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Abstract The tendency of some lipolytic bacteria isolated from restaurant wastewater and the receiving stream to
biodegrade/utilizes fresh palm oil was investigated. Thirty two (32) lipolytic bacteria isolates were identified and grouped
into six genera namely; Enterococcus, Escherichia, Klebsiella, Pseudomonas, Serratia and Staphylococcus. The weight of
theseisolates after 24h of inoculation ranged between 0.33 and 0.60mg, whereas the final weight on the 12 day of incubation
was between 0.25mg and 0.51mg. Generally, the optimum growth in all the thirty two (32) lipolytic isolates in the fresh oil
was observed between the fifth and seventh days. The growth rate per day were 0.02mg in Pseudomonas sp. (n); 0.03mg in
Klebsiella sp. (m); 0.04mg in Pseudomonas sp. (j); 0.04mg in Staphylococcus sp. (r); and 0.05mg in Staphylococcus sp.
(p).The appreciable enzymatic activity of these microbes ranged; Lipase (0.036 - 0.073 mM/min/ml) with Pseudomonas sp.
(n) shown a highest lipase activity (0.073 mM/min/ml) after 12h, protease (50 - 117mM/min/ml) and amylase (7.7 -
117mM/min/ml). It appears that bacteria associated with dietary oil-rich wastewater are the novel source of environmental
enzymes for possible commercial applications and may play an important role in enzy me-cataly zed organic matter cycling in

domestic environments.
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1. Introduction

Lipids are one of the most important components of
vegetable oil, many synthetic compounds, and emulsions are
found in many pharmaceutical and cosmetic industrial
effluents and municipal wastewater[1; 2]. Palm oil, obtained
from the fruit of the oil palm tree, is the most widely
produced edible vegetable oil in the world and its nutritional
and health attributes have been well documented[3];
surpassing soybean oil as the most widely produced
vegetable oil in the world[4]. It is consumed worldwide as
cooking oil, in making of margarine and shortening, apart
frombeing used as an ingredient in fat blends and avast array
of food products[5].

The amount of lipid in municipal wastewater is
approximately 30-40% of the total chemical oxygen demand
[2].Wastewaters containing fat and oils were traditionally
treated physically, which is currently considered insufficient
if the fat is in its dispersed form. Biological treatment has
been found to be the most efficient method for removing fat,
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oil and grease by degrading them into miscible molecules[6].
Therefore, manipulation of microorganisms for treatment
and bioremediation purposes afford a very efficient tool for
purifying contaminated effluents and natural water[7]. The
use of lipase enzymes that are produced by all organisms
may solve the problem, where they cataly ze the synthesis or
hydrolysis of fat[8].[9] evaluated a mixed culture composed
of P. aeruginosa LPg,, Acinetobacter calcoaceticus LPyyg
(both lipase — producing bacteria) and Bacillus sp. B3y (an
amylase and protease producing bacterium) to lower the
biochemical oxygen demand (BOD) value and lipid content
of lipid-rich wastewater. Lipolytic enzymes are currently
attracting  enormous  attention because of their
biotechnological potential[ 10]. Among bacterial lipases,
attention has usually been focused on particular classes of
enzymes such as the lipases from the genus Pseudomonas,
which are especially interesting for biotechnology[l1].
Hence, the present work aims at investigating the
biodegradability potential of some lipolytic bacteria cells in
decomposing/utilizing the dietary oil as a substrate.

