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Abstract

This study was designed to evaluate the microbiological, physical, and chemical
effects of ginger extracts and sterilization on palm oil samples sourced from
markets in the Southern Senatorial District of Ondo State, Nigeria. Water and
ethanol ginger extracts were used for palm oil treatment. Microbial isolation
was performed by serial dilution and pour plating techniques. Pure isolates
were obtained by repeated streaking. Isolates were identified based on cultural,
biochemical, and morphological characterization. Biochemical parameters, such
as free fatty acid, peroxide value, moisture content, impurity level, and iodine
value, were determined. Sterilized palm oil had no microbial growth with low
values in all evaluated parameters. The bacterial genera isolated from the palm
oil samples included Pseudomonas, Bacillus, Enterococcus, Staphylococcus, and
Micrococcus. The discovered fungal species included Aspergillus niger, A. flavus,
Cochliobolus sp., Penicillium citrinum, P. italicum, P. chrysogenum, Geotrichum
clavatum, Mucor spp., Chrysosporium tropicum, Fusarium solani, Microsporum
canis, and Meyerozyma guilliermondii. These microorganisms indicated the
unhygienic condition of palm oil production chain from processing to packaging
and market display. Both ginger extracts and sterilization were efficient in

combating oxidative rancidity of palm oil and controlling microbial growth that
might alter oil quality. Therefore, adequate quality control measures of palm oil
during processing and marketing and treatments will help to reduce post-
production contamination and deterioration under storage conditions.

1. Introduction

0il palm (Elaeis guineensis) is an ornamental plant found growing in a warm climate at high altitudes less than 1,600
feet above sea level [1]. The plant is commonly found in the arid and semi-arid regions with many peculiarities to
West Africa and other countries in the world [2]. The palm fruits are usually harvested from bunches and processed to
produce palm oil upon maturation. Palm oil is reddish and contains high pigments content, such as beta-carotene,
alpha-carotene, and lycopene [3]. Similar to other oilseed crops, palm oil contains high fiber, debris, saturated and
monounsaturated fatty acid, oleic acid, fatty acid, palmitic acid, glyceryl laurate, myristate, palmitate, stearate, oleate,
linoleate, and linolenate [4][5]. Palm oil has been globally recognized as an edible oil based on its nutritional value [6].
Out of the ten major oilseeds, oil palm accounts for 5.5% of global land use for cultivation while producing 32% of
global oils and fats output and 40% share of the world's edible oils trading volume [7].

The use of palm oil in food production and industries is known [8][9]; however, harnessing its full potential in food
industries as a composite can enhance dietary food value for human nutrition. Additionally, similar to other seed oils,
palm oil nutritional and health benefits have been documented in the literature [5-10].

In Nigeria, the demand for palm oil needs to be intensified to meet human needs and industrial use. Thus, many rural
dwellers engage in palm oil processing using a tedious manual approach [11]. Some palm oil processors apply little or
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no hygiene procedures [12]. Nevertheless, proper hygiene measures are needed to create awareness of quality control
and hygienic practices in producing quality palm oil. Speculatively, the potentially harmful effects of unrefined
traditionally processed palm oil can outweigh its nutritional benefits due to the presence of some components, which
contribute to the numerous chemical reactions in the degradation of such product [13]. In Nigeria, purchased or
processed palm oil is usually stored in big containers for several months or years for economic reasons. Most
importantly, buying palm oil in large quantities for domestic use or by merchants does arise during the high
production time (April-July), when the price is low and later sold at a high price after six months of harvesting.
However, one of the significant challenges of palm oil is the deterioration/rancidity of this product with storage time
[14]. Long-term storage of palm oil results in several biochemical reactions which influence its safety and sensory
profiling. Hence, the need to prevent palm oil from rancidity became important. Nevertheless, post-contamination and
inefficient preservation of edible oils after processing and preservation can further lead to palm oil spoilage [15].

