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ABSTRACT
Cellulolytic bacteria were isolated from decayiegVes of fruit trees viz. Mango (MN), Guava
(GU) and Bush mango (BM). Ten isolates were rangasdlated from each type of the leaf
sample and identified. The cellulolytic bacteriaatthwere tentatively identified were:
Staphylococcusp 3(6.7)* Bacillus and other Gram positive rods 5(16.Enterococcussp
3(10.0),Serratiasp 1(3.3), Escherichiasp 3(10.0)Pseudomonasp 7(23.3)Flavobacteria /
Xanthomonaspp 1(3.3)Proteussp 3(10.0)Alcaligenessp 2(6.7) andEnterobactersp 2(6.7);
(the number in parenthesis (*) represent percestamfeoccurrence). The bacteria species
which occurred in all the leave samples weBtaphylococcus sp, Bacilld other Gram
positive rodsEscherichiasp, Pseudomonasp, and théroteussp. The TCFU g of the leaf
samples indicated that guava leaf was significahtiyher than those of mango and bush
mango (P = 0.007) ranging from 1.20E+05 to 4.30E+0Ube tentatively identified
hydrocarbonoclasic species weacillus and other Gram positive rod&scherichiasp,
Pseudomonasp, Proteussp, Alcaligenessp and theEnterobactersp. The objective of the
paper was the characterization of the cellulolécteria from decaying leaf samples and the
testing of these isolates for their ability to dedg petroleum hydrocarbons.
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INTRODUCTION
Petroleum hydrocarbon is a major source of eneogyinfdustrial and for domestic purposes. As the atanfor
crude oil is ever increasing, leaks and accidesyils occur regularly during the exploration, pucton, refining,
transportation and storage of petroleum. This hasstituted a major source of contamination of blatid and
marine ecosystems. The addition of hydrocarbonsamo ecosystem results in the selective increase in
microorganisms that are capable of utilising thérbgarbons.

The technology commonly used for the remediatiorpetioleum hydrocarbon contaminants from an ecesyst
include mechanical collection using floating boorbsyying in landfills, evaporation of volatile frig@ns, and
washing. Chemical methods employ the use of digpéssto aid sedimentation and the application gbeiknts.
However, these technologies are expensive and deattto further contamination of the environmditlogical
methods are considered to be more eco-friendly hey toffer in situ biodegradation of oil fractions by
microorganisms.

Earlier studies by John and Okpokwasili (2012), oconde oil degradability and plasmid profile of atdphic
nitrifying bacteria, Nitrosomonas and Nitrobactpesies, isolated from mangrove sediment in the NiRmdta of
Nigeria, indicated that nitrifying bacteria coultllize kerosene, diesel oil, jet fuel and enginleasi carbon sources.
Also, Latha and Kalaivani, 2012, investigated #wation of bacteria from crude oil contaminated sising
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gravimetric analysis of degradation. Indicatiorswhat increase in oil degradation was correlabeahtincrease in
cell number which implied that the bacterial isetatvere responsible for the oil degradation. Thesgmt study
involves the characterization of the cellulolytiacheria from decaying leaf samples and the testfrijese isolates
for their ability to degrade petroleum hydrocarhons

Source of leaf samples

Mango(Mangifera indica)

Mangifera indica(Mango) peel and pulp contain compounds, such egitiments carotenoids and polyphenols,
and omega-3 and -6 poly-unsaturated fatty acidetd@hemical and nutrient content appears to vacgraking to
the species. Up to 25 different carotenoids havenbisolated from mango pulp. Peel and leaves adse h
significant polyphenolic content, including xantleists, mangiferin and garlic acid. In Nigeria, diffat parts of
mango are commonly used as herbal preparation$dntreatment of tooth ache, gastrointestinal disd
dysentery, diarrhoea gastrointestinal tract inéedj respiratory and urinary tract infections. tBhlgemicals
screening showed the presence of active pharmdcalogpmponents such as tannins, saponins, steratdjac
glycoside, flavonoid and alkaloids. These compaoni@né known to be biologically active because th®yect the
plant against infections and predations by anim@tsytochemicals generally exert their antimicrokaativities
through different mechanisms to that of synthetiggd (Bala, 2006).

Guava (Psidum guajavia)

Extracts of the leaves and stem barkPsiflum guajavavere studied by Elekwa et al, 2009, for their pletsemical
constituents. Results revealed the presence ofloalka saponins, cardenolides with steroided ringagd
cardenolides with deoxy - sugar. Aqueous extraasewnhibitory toBacillus subtilisand Fusariumspp. The
presence of these constituents appear to supoustss of guava in traditional medicine.