2. Materials and Methods

2.1. Collection of Waste water Samples
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Wastewater and water samples were obtained from
different sampling points between Falegan restaurant and the
receiving streamas follow:

D; - Wastewater sample obtained at the exit of drain pipe
fromthe wash hand basin

D, - Wastewater sample fromthe drainage at a distance of
5 meters fromthe exit of the drain pipe

D; - Wastewater sample from the stream at the point of
entry of effluent into the stream from the drainage (at a
distance of 10 meters to D;)

U, - Water sample from the stream at 5 meters upstream
from the point of entry of the effluent into the stream from
the drainage

U, - Water sample fromthe streamat 10 meters upstream
from the point of entry of the effluent into the stream from
the drainage

S; - Wastewater sample from the stream at 5 meters
downstream from the point of entry of the effluent into the
stream fromthe drainage

S, - Wastewater sample from stream at 10 meters
downstream from the point of entry of effluent into the
stream fromthe drainage

These samples were collected using 250ml sterile
sampling bottles and immediately transported in ice buckets
to the Microbiology Laboratory of Ekiti State University,
Ado-Ekiti for further work.

2.2. Bacteriol ogical Analysis

One millilitre of wastewater sample was inoculated and
incubated on plate count and MacConkey agar mediaat 25°C
and 37°C respectively for 24h. Pure colonies of bacteria
isolates were later inoculated on sterile Tributyrin agar and
incubated at 37°C for 24h. Lipolytic activity of bacteria cells
were confirmed by zone (s) of clearance around their gro wth.

2.3. Characterization and Identification of Isol ates

The isolates were classified on the basis of their
biochemical, physiological and morphological
characteristics and matched against standard microbial
cultures[12; 13].

2.4. Bio-degradative Activity of Bacteria Isolates

Fresh palmoil was elucidated with diethyl ether (1:1; v/v)
and filtered through non-absorbent cotton wool. A known
quantity (1.8ml) of the oil was inoculated with 0.2ml of
standardized inoculum of lipolytic bacterial isolates and
incubated at ambient temperature over the period of 12 days.
The rate of degradation of the dietary oil was monitored by
determining the total dry weight of the microbial cell[ 14].

2.5. Preparation of Wastewater and Fresh Palm Oil for
Enzyme Activity

Wastewater treatment was done by distributing
wastewater into five portions of 100 mL each contained in
250 mL Erlenmeyer flasks followed by inoculating 1 mL of
each bacterial culture (OD600~2:0) into wastewater samp le

contained in each flask. The flasks were kept in shaking
incubator at 30°C with 150 rp.m. Samples were drawn
fromeach ofthe flasks at intervals of 6 h for a period of48 h
and later centrifuged at 5000 x g for 30 minutes at 4°C. Cell
free supematant corresponding to growth phase was used as
the crude enzyme for assay and further analysis. Also, Palm
oil-containing medium were prepared with 0.2% w/v palm
oil, 1.5% K,;HSOy, 0.05% MgSOy4, 1.0% (NH4),SO4, 0.2%
CaCly, 0.2% FeSO4 and 0.5% yeast extract, distributed,
inoculated and incubated as in the wastewater culture.

2.6. Amylase Assay

Amylase activity was assayed[15]. Briefly, 0.5 mL of
properly diluted enzyme was added into a tube containing
1.5 mL of 2 % (w/v) of potato starch solution and 1 mL of
0.05 M acetate buffer, pH 5.0. The reaction mixture was
incubated at40°C for 15 min. Then, 1 mL ofthe mixture was
transferred to a new tube containing 1 mL of 3,
S-dinitrosalicylic acid and kept in boiled water for 10 min.
The color density was determined spectrophotometrically at
520 nm. One unit was defined as 1 pmolof glucose released
per minute by 1 mL of enzyme.

2.7. Lipase Assay

The crude enzyme preparation was the culture broth after
separation of cells and particles. The enzyme was normally
stored at 4°C until used. Lipolytic activity was determined
by colorimetric method based on the activity in cleavage of
p-nitrophenylpalmitate (p-NPP) at pH 8.0[16]. The reaction
mixture contained 180 pL ofsolution A (0:062 g of p-NPP in
10 mL of 2-propanol, sonicated for 2 min before use), 1620
pL of solution B (0.4% triton X-100 and 0.1 % gum Arabic
in 50 mM Tris-HC, pH 8.0) and 200 pL of properly diluted
enzyme sample. The product was detected at 410 nm
wavelength after incubation for 15 min at 37°C. Under this
condition, the molar extinction coefficient (410 nm) of
p-nitrophenol (p-NP) released from p-NPP was 15000 M.
One unit of lipase activity was defined as 1 pmol of
p-nitrophenol (p-NP) released per minute by 1 mL of
enzy me.

