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Abstract

The spoilage potential and physicochemical characteristics of biodeteriogens on edible oils (groundnut oil and palm oil) sold in
the market (Rumuowoji ultra-modern market) within Port Harcourt were examined. Spoilage bacterial genera were identified
as Bacillus spp, Psendomonas spp, Micrococcns spp and Staphylococcus spp while the fungal genera were identified as Aspergillus spp,
Penicillium spp and Fusarium spp. The screen test for the utilization of the oil samples by the biodeteriogens showed that 7 out
of the 9 bacterial species and 4 out of the 5 fungal species were capable of utilizing the edible oils as sole source of carbon
and energy. Utilization of both oils by the mixed bacterial cultures of Bacillus spp. A1, Pseudomonas spp. A2, Bacillus spp. B1 and
Staphylococcus spp. B3 resulted in maximum increases in total viable counts (TVC) of 1.5 x 10® cfu/ml as optical density (OD)
increases to 1.31 nm while pH decreases with time from 7.10 - 5.65 over a 20 days’ incubation. Similarly, the TVC, OD and pH
of the mixed fungal culture of Aspergillus spp Af,, Aspergillus spp BE, and Penicillium spp Bf, on palm oil and groundnut oil where:
1.09 x 10 c¢fu/ml, 1.01 nm; 7.0 — 6.0 and 0.9 x 10° cfu/ml, 0.81nm, 7.2 - 6.1 respectively. The physiochemical analyses of the
palm oil samples revealed that the highest mean free fatty acid (FFA) content and the peroxide value (PV) were 5.08% and 7.98
mEq/kg respectively in palm oil samples inoculated with mixed bacterial culture.
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oils used in most household in Nigeria. Currently, Nigeria is the
fifth world leading producers of palm oil after Columbia, Thai-
land, Malaysia and Indonesia being the first [4]. Unlike groundnut
oil, palm oil is rich in palmitic acid with a reddish brown color

Introduction

Edible oil is not a sterile product. The micro flora of edible oil
reflects the quality of oil, the sanitary conditions of processing

equipment used to manufacture the oil as well as the environmen- impacted by §3 - carotene. Edible fats and oils usually referred to as

tal and sanitary conditions during packaging and handling of such
product [1]. Fat and oil which are naturally occurring constituents
of edible oil are subject to microbial deterioration. Essential fatty
acids (EFAs) which are naturally occurring constituents of edible
oil have been considered as functional food and nutraceuticals.
Beside their use in the production of soap and other surface-ac-
tive molecules, fat and oil are increasingly used as a source of fuel
energy producing purposes in automobiles, trains, acroplanes or
boats, or the direct production of biodiesel [2]. These new uses
underlie the food versus fuel debate of edible oil [3].

Both groundnut oil and palm oil are the primary sources of edible
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lipids contain 95-98% triacylglycerols, lesser percentages of dia-
cyl- and mono-acylglycerols, free fatty acids, and 1-2% of non-
saponifiable components, such as sterols, tocopherols, and color
compounds [5].

Edible oils are known to support the growth of bacteria, fungi
and molds especially when they contain moisture. The composi-
tion of these oils determines the extent and type of organisms
likely to thrive in them. These organisms cause chemical changes
that lead to deterioration in the quality of the oils.

Although several researchers have reported the quality assess-
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ment of palm oil produce marketed within some states of Nige-
ria: Abia State [0], Anambra State [7], Delta State [8], Ibadan [9],
Kogi State [10] and Rivers State [11]; such report indeed repre-
sented a fractional totality of the quality assessment of palm oil
sold in such states. It is thus pertinent to further investigate other
unexplored or un-sampled regions within the states to provide a
more accurate baseline data on the quality of palm oil on sale in
its markets. Thus, this study is aimed at examining the potential
biological contaminants (bacteria and fungi) contaminating edible
oils (groundnut oil and palm oil) sold in the market (Rumuwoji
Ultra-modern market) within Port Harcourt as well as their phys-
icochemical characteristics.

Materials And Methods
Collection of Samples

Samples of the edible oils (palm oil and groundnut oil) were ob-
tained from Rumuwoji Ultra-Modern Market (Mile One), Port
Harcourt. The samples were collected in sterile universal bottles.
Care was taken not to contaminate the bottles before and during
collection of the samples. The samples were taken to the labora-
tory for microbiological and physicochemical analyses.