Bush mango (Irvingia gabonensis)

Irvingia gabonensiqAubry-Lecomte ex Ororke) Baillon. Familytvingiaceae (African mango , dika, odika ,
ogbono, bush mango or iba-tree). African mangodsand root extracts have been documented to hhilgtory
activity against several bacteria and fungi dissaBetential mechanisms of action include membdisreiption by
terpenoids and inactivation of microbial adhesienzymes, and cell envelope transport proteins leygi¢ acid-
like compounds (Kuete et al, 2007; Fadare andyAfia, 2008).

Cellulose

Cellulose is an organic compound with the formuaH100s5)n, a polysaccharide consisting of a linear chdin o
several hundred to over ten thousapd1—4) linked D-glucose units. Cellulose is an impottatructural
component of the primary cell wall of green plantgny forms of algae and the oomycetes. Some spetie
bacteria secrete it to form biofilms. Celluloseige of the most abundant organic polymers on H#tgmm et al.
2005). Cellulolysis is the process of breaking daeflulose into smaller polysaccharides calledosdixtrins or
completely into glucose units; this is a hydrolysaction. Most mammals have only very limited ipilo digest
dietary fibres such as cellulose. Some ruminakts ¢ows and sheep contain certain symbiotic anaetmzTteria
(like Cellulomona} in the flora of the rumen, and these bacteriadpce enzymes called cellulases that help the
microorganism to break down cellulose. The breakdpvwoducts are then used by the ruminants andytheistic
bacteria as nutrient (Bras, 2008).

Petroleum hydrocarbons (Crude oil)

Petroleum hydrocarbons (PHC) naturally occur asmigcompounds found in the anaerobic decay oftpland/or
animal remains under diagenic conditions beneattogeal formations. Petroleum hydrocarbons are pased of
various proportions of hydrogen and carbon comagiréiompounds such as the alkanes, aromatics agdypbt
aromatic hydrocarbon (PAHs) components. Petroleyairdtarbons are classified into two broad groups vi
aliphatic (open chain) compounds and the cycliogetl chain) compounds.
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Distribution of Hydrocarbonoclasic Microorganisms

Kigigha and Underwood (2013a) reviewed the actibimdigenous microorganisms on petroleum hydrocaraoed
indicated that many indigenous microbes have tlilgyato utilise hydrocarbons as their major souafeenergy and
carbon, and that such microbes were widely distethuin nature. Once a site is contaminated, theramial
community composition will be greatly changed bothquantity and composition. Populations of hydrbca-
degraders normally constitute less than 1% of ¢ia microbial communities, but when oil pollutase present
these hydrocarbon-degrading populations increasgai@ hydrocarbon-degrading populations becomeirmimh in
oil impacted environments because of natural delecesulting from the presence of oil contaminants

MATERIALSAND METHODS

Samples of leaves

Decaying leave samples were collected from bengmée fruit trees within Niger Delta University cpos. Any
other decaying source of cellulose material froffedént plants could be used as a source of caltu{lemm et al.
2005). The samples were from Mango (MN), Guava (@k Bush Mango (BM). They were collected seplrate
into pre-sterilised beakers.

Crude oil
Qua Iboe light crude was kindly provided for by tdigieria National Petroleum Cooperation (NNPC) toppered
pre-sterilised glass conical flasks and storedrefiagerator to prevent evaporation of volatiladtions.

Sterilisation of Materials

All the glass-wares used for the purpose of cultyrivere washed and thoroughly rinsed for three ginvéth
distilled water and autoclaved for 15 minutes al°C2 All reagents were prepared according to manufacs
specifications.

Enumeration of microbial load of leaf samples

Ten grams of each of the decaying leaf samples dfigng to constant weight in desiccators, werpasately
ground into fine powder. One gram of each wereeaibfl to ten-fold serial dilution using normal sali Spread
plates in triplicates were made on Nutrient Agang®.1 ml from the dilutions from the"4en-fold serial dilution
tubes and colonies counted after incubated %€ 33r 24 hours. The TCFU'gof the leaf samples were determined
in triplicates.

Screen Test for Cellulose Utilisation by Isolates

Cellulose degrading bacteria were isolated fromagieg leaf samples using serial dilution and pdatgpmethod.
Bacteria were further identified by morphologicablebiochemical test (Muhammad et al, 2012). Thraeng each
of the powdery decaying leaf samples, serving &s carbon source were added to 250 ml of moltenr#Aggr
preparation respectively. The mixture was rockedtlgeand thoroughly to aid mixing; this was stedd in the
autoclave and then poured into plates. The contestallowed to solidify at room temperature andasig dried in
an incubator at 4C. A 1.0 ml 24h old filtered broth culture of thentfold serial diluted leaf samples (in normal
saline) at 10 dilution, was each separately spread on the Agar-plates and then incubated at@Tor 48-72hrs
and the TCFU mt was counted.