Ginger (Zingiber officinale) is an important medicinal plant that belongs to the Zingiberaceae family. It is a native plant
to South-Eastern Asia and is presently cultivated in many countries, such as Mexico, South Africa, Nigeria, Africa,
China, Hawaii, Jamaica, etc. [16]. The medicinal value of biological products of oil extract from the ginger rhizomes is
known and has been used as a food additive [17]. Interestingly, the use of ginger (Zingiber officinale) extract as a bio
preservative agent of edible oils from spoilage microorganisms has been documented [18]. Essential oil from ginger
possesses a broad-spectrum antimicrobial activity against food-associated pathogens [19]. The biopreservation
potential of the ginger extract can help reduce the risk of food poisoning and improve organoleptic stability during
food preservation [20]. Nevertheless, the use of the ginger extract in palm oil preservation is less documented.
Therefore, this research was designed to assess the microbiological quality check and post-harvest effects of ginger
extract on stored palm oil sourced from the Southern Senatorial District of Ondo State, Nigeria.

2. Materials and Methods

2.1. Sample source and treatment

Palm oil samples were collected from the open markets in five different towns in Irele local government area of Ondo
state, namely, Ode-Irele, Ode-Omi, Ajagba, Akotogbo, and Iyansan. Ten samples, two from each market, were collected
in triplicates. The samples were kept at ambient temperature and then transported to the laboratory aseptically for
microbiological and physiochemical analyses (within 1-2 days after collection).

Palm fruits were picked from harvested bunches on the day of harvest (day 0) at Ode-Irele in Ondo State and then
taken to the microbiology laboratory for analysis. After seven days, some palm fruits were also collected from the
fermenting bunches and analyzed. Furthermore, several palm fruits were collected from the soft bunches before
milling on the fourteenth day. After the palm fruit had been manually processed into palm oil, the palm oil sample was
collected in a sterile container and sent to the laboratory for further analysis. Similarly, freshly processed palm oil was
aseptically collected at a local oil mill in Okitipupa and then allowed to cool in open storage drums for 24 hours (day
0).

The oil was then divided into three groups in triplicate. For the first group, an equal volume of the oil was measured
into McCartney bottles and then steam sterilized using a Gallenkamp autoclave at 121°C for 15, 20, and 25 minutes,
respectively. For the second group, an equal volume of the oil was measured into six 350 Cl white transparent plastic
bottles, in which three were set for ethanol ginger extract and the other three for water-ginger extract. The third
group, which served as control, was kept in tightly sealed bottles without any treatment [21].

2.2, Source and preparation of plant materials

Fresh rhizomes of ginger were collected from local farms located at Okitipupa, Ondo State, Nigeria. The rhizomes were
shade dried until all the water molecules evaporated, and the rhizomes were sufficiently dried for grinding. The
periderm was removed, and the rhizomes were ground using an electrical laboratory blender into a fine powder and
kept in an airtight container with proper labeling before analysis [22].
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2.3. Preparation of plant extract and palm oil treatment

The plant extract was prepared using the method of [22] with minor changes. A total of 10 g of ginger powder was
weighed into a 125 ml reagent container and the volume was completed to 100 ml of solvent at a ratio of 1:4
(powder/ethanol (0.1 M) and powder/water). The mixtures were set on an orbit machine for 72 hours with constant
shaking. After that, a 0.45 m nylon membrane filter was used to filter the mixtures. The extracts were evaporated to
dryness under reduced pressure at 40°C using a rotary evaporator.

2.4. Ginger extracts treatments

The method described by [22] was used with slight modification. Ethanol and water extracts of ginger at
concentrations of 200 ppm (0.02 g per 100 ml oil), 400 ppm (0.04 g per 100 ml oil), and 600 ppm (0.06 g per 100 ml
oil) were separately added to palm oil in white transparent plastic bottles of equal capacity. The treated oil samples
were thoroughly shaken for proper mixing. Palm oil containing 200 ppm butylated hydroxytoluene (0.02 g per 100 ml
oil) and that which contained no additive (control) was also set up. Each container was appropriately labeled and
stored in an open place at room temperature ranging from 29°C to 35°C in the laboratory for 14 days. Each sample
was collected and analyzed at a 7 days interval. Microbial succession patterns and palm oil degeneration (storability)
were investigated.