2.8. Protease Assay

Protease activity was determined[17]. 1 mL of 1.5 %
casein solution, pH 7.0 was placed at 37°C and, then, 1 mL
of properly diluted enzyme sample was added. The reaction
was incubated for 10 min prior to the addition of 2 mL of 0.4
M trichloroacetic acid. The solution with precipitates was
altered and to 0.5 mL of the clear filtrate 2.5 mL of 0.4 M
Na;COs; and 0.5 mL of Folin reagent were added. After
further 10 min of incubation, the color density developed
was determined at 660 nm. One unit was defined as 1 pmol
of tyrosine released per minute by 1 mL of enzyme.

2.9. Protein Deter mination

Protein concentration was determined using the Lowry
method[18]. Reagent A: 2% NaCOs in 0.1 N NaOH; Reagent
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B: 0.5% CuS04.5H20 in 1% Na or K tartarate; Reagent C:
100ml of Reagent A + 2ml of reagent B and Reagent E: 1:2
dilution of John’s reagent water. Graded concentrations of
Bovine Serum Albumin (BSA) in tubes were prepared. Then
0.3 ml of each concentration was measured into test tubes. 3
ml of reagent C was added, mixed and left for 10 min. Then
0.3ml of reagent E was added, mixed and left for 30 min. The
optical density was read at 600nm. The graph of OD versus
concentration of BSA was obtained and standard curve of
BSA. The same was done for unknown substance and the
protein concentrations from the standard curve are read off
and obtained by multiplying with dilution factor. All
readings were obtained in triplicates.

3. Results and Discussion

One hundred and fifty two bacteria isolates were obtained
from the wastewater and the receiving stream. Only thirty
two of these microbes were lipolytic in nature (Table 1).
There was a reduction of about 67% of the initial number of
microbial isolates after the second rinsing of the dishes (C),
which may be as a result cleansing ability of combined action
of water and detergent. This support the findings of[19] who
reported that, washing and sanitizing treatment can play an
important role in reducing microbial populations on fresh
fruits and vegetables. However, this number increased about
three folds at the exit of the restaurant. This may be as a
result of drained wastewater having contact with the soil
already contaminated with decomposed waste foods dumped
nearby which may be source of nutrient for the organisms
along the drainage. Microorganis ms abound in the soil and
are critical to decomposing organic residues and recycling
soil nutrients. Since most bacteria live under starvation
conditions or water stress in the soil, they have adapted to
quickly reproduce when water, food, and the environmental
conditions are abundant. Bacteria populations can easily
double in 30 minutes[20].

Table 1. Number of bacteria isolates from wastewater andreceiving
stream

Sites of Sampling Number of bacteria ~ Number of isolates
isolates growing on TBA
A 18 5
B 16 3
C 12 1
D, 32 7
D, 21 6
Ds 12 4
U, 8 0
Uz 6 1
S 15 2
S 12 3
Total 152 32

TBA: Tributyrin Agar

A: Wastewater fom dish washing
B: Wastewater from first rinsing
C: Wastewater from second rinsing

Di-Ds, Uy, Uz, Sy and S: asin Fig 1

The percentage distribution of the lipolytic isolates
revealed that 15.6% of these cells were obtained from dish
washing, 9.38% and 3.13% of the isolates from wastewater

after the first and second rinsing of the dishes respectively.
Over 40.6% were isolates fromthe drainage, 12.5% fromthe
point of exit of the wastewater into the receiving streamand
18.8% fromthe receiving stream (Table 2).

