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ABSTRACT

Aim: The study evaluated the inhibitory effect of fermentation products of [3-mannanase-producing
bacteria on selected poultry borne pathogens.

Methodology: Bacteria isolates from agricultura wastes previously confirmed positive for
mannanase activity by plate assay were further screened for their potential performance under
submerged state fermentation and enzyme activity determined by dinitrosalicylic acid method. The
inhibitory action of B-mannanase-producing bacteria was determined by supplementation of
supernatant and plating method.

Results: Isolate 1A showed highest mannanase activity (13.430 U/ml), displayed broad inhibition to
selected poultry borne pathogens; Klebsiella oxytoca, Shigella alkalescens, Escherichia coli,
Salmonella typii, Staphylococcus aureus and Streptococcus sp. Apart from isolate 1A, fermentation
products of other isolates generated from the mannolytic action of B-mannanase on mannan
containing substrate displayed different percentage inhibition on selected poultry borne pathogens.
Conclusion: The results suggested that fermentation products from -mannanase-producing bacteria

might possess antibacterial properties which could be applied in poultry farms
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1. INTRODUCTION

Endo--1,4-mannanases (EC.3.2.1.78) randomly hydrolyze the main chain of hetero mannans, the
major softwood hemicellulose [1]. Mannanases have been tested in several industrial processes, such
as extraction of vegetable oils from leguminous seeds, viscosity reduction of extracts during the
manufacture of instant coffee and manufacture of oligosaccharide [2,3,4] aswell as applicationsin the
textile industry [1]. In paper industry, mannanases have synergistic action in the biobleaching of the
wood pulp, significantly reducing the amount of chemicals used [5,6].

The growing interest in mannanase production for industrial applications is due to its importance in
the bioconversion of agro-industria residues. Various mannanases from fungi, yeasts and bacteria as
well as from germinating seeds of terrestrial plants have been produced [7,8,9,10,11]. Production of f3-
mannanase by microorganismsis more promising due to its low cost, high production rate and readily
controlled conditions [4]. Mannanases could be used in prebiotic preparation which is expected to
improve the growth performance of anima. Manno-oligosaccharides, product of gaur gum
galactomannan by -mannanase was found to be a substrate which could prevent the colonization of
Escherichia coli and Salmonella sp, leading to an improvement of anima growth performance [12].
Antibiotics have been utilized in the farm environment as therapeutic agents and growth promoters for
over 50 years [13]. But the emergence of multidrug-resistant pathogens and imposed restrictions on
the use of antibiotic feed additives have intensified the search for novel possible aternatives [14,15].
In this study, inhibitory action of fermentation products of [-mannanase-producing bacteria on

sel ected poultry borne pathogens was investigated.

2. MATERIALSAND METHODS

2.1 Materialsand chemicals

The coconut residual cakes were collected from farm field in Akure, Ondo State, Nigeria and it was
used as a carbon source for medium formulation. The residual were treated with petroleum ether and
dried a 60°C for 2 hr. After that, the residual were blended, milled and sieved to obtain uniform
particle size of 0.5 mm. Locust bean gum was purchased from Sigma (St. Louis, MO, USA). All other
chemicals were of anaytical grade.

2.2 Bacterial strains

Twenty three bacteria isolates from agro-wastes previoudy confirmed positive for mannanase
activity by plate assay were used in this study. The plate assay was conducted in Microbiology
Research Laboratory, Federal University of Technology, Akure, Ondo State, Nigeria

2.3 Enzyme production and assay

The positive bacterial isolates were further screened for mannanase production under submerged state

fermentation. Enzyme production was performed in 250 ml Erlenmeyer flask containing 50ml of
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enzyme producing medium (PM) (modified from [2]). The composition was as followed: 1% Copra
meal, 0.1% peptone, 0.1% yeast extract, 1.4% KH,PO,, 0.06 % MgS0O,.7H,0, and 1% inoculums, pH
6.8. The flasks were incubated at 37°C for 24 hr with agitation speed of 150 rpm. Then, the culture
broth was centrifuged at 6,000 rpm, 4°C for 15 min. The supernatant was collected and kept at -20°C
for further study. Mannanase activity was assayed in the reaction mixture composing of 0.5 ml of
50mM potassium phosphate buffer pH 7.0 and 1% Locust Bean Gum (LBG) with 0.5 ml of
supernatant at 45°C for 60 min (modified from [2]). Amount of reducing sugar released was
determined by the dinitrosalicylic acid reagent (DNS) [16]. One unit of mannanase activity was
defined as amount of enzyme producing 1 micromole of mannose per minute under the experimental

conditions.