2.5. Microbial analysis

The 10-fold serial dilution and pour plating procedures were used to isolate bacteria from processed palm oil, palm
fruit, and raw treated palm oil. Nutrient agar (NA) and potato dextrose agar (PDA) were obtained from Sigma-Aldrich,
Merck, Chemical Company, United States of America, and used as media. In a nutshell, a serial dilution was done by
vortexing 1 ml of oil sample in 9 ml peptone water containing 10% v/v tween 20 solutions. 1 ml was pipetted from the
stock solution and serially diluted up to 6 dilutions. Aliquots of the suspension (10¢) were carefully put into sterile
Petri dishes and then plated with molten nutrient agar and potato dextrose agar that had already been sterilized. For
bacteria, the plates were incubated at 28°C for 24 hours, while for fungi, the plates were incubated at 32°C for 72-96
hours. On the plate, microbes were selected for re-culturing based on their morphological appearance. After streaking
on fresh microbiological media several times, pure cultures were produced. Cultural, biochemical, Gram staining, and
sugar fermentation assays were used to identify the bacteria isolates. Catalase test, starch hydrolysis, citrate
utilization test, Voges-Proskauer test, urease, oxidase test, and indole test are among the biochemical characteristics
assessed. To evaluate a detailed analysis of fungal structure, fungal isolates were morphologically characterized using
lactophenol blue stain under the microscope. Pure isolates were kept at 4°C until when needed.

2.5.1. Strict anaerobes

Aloop of the test organism was injected into a sterile water-filled test tube, and 0.1 ml was pipetted into a sterile Petri
plate. Nutrient agar was added and adequately stirred. After that, it was allowed to solidify before oil immersion to cut
off the oxygen supply. The existence of growth demonstrated that the organism is a strict anaerobe [21].

2.5.2. Oxygen sensitivity test

Nutrient agar was sterilized and distributed into test tubes, which were then allowed to solidify vertically. The test
organisms were inserted aseptically into each tube and cultured at 37°C for 5 days. The test organism's movement
from the top to the middle or bottom of the test tubes revealed whether the bacteria was aerobic, facultative, or
anaerobic [23].

2.6. Physical and chemical analysis of palm oil

On day 0, week 1, and week 2, palm oil biochemical quality parameters, such as moisture content, free fatty acid (FFA),
peroxide value, acid value, impurity level, and iodine level, were examined [12].
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2.6.1. Moisture content

The oven-dry method was used to determine the palm fruit samples. After weighing the evaporation dish, 5 g of each
palm fruit was added and weighed again. For 3 hours, the dish containing the samples was maintained in a 105°C oven
(until a constant weight was attained). After drying, the palm fruit was weighed again after cooling in a desiccator.

% moisture content was calculated as:

, W1-w2
Moisture (%) = — x 100

Where W1 = weight of dish + weight of palm fruit before drying (g)
W2 = weight of dish + weight of palm fruit after drying (g)
2.6.2. Determination of free fatty acid value

Five milliliters of palm oil were dispensed and weighed into a sterile 250-milliliter conical flask. To completely release
the fatty acid, an aliquot of ethanol (50 ml) was added to the oil and cooked on a hot plate with steady swirling. The
indicator used in the titration was phenolphthalein. The ethanol-oil mixture was titrated against 0.1 N NaOH until it
reached a reasonably pink endpoint [24]. Using the formula below, the free fatty acid content of palm oil was
computed and recorded.

Volume (ml) of the used NaOH X Normality (0.1 N) x 28.2
Sample Weight (g)

FFA (%) =

The ethanol-oil samples' acid values were calculated by multiplying the free acid value by two.
2.6.3. Determination of peroxide value

The peroxide value was calculated by titrating the oil's potassium iodide solution with an aqueous sodium
thiosulphate solution using starch as an indicator. For this approach, five grams of oil was weighed into a 250-ml
conical flask. In a 3:2 ratio, a mixture of glacial acetic acid and trichloromethane chloroform was added. A 0.5 ml
saturated potassium iodide solution (144 g per 100 g distilled water) was also added. Following the shaking, 30 ml of
water was added. The solution was titrated with 0.1 M sodium thiosulphate until the yellow tint was nearly
undetectable. The starch indicator was added to the titration process at a rate of 0.5 mL per minute while shaking
vigorously until the blue-black color vanished. The same approach was used to examine a blank sample that did not
contain any palm oil samples. The differences between the two sodium thiosulphate titer levels used were calculated
as follows:

S — B x M x 1000
Sample Weight (g)

Peroxide value (Meq peroxide/kg) =

Where: S = Sample titer (mL), B = Blank titer (mL), M = Molarity of thiosulphate
2.6.4. Impurity level

The impurity level of palm oil was determined using the method of [25].10 ml of palm oil was weighed into a beaker
with extra hexane (20 - 30 ml), boiled to 105°C, and filtered. Hexane was used to clean the residue on the filter paper.
After allowing the filtered material to cool in a desiccator, the residual weight of particles on the filter paper was
estimated as follows:

A x 100

IL(%) = —z

Where: IL is Impurity Level (%), A = weight of desiccated residual particles (g), AB = total weight of the sample before
treatment (g)
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2.6.5.Iodine level
The iodine value (IV) was determined using the Wijs solution method [24].
2.7. Statistical analysis

Statistical analysis was carried out using one-way analysis of variance (ANOVA) with Duncan's Multiple Range Test
(DMRT) as the Post-Hoc Test. Statistical Package for Social Sciences Software (SPSS) and data was expressed as
meanzstandard deviation. Differences were considered statistically significant at p < 0.05.

3. Results

3.1. Microbial analysis of palm fruit, processed palm oil, and treated raw palm oil

At days 7 and 14, high bacterial counts of 6.8 x 105 CFU/ml and fungal counts of 8.5 x 103 CFU/ml were recorded from
the stored palm fruits isolates after 7 and 14 days, respectively (Table 1). Also, a high bacterial count of 3.5 x 10>
CFU/ml and 3.7 x 105 CFU/ml and fungal count of 4.5 x 103 CFU/ml and 5.3 x 103 CFU/ml were recorded from the palm
oil samples collected from the Ode-Omi market. The microbial count in the treated raw samples was lower compared
to the control with the higher values of 7.5 x 105> CFU/ml and 8.0 x 105 CFU/ml for bacteria and 1.8 x 103 CFU/ml and
2.0 x 103 CFU/ml for fungi at days 7 and 14, respectively. There was no microbial growth on the cultured media
inoculated with sterilized samples (Table 2).

Table 1. Microbial count of the palm fruit and palm oil

samples.
Bacterial count Fungal count Table 2. Microbial counts of treated raw palm oil
Samples (CFU/ml)x105  (CFU/ml)x103 samples at each day of analysis.

Day 0 35 24 Bacterial count Fungal count

Palm ay 7 68 c o 105 CFU/ml 103 CFU/ml
Fruit Day 14 TNTC 85 Treatment/Day 0 7 14 0 7 14
Control TETC TFTC C 63 75 80 16 18 2.0
Q 29 35 EG1 63 54 34 16 15 1.06
R 18 >t EG2 63 50 341 16 13 1.02

S 3c 45 EG3 63 48 29 16 12 1.0
T 37 53 WG1 63 52 32 16 14 1.04
Palm U 18 20 WG2 63 40 30 16 12 1.01
0il v 15 ¥ WG3 653 38 27 16 11 1.0
m 23 30 S1 NG NG NG NG NG NG

X 30 28 S2 NG NG NG NG NG NG

Y 23 30 S3 NG NG NG NG NG NG
7 16 20 NA: Nutrient agar, PDA: Potato dextrose agar, C:

control oil sample, EG1, EG2, and EG3 are ethanol
ginger extract treated oils at 200, 400, and 600 ppm,
respectively, WG1, WG2, and WG3 are water ginger

TNTC: too numerous to count, TFTC: too few to count, Day 0
= day of harvest, day 7 = seven days after harvest, day 14 =

two weeks after harvest, which was also the day production .
started, Control sample = Palm oil from the collected palm extract treated oils at 200, 400, and 600 ppm. 51, S2,

fruits. Palm oil samples were sourced from the local and S3 are sterilization treatments at 121°C for 15,

markets of Ode-Irele market (Q, R), Ode-Omi (S, T), Ajagba 20, and 25 minutes, respectively.
(U, V), Akotogbo (W, X), Iyansan (Y, Z).
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Table 3. Biochemical reactions of bacterial isolates from the palm fruits
and palm oil.
Identification test B1 B2 B3 B4 B5 B6 B7