Table 2. Identification of ‘probable’ lipolytic bacteria

Number of
isolates
growing on
TBA

Site of sampling Strains identified

E.coli (v)
Pseudomonas $p.(s)
Pseudomonas sp.(w)
Staphylococcus sp.(1)

Staphylococcus sp.(z)
Pseudomonas sp.(aa)
Staphylococcus sp.(u)
Staphylococcus sp.(c)
Pseudomonas sp.(dd)

E.coli(f)
Pseudomonas .(g)
Pseudomonas p.(e)
Pseudomonas s.(y)
Pseudomonas p.(ee)
Staphylococcus sp.(r)
Staphylococcus sp.(i)
Enterococcus sp (a)

E.coli(t)
Pseudomonas .(j)

Klebsiella sp.(m)
Staphylococcus sp.(p)
Staphylococcus sp.(bb)
Pseudomonas sp.(k)
Enterococcus sp (b)
Klebsiella sp.(d)
Staphylococcus sp.(x)
U 0 -
U, 1 Serratia $.(q)
S 5 Staphylococcus sp.(cc)
1
Enterococcus s (0)
Pseudomonas sp.(n)
Serratia sp.(h)
Staphylococcus sp.(ff)

D, 6

Ds; 4

Some of the lipolytic bacteria isolates obtained from the
different sampling sites were identified to the genera level as
follows: A (Escherichia coli (v), Pseudomonas spp. (s & w),
and Staphylococcus spp. (1 & z), B (Pseudomonas sp. (aa)
and Staphylococcus spp. (u & ¢), C (Pseudomonas sp. (dd)),
Di(E. coli(f), Pseudomonas spp.(g, e, y & ee),
Staphylococcus spp. (r & z)), D, (Enterococcussp.(a), E.coli
(t), Pseudomonas sp. (j), Klebsiella sp. (m) and
Staphylococcus (p & bb), D; (Pseudomonas sp. (K),
Enterococcus sp. (b), Klebsiella sp. (d) and Staphylococcus
sp. (), Uy (Serratia sp. (q), Si(Staphylococcus sp. (cc) and
Enterococcus sp.(0)) and S, (Pseudomonas sp. (n), Serratia
sp. (h) and Staphylococcus sp. (ff), while the sampling point
U; had no lipolytic organisms isolated (Table 2). It is
interesting to note that many isolates of the genera
Pseudomonas were continuously obtained after dish washing
until the wastewater drained into the receiving stream. This
is because Pseudomonas is gram negative bacillus found in
warm, moist environments, and can be frequently isolated
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from soil, water and occasionally from normal human
skin[21]. Similarly, some strains of Staphylococcus spp.
were detected throughout all the sampling points except after
the second rinsing of the dishes. As the normal flora of the
natural environment the cleaning effectiveness of the
detergent led to the reduction of their population but the
organic matter present shield and promotes the survival of
the microbial population.

Most of the isolates (16/32, 50%) recorded maximum
growth after five (5) days of biodegradation of wastewater.
However, strains of Staphylococcus sp. (p) and
Pseudomonas sp. (j) grew very well (weight > 0.10 mg) after
6 days. On day 12, 13/32 of the isolates still had twice the
cell mass each isolate recorded after 24h incubation with
Pseudomonas sp. (dd) recording over 66.7% weight increase
(Table 3). This is in agreement with the report that, microbes
able to degrade the contaminant increase in numbers when
the contaminant is present; when the contaminant is
degraded, the biodegradative population declines[22]. Only

three strains of the isolates (Klebsiella sp. (m), Pseudomonas
spp. (j) and (w)) showed appreciable growth rate (between
0.02 and 0.0202mg/day) within 6 days of incubation (Figure
1).