Isolation of biodeteriogens

Enrichment and pour plate technique was adopted for the isola-
tion of bioteriogens in the oil samples. Five drops of each type of
oil were added to 10 ml of nutrient broth and incubated at room
temperature for 48 h. Following this enrichment, a 10-fold serial
dilution of the culture was performed using sterile physiological
saline as diluent and 100 pl of appropriate dilutions plated on
nutrient agar and potato dextrose agar (PDA). Nutrient agar and
PDA wete each fortified with 50 mg/] of nystatin and chloram-
phenicol to inhibit the growth of fungi and bacteria respectively.
Pour plate method was adopted for isolation. Nutrient agar plates
and PDA plates were incubated at room temperature 37°C for
24-48 h and 25°C for 3-5 days respectively. The bacterial colonies
which developed on the nutrient agar plates were picked and sub-
cultured on fresh nutrient agar plates using the streak plate tech-
nique for discrete colonies of bacteria. The fungal colonies which
developed on the PDA plates were also picked and sub-cultured
on fresh PDA plates using a sterile inoculating needle for discrete
colonies of fungi.

Characterization and identification of the isolates

The bacterial isolates were characterized and identified based on
their morphological and biochemical characteristics. Gram stain-
ing, spore stain, oxidase test, catalase test, coagulase test, methyl
red and Voges-Proskauer (MRVP) test, indole test, citrate test,
motility test, sugar fermentation test and triple sugar iron agar
(TSIA) test were all carried using standard microbiological proce-
dures. Macroscopic and Microscopic examination were used for
the characterization and identification of fungal isolates. The later
was done by needle mount method.

Screen test for utilization of the edible oils

The organisms (bacteria and fungi) isolated from an oil (ground-
nut oil or palm oil) were tested for utilization of the oil using
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a modified mineral salts medium [12] containing the oil as sole
source of carbon and energy. The medium was dispensed in 9.9
ml amounts in test tubes. To half of these tubes were added 0.1ml
each of groundnut oil and to the remaining tubes were added 0.1
ml each of palm oil. After capping, all the tubes were sterilized by
autoclaving at 121°C for 15 minutes and allowed to cool. Upon
cooling, each set of tubes were inoculated with an isolate from
the oil. Two control tubes (one containing groundnut oil and the
other palm oil) remained uninoculated. All the tubes were incu-
bated at room temperature for 14 days. Each tube was checked for
turbidity after the incubation period.

Monitoring the Growth of the Isolates in the oil Samples

A modified mineral salts medium [12] was prepared and dis-
pensed in 99 ml quantities into 250 ml Erlenmeyer flasks. To each
of these flasks were added 1 ml each of fresh oil. The mixtutre was
autoclaved at 121°C for 15 minutes. Isolates that showed highest
turbidity in the screen test were used as mixed cultures to inocu-
late flasks containing that oil. Two flasks (one containing ground-
nut oil and the other palm oil) remained uninoculated and served
as controls. The flasks were incubated at room temperature on
a rotary shaker incubator (Staurt orbital incubator, S150, OSA,
UK) operated at 120 rpm for 20 days. The optical density (OD) at
560 nm, total viable counts (TVC) and pH of the culture in each
flask were monitored periodically at intervals of 4 days. The opti-
cal density (OD) at 560 nm was measured using spectrophotom-
eter (spectrumlab 7525). Total viable counts were obtained from
nutrient agar plates and potato dextrose agar plates for bacteria
and fungi respectively after serial dilution in sterile physiological
saline. The pH of the culture was measured using a pH meter
equipped with glass electrode.

Extraction and Gas Chromatography

The remaining oils in the mineral salt medium at the end of the
incubation period were extracted in order to determine the extent
of biodeterioration by the isolates. The extraction was performed
by adding 10 ml of thoroughly shaken medium containing the
residue of the oil to a separating funnel. To this was added 10ml
of n-heptane. The funnel was vigorously shaken, and the contents
wete allowed to settle in order for the phases to separate. Upon
separation, the solvent layer was drawn off into a clean glass vial.
The aqueous phase was further mixed with 5ml fresh solvent and
the extraction procedure was repeated. The two extracts were
pooled and stored in the refrigerator (4°C) until ready for analysis.
The extracts were then analyzed using a computerized gas chro-
matography equipped with a flame ionization detector (FID).