Gram reaction + - - + - + i
Morphology Rod Rod Rod Cocci Rod Cocci Rod
Catalase + + + + + + +
Citrate + + - - + + +
Coagulase - - - - - + +
Oxidase + - - + + - +
Lactose + + + - - + -
Motility + + + - + - +
Methyl red - - + + - + -
Voges-Proskauer + + - + - + +
Urease - - - + - + i
Indole - - + - - - -
Glucose + + + - - + +
Key: + = positive, - = negative, B1 - Bacillus subtilis, B2 - Enterococcus

aerogenes, B3 - Escherichia coli, B4 - Micrococcus luteus, B5 - Pseudomonas
aeruginosa, B6 - Staphylococcus aureus, B7 - Serratia marcescens

Table 4. Characteristics of bacteria isolated from the treated raw palm oil.

e L P. B. E. S. M.
Identification test - , .
aerugenosa  subtilis  aerogenes saprophyticus varians
Shape Irregular  Irregular Irregular Globular Regular
Catalase test + + + + -
Starch hydrolysis - - - + +
Citrate utilization test + + - ND +
Voges-Proskauer test - + + +
Glucose Fermentation test - + + - +
Strict anaerobes - + - ND +
Lactose fermentation test - - - + +

Key: + = positive test, - = negative test, ND = not detected

3.2. Morphological and biochemical characterization of the microbial isolates

The bacterial species identified from palm fruit and palm oil included Bacillus subtilis, Enterococcus aerogenes,
Escherichia coli, Micrococcus luteus, Pseudomonas aeruginosa, Staphylococcus aureus, Serratia marcescens (Table 3),
while in the treated raw palm oil, B. subtilis, E. aerogenes, M. varians, P. aeruginosa, and S. saprophyticus were isolated
(Table 4).

The identifiable fungal isolates from palm fruits and processed palm oil included Aspergillus flavus, A. niger,
Chrysosporium tropicum, Fusarium solani, Geotrichum clavatum, Meyerozyma guilliermondii, Microsporum canis, Mucor
spp. Penicillium chryogenum, P. citricum, and P. italicum (Table 5). Similarly, A. niger, M. guilliermondii, P. citricum, and
Cochliobolus spp were isolated from the treated raw palm oil (Table 6).
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Table 5. Characteristics of the fungal isolates from the palm fruits and palm oil.

Fungal isolates

Characteristics

Aspergillus flavus Filamentous, septate hyphae, yellowish-green surface, and reddish-brown
underneath
A. niger Unbranched conidiophore, light green color with slightly mycelium border.

Candida tropicalis

Filamentous, septate hyphae, long and smooth conidiophore, dark-brown
on the surface and yellow underneath

Chrysosporium tropicum

Filamentous, septate hyphae, beige color, flat, powdery texture

Fusarium solani

Filamentous, septate hyphae, white, cottony colonies

Geotrichum clavatum

Filamentous, septate hyphae, white and dry cottony colonies

Meyerozyma guilliermondii

Filamentous, flat, wrinkled, and light-yellow colonies

Microsporum canis

Presence of aerial hyphae, with yellow, cottony colonies

Mucor spp

Non-septate hyphae, fluffy and white

Penicillium chrysogenum

Filamentous, septate hyphae, blue-green, with white edges

P. citrinum

Filamentous, septate hyphae, light yellow color

P. italicum

Filamentous, septate hyphae, green color, with irregular margins

Table 6. Morphological characteristics of fungi isolated from the treated raw palm oil.
Microscopic morphology Cultural characteristics