The weight of the isolates after the 1°* day of incubation
ranged between 0.33mg and 0.60mg, and the final weight on
the 12" day ranged between 0.25mg and 0.51mg. Generally,
the optimum growth in all the thirty two (32) lipolytic
microbial isolates in the fresh oil was between the fifth and
seventh days. The growth rate per day ranged between
Pseudomonas sp. (n) 0.02, Klebsiella sp. (m) 0.03,
Pseudomonas sp. (j) 0.04 and Staphylococcus sp. (r) 0.04,
Staphyloccocus sp. (p) 0.05 (Table 4). This was as a result of
the ability of the isolates to produce lipase as an enzyme to
degrade/utilize palm oil as substrate. This is in line with the
report that, many bacterial lipases, particularly those from
members of the genera Pseudomonas, Bacillus,
Staphylococcus, and Achromobacter have been cloned and
characterized [23].

Table 3. Growth (mg) of lipolytic isolates in wastewater

Isolates Days of incubation % weight*
1 2 3 4 5 6 7 8 9 10 11 12 difference
E. coli (f) 003 003 006 006 007 005 005 003 004 003 003 003 0%
E. coli(t) 002 002 006 009 009 008 008 004 002 002 002 002 0%
E. coli (v) 001 003 006 008 008 006 006 004 003 003 001 001 0%
Enterococcus p (a) 002 002 006 006 005 004 002 002 002 002 002 002 0%
Enterococcus p (b) 001 003 006 007 007 008 008 004 002 002 002 002 +50.0%
Enterococcus p(0) 001 005 006 006 008 009 009 006 004 003 002 002 +50.0%
Klebsiella sp.(d) 002 002 003 004 006 007 007 003 001 002 001 001 -100%
Klebsiella sp.(m) 001 005 005 007 009 009 009 005 004 004 003 002 +50.0%
Pseudomonas p.(e) 003 004 009 008 010 010 008 006 003 003 003 003 0%
Pseudomonas p.(g) 003 004 007 006 008 005 005 004 003 002 002 001 -200%
Pseudomonas p.(j) 001 002 002 008 009 011 010 006 006 003 002 002 +50%
Pseudomonas p.(k) 002 002 003 004 006 008 008 003 003 003 002 001 -100%
Pseudomonas p.(n) 001 007 007 006 007 010 007 004 003 004 002 002 +50.0%
Pseudomonas p.(s) 001 001 004 004 005 006 006 003 001 001 001 001 0%
Pseudomonas p.(W) 000 006 008 007 009 007 008 005 004 003 002 002 +100%
Pseudomonas p.(y) 004 002 005 006 008 008 008 002 002 001 001 002 -100%
Pseudomonas p.(aa) 002 001 003 003 005 006 006 002 002 003 002 003 +33.3%
Pseudomonas sp.(dd) 001 002 006 006 007 007 006 004 002 004 002 003 +66.7%
Pseudomonas .(ee) 001 002 002 005 006 006 005 003 001 002 001 001 0%
Serratia sp(h) 003 003 004 005 006 008 006 003 003 004 003 003 0%
Serratia $p(q) 001 004 005 005 005 009 007 004 003 002 002 001 0%
Staphylococcus sp.(c) 001 003 008 008 009 009 008 004 002 001 001 001 0%
Staphylococcus sp.(i) 001 001 003 003 005 006 006 003 003 004 003 002 +50.0%
Staphylococcus sp.(l) 001 003 003 005 007 007 008 005 003 003 002 002 +50.0%
Staphylococcus sp.(p) 004 002 003 005 007 009 007 004 003 004 004 003 -333%
Staphylococcus sp.(r) 001 003 005 005 005 004 003 002 002 001 001 002 +50.0%
Staphylococcus sp.(u) 002 004 005 008 008 007 007 002 003 002 002 002 0%
Staphylococcus sp.(x) 000 003 005 005 007 005 005 001 003 002 002 001 +100%
Staphylococcus sp.(z) 003 001 007 007 008 006 006 003 002 001 001 001 -200%
Staphylococcus sp.(bb) 001 002 003 004 005 005 004 003 003 002 002 002 +50.0%
Staphylococcus sp.cc) 001 002 003 004 006 006 003 001 001 001 002 002 +50.0%
Staphylococcus sp.(ff) 001 002 003 004 006 004 004 003 003 001 001 001 0%