Enumeration of total hydrocarbon utilizing bacteria

The vapour phrase transfer method (Okpokwasili aménchukwu, 1988) was adopted. Agar-agar (21g)litras
dissolved in distilled water and sterilised by aléwing. This was allowed to cool and then pourgd plates and
allowed to solidify at room temperature. Crude(@il0 ml) was then used to impregnate sterile fift@pers to serve
as sole carbon source and sterilized by autoclaviihg filter papers were placed on the cover offlates. The
agar-Agar was spot-inoculated with a loop-full efyebld isolates in broth medium; the plates wesntimoculated
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at 37C for 72 h and observed for growth. An un-inoculgpéate was also observed as control. The baciedktes
which degraded cellulose and could grow on petrolaydrocarbon were counted.

RESULTS
Using the spread plate method, 1ml filtrate of eakcthree decaying leaf samples (mango, guava ast-imango)
were tested for their TCFU més shown in Fig 1. Ten isolates based on their hudggical differences were
randomly selected from each type of the leaf sampiw identified (as shown in Table 1). The celitio bacteria
that were tentatively identified wer&taphylococcusp 3(6.7)* Bacillus and other Gram positive rods 5(16.7),
Enterococcussp 3(10.0),Serratia sp 1(3.3), Escherichiasp 3(10.0),Pseudomonasp 7(23.3),Flavobacteria /
Xanthomonasspp 1(3.3),Proteussp 3(10.0),Alcaligenessp 2(6.7) andEnterobactersp 2(6.7); (the number in
parenthesis (*) represent percentages of occuryeimcEig 1, the TCFU ¢ of the leaf samples was shown in which
GU was significantly higher than those of mango bash-mango (P = 0.007); ranging from 1.20E+05.30E+05.
Fig 2, shows the distribution of the cellulolytiadieria while Fig 3, shows the cumulative frequeatisolation of
cellulolytic and PHC degrading bacteria from thaflsamples. The tentatively identified hydrocarbdasic
bacteria species werdacillus and other Gram positive rodgscherichiasp, Pseudomonasp, Proteus sp,
Alcaligenessp andenterobactersp.

TCFU g?'of Decaying Plant L eaves

4.50E+05 -~
4.00E+05 -
3.50E+05
3.00E+05 -
2.50E+05 -
2.00E+05
1.50E+05 -
1.00E+05 -
5.00E+04
0.00E+00

TCFU g-10f decaying plant leaves

MN GuU BM
Typesof decaying plant leaves

Fig 1: Microbial load of bacteria, TCFU'gf decaying leaves. The mean values were greaantiould be expected by chance,
there was a statistically significant difference®807. MN = Decaying leaf sample mango; GU = Dewajeaf sample of
guava and BM = Decaying leaf sample of bush mabgta = mean_(+ S. E.; n=3).

Distribution of cellulolytic bacteria isolates

MN I GU  =BM

Typesof Loaves

Types of bacteria isolates

Fig 2: The distribution of cellulolytic bacterieofin decaying leaf samples.

Bacteria isolates: | Staphylococcusp; Il =Bacillusand other Gram positive rods; IlIEnterococcusp; IV =
Serratia specigsV = Escherichiasp; VI =Pseudomonasp; VIl = Flavobacteria/Xanthomonaspp; VIII = ProteusIX
= Alcaligenessp and X =Enterobactersp
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Tablel:Characterisation of cellulolytic bacteria isolatesm leaf samples

BACTERIA
ISOLAT | 1l " v \Y VI VI VI IX X
TESTS
Colonial morphology | Golden/ | Whitish/dry | Creamy | Reddish/ | Mucoid/ | Mucoid/ | Yellow/red | Mucoid/ | Mucoid/ | Creamy/entire
entire entire / entire entire entire entire /entire entire entire
Gram'’s reaction
+ve +verodsin | +ve -ve rods | -ve rods | -ve rods | -ve coco- | -ve rods | -ve rods | -ve rods
cocciin | chains cocci in bacillary
Clusters chains
Growth on MSA +ve NT -ve NT NT NT NT NT NT NT
Tube Coag. +ve NT -ve NT NT NT NT NT NT NT
Slide Coag. +ve NT -ve NT NT NT NT NT NT NT
Litmus test -ve NT +ve NT NT NT NT NT NT NT
Oxidase test NT NT -ve -ve -ve +ve -ve -ve
Citrate NT NT NT +ve -ve -ve +ve +ve
Sugar Use: NT NT NT
Lactose -ve +ve -ve -ve -ve +ve +ve
Mannitol +ve +ve +ve -ve -ve +ve +ve
Glucose +ve +ve +ve -ve + ve + ve + ve
Sucrose -ve +ve +ve -ve +ve +ve +ve
Growth in KIA: NT NT NT
-Acid/Gas +ve +ve -ve -ve -ve +ve +ve
-H2S -ve -ve -ve -ve -ve -ve -ve
-Butt /Slope R/Y YIY R/R YIY R/Y R/Y YIY
Tentative Staph sp | Bacil & Enteroc | Serratia | E. coli Pseudo. | Flav/iXan | Proteus | Alcaligen | Enterobacter.
identification other G +ve | sp sp sp sp sp . Sp sp
rods
Cellulolytic bacteria
CFU g* from Leaves:
MN 1 2 1 0 1 2 1 1 0 1
GU 1 Tecy ()| D 1 1 3 0 1 1 0
BM All rigfts reserveld e 0 1 2 0 1 1 1
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Cellulolytic bacteria