Determination of physicochemical characteristics of the oil
samples

The free fatty acid (FFA) content and peroxide value (PV) of the
unionoculated and inoculated oil samples were determined ac-
cording to the methods described [13].

Statistical analyses
All data were represented are means of duplicates and values sub-

jected to statistical analysis using SPSS 20. Data were represented
with graphs and tables.
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Results And Discussions

Biodeteriogens of edible oil are consortia of microorganisms
which cause spoilage while utilizing the oil or its constituents as
a substrate - source of carbon and energy. The results indicated
that bacteria, fungi and molds are the potential biodeteriogens
of edible oil. A summary of the microbial isolates from palm oil
and groundnut oil is presented in Table 1. The bacteria identified
were members of the following genera: Bacillus spp, Psendomonas
spp, Micrococcus spp and Staphylococens spp while fungal genera iden-
tified were Aspergillus spp, Penicillinm spp and Fusarium spp. These
bacteriogens have previously been implicated in spoilage of veg-
etable oils and palm oil sold within Amassoma, Bayelsa State [14],
Jos Metropolis [15, 16]. Interestingly, Bacillus, Pseudomonas and
Staphylococcus were found to contaminate both oils. Micrococ-
cus was found to contaminate palm oil only. It was observed from
this study that the predominant bacterial flora were Gram positive
bacteria. Some of these bacteria are pathogenic and can cause
food poisoning. Their presence in the edible oils may be due to
chance contamination during handling or storage and biofouling
of processing equipment in contact with the oil.

The results of the screen test for the utilization of the two ed-
ible oils as sole source of carbon and energy by the bacterial and
fungal isolates are presented in Table 2 and 3 respectively. Some
of the isolates did not produce turbidity in the mineral salt broth
cultures. Those cultures that did not show any turbidity were re-
streaked out on nutrient agar plates and PDA plates for bacteria
and fungi respectively to check for viability. Growth occurred in
all the plates inoculated indicating that the organisms were still
viable but could not utilize the oils as sole carbon and energy
sources for growth. Five out of the 9 bacterial species and 4 out
of the 5 fungal species were capable of growing and utilizing the
edible oils as sole source of carbon and energy. This suggests
that the remaining species were merely chance contaminants and
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might not have significant spoilage activity on the oils.
g g poilag y

Figures 1 and 2 shows the result of the growth patterns of the
mixed cultures determined by monitoring the optical density
(OD), total viable counts (TVC) and pH of the cultures utiliz-
ing the two oils as sole catbon and energy sources. The cultures
showed that as the TVC increased, there were corresponding
increases in OD and decreases in pH with time. The utilization
of the edible oils as sole source of carbon and energy by the
organisms resulted in their growth with a concomitant produc-
tion of acidic metabolites. These acidic metabolic products might
account for the decreases in pH of the cultures. Organoleptic
changes and increase in acidity may result when oils are metabo-
lized by microorganisms. It was further observed in Figures 1 and
2 that the cultures had reached the stationary phase of growth.
This observation is attributed to the rate of utilization of the two
oils by the microorganisms and the stability of these oils to mi-
crobial spoilage. The results showed that palm oil supported the
highest microbial cell growth while groundnut oil supported the
least cell growth. These results indicated that groundnut oil was
the most stable to microbial spoilage while palm oil was the least
biostable.

The results of the free fatty acid (FFA) content ranged from 0.22
- 5.08 % in the uninoculated groundnut oil and inoculated palm
oil samples as presented in Table 4. The result showed that there
was an increase in FFAs content of the oils at the end of the
incubation period. High concentrations of FFAs are undesirable
in edible oils as it reduces the palatability and the shelf-life of the
oil [17]. This elevation of FFAs is an indication of contamina-
tion of the oil by the biodeteriogens. Palm oil inoculated with a
mixed bacterial culture has the greatest FFA increase of 5.08 %
followed by palm oil inoculated with a mixed fungal culture with
a FFA increase of 4.87 %. Groundnut oil inoculated with a mixed
bacterial culture had a FFA increase of 0.87%. Groundnut oil in-

Table 1. Microbial isolates from palm oil and groundnut oil.