*Difference in percentage weight after 24h and 12days ofdegradation
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Figure 1. Growth of selected most effective lipolytic bacteria isolates in oil-rich wastewater

Table 4. Weight (mg) of bacterial isolates in biodegraded Palm oil

47

Days of incubation % weight*
Isolates R

1 2 3 4 5 6 7 8 9 10 11 12 difference

E. coli (f) 046 052 055 057 062 060 055 056 056 049 043 041 -12.2%

E. coli(t) 048 052 054 057 054 056 059 054 049 044 036 035 -37.1%

E. coli (v) 041 050 052 053 054 055 054 051 049 044 037 036 -13.9%
Enterococcus $(a) 041 046 047 060 062 061 046 039 035 033 026 025 -64.0%
Enterococcus $(b) 052 057 059 062 062 062 049 043 042 039 038 037 -40.5%
Enterococcus p.(0) 059 059 062 064 063 062 055 056 052 048 043 041 -43.9%
Klebsiella sp.(d) 060 061 063 064 066 065 061 055 056 049 044 039 -53.8%
Klebsiella sp.(m) 040 044 047 055 058 057 059 060 054 046 044 043 +6.98%
Pseudomonas .(e) 048 050 052 055 056 055 053 048 045 040 038 037 -29.7%
Pseudomonas p.(g) 059 058 062 064 064 062 058 061 061 056 049 046 -283%
Pseudomonas .(j) 033 037 039 046 050 050 051 058 064 058 046 046 +28.3%
Pseudomonas sp.(k) 045 046 048 054 059 058 053 051 048 044 037 036 -25.0%
Pseudomonas sp.(n) 048 051 053 057 059 057 060 064 059 054 050 049 +2.04%
Pseudomonas sp.(s) 043 050 054 055 056 056 050 050 050 047 042 041 -4.88%
Pseudomonas p.(w) 046 054 056 057 057 060 056 056 056 047 043 040 -15.0%
Pseudomonas p.(y) 053 054 058 062 063 062 058 048 046 040 036 034 -55.9%
Pseudomonas sp.(aa) 058 060 062 065 065 065 064 054 049 042 039 038 -52.6%
Pseudomonas sp.(dd) 051 055 057 059 061 061 066 054 053 046 044 042 -21.4%
Pseudomonassp.(ee) 048 049 050 051 054 057 060 058 053 048 039 038 -26.3%
Serratia sp.(h) 046 048 050 052 056 057 055 055 046 042 039 038 -21.1%
Serratia $p(q) 045 047 049 054 056 054 053 050 048 039 035 033 -36.4%
Staphylococcussp () 046 057 058 059 061 060 057 052 053 047 043 041 -12.2%
Staphylococcus sp.(i) 051 053 056 059 061 060 057 054 057 049 047 044 -15.9%
Staphylococcus sp.(l) 059 058 061 065 066 065 064 057 057 052 046 045 -31.1%
Staphylococcus sp.(p) 043 046 049 060 061 059 052 053 052 050 046 045 +4.44%
Staphylococcus sp.(r) 047 054 057 058 059 057 068 061 057 055 053 051 +7.84%
Staphylococcus sp.(u) 042 049 053 054 057 056 053 050 050 044 040 038 -10.5%
Staphylococcus sp.(x) 052 058 061 063 063 059 052 048 046 041 040 039 -33.3%
Staphylococcus sp.(z) 055 057 059 062 059 059 055 053 051 047 042 041 -34.1%
Staphylococcus sp.(bb) 050 054 056 057 057 065 057 052 048 040 035 033 -51.5%
Staphylococcus sp.(cc) 052 055 058 062 064 060 065 058 054 050 047 046 -13.0%
Staphylococcussp (1F) 060 060 062 065 065 064 063 058 056 051 045 042  -42.9%