2.4 Effect of fermentation productson poultry borne pathogens
The selected poultry borne pathogens (Klebsiella oxytoca, Shigella alkalescens, Escherichia coli,
Salmonella typii, Saphylococcus aureus and Streptococcus sp.) were cultivated in 50 ml of nutrient
broth (NB) under aerobic condition for 15-18 hrs at 37°C. After that, 1% of the inoculum with the
same absorbance was transferred into 5 ml NB supplemented with or without 1% supernatant
obtained from mannanase production medium and grown at 37°C for 4 hrs. The cells numbers were
determined by plating in on nutrient agar and incubated overnight at 37°C. The supernatant of each of
the isolate obtained from mannanase production medium showing inhibition on pathogens were
selected [2].
Percentage (%) inhibition was determined as:

(CB-SB)/CBx100
Where SB is the number of cells in NB with supernatant from mannanase production medium
(cfu/ml) and CB is the number of cells in NB without supernatant from mannanase production
medium (cfu/ml).

2.5 Bacterial identification

The bacteria isolates were presumptively identified by means of morphological examination and
some biochemical characterizations. The parameters investigated include colonial morphology, Gram
reactions, endospore formation, catalase production, Voges-Proskauer (V-P) reaction, Indole
production, starch hydrolysis, citrate utilization and gelatine hydrolysis. The results were compared
with Bergey’s Manual of Determinative Bacteria[17].

3.RESULTS

3.1 Survey of bacterial isolates for the production of extracellular B-mannanase
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The results indicated the potentia differences of bacterial isolates to produce an extracellular
mannanase to degrade mannan containing substrate under submerged state fermentation in shaken
condition (Figure 1). Bacterial isolate 1A displayed the highest extracellular mannanase activity
(13.430 U/ml) followed by isolate X3, while the lowest activity was recorded for isolate 1B (0.560
u/ml).

3.2 Protein content determination from fer mentation medium

The protein content of each of the tested culture from the fermentation media for mannanase
production was investigated (Figure 2). The highest protein content was recorded for isolate 8B
(3.472mg/ml), while the lowest was obtained for isolate IB (1.528 mg/ml) athough, there was no

relationship between the protein content of the tested cultures and the production of mannanase.

3.3 Inhibitory action of fermentation products of f-mannanase-producing bacteria on selected
poultry bor ne pathogens

Percentage inhibition of some selected poultry borne pathogens by fermentation products generated
by mannanase producing bacteria isolates is evaluated (Figure 3-8). The percentage inhibition on
Klebsiella oxytoca of the tested cultures compare to the control was represented in Figure 3. Thirteen
isolates (1A, 2B, 2C, 3A, 5A1, 5D, 10B, 11B, BS, 5A11, X2, BP & X5), (+y axis) out of the 23 tested
cultures showed different % inhibition, while the rest of the isolates exhibited % promotion (-y axis).
The highest % inhibition was recorded for isolate 1A (61.18 %) while the least was observed with
5A11 (4.64 %). In Figure 4, 75% (1A, 1B, 2B, 2C, 3A, 4B, 5A1, 5D, 9B, 9E, 10B, 11B, BS, 5A11,
X2, BP, X5 & X1) of the tested cultures had inhibitory effect on Shigella alkal escens with highest %
inhibition occurred in 1A (93.62%) and lowest in 9B (4.40%). Figure 5 reved ed the % inhibition of
some tested cultures against Esherichia coli. All the tested cultures had inhibitory effect on Esherichia
coli, athough with differences in % inhibition. In Figure 6, above 95% of the tested cultures had
inhibitory effect on Salmonella typii, whilein Figure 7, 70.83% of the tested cultures was observed to
exhibit different percentage inhibition on Staphylococcus aureus. The % inhibition of Streptococcus
spisshownin Figure 8. All the tested cultures exhibited different % inhibition except for the isolates

9E, X2 and X5 where % promotion was observed.



16 +

14

12 +

10

Mannanase activity (U/ml)
(o]

1A 1B 1D 2B 2C 3A 4A 4B 5A 5D 6A 7A 8B 9B OE 10B11B X3 x1 BS BP X4 X5

Bacterial isolates

133
134  Figure 1. Mannanase activity of bacterial isolates using coprameal as substrate

3.5 A

2.5 A

Protein content (mg/ml)
N

0.5

1A 1B 1D 2B 2C 3A 4A 4B 5A 5D 6A 7A 8B 9B 9E 10B11B X3 X1 BS BP X4 X5
Bacterial isolates

135
136  Figure?2: Protein content of bacterial isolates using coprameal as substrate



-200

-250

137 -300 - Bacterial isolates

138  Figure 3: Percentage inhibition of Klebsiella oxytoca by fermentation products of mannanase
139  producing bacteria

120 -
100 -
80 -
60 -

40 -

% inhibition

20 -

BS

1A
1B
2B
2C
3A
/

4B
5A1
5D
9B
9E
10B
11B
5A11
X2
BP
X5
X1

control

Bacterial isolates
140

141  Figure 4: Percentage inhibition of Shigella alkalescens by fermentation products of mannanase
142  producing bacteria