Fungal isolates

Aspergillus niger  Presence of septate hyphae and smooth Dark brown powdery mycelium
conidiophores, long unbranded
sporangiospores with large, round head
Cochliobolus sp.  Conidia are cylindrical or slightly curved Colonies are fast-growing with wooly
with or without prominent helium, conidia  texture. The color is grey and gradually
contain three or more transverse septa, and turns brown-gray on the surface. While the
one of the center cells is larger and darker reverse side is black
Penicillium Presence of septate and fruity mycelium A rapid dark green colored growth with the
citrinum and branched conidiophores edge surrounded by a whitish margin was
observed on the surface of the organism
and pale yellow on the reverse side
Meyerozyma Microscopic morphology shows spherical Colonies are flat, moist, and yeast-like in
guilliermondii to sub-spherical budding yeast-like cells or ~ appearance

blastoconidia

Table 7. Occurrence of bacterial isolates in the analyzed palm

3.3. Microbial occurrence in palm oil fruits and palm oil samples.

samples Isolate 0 7 14 C Q R S T U V W X Y Z
B1 + + o+ + + - - o+ o+ - 4 -+
Bacillus subtilis and P. aeruginosa were found in ~pgo - -+ o+ - i i i
the treated raw palm oil collected at days 0, 7,and g3 - - i o -
14; as well as processed palm oil samples obtained BS r + + - - - i T s T s T i+
from the Ajagba, Akotogbo, and Iyansan markets. B4 -+ + - 1 + T i =
Except for P. aeruginosa, all of the microorganisms B7 1 1 - . T s i
were detected in the control samples. In addition, B6 . . . . L T s T T T

only B. subtilis showed to be prominent in

Key: - = absent, + = present, B1 - Bacillus subtilis, B2 - Enterococcus
processed palm oil from Ode-Irele (Q) (Table 7). Y P

aerogenes, B3 - Escherichia coli, B4 - Micrococcus luteus, B5 -
When compared to the control and other samples, Pseudomonas aeruginosa, B6 - , and Staphylococcus aureus, B7 -
the dominance of A. flavus, A. niger, C. tropicalis, F.  Serratia marcescens, 0, 7, and 14 represent fruit analysis results at the
solani, G. clavatum, M. canis, Mucorspp, P. day of harvest, after 7 days, and after 14 days of harvest. C = Analysis
chrysogenum, and P. italicum was profound in the results for palm oil from the collected palm fruits. Palm oil samples
treated raw palm oil samples stored at day 14  were sourced from the local markets of Ode-Irele market (Q, R), Ode-
Omi (S, T), Ajagba (U, V), Akotogbo (W, X), Iyansan (Y, Z).
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(Table 8). The occurrence of microorganisms in the treated raw palm oil on each day of the analysis is shown in Table
9.

Table 8. Occurrence of fungal isolates in the analyzed palm fruits and palm
oil samples.

Isolates 0 7 14 ¢ Q R S T U V W X Y Z
A. flavus T T s
A. niger e
C. tropicum + - - - - -+ -+ .-y
C. tropicalis .
F. solani e L
G. clavatum -+ o+ - -+ -
M. guilliermondi + - - - - - -+ - ¥+ - o
M. canis .
Mucor spp B T S + - -
P. chrysogenum - - + - 4+ + - 4+ - - - - 4 -
P. citrinum - - - -+ -+ o+ -+ - - ¥
P. italicum -+ o+ e T -+ -
Key: - = absent, + = present, 0, 7, and 14 represent fruit analysis results

at the day of harvest, after 7 days, and after 14 days of harvest. C =
Analysis results for palm oil from the collected palm fruits. Palm oil
samples were sourced from the local markets of Ode-Irele market (Q, R),
Ode-Omi (S, T), Ajagba (U, V), Akotogbo (W, X), Iyansan (Y, Z).

Table 9. Microbial isolates of treated palm oil and their occurrence at each
day of the analysis.
Samples R

C +
EG1 -
EG2 +
EG3 -
WG1 +
WG2 +
WG3 +

S1 -

S2 -

S3 - - - - - - - - -

Key: + = present, - =absent , R = Pseudomonas aerugenosa, S = Bacillus
subtilis, T = Enterococcus aerogenes, U = Staphylococcus saprophyticus, V
= Micrococcus varians, W = Aspergillus niger, X = Cochliobolus sp., Y =
Penicillium citrinum, Z = Meyerozyma guilliermondii. C: control oil
sample, EG1, EG2, and EG3 are ethanol ginger extract treated oils at 200,
400, and 600 ppm, respectively, WG1, WG2, and WG3 are water ginger
extract treated oils at 200, 400, and 600 ppm. S1, S2, and S3 are
sterilization treatments at 121°C for 15, 20, and 25 minutes,
respectively.
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3.4. Physical and chemical/quality analysis of palm oil samples

According to the Standard Organization of Nigeria (SON), the free fatty acid
concentration of the processed palm oil samples was greater than the
control and acceptable level (Fig. 1). The peroxide and impurity content
readings were lower than the allowed limit, with greater values as
compared to the control. All of the processed palm oil samples had low
moisture content compared to the control and the allowed limit.