*Difference in percentage weight afier 24h and 12days ofdegradation
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In selecting bacteria isolates for further work, the weight
of each isolate selected above was considered on the twelfth
day and compared to that after the first day of incubation.
The percentage weight difference was between -64% and
+28.3%, showing significant difference at p < 0.05. The
isolation of some strains of Pseudomonas and
Staphylococcus spp. with lipolytic activity in this study
correlates with those of Prasad and Manjunath[24] who
reported the ability of these organisms to produce
highly-efficient lipases which degraded lipid-rich
wastewater both individually and when used as a
consortium.

The bacteria cells namely; Pseudomonas spp. (j) & (n),
Klebsiella sp. (m) and Staphylococcus spp. (p & r), grown
effectively in fresh oil substrate with the percentage weight
difference of +28.3%, +2.04%,1t6.98%, +4.44% and+7.84%
respectively (Figure 2). The decomposition of dietary oil was
primarily dependent on the varied lipolytic ability of the
various bacteria cells as was observed by varied cell weight
differences. Each organism produced specific and different
amount of lipase which reflected on how the bacterial cells
degraded/utilized the oil samples. The report of[25] was in
support of the findings of this research work which stated
that the experiments indicated the very different degradation
efficiency might be due to the different reaction system of
lipase from each culture. Lipase present not only catalyzed
hydrolysis reaction but also catalyzed inter-esterification
reaction, depending on the source of lipase and reaction
condition[26; 27]. There was variation in the activities of the
organisms based on the substrates in which they
subjected/grown. There were more appreciable microbial
growth in the palm oil as a substrate than in wastewater as
related to Tables 3 and 4. The presence of some deleterious

substances of detergent composition in the wastewater
created adverse condition for the microbes, meanwhile the
availability of enough nutrient in palm oil make it a suitable
medium for microbial proliferation[27].

Microbial growth and activity are readily affected by pH,
temperature and moisture[27]. Although, microorganisms
have been isolated in extreme conditions, most of them grow
optimally over a narrow range, so it is important to achieve
optimalconditions. Meanwhile, the biological characteristics
ofa microorganism proposed foruse in wastewater treatment
should be considered carefully[28]. Indeed, it is desirable to
adopt species that are Generally Regarded As Safe (GRAS).
Furthermore, it is preferable that the species have limited
nutritional requirements and have the ability to antagonize
the growth of pathogenic species as well as the capacity to
adapt to stringent environmental conditions (i.e. low
temperatures and water activity, high concentrations of toxic
substances).

Figures 3-7 give an illustration of the enzyme activities of
Klebsiella sp. (m), Pseudomonas sp. (j), Pseudomonas sp.
(n), Pseudomonas sp. (w), Staphylococcus sp. (p) and
Staphylococcus sp. (r). This shows the ability of some
fat-splitting enzymes lipases produced by most common
bacteria. Microorganisms like Pseudomonas fragi,
Staphylococcus aureus, Geotrichum candidum, Candida
lipolytica, Penicillium roqueforti, and Penicillium sp. are the
organisms reported to produce lipases which are active even
at very low temperatures[29]. The species of Staphylococcus
are slow carbohydrate fermenters producing the first trace of
amylase after 6h. However, amylase production got to its
peak after 18h (16.5mM/min/ml), meanwhile the highest
amy lase production was observed in Staphylococcus sp. (1)
after 6h (17.1mM/min/ml) (Figure 3).
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Figure 2. Growth of selected most effective lipolytic bacteria isolates in fresh palm oil
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Figure 4. Time course of extracellular microbial lipase production and activity in wastewater from restaurant