Palm oil

Groundnut oil

Bacteria Fungi

Bacterial Fungi

Bacillus spp (2) Aspergillus spp (2)

Bacillus spp (1) Aspergillus spp (1)

Pseudomonas spp (1) | Fusarium spp (1)

Pseudomonas spp (1) | Penicillium spp (1)

Micrococcus spp (1)

Staphylococcus spp (2)

Staphylococcus spp (1)

Legend: Numbers in parenthesis represented the number of microbial species isolated.

Table 2. Screen test for the utilization of the two oils by the bacterial isolates.

Palm oil isolates Isolate Palm oil Groundnut oil | Isolate | Groundnut oil
code utilization isolates code utilization
Bacillus spp A +++ Bacillus spp B, +++
Psendomons spp A, +++ Staphylococcus spp B, -
Micrococcus spp A, - Staphylococcus spp B, +++
Staphylococcus spp A, + Psendomonas spp B, +
Bacillus spp A, ++

Legend: - No observable growth; + poor growth; ++ moderate growth and +++ heavy growth
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Table 3. Screen test for the utilization of the two oils by the fungal isolates.

Palm oil Isolate Palm oil Groundnut oil | Isolate Groundnut oil
isolates code utilization isolates code utilization
Fusarinm spp Af, + Aspergillus spp Bf, ++
Aspergillus spp Af) - Penicillinm spp Bf, ++
Aspergillus spp Af, +++

Legend: - No observable growth; + poor growth; ++ moderate growth and +++ heavy growth

Figure 1. Growth patterns of a mixed bacterial culture of Bacillus spp A,, Pseudomonas spp A,, Bacillus spp B, and Staphy-
lococcus spp B, on (a) palm oil and (b) groundnut oil.
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oculated with a mixed fungal culture has the least free fatty acid
increase of 0.74 %. This results corroborated with other findings
[18] who observed that palm oil marketed in Ibadan is hard as
their FFAs exceeded 5% as well as greater than the reported 2.86
to 2.97 mg/g, 2.73 to 2.89 mgKOH /g, 2.67 to 4.20 % and 2.73 to
2.83 mg KOH/g obtained in palm oil samples from Delta State,
Jos metropolis in Plateau State, Thiala Local Government of An-
ambra State and Abia State as reported [0, 7, 8, 16], respectively.

These differences in the biochemical pattern of the organisms on
the oils may be related to the differences in the fatty acid com-
position of the oils. Fatty acids play a very important role in fats
and oils because of their health implications in the human diet
and properties in industrial processes. The type of fatty acid de-
termines the nutritional status and storability (keeping quality)
of the oil. The major fatty acids predominant in palm oil being

oleic and palmitic acids. Palmitic acid increases in palm oil are
mostly associated with oils produced from over ripe, bruised and
crushed fruits, fruits subjected to severe impacts from loading
and off-loading bunches and oils stored over long periods [19-21].
Groundnut oil has a high proportion of oleic acid [22]. The palm
oil sample (inoculated and uninoculated) has the greatest FFA and
account for why it was the least biostable.

The PV of the groundnut oil inoculated with mixed fungal cul-
ture and palm oil with a mixed bacterial culture ranged from
4.92 - 7.98 mEq/kg as shown in Table 4. This PV ranges ate ac-
ceptable since they are lower related to the standard value of 10
mEq/kg for vegetable oil detetioration as specified by the stand-
ard guidelines set by NAFDAC and CODEX [23-25]. Table 4
further shows that at the end of the incubation period, there was
an increase in the peroxide value of the inoculated oils. The PV
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Figure 2. Growth patterns of a mixed fungal culture of Aspergillus spp Af,, Aspergillus spp Bf, and Penicillium spp Bf, on
(a) palm oil and (b) groundnut oil.
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Tables 4: Physiochemical parameters of the uninoculated and inoculated oil samples.