from Leaves

Cumulative CFUg | 3(10.)* | 5(16.7) 3(10.0) | 1(3.3) 3(10.0) | 7(23.3) | 1(3.3) 3(10.0) | 2(6.7) 2 (6.7)
from Leaves

PHC bacteria

biodegraders

Cumulative CFUG | Nil 3 nil nil 1 4 nil 2 2 1

SPC were averages of three plate counts; * Numberarenthesis represent percentages; NT: Notkeste

The bacteria isolates: | Staphylococcusp; Il =Bacillusand other Gram positive rods; llIEnterococcusp; IV = Serratia specigsV = Escherichiasp; VI =Pseudomonasp;
VIl = Flavobacteria/Xanthomonaspp; VIII =ProteusIX = Alcaligenessp and X =Enterobacteisp. PHC = Petroleum hydrocarbon.
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Cummulative frequency of occurrence of celluloh&d®HC degrading bacteria
!
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Bacteria isolates

Fig 3. Cumulative frequency of isolation of celliytic (Cu CEL) & PHC (Cu PHC) bacteria. Bacteria
isolates: | =Staphylococcusp; Il =Bacillusand other Gram positive rods; llIEnterococcusp; IV =
Serratia speciesV = Escherichiasp; VI =Pseudomonasp; VIl = Flavobacteria/Xanthomonaspp; VIl =
ProteusIX = Alcaligenessp and X =Enterobacteisp. PHC = Petroleum hydrocarbon.

DISCUSSION
The biodegradation of cellulose is a wide spreaztgss common to many bacteria species. All thedeafples
exhibited the presence of cellulolytic bacteriae Guava leaf sample was significantly more colahi$ellowed by
mango leaf sample while the bush mango sample ®ast lcolonised. The reason for the observed vamiati
TCFU mt! of the decaying leaf samples was not clear; thasldv require further study to confirm. Indicatioh o
greater cellulolytic activity was observed in tls®lates from Guava in which three of the ten issldhat were
randomly selected werBseudomonasp and two ofBacillus and other Gram positive rods and one each of
Staphylococcusp, Serratiasp, Escherichiasp, Proteussp andAlcaligenessp. In the case of the isolates from the
leaf sample of Mango, two each of the isolafeseudomonasp, Bacillus and other Gram positive rods and one
each of Staphylococcussp, Enterococcussp, Escherichia sp, Flavobacteria/’XanthomonaBroteus sp and
Enterobactersp exhibited cellulolytic activity; while for thbush-mango leaf sample, two each of the isolates;
Enterococcussp andPseudomonasp and one each dacillus and other Gram positive rodsscherichiasp,
Proteussp,Alcaligenessp andenterobactersp were cellulolytic. It was not clear what fasttinat accounted for the
differences in the distribution of cellulolytic bada in the leaf samples nevertheless it appadficient selective
pressure could be derived from the chemical nabfirthe leaf samples. Bush mango has been knownxhibie
potential mechanisms that could disrupt terpenaiud inactivate microbial adhesion, enzymes, anderelelope
transport proteins through exudation of allergidldike compounds. Increase in phytotoxic substanagpear to
have decreased TCFU taind cellulolytic activity especially in the bush-nga leaf sample (Kuete et al, 2007;
Fadare and Ajaiyeoba, 2008). The ability to ddgrpetroleum hydrocarbon has been demonstratepend on
the nature of bacterial biodegraders present asd ah the nature of the ecological status of thenédiate
environment of bacteria (Kigigha and Underwood, ®01t was not clear if the cellulolytic bacterimin the leave
samples were primed by the various phytochemiaalad in the leaves and probably environmental dmrdin
which the decaying leaves were found to be abldegrade petroleum hydrocarbon. The tentatively titied
hydrocarbonoclasic bacteria species waacillus and other Gram positive rodsscherichiasp, Pseudomonasp,
Proteus sp, Alcaligenessp andEnterobactersp. These isolates have been variously identifigdptevious
researchers to degrade petroleum hydrocarbon (Radla2013). All of these isolates (except #ilealigenessp)
were also implicated in bacteria ureolytic actitydies on nitrogenous waste dump sites by Kigighal, 2012,
thus indicating their ability to survive in hardgnéronments.
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