143



120 -

100 -

% inhibition
[e2]
o

40 -
20 -
O_

o A o O [an] a nm 0 W oo o< U 4N A n A on R/

EHHNNﬁgﬁgmgﬁwmmggxmzxmxxx8

s

c

0 o

o

Bacterial isolates
144

145  Figure5: Percentage inhibition of Escherichia coli by fermentation products of mannanase producing
146  bacteria

147

120

100 -

% inhibition

40 -

20

1A
1B
1D
2B
2C
3A
4A
4B
5A
5D
6A
7A
8B
9B
9E
10B
11B
x4
BS
5A11
X2
BP
X5
X1
X

control

Bacterial isolates
148

149  Figure6: Percentage inhibition of Salmonella typii by fermentation products of mannanase producing
150  bacteria

151



152

153

154

155
156

157

158

159
160
161
162
163
164
165

166
167
168
169

120 -

100 -

80 -

60 -

40 -

20 -

% inhibition

1A
1B
1D
2B
2C
4B
5A1
5D
6A
7A
8B
9
10B
11B
B
5A11
X2
X5
X1
X3
control

Bacterial isolates

Figure 7: Percentage inhibition of Saphylococcus aureus by fermentation products of mannanase
producing bacteria

3.4 Bacterial identification

Theisolate 1A was identified to species level using conventional method based on the fact that it had
the highest mannanase activity and % percentage inhibition on all the selected pathogens. The
colonies of isolate 1A appeared creamy on mannan-agar medium containing locust bean gum. A
microscopic examination of the isolate revealed that it was a Gram negative bacterium with long rod
and produced catalase enzyme. Furthermore, the isolate 1A displayed positive reaction on VP and
nitrate reduction test, while negative reaction was displayed towards citrate utilization, MR and

sulphide indole motility.
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175  Table 1. Biochemical reaction and characteristics of theisolate 1A
Characteristics/biochemical tests Result

176  Cell shape LR

177  Gram reaction +

178  Sporeformation -
179  Methyl red test -
180  Sulphideindole motility test

181  Oxidation-Fermentation test F
182  Triplesaltirontest Y
183  Nitrate reduction test +
184  Catalase +
185  V-Preaction +
186  Citrate utilization -
187  Fermentation of

188  Maltose NC
189 Glucose Y
190  Mannitol NC
191 Sucrose NC
192 Lactose NC

193
+= positive, -=negative reaction, F=fermentative, Y=Acid production, LR=Long rod
NC=No change

194
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4. DISCUSSION

In the present work, the production of extracellular mannanase by some bacterial isolates and its
inhibitory fermentation products on selected pathogens was investigated. The production of
mannanase on mannan containing medium and its inhibitory effect had been reported for Bacillus
circulans [2]. Extracellular mannanase is very important for the digestion of hemicelluloses, one of
the most abundant groups of polymers in nature. This enzyme hydrolyses mannan yielding
mannotriose and mannobiose [18]. In the screening programme conducted on all the isolates in
submerged state fermentation, isolate 1A showed the highest mannanase activity. The highest
mannanase activity exhibited by isolate 1A could be attributed to the fact that its genes could code for
mannanase with high diffusion rate [19].

In this study, it was observed that there was no direct relationship between the protein content of the
tested cultures and the production of mannanase. Protein concentration does not really indicate an
increase in the production of an enzyme. Different bacteria isolates had been reported to produce
varieties of enzymes apart from the enzyme been examined for in this study. Besides that, the protein
from bacterial cells might also interfere with mannanase causing variation in protein content, since the
protein assay could only identify accumulated protein in solutions. This view was supported by the
findings of [20] and [21].

The percentage inhibition showed by the fermentation products of the tested isolates might be due to
the accumulation of toxic metabolites produced as result of mannolytic action of mannanase on
mannan containing substrate during the cause of fermentation and the failure of the pathogens to
convert these metabolites to digestible nutrients. The growth promoting effect exhibited by few of the
isolates could be attributed to fact that the pathogens could convert the toxic metabolites to aform that
could be utilized for growth and metabolic functions.

Carbon catabolite repression is another regulatory mechanism which could cause inhibitory effect on
some of these pathogens. In this case, the end product of mannan hydrolysis might interacts with a
cellular protein and form a complex which interacts with a particular gene at the transcription level
and represses metabolic pathways which in turns inhibits the growth of pathogens [22,23].

A microscopic examination of the isolate 1A reveded that it was a Gram negative bacterium with
long rod and produced catalase enzyme. Furthermore, the isolate 1A displayed positive reaction on
VP and nitrate reduction test, while negative reaction was displayed towards citrate utilization, MR
and sulphide indole motility. From these morphological and biochemical reactions, the isolate was
presumptively identified as Klebsiella edwardsii [17].

5. CONCLUSION AND RECOMMENDATION
This work collectively suggests a possible use of fermentation products obtained from mannolytic
activity of mannanase producing bacteria might possess antibacterial properties which could be used

to combat bacterial pathogens implicated in poultry farming. Therefore, it is recommended that much
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research be done on this topic to elucidate specific fermentation products responsible for the

inhibitory action using thiswork as template.
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