Mean value

Sample Free fatty Acid | Peroxide value

(FFA)(%) | (PV) (mEq/kg)
Uninoculated palm oil 4.01 7.11
Inoculated palm oil using a mixed bacterial culture 5.08 7.98
Inoculated palm oil using a mixed fungal culture 4.87 7.65
Uninoculated groundnut oil 0.22 4.54
Inoculated groundnut oil using a mixed bacterial culture 0.87 5.07
Inoculated groundnut oil using a mixed fungal culture 0.74 4.92

is an index that measures the degree to which the oil has under-
gone rancidity or oxidation indicative of microbial growth. Palm
oil samples obtained from red and yellow fruits of the dura vari-
ety had higher perioxide value due to microbial growth [26]. The
peroxide value determines the degree of oxidation of oil as well
as gives an indication of the level of deterioration of oils and fats
[27]. It was earlier observed that lipolytic fungi while contributing
to the deterioration of vegetable oil by increasing the amount of
free fatty acid, do not effect the oxidation state of the oil [22].
This observation might be responsible for the low peroxide value
increase recorded in groundnut oil using a mixed fungal culture
in this study.

The chromatographic tracings of the methylated heptane extracts
of the two oils are presented in Figures 3 and 4. The figures re-
vealed that the inoculated oils showed a reduction in the sizes of
peaks when compared to their uninoculated oils. The reduction

recorded in the sizes of the peaks is a clear indication that the
components of the oils were utilized and degraded by the isolates.

Bacteria were the predominant organisms isolated from this study.
There was preponderance of bacteria over fungi in this study.
Some of the microorganisms isolated can cause health problems
in individuals who consume the product without heat processing.
Some are food spoilage organisms and may accelerate the deterio-
ration of the oils.

Some Bacillus species are pathogenic and can cause food poison-
ing. Their presence in the oil samples may be due to the exposure
of the oil sample to the spores of the organism which are dormant
and are highly resistant to the lethal effects of heat drying and ul-
traviolet radiation. Baci/lus species has versatile intrinsic deteriora-
tion potentials due to production of protease and lipases that are
stable at high temperature, at alkaline pH and in the presence of
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Figure 3. Gas chromatographic profiles of fatty acid components of (a) uninoculated palm oil (Baseline), (b) uninoculated
palm oil (control), (c) inoculated palm oil using a mixed bacterial culture and (d) inoculated palm oil using a mixed fungal
culture.
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o

Figure 4. Gas chromatographic profiles of fatty acid components of (a) uninoculated groundnut oil (Baseline), (b) unin-
oculated groundnut oil (Control) (c) inoculated groundnut oil using a mixed bacterial culture and (d) inoculated groundnut
oil using a mixed fungal culture.

detergents, tolerance to high pH concentrations, oil and grease as
well as biofilms formation potentials. Some species of Staphylococ-
cus are capable of producing enterotoxin and are noted to survive
for extended periods in hostile environments. They could cause
gastroenteritis in the individual if the oil is consumed raw. Their
isolation could be an indication of unhygienic handling of the oils
by the sellers or contamination during production cycle.

Species of Aspergillus, Penicillium and Fusarinm are of health sig-
nificance because they are known to produce toxin. These fungi
produce a group of toxic metabolites known as aflatoxin which
is capable of inducing toxic syndromes especially cancer. Since
deteriorated edible oils pose certain health risk, there is need to
prevent factors that could cause their deterioration.

This study revealed that palm oil was the least biostable to mi-
crobial deterioration while groundnut oil was the most biostable.
However, this can be attributed to the differences in the intrinsic
and extrinsic requirements of microorganisms and hence micro-
bial utilization of the constituents of the oil.

Conclusion

Microbial deterioration of edible oils is greatly dependent on the
microbial species capable of utilizing the fatty acid components
of the oils as their sole source of carbon and energy. Palm oil
was found to contain the highest number of microbial species
and supported the highest cell growth compared to groundnut oil.
The presence of the microbial species in the oil samples may be
due to contamination during harvesting, processing, handling and
storage. The scale of operations differs and this affects the quality
of the final product. Apart from fouling the organoleptic proper-
ties of the edible oil, these biodeteriogens ferment components
of the oil to produce toxic chemicals or toxins detrimental to hu-
man consumption if not evaluated for microbial quality.
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