The iodine concentration of the processed palm oil samples was higher
than the control, and the SON allowed limit, except for the processed palm
oil gathered from the Iyansan market (Z). The chemical quality of raw palm
oil treated with ginger extract and sterilization revealed that the control
sample had greater free fatty acid and acid value than the palm oil samples,
whereas ethanol ginger extract had a high peroxide value of 13.33 at 200

ppm (Fig. 2).
4. Discussion

The microflora of edible oil is a reflection of the oil's quality, as well as the
environmental and hygienic conditions of the equipment used in its
production, packing, and handling [26]. Maintaining hygienic parameters
and quality control during food processing is critical for ensuring a safe
supply of food commodities on the market [27]. The bacterial load of the
control palm oil sample obtained from the mill is below the Nigerian
Agency for Food and Drug Administration's (NAFDAC) minimum
acceptable microbiological level, which stipulates that the maximum
allowable number of organisms in a sample unit of oil should not exceed 2,
with an acceptable microbiological level of 104 CFU/ml. There was no
microbial development in the sterilized oil samples. Furthermore, the
bacterial and fungal load in palm oil containing ginger extracts was
substantially lower than the control setup. This observation meant that the
microorganisms were killed during the sterilization process. The bacterial
load in palm oil with ginger extracts was within the acceptable range of
microorganisms (104 CFU/ml). The majority of the microorganisms found
in palm fruits were unable to withstand the palm oil extraction process.
These bacteria could have entered the palm oil as a result of processing
and handling. Food contamination caused by poor sanitation, the use of
dirty water, and contamination by food processors and handlers have also
been reported to impact the nutritional quality and acceptance of food
products [28][29]. The low microbial counts observed in the fresh oil
samples are in accordance with [30], who reported low microbial counts in
raw palm oil while investigating chemical characteristics of deteriorated
palm oil. Also, the high microbial counts found in oil samples obtained
from the market-places can be due to the oil exposure to the air in the
market, prompting spore-forming microbes to proliferate. Enterobacter
aerogenes, for instance, can be found in the environment and water [31].
Thus, their presence in palm oil samples might indicate contamination
from the surrounding environment.

Individuals who consume oil contaminated with harmful microorganisms
may develop gastroenteritis and other gastrointestinal illnesses.
Staphylococcus aureus may produce enterotoxin and has been known to
persist in hostile conditions for lengthy periods [32]. Their presence in
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Figure 1. Physical and chemical analysis
of processed palm oil samples. The red
dashed lines represent the permissible
limits according to the Standards
Organization of Nigeria (SON). FFA: free
fatty acid, MC: moisture content, PV:
peroxide, IV: iodine value, IC: impurity
content. CS: control oil sample while other
palm oil samples were sourced from the
local markets of Ode-Irele market (Q, R),
Ode-Omi (S, T), Ajagba (U, V), Akotogbo
(W, X), lyansan (Y, Z). Values are
represented as mean * standard deviation.
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palm oil revealed that the oil was handled in an unsanitary
manner by the processors [33]. The ability of A. niger and
Mucor spp to thrive in oil by producing enzyme lipase has
been reported [34]. Because of their ability to produce
spores, these fungi have survived the heat and the anaerobic
condition of the oil. A. flavus capability to produce aflatoxin
rendered it a public health concern [35]. These
microorganisms represent a looming danger to public health,
which emphasizes the importance of sanitizing conditions
during palm oil production.