Figure 4 revealed Pseudomonas sp.(w) to have shown a  Klebsiella sp. (m) and Pseudomonas sp. (j) showed their
highest lipase activity (0.076 mM/min/ml) after 30h. highest lipase activity after 18h (0.054 and 0.053
Pseudomonas sp. (n) showed a lipase activity of 0.073 ~mM/min/ml respectively). It is interesting to note that after
mM/min/ml after 12h while Staphylococcus sp. (r) exhibited 30h Pseudomonas sp. (j), Staphylococcus sp. (p) and
0.062 mM/min/ml at the same period. Furthermore, Klebsiella sp. (m) still exhibited some appreciable lipase
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activity (0.054, 0.039 and 0.036 mM/min/ml respectively).
Among bacterial lipases, attention has usually been focused
on particular classes of enzymes such as the lipases fromthe
genus Pseudomonas, which are especially interesting for
biotechnology[11].

Klebsiella sp. (m) exhibited the highest protease activity
(117mM/min/ml) after 12h of growth, while Staphylococcus
sp. (p) showed its highest protease activity (72mM/min/ml)
after 6h. Similarly, at 6h the species of Pseudomonas sp. (n),
Pseudomonas sp. (W) and Klebsiella sp. (m) showed some
prominent activity. Meanwhile, species of Pseudomonas (j)
also exhibited high protease activity after 18h (Figure 5).

Extracellular microbial protein production during the
growth phases ofthe test organisms was similar in all cases.
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Maximum extracellular protein was attained at incubation

period of 15-18 h followed by a sharp decline in the amount

of protein produced by microbes after 20™ hour incubation

period (Figure 6). This result probably indicated

extracellular production of both enzymes (which are proteins)
to carter for the initial breakdown of substrates (in medium)

and inactive protein metabolites generated by proteolytic

enzymes. These metabolites were subsequently required by

the microbial cells for the initial synthesis of cellular

macromolecules and growth of microbes. However, decline

in the amount of protein was probably due to the loss of
enzyme activity when all the available substrates were used

up by the growing cells.
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Figure 5. Time course of extracellular microbial protease production and activity in wastewater from restaurant
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Figure 6. Time course of extracellular microbial protein production in wastewater from restaurant
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Figure 7. Time course of extracellular microbial lipase production and activity in palm oil-containing medium

Figure 7 indicated lipolytic activity in palm oil-containing
medium. There was delay in production of lipase in all the
test organisms. This justify the report that, gradual reduction
in the weight of the extracted oil over 12 days under aerobic
and anaerobic conditions were due to ‘slow’ rate of
utilization of the oil as source of substrate by the
organisms[27]. Staphylococcus (p) sp. showed the highest
lipolytic activity (0.04mM/min/ml) after 42h. Pseudomonas
(J) sp.havea lipolytic activity of 0.038mM/min/ml after 48h,
Klebsiella (m) sp. (0.0196mM/min/ml) after 42h , while the
appreciable lipolytic activities for each of Pseudomonas (n),
(w) and Staphylococcus (r) spp. was 0.036mM/min/ml after
48h respectively.

In conclusion, the ability of some lipolytic bacteria such as
Pseudomonas spp. (j), (n) & (w), Klebsiella sp. (m) and
Staphylococcus spp. (p) & (r) to degrade/utilize dietary oil
were known to some extent. These organisms are versatile in
utilizing the limited nutrient and have the ability to adapt to
the toxic condition of detergent contained wastewater. This
revealed that, these bacteria may be a versatile tool to treat
wastewater containing palm oil generated from kitchen,
restaurants and other domestic activities. These bacteria cells
should be subjected to further experimental screening to
prooftheir lipolytic nature beyond reasonable doubt. In order
to obtain more detailed enzymatic information and make
potential use of these enzymes in industrial and domestic
processes, isolation, purification and characterization of
these enzymes will be necessary.
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