Gupta et al., 2012). The reactions
catalyzed by lipases are grouped into three important
types viz; hydrolysis, esterification and trans-
esterification (Divakar and Manohar, 2007).

CONCLUSION AND RECOMMENDATION
This study concluded that the few culturable bacteria
species resident in the cow’s fermentation sac
(rumen) are capable of producing crude enzymes
which could be explored for their hydrolytic activities
in modern daybiotechnology. Application of rumen
bacterial hydrolases especially in the areas of
improving livestock feed digestibility and anaerobic
digestion of organic wastes is hereby recommended.

Limitation of the Study

The authors hereby acknowledge the inability to
conclude the molecular studies on the bacterial
isolates due to lack of adequate facilities as the major
limitation to this study.
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