The mean values of several selected quality parameters of
palm oil preserved for one month with various
concentrations of ethanol and water ginger extract and
sterilized palm oil were evaluated. Free fatty acid, acid value,
and peroxide value were selected as reference indicators of
hydrolytic and oxidative rancidity of edible oils [36]. The
increased values of the aforementioned parameters
significantly diminish the nutritional value of edible oils [37].
The iodine value in palm oil and other vegetable oils is used
to detect adulteration [35]. The iodine value found agrees
with [30], who reported that the higher the degree of
unsaturated fats (i.e., the higher the iodine value), the more
easily the oil or fat gets rancid. It has been reported that the
comparative analysis of processed oil can be employed to
determine the iodine level in oils [38]. The high iodine value
found in this study may account for the rancidity in the
examined oil samples. The degree of oxidation in oil and the
level of deterioration of oil and fats can be determined by the
peroxide value [35][39]. Although PV of the palm oil samples
obtained in this study increased drastically during storage,
no signs of rancidity were observed in control or treated oils,
which agrees with an experimental result claiming that
rancidity commonly appears when peroxide values are
between 20 and 40 mEq/kg [35]. Rancidity is a sign that fats
and oils are deteriorating. Due to the used production
processes and storage conditions, the PV of the oil samples
showed that the oils sold within the South Senatorial District

of Ondo State might have turned rancid.

The maximum allowable amount for free fatty acid,
according to SON, is 5% [40]. The results of FFA obtained
from this study were similar to the findings of Ekwenye [30]
who reported higher FFA values in oil samples exposed to
normal room conditions (room temperature 28°C) compared
to the corresponding unexposed samples with low FFA
values. It could also be related to the accompanying fungi's
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Figure 2. Chemical quality parameters of treated crude
palm oil stored for one month. FFA: free fatty acid, AV:
acid value, PV: peroxide. C: control oil sample, EG1, EG2, and
EG3 are ethanol ginger extract treated oils at 200, 400, and
600 ppm, respectively, WG1, WG2, and WG3 are water
ginger extract treated oils at 200, 400, and 600 ppm. S1, S2,
and S3 are sterilization treatments at 121°C for 15, 20, and
25 minutes, respectively. Values are represented as mean *
standard deviation.

degradation of glycerides and the palm oil's rapid exposure to heat and sunlight. [35] previously observed that the
glycerides in the oil can be degraded by lipase or other enzymes, and this decomposition can be expedited by
heat/sunlight. Palm oil's quality is harmed by high levels of FFA, which can cause a variety of health and
environmental problems [41]. Impurities are said to enter into crude palm oil during the final extraction and
purification steps, as reported by [42]. Handling and marketing processes are also thought to have introduced these
contaminants to unrefined palm oil. When compared to the SON acceptable limit, the palm oil studied in this study had
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a moderate quantity of contaminants. Water ginger extract in palm oil had a lower value than ethanol ginger extract in
palm oil. In terms of controlling microbial proliferation in palm oil samples that might cause hydrolytic rancidity of
palm oil under storage, sterilization outperforms ginger extract treatment based on the microbial loads recorded from
this study. The peroxide value in all sterilized palm oil samples was the lowest. As a result, sterilization is more
efficient in preventing palm oil's oxidative rancidity.

5. Conclusion

Traditional oil extraction processes are sometimes associated with poor hygiene, resulting in low-quality oil
compared to oil produced by commercial oil mills. The major palm oil processing methods employed in Irele local
government area of Ondo State's in the Southern Senatorial District are traditional or semi-mechanized. Certain palm
oil samples received from the market did not fulfill the SON criteria for palm oil. The microbiological and
physicochemical features of the oil samples from the markets in this area, such as peroxide value, free fatty acid, and
iodine level, all exceeded the limits, indicating improper processing and handling of palm oil by extractors and
vendors. The high peroxide value and free fatty acid content suggest that some palm oil samples have deteriorated.
Despite their low microbial burden, several of the bacteria detected can cause health problems in people who ingest
the food without heat processing. Both hydrolytic and oxidative rancidity, as well as the bacteria that cause palm oil
deterioration, were efficiently prevented by sterilization, in addition to water and ethanol extracts of ginger. Since
sterilization retains the flavor and taste, it is more successful in fighting hydrolytic rancidity. As a result, sterilizing
and ginger extracts can be employed to keep palm oil for an extended period while maintaining its physiochemical
properties.
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